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Preface

This instruction manual provides information about the installation and operation of the DECS-400 Digital
Excitation Control System. To accomplish this, the following information is provided:
General Information

Controls and Indicators

Functional Description

BESTCOMS Software

Installation

Commissioning

Maintenance and Troubleshooting

Specifications

Modbus® Protocol

Math model

Disclaimer of Liability and Warranty

Basler Electric provides links to third-party Web sites as a convenience in locating relative information and
services for our users. The existence of these links is not to be construed as an endorsement by Basler
Electric of the content of any of these third-party sites. BASLER ELECTRIC MAKES NO EXPRESS,
IMPLIED OR STATUTORY WARRANTY, INCLUDING BUT NOT LIMITED TO WARRANTY OF
MERCHANTABILITY, WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE, warranty of non-
infringement or the like, or warranty of title. Basler Electric makes no representation of freedom from
computer viruses or of the accuracy of the information and/or the quality of products or services provided
by or advertised on these third-party Web sites. Basler Electric disclaims, to the fullest extent
permissible by applicable law, any and all liability, and responsibility for any claims or damage
that may arise as a result of use of any Web sites maintained by third parties and linked to the
Basler Electric Web site. Basler Electric advises site visitors that links to Web sites not controlled by
Basler Electric are not subject to the privacy notice associated with the Basler Electric Web site and,
therefore, are advised to read the privacy policies of any third-party sites accessed through this site.

Conventions Used in this Manual

Important safety and procedural information is emphasized and presented in this manual through
warning, caution, and note boxes. Each type is illustrated and defined as follows.

Warning boxes call attention to conditions or actions that may cause
personal injury or death.

Caution

Caution boxes call attention to operating conditions that may lead to
equipment or property damage.

Note

Note boxes emphasize important information pertaining to installation
or operation.

DECS-400 Preface
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READ THIS MANUAL. Read this manual before installing, operating, or maintaining the DECS-400.
Note all warnings, cautions, and notes in this manual as well as on the product. Keep this manual with
the product for reference. Only qualified personnel should install, operate, or service this system.
Failure to follow warning and cautionary labels may result in personal injury or property damage.
Exercise caution at all times.

Basler Electric does not assume any responsibility to compliance or noncompliance with national code, local code,
or any other applicable code. This manual serves as reference material that must be well understood prior to
installation, operation, or maintenance.

This product contains, in part, open source software (software licensed in a way that ensures freedom to run, copy,
distribute, study, change, and improve the software)and you are granted a license to that software under the terms
of either the GNU General Public License or GNU Lesser General Public License. The licenses, at the time of sale
of the product, allow you to freely copy, modify, and redistribute that software and no other statement or
documentation from us, including our End User License Agreement, places any additional restrictions on what you
may do with that software.

For at least three (3) years from the date of distribution of this product, a machine-readable copy of the complete
corresponding source code for the version of the programs distributed to you will be sent upon request (contact
information is provided above). A fee of no more than our cost of physically performing the source code distribution
is charged.

The source code is distributed in the hope that it will be useful, but WITHOUT ANY REPRESENTATION or
WARRANTY or even the implied warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
Refer to the source code distribution for additional restrictions regarding warranty and copyrights.

For a complete copy of GNU GENERAL PUBLIC LICENSE Version 2, June 1991 or GNU LESSER GENERAL
PUBLIC LICENSE Version 2.1, February 1999 refer to www.gnu.org or contact Basler Electric. You, as a Basler
Electric Company customer, agree to abide by the terms and conditions of GNU GENERAL PUBLIC LICENSE
Version 2, June 1991 or GNU LESSER GENERAL PUBLIC LICENSE Version 2.1, February 1999, and as such
hold Basler Electric Company harmless related to any open source software incorporated in this product. Basler
Electric Company disclaims any and all liability associated with the open source software and the user agrees to
defend and indemnify Basler Electric Company, its directors, officers, and employees from and against any and all
losses, claims, attorneys' fees, and expenses arising from the use, sharing, or redistribution of the software.
Review the software website for the latest version of the software documentation.

For terms of service relating to this product and software, see the Commercial Terms of Products and Services
document available at www.basler.com/terms.

Preface DECS-400


http://www.basler.com/
mailto:info@basler.com
http://www.basler.com/terms

9369700990 iii

This publication contains confidential information of Basler Electric Company, an lllinois corporation. It is loaned for
confidential use, subject to return on request, and with the mutual understanding that it will not be used in any
manner detrimental to the interests of Basler Electric Company and used strictly for the purpose intended.

It is not the intention of this manual to cover all details and variations in equipment, nor does this manual provide
data for every possible contingency regarding installation or operation. The availability and design of all features
and options are subject to modification without notice. Over time, improvements and revisions may be made to this
publication. Before performing any of the following procedures, contact Basler Electric for the latest revision of this
manual.

The English-language version of this manual serves as the only approved manual version.

DECS-400 Preface



iv 9369700990

Preface DECS-400



9369700990 v

Contents

General INformMation ... 1-1
Human-Maching INterface ............ouiiiiiiiiii s 2-1
FUNCHONAI DESCIIPLION. ... et e e e e e e e e e e e e e e 3-1
BESTCOMS SOftWAIE......euiiiiiiiiiiiiiiiiiiiiiiii s 4-1
[a1=Y 7= 1= i o o 1P 5-1
(O70] 0 410 01517 o] 1 oo [P 6-1
=TT ) (=1 = o Y SRR 7-1
SPECIICATIONS ... 8-1
oo =0 0] 4 7= 1] (=38 I o | o3PS 9-1
ModbUS® COMMUNICALION ........coeieieie et eeeee ettt e e te et e e e eneeeeaeeeeaee e 10-1
1= 1Y o T LY SRR 11-1
REVISION HISTOMY ..o 12-1

DECS-400 Contents



vi 9369700990

Contents DECS-400



9369700990 1-1

1 « General Information

The DECS-400 Digital Excitation Control System is a microprocessor-based controller that offers
excitation control, logic control, and optional power system stabilization in an integrated package. The
DECS-400 controls field excitation by providing an analog signal used to control the firing (output) of an
external power bridge. The DECS-400 monitors generator or motor parameters and acts to control, limit,
and protect the machine from operating outside its capability.

The optional, onboard power system stabilizer is an IEEE-defined PSS2A/2B/2C, dual-input, “integral of
accelerating power” stabilizer that provides supplementary damping for low-frequency, local mode and
power system oscillations.

Integral programmable logic provides excitation system control and annunciation based on DECS-400
contact inputs, operating mode status, excitation system parameters, and user-defined programming.
Setup and initial operation are facilitated by Basler Electric’s user-friendly BESTCOMS™ PC software
that incorporates a test mode, flexible oscillography, and a graphic display of PSS test results.

The DECS-400 is designed for use with Basler Electric’s Interface Firing Module (IFM) and SSE or SSE-N
power bridges. However, it will work equally well with any power bridge with a firing circuit that is
compatible with the control signal output of the DECS-400.

Features

DECS-400 features and capabilities are listed below. The paragraphs following the list describe major
DECS-400 features and functions in more detail.

e Five excitation control modes:
o Automatic Voltage Regulation (AVR)
Field Current Regulation (FCR)
Field Voltage Regulation (FVR)
Power Factor (PF)
Var
e Two pre-position setpoints (with adjustable traverse rate) for each excitation control mode
e Two PID groups

e Programmable analog control output selectable for 4 to 20 mAdc, —10 to +10 Vdc, or 0 to
+10 Vdc

¢ Remote setpoint control input accepts analog voltage or current control signal
e Real-time metering
e Optional integrated power system stabilizer (IEEE Std 421.5 type PSS2A/2B/2C):

o Generator or motor control modes, accommodates phase rotation changes between
modes

o Speed and power sensing or speed-only sensing
o Two-wattmeter or three-wattmeter methods of power measurement
e Soft start and voltage buildup control
e Five limiting functions:
o Stator current
o Overexcitation
o Underexcitation
o Underfrequency compensation
o Reactive power
e Ten protection functions:
o Field overvoltage
o Field overcurrent

O O O O

DECS-400 General Information



1-2 9369700990

Generator undervoltage

Generator overvoltage

Loss of sensing voltage

Generator frequency less than 10 hertz

Loss of field (40Q)

Field overtemperature

Volts per hertz (24)

Exciter diode failure

e IRIG time synchronization

e Sixteen contact inputs:
o Six fixed-function inputs: AVR, Manual, Lower, Raise, Start, and Stop
o Ten user-programmable inputs

e Eight contact outputs:
o Two fixed-function outputs: Watchdog, On/Off

o Six user-programmable outputs, configurable for maintained, latched, or momentary
operation

e Five communication ports:

Front RS-232 port for interface with PC running BESTCOMS software

Rear RS-485 port for dedicated communication with secondary, redundant DECS-400
Rear RS-485 port using Modbus® protocol for communication with remote terminal

Rear RJ-11 jack connects to onboard modem that provides dial-in and dial-out capability
Rear RJ-45 jack provides Ethernet network communication

Data logging, sequence of events recording, and trending

o O 0O O O O O O

O O O O O

Generator Voltage Regulation

By utilizing digital signal processing and precise regulation algorithms, the DECS-400 regulates the
generator rms voltage to within 0.2% of the setpoint from no-load to full-load.

Control Output

The DECS-400 supplies an isolated control output signal of 4 to 20 mAdc, 0 to 10 Vdc, or +10 Vdc to the
firing or control circuits of external power stages. The dc current produced by the power stages provides
excitation to the field of the generator, motor, or exciter. The DECS-400 can control virtually any bridge
that is capable of accepting these signals and is suitable for use on synchronous generators or motors.

Stability

PID (proportional + integral + derivative) stability control is utilized by the DECS-400. Preprogrammed
stability (PID) settings are provided for both main field and exciter field applications. A suitable, standard
stability set is available for most machines and applications. An additional, customizable setting group
provides optimum generator transient performance. A PID selection/calculation program supplied with the
DECS-400 assists in selecting the correct PID settings. Additional stability adjustments are provided for
customizing the stability and transient performance of the minimum and maximum excitation limiters and
the var/power factor controllers.

PID Setting Groups

The DECS-400 provides for two sets of PID settings to optimize performance under two distinct operating
conditions, such as with a power system stabilizer (PSS) in or out of service. A fast controller provides
optimum transient performance with the PSS in service, while a slower controller can provide improved
damping of first swing oscillations with the PSS offline.

Power System Stabilizer (Style 1XXX)

An optional, integrated PSS duplicates the excellent performance of the Basler PSS-100 power system
stabilizer without the complications of an additional control device. The PSS provides damping for local

General Information DECS-400
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mode, inter-area, and inter-unit oscillations in the 0.1 to 5.0 hertz range. The PSS incorporated in the
DECS-400 is a dual-input, IEEE type PSS2A stabilizer that utilizes the “integral of accelerating power”
algorithm. The PSS can also be set up to respond only to frequency if required for unusual applications.
Inputs required for PSS operation include three phase voltages and two or three phase line currents.

Underfrequency Limiter or Volts per Hertz Limiter

An underfrequency limiter or a V/Hz ratio limiter can be selected to avoid overfluxing the generator or
other connected magnetic devices.

The underfrequency limiter slope can be set from 0 to 3 PU V/Hz in 0.1 hertz increments. The frequency
roll-off knee-point can be set across a range of 15 to 90 hertz in 0.1 hertz increments.

The V/Hz ratio limiter regulates voltage based on a user-defined V/Hz slope that is adjustable between
zero and 3.0 PU. The V/Hz ratio limiter includes two limiting levels to permit operation above the primary
V/Hz range for a user-adjustable time limit to inhibit limiter response during transient frequency or voltage
excursions.

Soft-Start Voltage Buildup

A user-adjustable voltage soft-start feature controls the rate of generator voltage buildup and prevents
voltage overshoot during generator system startup. The soft-start feature is active in both AVR and
Manual operating modes.

Reactive Droop and Line Drop Compensation

The DECS-400 has provisions for paralleling two or more generators by using reactive droop. Reactive
differential compensation can be used with the addition of an external current transformer (CT) with a
nominal secondary rating of 1 Aac or 5 Aac. The current input burden is less than 1 VA, so existing
metering CTs can be used. A Line Drop Compensation setting allows the DECS-400 to compensate for
line drop between parallel generators.

Setpoint Control

External adjustment of the active DECS-400 setpoint is possible through:
e Raise and lower contact inputs
e An auxiliary analog control input of 4 to 20 mAdc or +10 Vdc

e A PC operating BESTCOMS software (provided with the DECS-400) and connected to the RS-
232 communication port

e A controller using Modbus® protocol and connected to the RS-485 port

The traverse rates of all operating modes are independently adjustable, so the operator can customize
the rate of adjustment and “feel” to meet his or her needs.

Dual Pre-Position Inputs

Two user-adjustable sets of predetermined operating points are provided for each mode of operation. At
startup, and with the appropriate contact inputs applied to the DECS-400, the operating mode is driven to
one of two preset operating or regulation levels (depending on the configuration of the system). An
adjustable traverse rate setting can be used to control the rate at which the setpoint is driven toward the
pre-position operating point. This feature allows the DECS-400 to be configured for multiple system and
application needs.

Manual Operating Modes

The DECS-400 has two manual modes of operation: Field Current Regulation (FCR) and Field Voltage
Regulation (FVR).

Field Current Requlation Mode

When operating in FCR mode, the DECS-400 regulates the dc output current of the power bridge.
Because regulation of the field current is not dependent upon a generator voltage sensing input to the

DECS-400 General Information
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DECS-400, FCR mode can provide backup excitation control when a loss of sensing is detected. In FCR
mode, as the generator load varies, the operator must manually vary the field current to maintain nominal
generator voltage.

Field Voltage Requlation Mode

When operating in FVR mode, the DECS-400 regulates the dc output voltage of the power bridge. FVR
enables the user to perform generator modeling and validation testing in accordance with WECC testing
requirements for bus-fed (shunt type) excitation systems. FVR mode can also be used to smooth the
transfer from the active exciter to a backup exciter.

Var/Power Factor Operating Mode

Var and Power Factor control modes are available when the generator is operating in parallel with the
utility power grid. In Var control mode, the DECS-400 regulates the generator’s var output at a user-
adjustable setting. In Power Factor control mode, the DECS-400 regulates the generator’s var output to
maintain a specific power factor as the kW load varies on the generator.

Overexcitation Limiters

Overexcitation limiters monitor the field current output of the voltage regulator or static exciter and act to
limit the field current to prevent field overheating. The Overexcitation Limiter (OEL) function includes a
cool-down feature to avoid damage to the rotor caused by repeated high forcing. The OEL is active in all
modes except FCR mode. In FCR mode, limiter action is optional. The DECS-400 provides a choice of
two types of overexcitation limiters: Summing Point and Takeover. The output of the Summing Point
limiter is applied to the summing junction of the AVR control loop in addition to the AVR controller output.
The output of the Takeover limiter overrides the normal AVR output.

Summing Point OEL

Three OEL current levels are defined for on-line operation: high, medium, and low. The generator can
operate continuously at the low OEL current level and for programmed times at the medium and high
OEL current levels. Two OEL current levels are defined for off-line (main breaker open) operation: high
and low. The generator can operate continuously at the low OEL current level and for a programmed time
at the high OEL current level.

Takeover OEL

The Takeover OEL determines the field current level at which limiting occurs by using an inverse time
characteristic. Two current levels and a time dial setting are defined for the Takeover OEL. Separate
curves may be selected for on-line and off-line operation. If the system enters an overexcitation condition,
the field current is limited and made to follow the selected curve. Selection of on-line or off-line OEL levels
and curves is determined by an OEL option selection.

Underexcitation Limiter

The underexcitation limiter (UEL) prevents the excitation, being supplied to the generator field, from
decreasing below safe operating levels. This prevents pole slip and possible machine damage. This
action also limits the amount of vars being absorbed by the machine, based on user-defined settings. An
internally-generated underexcitation limiting (UEL) curve based on a permissible var level at 0 kW can be
utilized. Alternately, a five-point UEL curve can be created to match specific generator characteristics.
UEL action is optional in FCR mode.

Stator Current Limiter

The stator current limiter (SCL) senses the level of stator current and limits it to prevent stator
overheating. The SCL operates in all modes except FCR and when the DECS-400 is off-line (52 J/K and
52 L/M contact inputs are closed). In FCR mode, the DECS-400 provides indication that a stator
overcurrent condition exists, but limiter action is inhibited.

Two SCL current levels are provided: high and low. The generator can operate continuously at the low
SCL level, but only for a programmed time at the high SCL level.

General Information DECS-400
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Reactive Power Limiter

The var limiter accommodates applications where the prime mover (turbine) has been uprated but the
generator ratings are unchanged. In this case, the generator power factor is increased and the generator
is var limited. The var limiter is available for these applications to limit reactive power flow out of the
generator to a safe level.

Autotracking Between DECS-400 Operating Modes

The DECS-400 can provide autotracking (automatic following) of the controlling mode by the non-
controlling modes. This allows the operator to initiate a controlled, bumpless transfer of the DECS-400
between operating modes with minimal disturbance to the power system. This feature can be used in
conjunction with a set of protective relays to initiate a transfer to a backup mode of operation (such as
FCR mode) upon the detection of a system failure or fault (such as loss of sensing).

Autotracking Between DECS-400 Units

The DECS-400 is also designed to automatically track a second DECS-400 unit using dedicated
communication ports on the two units. A backup DECS-400 controller can be placed in service and
programmed to track the control output of the primary DECS-400. In the unlikely event of a failure of the
first DECS-400, protective relays can initiate a transfer of control from the first to the second DECS-400
with minimal system disturbance.

Protective Functions

Protective functions built into the DECS-400 may be used as a backup to the primary protection relays
and can be assigned to as many as six programmable output contacts via BESTCOMS software. The
protective functions offer fully adjustable tripping levels and time delays. DECS-400 protective functions
are listed below. Functions marked with an asterisk (*) have dual setting groups.

Field overcurrent =

Field overtemperature *

Field overvoltage *

Generator overvoltage *

Generator undervoltage *

Loss of field *

Loss of Field Isolation Module

Loss of sensing voltage

Microprocessor watchdog

Open exciter diode (brushless application)
Shorted exciter diode (brushless application)
Volts per hertz protection

Programmable Logic

The DECS-400 utilizes programmable logic functionality in the form of multiplexors, AND gates, OR
gates, NOT gates, and timer gates. Inputs to the logic are in the form of discrete information including
switching inputs, system status data, protection status data, limiter status data, alarm status data, and
PSS status data. The outputs of the programmable logic module can be used to control the relay outputs
as well as various other functions inside the DECS-400 such as control functions (start/stop, mode select,
etc.), protection functions (Field Overvoltage Enable, Field Overcurrent Enable, etc.), limiter functions
(OEL enable, UEL enabile, etc.), and PSS functions. BESTCOMS provides a tool for customizing the
system control logic for specific applications.

Metering

Two programmable, 4 to 20 mAdc, analog meter drivers are provided. The meter side is isolated from
DECS-400 circuitry. Either driver can be programmed to meter a broad range of generator and system
parameters.

DECS-400 General Information
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Sequence of Events Recording

An integrated sequence of events recorder (SER) can be used to reconstruct the exact time of an event
or disturbance. The DECS-400 monitors its contact inputs and outputs for changes of state, system
operating changes, and alarm conditions. If any of these events occurs, the DECS-400 logs that event
with a date and time stamp. The resulting event record allows the user to analyze a chain of events with
accurate information regarding the sequence in which they occurred. Up to 127 events can be stored in
DECS-400 volatile memory and those events are retrievable through BESTCOMS software.

Oscillography

The data recording feature can record up to six oscillographic records and store them in volatile memory.
Up to six variables can be selected for monitoring. These variables include generator voltage, generator
current (single-phase), frequency, kW, power factor, field voltage, and field current. Oscillographic records
can be triggered through BESTCOMS or by a logic trigger or level trigger.

During commissioning, BESTCOMS can be used to trigger and save a record of a voltage step response.
At the completion of commissioning, a logic trigger or level trigger can be used to activate the data
recorder to capture the occurrence for review at a later time. DECS-400 alarms can also be used to start
the data recorder. When an alarm condition occurs, an oscillographic record can be stored. A level trigger
will initiate a record to be saved when a variable (such as field current) exceeds a predetermined setting.
Oscillographic records are recorded in accordance with the IEEE Standard Common Format for Transient
Data Exchange (COMTRADE) or log file format. Basler Electric provides BESTwave™, a COMTRADE
viewer that enables viewing of oscillography records saved by the DECS-400.

Real-Time Monitoring

Real-time monitoring is possible for any of the parameters available for oscillography. The HMI real-time
monitoring screen will display up to two parameters simultaneously. This data can be stored in a file for
later reference.

Internal Testing Provisions

Using BESTCOMS, the user can configure and run both frequency and step response tests to facilitate
commissioning or demonstrate system performance. The frequency response test has a frequency range
of 0.1 to 10 hertz, and gain/phase information is generated in the form of a Bode plot. The DECS-400
also allows injection of test signals at various points in the PSS/voltage regulation loop for a high level of
testing flexibility.

Communication

The DECS-400 is supplied with BESTCOMS software which makes DECS-400 programming and
customization fast and easy. BESTCOMS includes a PID selection utility that provides a user-friendly
format for selecting stability settings. BESTCOMS has monitoring screens for viewing all settings,
metering screens for viewing all machine parameters, and control screens for remote control of the
excitation system. A file converter within BESTCOMS enables conversion of DECS-300 settings files for
use with the DECS-400.

An RS-485 port on the rear panel supports Modbus® (floating point) communication protocol. Modbus® is
an open protocol, with all registers and operating instructions available in this instruction manual. This
makes it simple for the user to develop custom communication software.

An Ethernet port on the rear panel enables communication with the DECS-400 over a TCP/IP network.
Ethernet support in the DECS-400 enables remote access to DECS-400 settings and data through
Modbus TCP or BESTCOMS. DECS-400 time synchronization with a network time server is also
possible.

An internal modem is also provided to remotely access DECS-400 settings and alarms.

Password Protection

All DECS-400 parameters can be viewed at the front panel display, through BESTCOMS, or through
Modbus® without the need of a password. If the user wishes to change a setting, the proper password
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must be entered to allow access to the parameter. Two levels of password protection exist. One level
provides global access to all parameters. The other level provides limited access to parameters normally
associated with operator control.

Upgrading from DECS-300 to DECS-400

The upgrading process was designed to be easy, but some additional wiring may be necessary. An
escutcheon plate for easy installation is recommended (see the Installation chapter). To make the
upgrade process easier, BESTCOMS software for the DECS-400 provides a tool to convert a DECS-300
settings file to a DECS-400 settings file (see the BESTCOMS Software chapter).

Model and Style Number

DECS-400 electrical characteristics and operational features are defined by a combination of letters and
numbers that make up the style number. The model number, together with the style number, describe the
options included in a specific device and appear on a label affixed to the rear panel.

Style Number

The style number identification chart in Figure 1-1 defines the electrical characteristics and operational
features available in the DECS-400.

DECS-400 | — U
MODELNUMBEH/ / \\‘
PSS POWER SUPPLY CURRENT SENSING BATTERY BACKUP
1) Integrated power L) 24/48 Vdc 1) 1 A CT secondary U) Battery backup for
system stabilizer C) 125 Vdc/120 Vac 5) 5 A CT secondary real-time clock
2) None
PO0D52-28 NOTE:

& Effective January 2008, battery backup feature is standard.
Figure 1-1. DECS-400 Style Chart

DECS-400 General Information
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2 * Human-Machine Interface

This chapter describes the DECS-400 human-machine interface (HMI) and illustrates navigation of the
menu tree accessed through the front panel and LCD.

Controls and Indicators

DECS-400 controls and indicators are illustrated in Figure 2-1 and described in Table 2-1. The locators
and descriptions of Table 2-1 correspond to the locators shown in Figure 2-1.

®HEOOE

Digital 1 —
Excitation %E’
Control vy VvV VvV Vv V¥ 3_4'
Syste m Nul PSS Pre- Limits
{Balame Active  Position Lower Upper} D ECS-4OO
o o o O ©
Edit Reset
Com &
RS-232
(0} mo
P0024-06
07-12-04 4

®

Figure 2-1. Controls and Indicators

Table 2-1. Control and Indicator Descriptions

Locator Description

A Null Balance Indicator. This LED lights when the setpoint of the inactive operating
modes (AVR, FCR, Var, or Power Factor) match the setpoint of the active mode.

B PSS Active Indicator. This LED lights when the integrated power system stabilizer is
enabled and can generate a stabilizing signal in response to a power system
disturbance.

C Pre-Position Indicator. This LED lights when the setpoint of the active operating mode is
at either of the two pre-position setting levels.

D Lower Limit Indicator. This LED lights when the setpoint of the active operating mode is
decreased to the lower setpoint limit.

E Upper Limit Indicator. This LED lights when the setpoint of the active operating mode is
increased to the upper setpoint limit.

F Latch. Two lever-style latches (locators F and M) secure the DECS-400 draw-out
assembly in its case. A captive Phillips screw in each latch can be tightened to lock the
draw-out assembly in place.

DECS-400

Human-Machine Interface
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Locator Description
G Communication Port. This RS-232 port has a female DB-9 connector for local
communication with a PC operating BESTCOMS software (supplied with the DECS-
400).
H Reset Pushbutton. This button is pressed to reset DECS-400 alarms or cancel a

settings editing session.

I Scrolling Pushbuttons. These four buttons are used to scroll up, down, left, and right
through the menu tree displayed on the front panel display (locator K). During an editing
session, the left and right scrolling pushbuttons select the variable to be changed and
the up and down scrolling pushbuttons change the value of the variable.

J Edit Pushbutton. Pressing this button starts an editing session and enables changes to
DECS-400 settings. When the Edit pushbutton is pressed to open an editing session,
an LED on the button lights. At the conclusion of the editing session, the Edit
pushbutton is pressed to save the setting changes and the LED turns off.

K Display. The display consists of a 128 by 64 pixel, liquid crystal display (LCD) with LED
backlighting. It serves as a local source of information provided by the DECS-400 and is
used when programming settings through the front panel. The LCD displays operations,
setpoints, loop gains, metering, protection functions, system parameters, and general
settings.

L Identification Label. The identification label contains information such as the model,
style, and serial numbers and operating power and sensing current ratings.

M Latch. Two lever-style latches (locators F and M) secure the DECS-400 draw-out
assembly in its case. A captive Phillips screw in each latch can be tightened to lock the
draw-out assembly in place.

Menu System

The front panel menu system consists of a network of screens that enable the user to edit DECS-400
settings and view system parameters.
Menu Navigation

Movement through the front panel menu system is achieved by pressing the four, front-panel scrolling
pushbuttons (locator | in Figure 2-1).

Navigation aids assist the user in moving from screen to screen and are provided at the top and bottom
lines of each screen.

The top line of each screen contains the menu path which is similar to the path of a file on a PC. When
the menu path exceeds the width of the LCD, the first part of the menu path is replaced with two periods
(..) so that the last part of the path remains visible.

The bottom line indicates which menu screens can be accessed from the current screen by using the left,
lower, or right scrolling pushbuttons. The screens accessed by the left, lower, and right scrolling
pushbuttons are indicated by a <, v, and > symbol followed by an abbreviated menu name.

The front panel Reset pushbutton (locator H in Figure 2-1) provides a shortcut to the metering screen
when a settings editing session is not in progress.

Menu Structure

The front panel menu system has nine branches:

1. Operating. Start/stop, mode, and pre-position setpoint status.

2. Setpoints. Mode setting values such as AVR, FCR, droop, var, and power factor.

3. Loop Gains. PID settings.

Human-Machine Interface DECS-400
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Metering. Real-time metering of user-selected parameters and alarm messages.

4

5. Protection. Protective Function setting parameters.

6. Limiters. System limiters such as overexcitation and underexcitation.
7

PSS. The power system stabilizer menu consists of four sub-menus which include Control,
Parameters, Limiters, and Configuration.

8. System Parameters. The system parameters menu consists of nine sub-menus which include
Generator Data, Field Data, Transformers, Configuration, Output Contacts, Traverse Rates, Pre-
position Modes, Startup, and Tracking.

9. General Settings. The general settings menu consists of three sub-menus which include
Communications, LCD Contrast, and Real-Time Clock.

From the DECS-400 title screen, the Operating menu branch is accessed first by pressing the Down
pushbutton. Then, the remaining branches are accessed by pressing the left or right scrolling push-
buttons.

A detailed list of the menu system screens is provided below. The menu paths appear on the left and the
settings appear on the right.

\D400\OPER OPERATING
\OPERATE_1
START/STOP
AVR/MANUAL
PF OR VAR
FCR OR FVR
PREPOSN 1
PREPOSN 2
\OPERATE_2
VOLT MATCH
INT TRACK
EXT TRACK
CROSS CURNT
LINE DROP
DROOP
\OPERATE_3
INNER LP

\D400\SETPT SETPOINTS
\MODE_SET1

AVR MODE

FCR MODE

DROOP

VAR MODE

PF MODE

FVR MODE
\MODEN\RANGE_1

FINE V BD

AVR MIN

AVR MAX

FCR MIN

FCR MAX

KW LVL TRNS
\MODE1\RANGE_2

MIN VAR OUT

MAX VARA OUT

MAX LAG PF

MAX LEAD PF

DECS-400 Human-Machine Interface
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FVR MIN
FVR MAX
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\MODETN\RANGE_3
V MATCH BD
V MATCH REF

\MODE_SET2
LINE DROP

\PREP_SET1
AVR MODE
FCR MODE
VAR MODE
PF MODE
FVR MODE

\PREP_SET2
AVR MODE
FCR MODE
VAR MODE
PF MODE
FVR MODE

\D400\GAIN

LOOP GAINS

\P_AVR_GAINS
PRI'STB RG
AVR Kp
AVR Ki
AVR Kd
AVR Td
AVR Kg

\AVRG1\S_AVR_GAINS
SEC STBRG
AVR Kp
AVR Ki
AVR Kd
AVR Td
AVR Kg

\P_FCR_GAINS
FCR Kp
FCR Ki
FCR Kd
FCR Td
FCR Kg

\P_FVR_GAINS
FVR Kp
FVR Ki
FVR Kd
FVR Td
FVR Kg

\LIM_GAINS
OEL Ki
OEL Kg
UEL Ki
UEL Kg
SCL Ki
SCL Kg

\LIMGN\LIM_GAINS2
VARL Ki
VARL Kg

Human-Machine Interface
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\CTL_GAINS
PF Ki
PF Kg
VAR Ki
VAR Kg
V MATCH Kg

\IN_LP_GAINS
INNER LP Ki
INNER LP Kg

\D400_METERING METERING

See Metering Screen, Metering Values for a list of the parameters available for display.

\D400_PROT PROTECTION

\V/HZ_PROT1
V/HZ ENABLE
V/HZ PCKUP
TIME DIAL
RESET DIAL
DLAY1 PKUP
DLAY1 TIME

\V/HZ_PROT2
DLAYZ2 PKUP
DLAY2 TIME
CURVE EXP

\PROT_ENAB1
FIELD OV
FIELD OC
STATOR OV
STATOR UV
NO SENSING
NO SNS->MAN

\ENABN\S_PROT_ENE
FIELD OV
FIELD OC
STATOR OV
STATOR UV
FIELD OT
LOSS FIELD

\PROT_ENAB2
FIELD OT
LOSS FIELD
FIT FAILED
POWER LOW
EX DIOD OD
EX DIOD SD

\P_PROT_LVL1
FIELD OV
FIELD OC
STATOR OV
STATOR UV
FIELD OT
LOS BAL V

\P_PROT_LVLA1
FIELD OV
FIELD OC
STATOR OV
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STATOR UV
FIELD OT
LOSS FIELD
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\P_PROT_LVL2
LOS IMBAL V
LOSS FIELD
EDM OD RPL
EDM SD RPL
EDM INH LVL

\P_PROT_TMR1
FIELD OV
FIELD OC TD
STATOR OV
STATOR UV
NO SENSING
FIELD OT

\P_TM1\S_PROT_TMR1

FIELD OV
FIELD OC TD
STATOR OV
STATOR UV
FIELD OT
LOSS FIELD

\P_PROT_TMR2
LOSS FIELD
FIT FAILED
EX DIOD OD
EX DIOD SD

\D400\LIMIT

LIMITERS

\OPTION_1
OEL STYLE
OEL OPTION
UEL STYLE
OEL GROUP
UEL GROUP
SCL GROUP

\OPTION_2
UF OR V/HZ
OEL ENABLE
UEL ENABLE
SCL ENABLE
UEL FLTR TC
UEL VOL EXP

\P_ONLINE
INST LIMIT
INST TIME
MED LIMIT
MED TIME
CONT LIMIT

\P_ONL\S_ONLINE

INST LIMIT
INST TIME
MED LIMIT
MED TIME
CONT LIMIT

\P_OFFLINE

Human-Machine Interface
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OEL HI LIM
HI LIM TIME
OEL LO LIM

\P_OFL\S_OFFLINE

OEL HI LIM
HI LIM TIME
OEL LO LIM

\P_OFFTAKOVR

OEL MAX CUR
OEL MIN CUR
OEL TD

\P_OFT\S_OFFTAKOVR

OEL MAX CUR
OEL MIN CUR
OEL TD

\P_ONTAKOVR

OEL MAX CUR
OEL MIN CUR
OEL TD

\P_ONT\S_ONTAKOVR

OEL MAX CUR
OEL MIN CUR
OEL TD

\P_UEL_CRV_X

PNT 1 WATTS
PNT 2 WATTS
PNT 3 WATTS
PNT 4 WATTS
PNT 5 WATTS

\P_UEX\S_UEL_CRV_X

PNT 1 WATTS
PNT 2 WATTS
PNT 3 WATTS
PNT 4 WATTS
PNT 5 WATTS

\P_UEL_CRV_Y

PNT 1 VARS
PNT 2 VARS
PNT 3 VARS
PNT 4 VARS
PNT 5 VARS

\S_UEL_CRV_Y

PNT 1 VARS
PNT 2 VARS
PNT 3 VARS
PNT 4 VARS
PNT 5 VARS

\P_SCLIM

SCL HILIM
HI LIM TIME
SCLLOLIM
INIT DELAY

\P_SCL\S_SCLIM

SCL HILIM
HI LIM TIME
SCL LOLIM
INIT DELAY

DECS-400
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\VARLM
VARL ENABLE
PRI SETPOINT
PRI INITDLY
SEC SETPNT
SEC INITDLY
VARL GROUP

\UF_V/HZ
CORNER FREQ
UF SLOPE
VIHZ HI
VIHZ LO
VIHZ TIME

\D400\PSS

POWER SYSTEM STABILIZER

\CONTROL
PSS CONTROL

\P_BASIC_CTL
SETTING GRP
TM PWRN TLD
TM PWR HYST

\P_CTL\S_BASIC_CTL
SECONDARY
TM PWRN TLD
TM PWR HYST

\P_SOFT_SW1
SSW0
SSW 1
SSW 2
SSW 3
SSW 4
SSW 5

\P_SS1\S_SOFT_SW2
SSW 0
SSW 1
SSW 2
SSW 3
SSwW 4
SSW 5

\P_SOFT_SWw2
SSW 6
SSW7
SSW 8
SSW9
SSW 10

\P_SS2\S_SOFT_SW2
SSW 6
SSW 7
SSW 8
SSW 9
SSW 10

\D400\PSS\PARAMETER
PSS PARAMETERS

\P_FILTER1
QUADTURE XQ
SCALER KPE
LP FLTR T11

Human-Machine Interface
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LP FLTR T12
LP FLTR T13
RTFLTR TR

\P_FTR\S_FILTER

QUADTURE XQ
SCALER KPE
LP FLTR T11
LP FLTR T12
LP FLTR T13
RTFLTR TR

\P_FILTER2

HP FLTR H

HP FLTR TW1
HP FLTR TW2
HP FLTR TW3
HP FLTR TW4

\P_FTR\S_FILTER2

HP FLTR H

HP FLTR TW1
HP FLTR TW2
HP FLTR TW3
HP FLTR TW4

\P_FILTERS3

NUM EXP N
NUM EXP M

\P_FTR\S_FILTERS3
SECONDARY FILTER 3

NUM EXP N
NUM EXP M

\P_TRSN_FLTR

FILTER 1 ZN
FILTER 1 ZD
FILTER 1 WN
FILTER 2 ZN
FILTER 2 ZD
FILTER 2 WN

\P_TSN\S_TRSN_FLTR

FILTER 1 ZN
FILTER 1 ZD
FILTER 1 WN
FILTER 2 ZN
FILTER 2 ZD
FILTER 2 WN

\P_PHSE_COMP1

PHASE 1 TLD
PHASE 1 TLG
PHASE 2 TLD
PHASE 2 TLG

\S_PHSE_COMP1

PHASE 1 TLD
PHASE 1 TLG
PHASE 2 TLD
PHASE 2 TLG

\P_PHSE_COMP2

PHASE 3 TLD
PHASE 3 TLG
PHASE 4 TLD

DECS-400

Human-Machine Interface



2-10

PHASE 4 TLG

9369700990

\S_PHSE_COMP2
PHASE 3 TLD
PHASE 3 TLG
PHASE 4 TLD
PHASE 4 TLG

\D400\PSS\LIMTERS
PSS LIMITERS

\P_OUTPUT_LMT
UPPER LIMIT
LOWER LIMIT
GAIN

\S_OUTPUT_LMT
UPPER LIMIT
LOWER LIMIT
GAIN

\P_VOLT_LIMIT
TIME CONST
SETPOINT

\P_VLT\S_VOLT_LMT
TIME CONST
SETPOINT

\P_LOGIC_LMT
FLTR NRM TM
FLTR LMT T™
OUT UPR LMT
OUT LWR LMT
OUT TM DLY

\P_LOG\S_LOGIC_LMT
FLTR NRM TM
FLTR LMT TM
OUT UPR LMT
OUT LWR LMT
OUT TM DLY

\D400\PSS\CONFIG

PSS CONFIGURATION

\CNFG SET GP

SETTING GROUP CONFIGURATION

PWR TLD ENA
SG PWR TLD
ST PWR HYST

\PSS_ROC
ROC ENABLE
ROC THRESH
ROC TM DLY
ROC BLKTIM
ROC LPF TC
ROC WF TC

\D400\SYSTEM

SYSTEM PARAMETERS

\GENERATOR
GENERATOR DATA

\GEN\GEN_DATA
RATED VOLT
FREQUENCY
RATED KVA

\FIELD_DATA
Human-Machine Interface
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FIELD DATA

\FIELD_DATA1
FIELD VOLT
FIELD CURR
SHUNT RATING
ISOL BOX IN
FIELD RES
AMB TEMP

\FIELD_DATA_2
BRUSH DROP
POLE RATIO

\TRNSFRMRS
TRANSFORMERS

\XFMRS\XFMR_DATA
GEN PT PRI
GEN PT SEC
BUS PT PRI
BUS PT SEC
GEN CT PRI
GEN CT SEC

\CONFIGURE
CONFIGURATION

\CONFG\CNFG_DATA_1
FIELD TYPE
VLTAGE SNSE
MOTOR MODE
CURRNT SNSE
CT SELECT

\CNFG\CNFG_DATA 2
CTRL SIGNAL
AUX IN TYPE
AUX IN FCTN
CRSS | GAIN
TEMP MODE

\AUX_GAINS
AVR MODE
FCR MODE
VAR MODE
PF MODE
FVR MODE
INNER/OUTER

\CONTACTS
OUTPUT CONTACTS

\CNTCT\RELAY_1
OUTPT SENSE
OUTPUT TYPE
MOMENT TIME

\CNTCT\RELAY_2
OUTPT SENSE
OUTPUT TYPE
MOMENT TIME

\CNTCT\RELAY_3
OUTPT SENSE
OUTPUT TYPE
MOMENT TIME

\CNTCT\RELAY_4
OUTPT SENSE

DECS-400
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OUTPT TYPE
MOMENT TIME
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\CNTCT\RELAY_5
OUTPT SENSE
OUTPT TYPE
MOMENT TIME

\CNTCT\RELAY_6
OUTPT SENSE
OUTPT TYPE
MOMENT TIME

\TRVRS_HEAD

TRAVERSE RATES

\TRVRS\TRVRS_RATE

AVR MODE
FCR MODE
VAR MODE
PF MODE

FVR MODE

\PMODE_HEAD

PRE-POSITION MODES

\PMODE\PREP_MODE1

AVR MODE
FCR MODE
VAR MODE
PF MODE

FVR MODE

\PREP1_RATES1
AVR TRAVEL
AVR RATE
FCR TRAVEL
FCR RATE
VAR TRAVEL
VAR RATE

\PREP1_RATES2
PF TRAVEL
PF RATE
FVR TRAVEL
FVR RATE

\PMODE\PREP_MODE2

AVR MODE
FCR MODE
VAR MODE
PF MODE

FVR MODE

\PREP2_RATES1
AVR TRAVEL
AVR RATE
FCR TRAVEL
FCR RATE
VAR TRAVEL
VAR RATE

\PREP2_RATES2
PF TRAVEL
PF RATE
FVR TRAVEL
FVR RATE

\SU_HEAD

Human-Machine Interface
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\START\P_STRTUP
SS LEVEL
SS TIME
FLASH TIME
FLASH LEVEL

\P_STP\S_STRTUP
SS LEVEL
SS TIME

\TRACK_HEAD
TRACKING

\TRACK_TRACK_DATA

INT RATE
INT DELAY
EXT RATE
EXT DELAY

\D400\SETUP

GENERAL SETTINGS

\COMMS

COMMUNICATIONS

\COMMS\BAUD_RATE
COMO0 RS232
COM1 RS485
COM2 RS485

\COMMS\MODBUS
COM2 ADDR
COM2 DELAY
PARITY
STOP BITS
MODBUS TCP

\COMMS\ETHERNET
IP
MAC
STIP
NETM
GATEW
DHCP

\COMMS\NTP
NTP
TIME ZONE
UPDATE TIME
NTP STATUS

\COMMS\VERSION

VERSION

APP

DSP

BOOT

COMA

COMB

FLM

\CONTRAST
LCD CONTRAST

\CLOCK
CLOCK

\RTC\CLK_FORMAT
TIME FORMAT
DST FORMAT

DECS-400

Human-Machine Interface



2-14 9369700990

DATE FORMAT

Editing Settings

DECS-400 settings can be edited through the front panel. An editing session is initiated by navigating to
the screen containing the setting to be changed and pressing the Edit pushbutton. Edit mode is indicated
by a lit LED on the Edit pushbutton. A prompt to enter a password will appear on the display. Additional
information about using passwords is provided in Password Protection.

When security access is obtained through entry of the appropriate password, the first editable field of the
current screen is underlined. The underlined setting can be changed by pressing the up or down scrolling
pushbuttons to increase or decrease the setting. To edit another setting on the current screen, the left or
right scrolling pushbuttons are pressed to move the underline to the other editable setting fields.

Note

Most setting changes are used immediately by the DECS-400.
However, the changes are not saved in nonvolatile memory until the
Edit pushbutton is pressed to terminate the editing session.

After all desired editing on a screen is completed, the changes can be saved or discarded. Changes are
saved by pressing the Edit pushbutton, which ends the edit session and saves the changes in nonvolatile
memory. Changes are discarded by pressing the Reset button, which ends the edit session and restores
the settings active prior to editing by reading them from nonvolatile memory. In both cases, the Edit push-
button LED turns off to indicate that the editing session is terminated.

Security (password) access is not immediately lost when a settings editing session is terminated. Security
access ends after 10 minutes of no pushbutton activity. To modify settings on another screen with the
same access level, the user merely navigates to that screen and presses the Edit pushbutton to start a
new edit session.

This security access timeout differs from an edit session timeout. If 10 minutes of inactivity elapses during
an edit session, any changes that were made will be saved in nonvolatile memory and will be used by the
DECS-400. At this time, both edit access and security access are terminated.

Screens with Special Editing Modes

Several screens operate differently while in the edit mode. Examples of these screens are
\D400\OPER\OPERATE_1, .\COMMS\BAUD_RATE, and ..\COMMS\MODBUS. Changes made to
settings on these screens are not used by the DECS-400 (nor saved in nonvolatile memory) until the Edit
pushbutton is pressed again.

Other examples of screens with different behavior in edit mode include the loop gains screens, which are
used to establish PID values (\D400\GAIN\PRI_GAINS and \D400\GAIN\SEC_GAINS). The first four
parameters on these screens represent tables (one table for primary gains and one table for secondary
gains) containing 20 sets of predefined PID (proportional + integral + derivative) values and one set of
user-definable values. The first parameters, PRI STB RG and SEC STB RG, represent the stability setting
number and are the index for the tables. Stability setting numbers 1 through 20 select predefined values
from the table and a setting of 21 enables the selection of user-defined values. The second, third, and
fourth parameters, AVR/FCR Kp, AVR/FCR Ki, and AVR/FCR Kd, are the actual entries in the table.

As long as the stability setting number is set at 21, then the Kp, Ki, and Kd parameters may be
individually edited. Changed values are not used by the DECS-400 until they are saved by pressing the
Edit pushbutton. Kp, Ki, and Kd may not be edited when the stability setting number is set at 1 through
20.

If the DECS-400 is operating with user-defined PID values and the stability setting number is changed to
a value of 1 to 20, the user-defined Kp, Ki, and Kd values are lost. The next time that user-defined values
for a stability setting of 21 are required, they must be manually entered and saved.

Human-Machine Interface DECS-400
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Password Protection

All DECS-400 settings that can be edited at the front panel are password protected. A password is
required at the start of any settings editing session. Password access expires 10 minutes after the last
entry is received at the front panel.

There are two levels of password access: global and setpoint. Global password access permits changes
to all settings that can be edited through the front panel. Setpoint password access permits changes to a
limited selection of settings. Settings that can be changed with setpoint password access are listed in
Table 2-2. All editable settings on a single menu screen have the same password access level.

Table 2-2. Settings Protected by Setpoint Password

Screen Setting
\D400\OPER\OPERATE_1 Start/Stop control
AVR/FCR mode
Power Factor/Var mode

Pre-position 1 enable

Pre-position 2 enable
\D400\OPER\OPERATE_2 Voltage matching enable
Internal tracking enable

External tracking enable

Cross-current compensation enable

Line drop compensation enable

Droop enable
\D400O\SETPT\MODE_SET AVR mode setpoint
FCR mode setpoint

Droop setpoint

Var mode setpoint

Power Factor mode setpoint

Line drop setpoint
\D400\SETPT\PREP_SET1 Fine voltage band setting — pre-position 1
Minimum AVR mode setpoint — pre-position 1

Maximum AVR mode setpoint — pre-position 1

Minimum FCR mode setpoint — pre-position 1

Maximum FCR mode setpoint — pre-position 1
\D400\SETPT\PREP_SET2 AVR mode setpoint — pre-position 2
FCR mode setpoint — pre-position 2

Var mode setpoint — pre-position 2

Power Factor setpoint — pre-position 2

DECS-400 units are delivered with the same global and setpoint access password: DECS4. When the
global and setpoint passwords are identical, the DECS-400 grants global access when the correct
password is entered. In order to permit setpoint-only access, the setpoint access password must differ
from the global access password. If the user attempts to start an edit session on a screen requiring global
access while only setpoint access is granted, the setpoint access is revoked and the user is prompted to
enter a global access password.
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Passwords may be changed using BESTCOMS software (provided with the DECS-400) and a password
can contain from one to six alphanumeric characters. To provide security against unauthorized setting
changes, the passwords should be changed after commissioning. Once changed, the passwords should
be stored in a secure location. If the user-defined passwords are lost or forgotten, the default password
(DECS4) can be restored by simultaneously pressing the Edit and Reset pushbuttons during DECS-400
power-up.

Caution

Pressing the Edit and Reset pushbuttons during DECS-400 power-up
replaces all user-programmed settings with the default settings.

Restoring the default password also replaces all user-programmed settings with the default values.
Before performing this procedure, BESTCOMS software should be used to save a DECS-400 settings
file. After the default settings are loaded while restoring the default password, the settings file can be
uploaded to the DECS-400 and new passwords can be assigned.

Metering Screen

Metering screen information is displayed in five fields: metering values, alarms message, setpoint value,
setpoint—percent of range, and operating mode. The metering screen fields are illustrated in Figure 2-2.

\D400\METER\ADJUST
Watts VAr Ic
0.000 0.000 0.000 | < Metering Values (3)
Alarms Message — | ALARMS (PRESS < OR >)
SETPT

% RNG 120 / 75.0% | <— Setpoint / % of Range

Operating Mode —» UNIT IS OFF

P0025-04
08-16-04

Figure 2-2. Metering Screen Information

Metering Values

Metering values for three user-selectable parameters are displayed. Table 2-3 lists the metering
parameters available for display on the DECS-400 metering screen.

Table 2-3. Selectable Metering Parameters

Metering Label Description
Bus Hz Bus frequency
Bus V Bus voltage
EDM OD Exciter diode monitor open diode percent ripple
EDM SD Exciter diode monitor shorted diode percent ripple
F Temp Field temperature
Field V Field voltage
Fid | Field current
Gen Hz Generator frequency
Hz/sec Rate of frequency change
| Avg Average of three generator line currents
la A-phase generator line current
Ib B-phase generator line current
Ic C-phase generator line current

Human-Machine Interface DECS-400
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Metering Label Description
NSeq | Negative sequence current
NSeq V Negative sequence voltage
PF Power factor
PSeq | Positive sequence current
PSeq V Positive sequence voltage
V a-b A-phase to B-phase generator rms voltage
V Aux Accessory input voltage
V Avg Average of three generator line-to-line voltages
V b-c B-phase to C-phase generator rms voltage
V c-a C-phase to A-phase generator rms voltage
VA Generator load VA
VAr Reactive power
Watts Generator load watts

The DECS-400 uses auto-ranging to display up to four digits of resolution plus a decimal point. If needed,
a multiplier such as k for kilo (1,000) or M for mega (1,000,000) is used. Negative values with magnitudes
greater than 999.9 are displayed with three digits of resolution.

Setpoint

The setpoint field displays the setpoint for the active mode of operation. Table 2-4 lists the relationship
between the mode of operation and the setpoint field quantity.

Table 2-4. Setpoint Field Operating Mode Cross-Reference

Operating Mode Mode Message Setpoint Field Quantity
Off UNIT IS OFF Setpoint from last mode
Voltage Matching VOLTAGE MATCHING AVR setpoint
FCR (Manual) FCR (MANUAL) FCR setpoint
AVR (Auto) AVR (AUTO) AVR setpoint
Droop DROOP AVR setpoint
Var Control VAR CONTROL Var setpoint
Power Factor Control POWER FACTOR CONTROL PF setpoint

Percent of Range

This field displays the setpoint expressed as a percentage of the available adjustment range. The
relationship between this field and the setpoint field is linear. For example, a setpoint adjusted to the
minimum value would be displayed as 0.0%, a setpoint adjusted to the middle of the adjustment range
would be displayed as 50.0%, and a setpoint adjusted to the maximum value would be displayed as
100.0%.

Alarms Message

The alarms message line remains blank during normal operating conditions. If an enunciable condition
occurs, “ALARMS (PRESS < OR >)” is displayed. Information about the condition is obtained by viewing
the alarm message screen.

Alarm Message Screen

Pressing either the left or right scrolling pushbuttons, while viewing the metering screen, displays the
alarm message screen. This screen displays up to six messages identifying the conditions that led to the
most recent annunciations.
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lists the annunciations that may appear on the alarm message screen. When more than one message is
listed, the newest messages are added to the bottom of the list. Once the list contains six messages, any
further annunciations will cause the oldest message to be deleted from the top of the list.

Table 2-5. Alarm Messages

Annunciation Message Duration of Message

CLOCK RESET Maintained until reset
CURRENT UNBALANCE Automatically reset
EXCESSIVE V/HZ Maintained until reset

EXCITER DIODE OPEN

Maintained until reset

EXCITER DIODE SHORT

Maintained until reset

FAILED TO BUILD UP

Maintained until reset

FIELD OVER TEMP

Maintained until reset

FIELD OVERCURRENT

Maintained until reset

FIELD OVERVOLTAGE

Maintained until reset

GEN. OVERVOLTAGE

Maintained until reset

GEN. UNDERVOLTAGE

Maintained until reset

LOSS ISOLATION MODULE

Automatically reset

LOSS OF FIELD

Maintained until reset

LOSS OF IRIG

Automatically reset

LOST VOLTAGE SENSING

Maintained until reset

OVEREXCITATION LIMIT
POWER BELOW THRESHOLD
POWER SUPPLY LOW
PSS BLOCK

SPEED FAILURE

STATOR CURRENT LIMIT
SYSTEM BELOW 10 HZ
UNDEREXCITATION LIMIT
UNDERFREQUENCY

VAR LIMIT

VOLTAGE LIMIT
VOLTAGE UNBALANCE

Clears 2 s after end of event

Automatically reset

Automatically reset

Automatically reset

Automatically reset

Clears 2 s after end of event

Clears 2 s after end of event

Clears 2 s after end of event

Clears 2 s after end of event

Automatically reset

Automatically reset

Automatically reset

The list of alarm messages can be cleared by pressing the Reset pushbutton. Pressing the Reset
pushbutton also sends the display back to the metering screen and clears the metering screen alarms
message. If a condition that led to an annunciation is still present when the alarm message screen is
cleared, then a new annunciation message will be generated. The list of annunciations on the alarm
message screen is retained if the user exits the screen by using the left, right, or up scrolling pushbuttons.
However, the metering screen will not indicate when a new annunciation occurs because the alarms
message will always be present.

Operating Mode

This line of the metering screen indicates the DECS-400'’s current mode of operation. Table 2-4 lists the
message displayed for each DECS-400 operating mode.
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3 * Functional Description

This chapter describes how the DECS-400 functions and explains its operating features. To ease under-
standing, DECS-400 functions are illustrated in the block diagram of Figure 3-1. A detailed description of
each function block is provided in the paragraphs under the heading of DECS-400 Function Blocks.

VFIELD —P
Digital to Control | Ve -~
o—p
T Dlgltal > Ana'og Output | : Control
Assy ) —— ADC Signal Converter Circuits -2 o—p Outeut
CCC Processor
Line . —» Analog
Line l; —— Input i
Line Io — Circuits DAC (2) ——»  Meter Driver 1
GenV,, —P| > Meter Driver 2
A
GenV,
s ——P Front Panel
GenV,, > LEDs
Bus V.,
_;@. ————» Watchdog
Front Panel ——>» On/Off
» ZCD P e LCD - Relay 1
_ Relay - Relay2
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Figure 3-1. DECS-400 Function Blocks

DECS-400 Function Blocks

The following paragraphs describe each of the function blocks illustrated in Figure 3-1. The function of
each block is explained along with the operation of all function block inputs and outputs.
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Analog Input Circuits

The DECS-400’s analog sensing inputs are described in the following paragraphs.

Generator Voltage

Generator sensing voltage is supplied to DECS-400 terminals A9 (E1), A10 (E2), and A11 (E3) through
external, user-supplied, isolation transformers with a nominal output rating of 120 Vac or 240 Vac. The
DECS-400 automatically selects the proper generator voltage sensing range based on the generator
voltage sensing transformer’s secondary voltage value entered in the DECS-400.

DECS-400 generator voltage sensing inputs consist of an A-phase to B-phase (VAB) voltage input, a B-
phase to C-phase voltage input (VBC), and a C-phase to A-phase voltage input (VCA).

The VcA voltage sensing input is used by the DECS-400 to calculate generator frequency. Sensed
voltage is filtered (through a zero-crossing detector) to eliminate multiple zero crossings during one
fundamental period.

Bus Voltage

Bus sensing voltage is supplied to DECS-400 terminals A13 (BUS1) and A14 (BUS3) through external,
user-supplied isolation transformers with a nominal output rating of 120 Vac or 240 Vac. The DECS-400
automatically selects the proper bus voltage sensing range based on the bus voltage sensing
transformer’s secondary voltage value entered in the DECS-400.

The sensed bus voltage is filtered (through a zero-crossing detector) to eliminate multiple zero crossings
during one fundamental period. This input is compared with the generator sensing voltage for the purpose
of voltage matching.

Line Current

The line current sensing inputs consist of an A-phase current input (IA), a B-phase current input (IB), and
a C-phase current input (IC).

Generator sensing current is supplied to DECS-400 terminals A1 and A2 (CTA), A3 and A4 (CTB), and
A5 and A6 (CTC) through external, user-supplied current transformers (CTs) with a secondary rating of 1
Aac (DECS-400 style XX1X) or 5 Aac (DECS-400 style XX5X).

When only one phase of generator current is sensed, the IB input (terminals A3 and A4) must be used.

A minimum of two generator current phases must be sensed for PSS applications.

Cross-Current Compensation

This input (CCC) is used when generators are operating in cross-current compensation (reactive
differential) mode.

B-phase generator sensing current is supplied to DECS-400 terminals A7 and A8 through an external,
user-supplied CT with a secondary rating of 1 Aac (DECS-400 style XX1X) or 5 Aac (DECS-400 style
XX5X).

Accessory Input

The accessory input can be configured to receive an external excitation setpoint control signal, the control
signal from an external PSS, or for limiter scaling. (For more information about limiter scaling, see Limiter
Functions, Limiter Scaling later in this chapter.) The accessory input accepts either a —10 Vdc to +10 Vdc
signal at DECS-400 terminals A16 (+) and A17 (=) or a 4 mAdc to 20 mAdc control signal at A19 (+) and
A20 (-).

When a current input type is selected, the input current is converted by the DECS-400 to a voltage signal
in the range of -5 to +5 Vdc. The following equation is used by the DECS-400 when converting the
applied current into a voltage.
Vaux = 0.625 (1 - 12) where: Vaux = the calculated voltage signal

| = current applied to the accessory input (in milliamperes)

Functional Description DECS-400
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For setpoint control, Vaux is multiplied by the appropriate accessory gain setting: AVR mode gain, FCR
mode gain, Var mode gain, or Power Factor mode gain. The accessory input can be active in all four
operating modes.

In AVR mode, the accessory input signal is multiplied by the AVR mode gain setting, which defines the
setpoint change as a percentage of the rated generator voltage.

In FCR mode the accessory input signal is multiplied by the FCR mode gain setting, which defines the
setpoint change as a percentage of the rated field current.

In Var mode, the accessory input signal is multiplied by the Var mode gain setting, which defines the
setpoint change as a percentage of the rated apparent power for the generator.

In Power Factor mode, the accessory input signal is multiplied by the Power Factor mode gain setting and
then divided by 100 to define the power factor setpoint change.

Field Voltage and Current

The DECS-400 receives field voltage and current signals from the field isolation module supplied with the
DECS-400. Field voltage and current signals are transmitted from the field isolation module through a
dedicated cable terminated at DECS-400 connector J1.

For field voltage sensing, the field isolation module accepts a range of nominal voltages of 63 Vdc, 125
Vdc, 250 Vdc, 375 Vdc, or 625 Vdc. The applied field voltage may be £300% of the nominal value. The
field isolation module supplies the DECS-400 with a field voltage signal over the range of 0.9 to 9.1 Vdc,
where 5.0 Vdc equals zero field voltage.

For field current sensing, the field isolation module accepts nominal current shunt output voltages of 0 to
50 mVdc or 0 to 100 mVdc. The applied shunt voltage may be up to 300% of either range. The field
isolation module supplies the DECS-400 with a field current signal over the range of 2.0 to 9.5 Vdc, where
2.0 Vdc equals zero field current.

Front Panel Keyboard

The front panel keyboard consists of six pushbuttons.

Four of the pushbuttons are designated for scrolling up, down, left, and right through the menu tree
displayed on the front panel display. During an editing session, the left and right scrolling pushbuttons
select the variables to be changed and the up and down scrolling pushbuttons change the value of the
variable.

The Reset pushbutton is pressed to reset DECS-400 alarms or cancel a settings editing session.

The Edit pushbutton is pressed to begin an editing session and enables changes to DECS-400 settings.
When the Edit button is pressed to open an editing session, an LED on the button lights. At the
conclusion of the editing session, the Edit pushbutton is pressed to save the editing changes.

Contact Input Circuits

Sixteen contact inputs are provided for initiating DECS-400 actions. Six of the contact inputs are fixed-
function inputs: AVR, Manual, Lower, Raise, Start, and Stop. The remaining ten contact inputs are
programmable inputs.

Each contact input has an isolated, interrogation voltage of 12 Vdc and accepts dry relay/switch contacts
or an open-collector output from a PLC.

DECS-400 contact inputs are described in the following paragraphs.
AVR

This input accepts a momentary contact closure that places the DECS-400 in AVR (automatic voltage
regulation) mode. If the DECS-400 receives AVR and FCR contact inputs simultaneously, the FCR input
has priority. AVR contact input connections are made at terminals B4 (AVR) and B5 (COM).

DECS-400 Functional Description
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Manual

This input accepts a momentary contact closure that places the DECS-400 in Manual mode. If the DECS-
400 receives AVR and Manual contact inputs simultaneously, the Manual input has priority. When
operating in Manual mode, the DECS-400 regulates (as configured in BESTCOMS™) either the level of
field current (FCR) or the level of field voltage (FVR). Manual contact input connections are made at
terminals B6 (MAN) and B5 (COM).

Raise

This input increases the active, operating setpoint. The raise setpoint function is active as long as the
contact is closed. The raise increment is a function of the setpoint range of adjustment and the active
mode traverse rate. The increments are directly proportional to the adjustment range and inversely
proportional to the traverse rate. This input has no effect when the active pre-position mode is Maintain.
Raise contact input connections are made at terminals B7 (RAISE) and B8 (COM).

Lower

This input decreases the active, operating setpoint. The lower setpoint function is active as long as the
contact is closed. The lower increment is a function of the setpoint range of adjustment and the active
mode traverse rate. The increments are directly proportional to the adjustment range and inversely
proportional to the traverse rate. This input has no effect when the active pre-position mode is Maintain.
Lower contact input connections are made at terminals B9 (LOWER) and B8 (COM).

Start

This input accepts a momentary contact closure that enables the DECS-400. If the DECS-400 receives
Start and Stop contact inputs simultaneously, the Stop input has priority. Start contact input connections
are made at terminals B1 (START) and B2 (COM).

Stop

This input accepts a momentary contact closure that disables the DECS-400. If the DECS-400 receives
Stop and Start contact inputs simultaneously, the Stop input has priority. Stop contact input connections
are made at terminals B3 (STOP) and B2 (COM).

SW1-SW10

These user-programmable inputs can be connected to monitor the status of excitation system contacts
and switches. Then, using BESTCOMS, these inputs can be used as part of a user-configured logic
scheme to control and annunciate a variety of system conditions and contingencies. Information about
using SW1 through SW10 is provided in the BESTCOMS Software chapter.

Digital Signal Processor

The digital signal processor (DSP) supports measurement, control (output and converters), metering
functions, and filtering. It controls both the analog-to-digital converter (ADC) and the digital-to-analog
converter (DAC). All analog input signals from the ADC are filtered by finite impulse response (FIR) filters.
AC signals are also filtered by infinite impulse response (IIR) filters, and dc signals (field voltage and
current) are filtered by averaging filters. Output data to the DAC are used to generate the control output
signals.

Microprocessor

The microprocessor performs control, measurement, computation, self-test, and communication functions
by using its embedded programming (firmware) and the nonvolatile settings stored in its memory.

IRIG Port

When a valid time code signal is detected at the IRIG port, it automatically synchronizes the DECS-400’s
internal clock with the time code signal. Because the IRIG time code signal does not contain year
information, it is necessary for the user to enter the date even when using an IRIG source. Year
information is stored in nonvolatile memory so that when operating power is restored after an outage and
the clock is re-synchronized, the current year is restored.

Functional Description DECS-400
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The IRIG input is fully isolated and accepts a demodulated (dc level-shifted) signal. For proper
recognition, the IRIG signal applied to the DECS-400 must have a logic high level of no less than 3.5 Vdc
and a logic low level that is no higher than 0.5 Vdc. The input signal voltage range is —10 Vdc to +10 Vdc.
Input resistance is nonlinear and approximately 4 kQ at 3.5 Vdc and 3 kQ at 20 Vdc. IRIG signal
connections are made at terminals D1 (IRIG+) and D2 (IRIG-).

Memory Circuits

The DECS-400 has three types of memory circuits: flash memory, random access memory (RAM), and
electrically-erasable, programmable, read-only memory (EEPROM). Flash memory is nonvolatile and
retains the operating software (firmware). RAM is volatile and serves as temporary storage for data.
EEPROM is nonvolatile and stores DECS-400 settings.

Caution

This product contains one or more nonvolatile memory devices. Nonvolatile
memory is used to store information (such as settings) that needs to be
preserved when the product is power-cycled or otherwise restarted.
Established nonvolatile memory technologies have a physical limit on the
number of times they can be erased and written. In this product, the limit is
1,000,000 erase/write cycles. During product application, consideration should
be given to communications, logic, and other factors that may cause
frequent/repeated writes of settings or other information that is retained by the
product. Applications that result in such frequent/repeated writes may reduce
the useable product life and result in loss of information and/or product
inoperability.

Digital to Analog Converter

Digital input data from the digital signal processor (DSP) is converted by the digital-to-analog converter
(DAC) into analog signals for controlling the excitation level. Output data from the DAC may be either a
voltage signal or current signal. Signal selection is made through BESTCOMS or the front panel HMI.

A second pair of DACs supply metering signals to the DECS-400 meter driver output terminals.

Control Output Circuits

Analog signals from the DAC are output to switches controlled by the DSP. There are three control signal
options. A control signal over the range of 0 to 10 Vdc, —10 to 10 Vdc, or 4 to 20 mAdc may be selected.
Control signal selection is made through BESTCOMS or the front panel HMI.

Meter Driver Circuits

Two analog signals from a second DAC are output from the microprocessor. A meter driver signal over
the range of 4 to 20 mAdc may be configured to represent one of the DECS-400 metered values. Each
driver circuit can be configured for a different metered value and configured to represent a specific range
of the metered value. The parameters available for metering are listed below:

Auxiliary Voltage Input Generator Average Current e Negative Sequence Current
AVR PID Error Signal Input Generator Average Voltage e Neg. Sequence Voltage
Bus Frequency Generator Current la e Null Balance Level
Bus Voltage Generator Current |Ib e OEL Controller Output
Comp. Freq. Deviation Generator Current Ic e PF Mode Output
Control Output Generator Frequency e Phase Angle la—Vca
Cross Current Input Generator Power Factor e Phase Angle laux — Vca
Field Current Generator Reactive Power e Phase Angle Ib —Vca
Field Temperature Generator Real Power e Phase Angle Ic — Vca
Field Voltage Generator Voltage Vab e Phase Angle Vab
Frequency Response Generator Voltage Vbc e Phase Angle Vbc
Generator Apparent Power Generator Voltage Vca e PID Integrator State
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e Position Indication e PSS Mech. Power LP #1 e PSS Torsional Filter #2
e Positive Sequence Current e PSS Mech. Power LP #2 e PSS Washed Out Power
e Positive Sequence Voltage e PSS Mech. Power LP #3 e PSS Washed Out Speed
e PSS Electrical Power e PSS Mech. Power LP #4 e Rate of Frequency Change
e PSS Filtered Mech. Power e PSS Post-Limit Output e SCL Controller Output

e PSS Final Output e PSS Power HP #1 e Terminal Freq. Deviation
e PSS Lead-Lag #1 e PSS Pre-Limit Output e Time Response

e PSS Lead-Lag #2 e PSS Speed HP #1 e UEL Controller Output

e PSS Lead-Lag #3 e PSS Synthesized Speed e Var Limiter Output

e PSS Lead-Lag #4 e PSS Terminal Voltage

e PSS Mechanical Power e PSS Torsional Filter #1

Relay Output Contacts

DECS-400 output contacts consist of a dedicated On/Off output, a dedicated Watchdog output, and six
programmable outputs.

On/Off

The SPST On/Off output contacts close when the DECS-400 is enabled and open when the DECS-400 is
disabled. On/Off output connections are made at terminals C9 and C10.

Watchdog

The SPDT Watchdog output contacts change state during the following conditions:

e No operating power is applied to the DECS-400
e DECS-400 power-up (approximately 8 seconds)
o DECS-400 firmware ceases normal execution

Watchdog output connections are made at terminals C6 (NC), C7 (COM), and C8 (NO).

Programmable

The programmable output contacts (Relay #1, #2, #3, #4, #5, and #6) can be user-configured to
annunciate DECS-400 status, active alarms, active protection functions, and active limiter functions. Each
programmable output can be individually configured as normally-open (NO) or normally-closed (NC).
Each programmable output can also be configured as momentary, maintained as long as the triggering
condition is present, or latched until manually reset. The duration of a momentary contact’s annunciation
is programmable from 0.10 to 5 seconds in 50 millisecond increments. Relay #1 connections are made at
terminals C11 and C12, Relay #2 connections are made at terminals C13 and C14, Relay #3 connections
are made at terminals C15 and C16, Relay #4 connections are made at terminals C17 and C18, Relay #5
connections are made at terminals C19 and C20, and Relay #6 connections are made at terminals C21
and C22.

To make output identification easier, each programmable output may be assigned a user-selected name.

Front Panel LEDs
Six LEDs indicate setpoint status (Null Balance, Pre-Position, Lower Limit, and Upper Limit), power
system stabilizer status (PSS Active), and Edit mode status (Edit).

Front Panel LCD

The backlit liquid crystal display serves as a local source of information provided by the DECS-400 and is
used when programming settings through the front panel. The LCD displays operations, setpoints, loop
gains, metering, protection functions, system parameters, and general settings.

RS-232 Communication Port

This ASCIlI communication port, designated Com 0, consists of a female DB-9 connector intended for
local communication with a PC operating BESTCOMS software.

Functional Description DECS-400
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RS-485 Communication Ports
The DECS-400 has two rear-panel, RS-485 communication ports designated Com 1 and Com 2.

Com 1 is dedicated for ASCII communication with a secondary, redundant DECS-400. Com 1
connections are made at terminals D5 (A), D6 (B), and D7 (C).

Com 2 is intended for communication with a remote terminal using the Modbus protocol. Two versions of
the Modbus protocol are supported by the DECS-400. Depending upon the communication option
selected, either Modbus RTU can be enabled or Modbus TCP can be enabled. Simultaneous use of
Modbus RTU and Modbus TCP is not possible in the DECS-400. Com 2 connections are made at
terminals D10 (A), D11 (B), and D12 (C).

Refer to the General Information chapter for the available range of communication settings for Com 1 and
Com 2.

Ethernet Port

A rear-panel, RJ-45 connector, designated Com 3, enables communication with the DECS-400 over a
10BASE-T Ethernet network.

Modem

An internal telephone modem enables an off-site PC operating BESTCOMS software to dial into a DECS-
400 and view DECS-400 settings, metering values, and system status information. Modem access is
read-only; this prevents system control or the changing of DECS-400 settings. Information about initiating
modem communication is provided in the BESTCOMS Software chapter.

The FCC part 68 approved modem connects through a rear-panel, RJ-11 connector designated J1. The
modem communication baud rate is fixed at 9600.

Power Supply

DECS-400 units with a style number of XLXX, accept nominal operating power of 24 Vdc or 48 Vdc at
terminals C4 (BATT-) and C5 (BATT+). DECS-400 units with a style number of XCXX have two operating
power inputs. One input accepts 125 Vdc at terminals C4 (BATT-) and C5 (BATT+). A second input
accepts 120 Vac at terminals C2 (N) and C3 (L). Refer to the Specifications chapter for the acceptable
input voltage ranges.

The power supply provides 5 Vdc, +12 Vdc, and 24 Vdc operating power for DECS-400 circuitry and +12
Vdc operating power for the Field Isolation Module.

Startup Functions

DECS-400 startup functions include a soft start function, field flashing function, voltage matching, and a
buildup failure annunciation function.

Soft Start Function

During startup, the soft start function prevents voltage overshoot by controlling the rate at which the
generator terminal voltage builds toward the setpoint. Soft start is active in AVR (automatic) and FCR
(manual) control modes. During system startup, the voltage reference adjustment is based on two
parameters: level and time. The Soft Start Level is adjustable from 0 to 90%. Soft Start Time is adjustable
from 1 to 7,200 seconds. Figure 3-2 illustrates a plot of the voltage reference when the soft start level is
30%, the soft start time is 8 seconds, and the voltage setpoint is at 100%.

Field Flash/Buildup

During startup, the field flashing/buildup function applies and removes field flashing from an external field
flashing source. Field flashing/buildup is active in AVR (Auto) and FCR (Manual) control modes. During
system startup, the application of field flashing is based on two parameters: level and time. The field flash
dropout level is adjustable from 0 to 100% of the active mode setpoint and determines when field flashing
is removed. The maximum field flash time is adjustable from 1 to 50 seconds and defines the maximum

DECS-400 Functional Description
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duration that field flashing is applied. In FCR control mode, the field flash dropout level is expressed as a
percentage of the field current setpoint and uses the field current level to determine when buildup has
occurred. In AVR control mode, the field flash dropout level is expressed as a percentage of the
generator voltage setpoint and uses the generator voltage level to determine when buildup has occurred.
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Figure 3-2. Soft Start Voltage Reference

Failure to Build Up

The failure to build up function monitors if the active control mode parameter—generator voltage in AVR
mode or field current in FCR mode—has reached the field flash dropout level prior to the maximum field
flash time expiring. If the active control mode parameter does not reach the field flash dropout level
before the maximum field flash time expires, a failure to build up is annunciated and the DECS-400 is
disabled (placed in Stop mode).

A failure to build up is annunciated at the front panel display, through BESTCOMS software, and the RS-
485 Modbus interface (Com 2). Any of the DECS-400°s six programmable output relays can be
configured to annunciate a failure to build up.

Voltage Matching

Voltage matching is active in AVR (Automatic) control mode and automatically adjusts the AVR mode
setpoint to match the sensed bus voltage. Voltage matching is based on two parameters: band and
matching level.

The band is adjustable from 0 to 20% of the sensed bus voltage and defines the window in which the
generator voltage must be for voltage matching to occur.

The generator to bus PT matching level is adjustable from 90 to 120% and defines the percentage of the
sensed bus voltage to which the generator sensed voltage will be adjustable. The voltage matching
function utilizes the metered generator and bus voltage values to determine band and matched levels.

Functional Description DECS-400
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Control Modes

The DECS-400 provides four control modes: Automatic Voltage Regulation (AVR), Manual, Power Factor
(PF), and Reactive Power (Var).

AVR

AVR mode is selected by a momentary contact input applied to terminals B4 and B5. AVR mode may
also be selected through BESTCOMS. When operating in AVR mode, the DECS-400 adjusts the level of
excitation to maintain the desired generator terminal voltage level. The desired terminal voltage level is
entered (in primary generator voltage) through BESTCOMS or the front panel HMI as the AVR Setpoint
setting. The setting range of the AVR Setpoint depends on the generator ratings entered and the
minimum and maximum AVR settings. Once the AVR Setpoint is established, it can be fine tuned by
applying a contact input to terminals B7 and B8 (raise) or B8 and B9 (lower). Raise and lower inputs may
also be applied through BESTCOMS or Modbus. AVR Min and AVR Max settings control the range of
adjustment for the AVR setpoint. The AVR Min setting has a setting range of 70 to 100% of the rated
generator voltage and the AVR Max setting has a setting range of 100 to 110% of the rated generator
voltage. The length of time required to adjust the AVR setpoint from one limit to the other is controlled by
the AVR Traverse Rate setting. The AVR Traverse Rate is adjustable from 10 to 200 seconds.

Manual

Manual mode is selected by a momentary contact input applied to terminals B5 and B6. Manual mode
can also be selected through BESTCOMS. If enabled, Manual mode can be selected automatically when
a loss of sensing condition occurs. Manual mode can be configured through BESTCOMS to regulate
either the field current (FCR) or the field voltage (FVR).

FCR

When operating in FCR (field current regulation) mode, the DECS-400 adjusts the control output to
maintain the desired level of field current. The desired level of field current is entered through
BESTCOMS or the front panel HMI as the FCR Setpoint setting. The setting range of the FCR Setpoint
depends on the field type selected and other associated settings. Once the FCR setpoint is established, it
can be fine-tuned by applying a contact input to terminals B7 and B8 (raise) or B8 and B9 (lower). Raise
and lower inputs may also be applied through BESTCOMS or Modbus. FCR Min and FCR Max settings
control the range of adjustment for the FCR setpoint. The FCR Min setting has a setting range of 0 to
100% of the rated field current and the FCR Max setting has a setting range of 0 to 120% of the rated
field current. The length of time required to adjust the FCR setpoint from one limit to the other is
controlled by the FCR Traverse Rate setting. The FCR Traverse Rate is adjustable from 10 to 200
seconds.

FVR

When operating in FVR (field voltage regulation) mode, the DECS-400 adjusts the control output to
maintain the desired level of field voltage. The desired level of field voltage is entered through
BESTCOMS or the front panel HMI as the FVR Setpoint setting. The setting range of the FVR Setpoint
depends on the field type selected and other associated settings. Once established, the FVR setpoint is
fine-tuned by applying a contact input to terminals B7 and B8 (raise) or B8 and B9 (lower). Raise and
lower inputs may also be applied through BESTCOMS or Modbus. FVR Min and FVR Max settings
control the range of adjustment for the FVR setpoint. The FVR Min and FVR Max settings have a setting
range of 0 to 150% of the rated field voltage. The length of time required to adjust the FVR setpoint from
one limit to the other is controlled by the FVR Traverse Rate setting. The FVR Traverse Rate is adjustable
from 10 to 200 seconds.

Var

Var mode is selected through BESTCOMS and enabled by a contact closure received at one of the
programmable contact inputs configured to enable Var/PF mode. When operating in Var mode, the
DECS-400 controls the reactive power (var) output of the generator. The desired var level, expressed in
kvar, is entered through BESTCOMS or the front panel HMI as the Var Setpoint setting. The setting range
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of the Var Setpoint depends on the generator settings and the minimum and maximum var settings. Once
the var setpoint is established, it can be fine-tuned by applying a contact input to terminals B7 and B8
(raise) or B8 and B9 (lower). Raise and lower inputs may also be applied through BESTCOMS or
Modbus. The Var Min and Var Max settings control the range of adjustment for the var setpoint. The Var
Min setting has a setting range of —100 to 0% of the generator rated kVA output and the Var Max setting
has a setting range of 0 to 100% of the generator kVA output. The length of time required to adjust the
var setpoint from one limit to the other is controlled by the Var Traverse Rate setting. The Var Traverse
Rate is adjustable from 10 to 200 seconds.

PF

Power Factor mode is selected through BESTCOMS and enabled by a contact closure received at one of
the programmable contact inputs configured to enable Var/PF mode. When operating in PF mode, the
DECS-400 controls the var output of the generator to maintain a specific power factor as the kW load
varies on the generator. The desired power factor is entered through BESTCOMS or the front panel HMI
as the PF Setpoint setting. The setting range of the PF Setpoint is determined by the PF (Leading) and
PF (Lagging) settings. Once the PF setpoint is established, it can be fine tuned by applying a contact
input to terminals B7 and B8 (raise) or B8 and B9 (lower). Raise and lower inputs may also be applied
through BESTCOMS or Modbus. The PF (Leading) and PF (Lagging) settings control the range of
adjustment for the power factor setpoint. The PF (Leading) setting has a setting range of —0.500 to —
1.000 and the PF (Lagging) setting has a setting range of 1.000 to 0.500. The length of time required to
adjust the PF setpoint from one limit to the other is controlled by the PF Traverse Rate setting. The PF
Traverse Rate is adjustable from 10 to 200 seconds.

Control Mode Pre-Position Setpoints

Each control mode has two pre-position setpoints which enable configuration of the DECS-400 for
multiple system and application needs. Each pre-position setpoint can be assigned to a programmable
contact input. When that contact input is closed, the setpoint is driven to the corresponding pre-position
value. The Pre-Position 1 and Pre-Position 2 functions of each control mode have three settings:
Setpoint, Mode, and Traverse Rate.

The Setpoint range of each pre-position setpoint is identical to that of the corresponding control mode
setpoint.

The Mode setting determines whether or not the DECS-400 will respond to further setpoint change
commands once the operating setpoint is driven to the corresponding pre-position value. If the pre-
position mode is Release, subsequent inputs from the Raise or Lower controls are applied immediately.
Additionally, if the non-active pre-position mode is Release and internal tracking is enabled, the pre-
position value will respond to the tracking function. If the pre-position mode is Maintain, further setpoint
change commands are ignored while the appropriate contact input is closed. Additionally, if the non-active
pre-position mode is Maintain and internal tracking is enabled, the non-active mode will maintain the non-
active setpoint at the pre-position value and override the tracking function.

When a setpoint is traveling toward a pre-position setting, the rules for Release and Maintain modes still
apply. In Release mode or Maintain mode with the pre-position contact open, a Raise or Lower input will
stop setpoint travel and the setpoint can be controlled normally. In Maintain mode, with the pre-position
contact held closed, Raise and Lower inputs are ignored and travel to the pre-position setpoint is
unhindered.

Note

In any pre-position mode, setpoint changes initiated through the HMI
or BESTCOMS will always apply. The pre-position modes affect
setpoint changes initiated only through the Raise and Lower inputs.

A Traverse Rate setting can be enabled to control the rate at which the control mode setpoint is driven
toward the selected pre-position level. This setting is expressed in seconds and controls the length of
time required for the setpoint to traverse the full setpoint range. Application of a pre-position input will
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typically result in a traverse time that is a fraction of the traverse rate setting. A Traverse Rate delay of 1
to 720 seconds is possible. When disabled, there is no intentional traverse delay.

Transient Boost

Note

Effective with firmware version 1.09, transient boost voltage settings
are based on the voltage setpoint. In all previous firmware versions,
transient boost voltage settings were based on the rated voltage.

The transient excitation boosting function improves response to successive faults by providing increased
excitation support. When a simultaneous line current increase and line voltage decrease occurs, the
DECS-400 compensates by elevating the voltage setpoint above the nominal setpoint. When the line
voltage recovers, the voltage setpoint is restored to the nominal value.

Fault detection is controlled by a voltage threshold setting, a current threshold setting, and a duration
setting. The fault voltage threshold is expressed as a percentage of the AVR setpoint and has an
adjustment range of 0 to 100%. The fault current threshold is expressed as a percentage of the rated
stator current and has an adjustment range of 0 to 400%. The duration setting determines how long a
fault condition is tolerated before the setpoint is adjusted. A setting within the range of 0 to 1,000
milliseconds is possible.

Setpoint adjustment is controlled by a voltage setpoint boosting level, a clearing voltage threshold, and a
clearing voltage delay. The setpoint boosting level is expressed as a percentage above the AVR setpoint
and has an adjustment range of 0 to 100%. Transient boost is disabled once the line voltage recovers
above the clearing voltage threshold. The clearing voltage threshold is expressed as a percentage above
the AVR setpoint and has an adjustment range of 0 to 50%. The clearing voltage delay determines how
long the line voltage must exceed the clearing voltage threshold before setpoint adjustment is terminated.
A setting within the range of 0 to 1,000 milliseconds is possible.

Protection Functions

Twelve protection functions within the DECS-400 protect against the following conditions.

Exciter diode failure

Field overcurrent

Field overtemperature

Field overvoltage

Generator frequency less than 10 hertz
Generator overvoltage

Generator undervoltage

Loss of field (40Q)

Loss of Field Isolation Transducer
Loss of sensing voltage

Volts per hertz (24)

An active protection function is annunciated at the front panel display, through the BESTCOMS interface,
and through the RS-485 Modbus interface (Com 2). Any of the DECS-400’s six programmable output
relays can be configured to annunciate an active protection function. DECS-400 protection functions are
described in the following paragraphs.

Field Overcurrent

Field overcurrent is annunciated when the field current level increases above the Field Overcurrent
Pickup Level setting for a definite amount of time. The Dial setting acts as a linear multiplier for the time to
an annunciation. The Pickup Level setting and Dial setting are related by an inverse function. This means
that the higher the field current climbs above the pickup level, the shorter the time to annunciation will be.
The Pickup Level setting is adjustable from 0.1 to 9,999 Adc in 0.01 Adc increments. The Dial setting is

DECS-400 Functional Description
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adjustable from 0.1 to 20.0 seconds in 0.1 second increments. Field overcurrent protection can be
enabled and disabled without altering the Pickup Level and Dial settings.

Typical field overcurrent timing curves are illustrated in Figure 3-3. Notice that field current levels below
103% cause an annunciation in the same amount of time as field current at the 103% level. Also, field
current levels greater than 250% of the setpoint cause an annunciation in the same amount of time as
field current at the 250% level. The field current must fall below the dropout ratio (95%) for the function to
begin timing to reset.
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Figure 3-3. Field Overcurrent Timing Curves

The following equations are used to calculate the field overcurrent pickup and reset time delays. In each
equation, MOP stands for multiple of pickup.

—95.908 x Time Dial Setting
—17.165 +/490.864 — 191.816 X MOP

PU Time Delay =

0.36 X Time Dial Setting
(MOPreset)z -1

The value returned from the Reset Time Delay equation is the time it would take to reset from a trip
condition. The timer reset from a pickup that did not reach the trip condition will be shorter than this value.

Reset Time Delay =

Field Overvoltage

Field overvoltage is annunciated when the field voltage increases above the Field Overvoltage Pickup
Level setting for the duration of the Field Overvoltage Delay setting. The Pickup Level setting is
adjustable from 1 to 2,000 Vdc in 1 Vdc increments. The Delay setting is adjustable from 0.2 to 30
seconds in 0.1 second increments. Field overvoltage protection can be enabled and disabled without
altering the Pickup Level and Delay settings.

Generator Undervoltage

Generator undervoltage is annunciated when the generator terminal voltage decreases below the
Generator Undervoltage Pickup Level setting for the duration of the Generator Undervoltage Delay
setting. The Pickup Level setting is adjustable from 0 to 75,000 Vac in 1 Vac increments. The Delay
setting is adjustable from 0.5 to 60 seconds in 0.1 second increments. Generator undervoltage protection
can be enabled and disabled without altering the Pickup Level and Delay settings.

Generator Overvoltage

Generator overvoltage is annunciated when the generator voltage terminal voltage increases above the
Generator Overvoltage Pickup Level setting for the duration of the Generator Overvoltage Delay setting.
The Pickup Level setting is adjustable from 0 to 575,000 Vac in 1 Vac increments. The Delay setting is
adjustable from 0.1 to 60 seconds in 0.1 second increments.

Functional Description DECS-400



9369700990 3-13

Loss of Sensing Voltage

Loss of sensing voltage is annunciated when the generator voltage decreases below the appropriate Loss
of Sensing Voltage Level setting for the duration of the Loss of Sensing Voltage Delay setting. The
DECS-400 can be configured to transfer to FCR mode when a loss of sensing voltage condition is
detected. Two Level settings are provided: Balanced Level and Unbalanced Level. When all three phases
of sensing voltage decrease below the Balanced Level setting, the Delay timer begins timing out.
Balanced Level settings are adjustable from 0 to 100% (of nominal generator voltage) in 0.1 percent
increments. When the difference between nominal generator voltage and any one of the three phases of
sensing voltage exceeds the Unbalanced Level setting, the Delay timer begins timing out. Unbalanced
Level settings are adjustable from 0 to 100% (from nominal generator voltage) in 0.1 percent increments.
The Delay timer setting is adjustable from 0 to 30 seconds in 0.1 second increments. Loss of sensing
voltage protection can be enabled and disabled without altering the Level and Delay settings.

Loss of Field Isolation Transducer

A loss of field isolation transducer condition is annunciated when the field voltage or field current signal
from the isolation module decreases below a predetermined level for the duration of the Loss of Field
Isolation Transducer Delay setting. The Delay setting is adjustable from 0 to 9.9 seconds in 0.1 second
increments.

Generator Frequency Less Than 10 Hertz

A below 10 Hz condition is annunciated when the generator frequency, measured across phases A and C
(VcA), decreases below 10 Hz. A below 10 Hz annunciation is automatically reset when the generator
frequency increases above the 10 Hz threshold.

Power Supply Low

A low power supply condition is annunciated when the internal power supply levels decrease below a pre-
determined level. A low power supply annunciation is automatically reset when the internal power supply
voltage increases above the preset threshold.

Loss of Field (40Q)

A loss of field (excitation) condition is annunciated when the reactive power absorbed by the generator
exceeds the Loss of Field Pickup Level setting for the duration of the Loss of Field Delay setting. The
Loss of Field condition will continue timing until the reactive power absorbed by the generator decreases
below the dropout ratio (95%). The Pickup Level setting is adjustable from 0 to 3,000,000 kvar (leading) in
1 kvar increments. The Delay setting is adjustable from 0 to 9.9 seconds in 0.1 second increments. Figure
3-4 illustrates the generator capability curve versus the loss of field function’s response. Figure 3-5
illustrates the motor/condenser capability curve versus the 40Q function’s response.

DECS-400 Functional Description
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Figure 3-5. Motor Capability Curve Versus 40Q

Figure 3-4. Generator Capability Curve Versus Response

40Q Response

Field Overtemperature

Field overtemperature is annunciated when the field temperature exceeds the Field Overtemperature
Pickup Level setting for the duration of the Field Overtemperature Delay setting. The Pickup Level setting
is adjustable from 0 to 572°C in 1°C increments. The Delay setting is adjustable from 0.1 to 60 seconds in
0.1 second increments. The DECS-400 calculates field temperature based on the generator main field
resistance, the field ambient temperature, and the voltage drop across the generator main field brushes.
Field overtemperature protection is intended for static exciter applications supplying a generator’s main
field or for rotary exciter applications where the field voltage and current is measured at the slip rings and
main field current shunt on the brush-type rotary exciter.

Volts per Hertz (24)

Volts per hertz protection is annunciated if the ratio of the per-unit voltage to the per-unit hertz
(volts/hertz) exceeds one of the Volts per Hertz Pickup Level settings for a definite amount of time. If the
Volts per Hertz Pickup level is exceeded, timing will continue until the Volts per Hertz ratio drops below
the dropout ratio (95%). Volts per hertz protection also guards against other potentially damaging system
conditions such as a change in system voltage and reduced frequency conditions that can exceed the
system’s excitation capability.

Several volts per hertz settings enable the DECS-400 to provide flexible generator and generator step-up
transformer overexcitation protection. An inverse square timing characteristic is provided through the 24
Volts/Hertz Pickup Setpoint setting and 24 Volts/Hertz Pickup Time Dial. These settings enable the
DECS-400 to approximate the heating characteristic of the generator and generator step-up transformer
during overexcitation. The Pickup Setpoint has a per-unit setting range of 0.5 to 6.0 with increments of
0.01. A Pickup Time Dial setting of 0 to 9.9 may be entered in increments of 0.1. A linear reset
characteristic is provided through the 24 Volts/Hertz Reset Time Dial setting. A Reset Time Dial setting of
0 to 9.9 may be entered in increments of 0.1.

Two sets of fixed-time, overexcitation pickup settings are available through the 24 Volts/Hertz Definite
Time Pickup #1, #2 and Definite Time Pickup #1, #2 settings. Both pickup settings have a setting range of
0.5 to 6.0 with an increment of 0.01. Both time delay settings may be set over a range of 0.50 to 600
seconds in 0.05 second increments.

Functional Description DECS-400
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The following equations represent the trip time and reset time for a constant V/Hz level. Volts per hertz
characteristic curves are illustrated in Figure 3-6 and Figure 3-7.

D E
T, = L - TR:DRxFSTTXIOO
(V ! HZ g 45uren _ lj
VI Hzpyep
Where:

Tr = time to trip

Tr = time to reset

Dr = time dial trip

Dr = time dial, reset

Er = elapsed time

n = curve exponent (0.5, 1, 2)

FST = full scale trip time (Tr)

Et/FST = fraction of total travel toward trip that integration had progressed to. (After a trip, this

value will be equal to 1.)
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Figure 3-6. V/IHz Characteristic—Time Shown on Vertical Axis
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Exciter Diode Monitor (EDM)

The EDM function in the DECS-400 monitors for an open or shorted brushless, rotating exciter power
semiconductor and can annunciate the condition so that action can be taken to protect the system from
possible damage. An open diode will cause the level of excitation to be drastically increased to maintain
the desired operating level. A shorted diode causes high current to flow through the associated exciter
armature winding which can cause excessive heating.

Exciter diode failures are detected by monitoring the output of the exciter output diodes and measuring
the induced ripple in the exciter field current. The fundamental harmonic of the exciter field current is
estimated by using discrete Fourier transforms (DFTs). The harmonic, expressed as a percentage of the
field current, is then compared to the EDM Open Diode Pickup Level setting and EDM Shorted Diode
Pickup Level setting. If the percentage of field current exceeds either setting, then the appropriate time
delay (EDM Open Diode Delay or EDM Shorted Diode Delay) begins. If the percentage of field current
exceeds the open- or shorted-diode pickup setting at the conclusion of the appropriate time delay, a failed
exciter diode annunciation is issued. The EDM Open Diode and EDM Shorted Diode Pickup Level
settings have a setting range of 0 to 100% with 0.1% increments. The EDM Open Diode Delay setting
has a setting range of 10 to 60 seconds with 0.1 second increments. The EDM Shorted Diode Delay
setting has a setting range of 5 to 30 seconds with 0.1 second increments.

A Disable Level setting prevents nuisance failed diode indications due to low excitation current and the
generator frequency being out of range. The Disable Level setting disables both open and shorted-diode
protection and has a setting range of 0 to 100% with 0.1% increments.

The EDM function is automatically disabled if the field type configuration is Main Field.

Note

The exciter diode monitor may not be able to detect:
e A shorted diode on a brushless exciter having individually-
fused diodes.

e An open diode on a brushless exciter having parallel diodes in
each leg of the diode bridge.

Functional Description DECS-400
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Exciter Diode Monitor Settings

It is especially difficult to detect open diode conditions when the number of generator and exciter poles is
unknown. For this reason, the ratio of the number of poles for the brushless exciter armature to the
generator rotor is entered to ensure proper operation for both open and shorted diode protection.

Setting the Pickup Level

To set the pickup level of the EDM OD value (open diode) ripple and EDM SD (shorted diode) ripple
parameters, the maximum ripple current on the field must be known. This can be accomplished by
running the generator unloaded and at rated speed. Vary the generator voltage from minimum to
maximum voltage while monitoring the EDM OC (open circuit) and EDM SC (short circuit) % ripple on the
DECS-400 HMI metering screen. Record the highest value for each. See the Human-Machine Interface
chapter for more details on displaying metering quantities.

With Number of Generator Poles Known

Multiply the highest EDM OC (open circuit) value, obtained under Setting the Pickup Level by 3. The
result is the Exciter Open Diode % Ripple Level (EDM OD % Ripple). The multiplier can be varied
between 2 and 5 to increase or decrease the trip margin. However, reducing the multiplier could result in
nuisance EDM OD indications. A time delay is also available and adjustable from 10 to 60 seconds.

Multiply the highest EDM SC (short circuit) value, obtained under Setting the Pickup Level by 50. The
result is the Exciter Shorted Diode % Ripple Level (EDM SD % Ripple). The multiplier can be varied
between 40 and 70 to increase or decrease the trip margin. However, reducing the multiplier could result
in nuisance EDM SD indications. A time delay is also available and adjustable from 5 to 30 seconds.

The DECS-400 has fixed EDM inhibit levels to prevent nuisance EDM indications while the generator
sensing voltage is less than 45 Hz, greater than 70 Hz, or when the field current is less than 1 Adc.
Although the user can adjust the field current inhibit level from 0 to 100%, the fixed EDM inhibit levels
take priority. Pole ratios must be in the range of 1 to 40 with O used if the ratio is unknown.

With Number of Generator Poles Unknown

The DECS-400 can detect shorted diode conditions when the number of generator poles is not known. To
provide this protection, disable EDM OD protection and set the pole ratio to zero. Enable EDM SD
protection. Multiply the maximum EDM SC (short circuit) % ripple value, obtained under Setting the
Pickup Level by 30. The multiplier can be varied between 20 and 40 to increase or decrease the trip
margin. Reducing the multiplier could result in nuisance EDM SD indication.

Test the EDM Settings

Start the generator from a dead stop condition and increase its speed and voltage to the rated value.
Load the machine to its rating and confirm no EDM alarm indications occur. All of the EDM setup
guidelines presented here assume the exciter diodes were not opened or shorted at the time of setup and
testing.

Voltage / Current Unbalance Detection

If the voltage or current unbalance increases above 40% for 18 half-cycles, (about 150 milliseconds at
60 Hz), the power system stabilizer (PSS) is disabled. Voltage and current balance is determined by the
ratio of negative-sequence quantities to positive-sequence quantities. When an unbalance condition
decreases below the 40% threshold for 18 half-cycles, the stabilizer is enabled again. This feature is
active only when the positive-sequence voltage magnitude is above 10% of the Rated Voltage setting
(System Configuration screen, Rated Data tab). The PSS does not have to be enabled for this function to
operate.

Loss of Speed

If the measured frequency is more than +10% of rated frequency (<54 Hz or >66 Hz at 60 Hz rated) for
6 half-cycles (50 milliseconds at 60 Hz rated), the PSS is disabled. The PSS enables again when the
measured frequency returns to within 10% of rated frequency.

DECS-400 Functional Description
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Limiter Functions

DECS-400 limiter functions consist of a stator current limiter, an overexcitation limiter, and underexcitation
limiter, an underfrequency limiter, and a volts per hertz limiter.

Stator Current Limiter

The stator current limiter (SCL) monitors the level of stator current and limits it to prevent stator
overheating. The SCL operates in all modes except FCR. When operating in FCR mode, the DECS-400
announces a stator overcurrent condition but does not act to limit the stator current.

Stator current limiting is provided at two levels (Figure 3-8).

High-level stator current limiting is controlled by the High SCL Level and High SCL Time settings. When
the stator current increases above the High SCL Level setting, the DECS-400 acts to limit the level of
stator current. After the High SCL Time setting expires, the DECS-400 acts to limit the level of stator
current to the Low SCL Level setting value. The High SCL Level setting has a setting range of 0 to 66,000
Aac with 0.1 Aac increments. The High SCL Time setting has a setting range of 0 to 240 seconds with 0.1

second increments.
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Figure 3-8. Stator Current Limiting

Low-level stator current limiting is controlled by the Low SCL Level setting, which serves as an
annunciation that the stator current is at an elevated level. The generator is permitted to operate
indefinitely at the low SCL level. The Low SCL Level setting range is identical to that of the High SCL
Level setting range.

The SCL will not respond until the SCL Initial Delay setting has expired.

Overexcitation Limiter

The overexcitation limiter (OEL) monitors the level of field current supplied by the static exciter and limits
the current to prevent field overheating. The OEL operates in all modes. Through user-configurable logic,
the OEL can be disabled only when the DECS-400 is operating in FCR mode. The DECS-400 will
announce an overexcitation condition but does not act to limit the excitation level.

There are two styles of overexcitation limiting available in the DECS-400: summing point and takeover.

Summing Point OEL

There are two sets of summing point OEL settings for off-line operation: a high-level setting and a low-
level setting. Figure 3-9 illustrates the relationship of the high-level and low-level setting. The high-level,
off-line OEL threshold is determined by the Off-Line High Level and Off-Line High Time settings. When
the excitation level exceeds the High Level setting, the DECS-400 acts to limit the excitation. After the
duration of the High Time setting expires, the DECS-400 acts to limit the excitation to the Low level
setting. The Off-Line High Level setting has a setting range of 0 to 11,999 Adc with 0.01 Adc increments.
The Off-Line High Time setting has a setting range of 0 to 10 seconds with 1 second increments. The
low-level OEL threshold is determined by the Off-Line Low Level setting, which serves as an annunciation
that off-line excitation is at an elevated level. The generator is permitted to operate indefinitely at the Off-
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Line Low Level setting. The Off-Line Low Level setting has a setting range of 0 to 11,999 Adc with 0.1
Adc increments.
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Figure 3-9. Summing Point, Off-Line Overexcitation Limiting

There are three sets of summing point OEL settings for on-line operation: a high-level setting, a medium-
level setting, and a low-level setting. Figure 3-10 illustrates the relationship of the high-, medium-, and
low-level settings. The high-level, on-line OEL threshold is determined by the On-Line High Level and On-
Line High Time settings. The On-Line High Level setting has a setting range of 0 to 11,999 Adc with 0.01
Adc increments. The On-Line High Time setting has a setting range of 0 to 60 seconds with 1 second
increments. The medium-level, on-line threshold is determined by the On-Line Medium Level and On-Line
Medium Time settings. The On-Line Medium Level setting has a setting range of 0 to 11,999 Adc with
0.01 Adc increments. The On-Line Medium Time setting has a setting range of 0 to 120 seconds with 1
second increments. The low-level, on-line OEL threshold is determined by the On-Line Low Level setting,
which serves as an annunciation that on-line excitation is at an elevated level. The generator is permitted
to operate indefinitely at the On-Line Low Level setting. The On-Line Low Level setting has a setting
range of 0 to 11,999 Adc with 0.01 Adc increments.
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Figure 3-10. Summing Point, On-Line Overexcitation Limiting

On-line OEL operation can be tailored for fault proximity by OEL Voltage Dependency (dv/dt Enable and
dv/dt Level) settings in BESTCOMS. If a fault is close to the generator, the OEL high-level setting is
disabled (based upon the rate of change) and switches to the medium-level, summing-point OEL setting.
If the fault is away from the machine, all three (high, medium, and low) settings are active.

Takeover OEL

There are two sets of takeover OEL settings for off-line and on-line operation: a low-level setting and a
high-level setting. The field current level at which limiting occurs is determined by an inverse time
characteristic similar to that shown in Figure 3-11. Separate curves may be selected for on-line and off-
line operation. If the system enters an overexcitation condition, the field current is limited and made to

follow the selected curve.

DECS-400
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Figure 3-11. Inverse Time Characteristic for Takeover-Style OEL
The inverse time characteristic is defined by the following equation:

- Ax TD
rekw B+ \C+D x MOP

Where:
tpickup = time to pickup in seconds
A = -95.908
B = -17.165
C = 490.864
D = —-191.816
TD = time dial setting <0.1, 20>
MOP = multiple of pickup <1.03, 2.5>

Once the field current decreases below the dropout level (95% of pickup), the function is reset based on
the following curve equation:

Time — —036xTD
lmeresel - (MOprexe)z - ]

Each mode of operation (off-line and on-line) has a Low Level setting, a High Level setting, and a Time
Dial setting. Each Low Level setting has a setting range of 0 to 11,999 Adc with 0.01 Adc increments.
Each High Level setting has a setting range of 0 to 9,999 Adc with 0.01 Adc increments. Each Time Dial
setting has a setting range of 0.1 to 20 seconds with 0.1 second increments.

The two current thresholds are defined by the Off-Line Low Level, Off-Line High Level, On-Line Low
Level, and On-Line High Level settings. Each Low level setting has a setting range of 0 to 11,999 Adc
with 0.01 Adc increments. Each High Level setting has a setting range of 0 to 9,999 Adc with 0.01 Adc
increments. The Time Dial settings have a setting range of 0.1 to 20 seconds with 0.1 second increments.

Underexcitation Limiter

The underexcitation limiter UEL senses the leading var level of the generator and limits any further
decrease in excitation to prevent loss of synchronization and limit end-iron heating. The (UEL) operates in
all modes. Through user-configurable logic, the UEL can be disabled only in FCR mode. In this
circumstance, underexcitation is only annunciated—not limited.

An internally-generated UEL curve or user-defined UEL curve may be specified. If the customized curve
is selected and if a zero setting is entered for kW point 2 or kvar point 2, the UEL will use the internally-
generated UEL curve. The internally-generated curve is based on the desired reactive power limit level at
zero real power with respect to the generator voltage and current rating. The following equation illustrates
the internally-generated UEL curve:

(0.49 x kWpu x kWpu — 1.0) x kvar_level

Functional Description DECS-400
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Where:
kw_pu = metered kW level in per-unit
kvar_level = user setting for kvar in per-unit

The user-defined curve can have a maximum of five points. This curve allows the user to match a specific
generator characteristic by specifying the coordinates of the intended leading reactive power (kvar) limit
at the appropriate real power (kW) level. A typical user-defined UEL curve is shown in Figure 3-12.
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Figure 3-12. User-Defined UEL Curve

The levels entered for the user-defined curve are defined for operation at the rated generator voltage. The
user-defined UEL curve can be automatically adjusted based on generator operating voltage by using the
UEL voltage dependency real-power exponent. The UEL voltage dependency real-power exponent has a
setting range of 0 to 2 with an increment of 1. When a setting of 1 or 2 is entered, the user-defined UEL
curve is automatically adjusted based on the ratio of the generator operating voltage divided by the
generator rated voltage raised to the power of the UEL voltage dependency real-power exponent.

Underfrequency Limiter

When the generator frequency decreases below the corner frequency for the underfrequency slope
(Figure 3-13), the DECS-400 adjusts the voltage setpoint so that the generator voltage follows the under-
frequency slope. Settings for the corner frequency and slope enable the DECS-400 to precisely match the
operating characteristics of the prime mover and the loads being applied to the generator. A Corner
Frequency setting of 15 to 90 hertz may be entered in 0.1 hertz increments. A per-unit Slope setting of 0
to 3 may be entered in 0.01 increments.

When an underfrequency condition occurs, the DECS-400 issues an underfrequency annunciation
through the front panel HMI. An annunciation may also be assigned to one of the DECS-400
programmable relay outputs.

DECS-400 Functional Description
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Figure 3-13. Typical Underfrequency Compensation Curve

Volts per Hertz Limiter

Volts per hertz limiting guards against reduced frequency situations and changes in system voltage. The
DECS-400 volts per hertz limiter prevents the regulation setpoint from exceeding the volts per hertz ratio
defined by its volts per hertz limiter settings. A typical volts per hertz limiter curve is illustrated in Figure
3-14.

Volts per hertz limiter operation is determined by the V/Hz High Limiter setting, the V/Hz Low Limiter
setting, and the V/Hz Time Limiter setting. The generator may operate continuously at setpoints below the
low limit threshold. When the regulation setpoint is greater than the low limit threshold for the duration of
the time delay, the setpoint is reduced to the low limit threshold and is prevented from exceeding the low
limit threshold. The regulation setpoint is prevented from exceeding the value of the high limit threshold at
all times.
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Figure 3-14. Typical 1.1 PU Volts/Hertz Limiter Curve

Var Limiter

The var limiter monitors and limits the level of reactive power exported from the generator. Var limiting is
useful in an application where the turbine rating has been increased but the generator rating was not
increased. In this case, the generator is considered to be var-limited since the generator power factor
rating has increased. The var limiter functions as a summing-point limiter only.

Var limiting is configured with a setpoint and a time delay. The setpoint is expressed in kilovars and has a
range determined by the rated kVA of the generator (entered on the Rated Data tab of the BESTCOMS
System Configuration screen). When the level of exported vars exceeds the setpoint, the DECS-400 acts
to limit the var flow after the time delay expires. The time delay has a setting range of 0 to 10 seconds
with 0.1 second increments.

Limiter Scaling

When the accessory input signal is configured for limiter scaling, the stator current limiter (SCL) and
overexcitation limiter (OEL) low-level values can be automatically adjusted. Automatic adjustment of the
SCL and OEL is based on six parameters: signal and scale for three points. The signal value for each
point represents the accessory input voltage and is adjusted from —10 to +10 Vdc in 0.01 steps. The scale
value defines the limiter low level as a percentage of rated field current for the OEL and rated stator
current for the SCL. The range of scale values is 0 to 200% with 0.1% increments. For accessory input
voltages between two of the three defined points, the low-level limiter setting is linearly adjusted between
the two scale values.

Operation with Paralleled Generators

DECS-400 units can be used to control the excitation level of two or more generators operating in parallel
so that the generators share the reactive load. The DECS-400 accommodates either reactive droop
compensation or reactive differential schemes for reactive load sharing. Line drop compensation can be
used in either scheme.

DECS-400 Functional Description
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Droop Compensation

When droop compensation is employed for a generator paralleled with the utility power grid, the bus
voltage droops (decreases) as the reactive, lagging power factor load is increased. The DECS-400 droop
compensation setting can be accessed through BESTCOMS or the front panel HMI. Droop compensation
is expressed as a percentage of the generator rated terminal voltage and has an adjustment range of —-30
to +30%.

Reactive Differential

Reactive differential (cross-current compensation) is facilitated in the DECS-400 by a dedicated current
sensing input at terminals A7 and A8. The DECS-400 cross-current compensation setting can be
accessed through BESTCOMS or the front panel HMI. Cross-current compensation is expressed as a
percentage of the system CT rating and has an adjustment range of —30 to +30%.

Line Drop Compensation

Line drop compensation offsets line or transformer impedance drops and moves the regulation point
beyond the terminals of the generator. The DECS-400 line drop compensation setting can be accessed
through BESTCOMS or the front panel HMI. Line drop compensation is applied to both the real and
reactive portion of the generator line current. Line drop compensation is expressed as a percentage of the
generator terminal voltage and has an adjustment range of 0 to 30%.

Autotracking

The DECS-400 provides automatic tracking (following) of the controlling mode setpoint by the non-
controlling setpoint. When a primary and secondary DECS-400 are used together, the secondary DECS-
400 tracks the setpoint of the primary DECS-400.

Between DECS-400 Operating Modes

Autotracking between control modes of a DECS-400 enables an operator to initiate controlled, “bumpless”
transfers between operating modes with minimal disturbance to the power system. Autotracking enables
a set of protective relays to initiate a transfer to a backup mode (such as FCR mode) when a system
failure or fault (such as a loss of sensing) is detected.

Between DECS-400 Units

A DECS-400 controller can be placed in service as a backup to a primary DECS-400 controller. The
backup DECS-400 tracks the control output of the primary DECS-400 using dedicated communication
port Com 1. In the unlikely event of a primary DECS-400 failure, excitation control is transferred to the
secondary DECS-400 with minimal system disturbance.

Data Recording and Reporting

DECS-400 data recording and reporting functions include sequence of events recording (SER), data
logging, (oscillography), and trending.

Sequence of Events

A sequence of events recorder monitors the internal and external status of the DECS-400. Events are
scanned at 50 millisecond intervals with 127 events stored per record. All changes of state that occur
during each scan are time- and date-stamped. Sequence of events reports are available through
BESTCOMS. A sequence of events record can be triggered by a change in an alarm state, a relay output,
or contact input. All of the possible, user-selected state changes are listed below.

Alarm States

e Clock Reset e Field Overcurrent
e Excessive Volts per Hertz e Field Overtemperature
e Failed to Build Up e Field Overvoltage
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e Generator Overvoltage e PSS Speed Failure
e Generator Undervoltage e PSS Voltage Limit
e Loss of Field e PSS Voltage Unbalanced
e Loss of Field Isolation Transducer e Setpoint Lower Limit
e Loss of IRIG e Setpoint Upper Limit
e Loss of Sensing Voltage e Shorted Exciter Diode
e Open Exciter Diode e Stator Current Limiting (SCL)
e Overexcitation Limiting (OEL) e System Below 10 Hz
e Power Supply Low e Underexcitation Limiting (UEL)
e PSS Current Unbalanced e Underfrequency (V/Hz) Limit
e PSS Power Below Threshold
Relay Outputs
e Relay Output 1 e Relay Output 5
e Relay Output 2 e Relay Output 6
e Relay Output 3 o Start/Stop
e Relay Output 4 e Watchdog
Contact Inputs
e AVR (Auto) e Switch Input 3
e FCR (Manual) e  Switch Input 4
e Lower e  Switch Input 5
e Raise e Switch Input 6
e Start e  Switch Input 7
e Stop e  Switch Input 8
e  Switch Input 1 e  Switch Input 9
e  Switch Input 2 e  Switch Input 10

Data Logging

The data logging function of the DECS-400 can record up to six oscillography records. DECS-400
oscillography records use the IEEE Standard Common Format for Transient Data Exchange
(COMTRADE). Each record is time- and date-stamped. After six records have been recorded, the DECS-
400 begins recording the next record over the oldest record. Because all oscillography records are stored
in volatile memory, all records are lost if DECS-400 operating power is interrupted.

Each oscillography record can consist of up to six user-selectable variables with up to 600 data points
recorded for each variable. The interval between records is adjustable from 4 milliseconds to 10 seconds.

Data points may be selected for pre-trigger operation in order to capture events prior to a fault. Up to 599
pre-trigger data points may be selected. Data points not designated for pre-trigger recording are assigned
to the post-trigger portion of the fault record. This feature, combined with the adjustable sample rate,
allows for flexible data sampling around the fault.

A maximum of six variables may be selected to trigger a sequence of events record. The available
variables are listed below.

Auxiliary Voltage Input Generator la
AVR PID Error Signal Input Generator Ib
Bus Frequency Generator Ic
Bus Voltage Generator kVA
Compensated Frequency Deviation Generator kvar
Control Output Generator kW

Generator Power Factor
Generator Vab

Generator Vbc

Generator Vca

Negative Sequence Current
Negative Sequence Voltage
Overexcitation Controller Output

Cross Current Input

Field Current

Field Voltage

Frequency Response
Generator Average Current
Generator Average Voltage
Generator Frequency
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PF Mode Output PSS Mechanical Power LP #1
Phase Angle la - Vca PSS Mechanical Power LP #2
Phase Angle laux - Vca PSS Mechanical Power LP #3
Phase Angle Ib - Vca PSS Mechanical Power LP #4
Phase Angle Ic - Vca PSS Post-Limit Output

Phase Angle Vab PSS Power HP #1

Phase Angle Vbc PSS Pre-Limit Output

PID Integrator State
Positive Sequence Current
Positive Sequence Voltage
PSS Electrical Power

PSS Filtered Mechanical Power
PSS Final Output

PSS Lead-Lag #1

PSS Lead-Lag #2

PSS Lead-Lag #3

PSS Lead-Lag #4

PSS Mechanical Power

Data recording may be triggered by logic triggers, level triggers, or manually through BESTCOMS.

PSS Speed HP #1

PSS Synthesized Speed

PSS Terminal Voltage

PSS Torsional Filter #1

PSS Torsional Filter #2

PSS Washed Out Power

PSS Washed Out Speed
Stator Current Limiter Output
Terminal Frequency Deviation
Time Response
Underexcitation Controller Output

Logic triggers allow data recording to occur as a result of an internal or external status change of the
DECS-400.

Level triggering allows data record triggering based on the value of one of the internal variables. The
value can be a minimum or maximum value and it can be specified to trigger a record when the monitored
variable crosses a minimum threshold from above, or a maximum threshold from below. A minimum and
maximum threshold may also be selected for the monitored variable, causing the monitored value to
trigger a record when it rises above its maximum or decreases below its minimum.

A standard backup battery maintains real-time clock operation in the event that control power is lost.
Refer to the Maintenance chapter for instructions on replacing the battery.

Trending

The trend log records the activity of parameters over an extended period of time. Up to six parameters
from the following list can be selected for monitoring over a period ranging from one hour to 30 days.
Auxiliary Voltage Input Negative Sequence Current
AVR PID Error Signal Input Negative Sequence Voltage
Bus Frequency Overexcitation Controller Output
Bus Voltage PF Mode Output

Control Output Phase Angle la - Vca

Cross Current Input Phase Angle laux - Vca

Field Current Phase Angle Ib - Vca

Field Voltage Phase Angle Ic - Vca
Frequency Response Phase Angle Vab

Generator Average Current Phase Angle Vbc

Generator Average Voltage PID Integrator State

Generator Frequency Positive Sequence Current
Generator la Positive Sequence Voltage
Generator Ib PSS Electrical Power
Generator Ic PSS Filtered Mechanical Power
Generator kVA PSS Final Output

Generator kvar PSS Lead-Lag #1

Generator kW PSS Lead-Lag #2

Generator Power Factor PSS Lead-Lag #3

Generator Vab PSS Lead-Lag #4

Generator Vbc PSS Mechanical Power
Generator Vca PSS Mechanical Power LP #1
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PSS Mechanical Power LP #2
PSS Mechanical Power LP #3
PSS Mechanical Power LP #4
PSS Post-Limit Output

PSS Power HP #1

PSS Pre-Limit Output

PSS Speed HP #1

PSS Synthesized Speed

PSS Terminal Voltage

The trend log has a sampling rate of 1,200 data points per record.

PSS Torsional Filter #1

PSS Torsional Filter #2

PSS Washed Out Power

PSS Washed Out Speed

Stator Current Limiter Output
Terminal Frequency Deviation
Time Response

Underexcitation Controller Output

Power System Stabilizer

The optional, integrated PSS is an IEEE type PSS2A/2B/2C, dual input, “integral of accelerating power”
stabilizer that provides supplementary damping for low-frequency, local-mode oscillations and power
system oscillations.

PSS features include user-selectable speed-only sensing, two- or three-wattmeter power measurement,
optional frequency based operation, generator and motor control modes, and rate of frequency change
blocking.

PSS Theory of Operation

The PSS uses an indirect method of power system stabilization that employs two signals: shaft speed
and electrical power. This method eliminates the undesirable components from the speed signal (such as
noise, lateral shaft run-out, or torsional oscillations) while avoiding a reliance on the difficult-to-measure
mechanical power signal.

PSS function is illustrated by the function blocks and software switches shown in Figure 3-15.

Speed Signal
The speed signal is converted to a constant level that is proportional to the shaft speed (frequency).

Two high-pass (frequency washout) filter stages are applied to the resulting signal to remove the average
speed level and produce a speed deviation signal. This ensures that the stabilizer reacts only to changes
in speed and does not permanently alter the generator terminal voltage reference.

The frequency washout filter stages are controlled by time constant settings Tw1 and Tw2. Each time
constant setting has a setting range of 1 to 20 seconds with 0.01 second increments. Tw1 and Tw2 are
accessed on the Parameters tab of the BESTCOMS PSS screen.

Low-pass filtering of the speed deviation signal can be enabled or disabled through software switch
SSW 0. SSW 0 is accessed on the Control tab of the BESTCOMS PSS screen. The low-pass filter time
constant is adjusted by the TI1 setting which has a setting range of 0 to 0.2 seconds with 0.01 second
increments. TI1 is accessed on the Parameters tab of the BESTCOMS PSS screen.

DECS-400 Functional Description
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Figure 3-15. PSS Function Blocks and Software Switches

Figure 3-16 shows the high-pass and low-pass filter transfer function blocks in frequency domain form.
(The letter s is used to represent the complex frequency or Laplace operator.)
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Figure 3-16. Speed Signal
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Generator Electrical Power Signal

Figure 3-17 illustrates the operations performed on the power input signal to produce the integral of
electrical power deviation signal.

The generator electrical power output is derived from the generator VT secondary voltages and generator
CT secondary currents applied to the DECS-400.

The power output is high-pass (washout) filtered to produce the required power deviation signal. if
additional washout filtering is desired, a second high-pass filter can be enabled by software switch

SSW 1. The first high-pass filter is controlled by time constant setting Tw3 and the second high-pass filter
is controlled by time constant setting Tw4. Each time constant has a setting range of 1 to 20 seconds with
0.01 second increments. Tw3 and Tw4 are accessed on the Parameters tab of the BESTCOMS PSS
screen. Software switch SSW 1 is accessed on the Control tab of the BESTCOMS PSS screen.

After high-pass filtering, the electrical power signal is integrated and scaled, combining the generator
inertia constant (2H) with the speed signal. Low-pass filtering within the integrator is controlled by time
constant TI2. TI2 has a setting range of 1.00 to 0.01 seconds with 0.01 second increments. The primary
PSS unit inertia, "H", has a setting range of 1 to 25 MW-s/MVA with 0.01 Mw-s/MVA increments. T2 and
"H" are accessed on the Parameters tab of the BESTCOMS PSS screen.

SSW 1
P I $Tua STus Enable T/ 2H I Washed Out
ower _— Power
1+sT . 1+ T, , 1+sT,
°
Disable
P0026-14
11-19-04

Figure 3-17. Generator Electrical Power Signal

Derived Mechanical Power Signal

The speed deviation signal and integral of electrical power deviation signal are combined to produce a
derived, integral of mechanical power signal.

An adjustable gain stage, Kpe, is provided and has a setting range of 0 to 2.00 with increments of 0.01.
Kpe is accessed on the Parameters tab of the BESTCOMS PSS screen.

The derived integral of mechanical power signal is then passed through a mechanical-power, low-pass
filter and ramp tracking filter. The low-pass filter is controlled by time constant TI3 and provides
attenuation of torsional components appearing in the speed input path. TI3 has a setting range of 0.2 to
20.0 seconds with 0.01 second increments. The ramp tracking filter produces a zero, steady-state error to
ramp changes in the integral of electric power input signal. This limits the stabilizer output variation to
very low levels for the mechanical power rates of change that are normally encountered during operation
of utility-scale generators. The ramp tracking filter is controlled by time constant Tr. Tr has a setting range
of 0.05 to 0.01 second with 0.01 second increments. The low-pass filter and ramp tracking filter time
constants are accessed on the Parameters tab of the BESTCOMS PSS screen.

Processing of the derived integral of mechanical power signal is illustrated in Figure 3-18.
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Figure 3-18. Derived Mechanical Power Signal
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Stabilizing Signal Selection

Figure 3-19 illustrates how software switches SSW 2 and SSW 3 are used to select the stabilizing signal.
Derived speed deviation is selected as the stabilizing signal when the SSW 2 setting is Derived Speed
and the SSW 3 setting is Derived Frequency/Speed. Washed out speed is selected as the stabilizing
signal when the SSW2 setting is Frequency and the SSW 3 setting is Derived Frequency/Speed. Washed
out power is selected as the stabilizing signal when the SSW 3 setting is Power. (When the SSW3 setting
is Power, the SSW 2 setting has no effect.) SSW 2 and SSW 3 are accessed on the Control tab of the
BESTCOMS PSS screen.

~ Ssw2  ssw3
Dse""ed Stabilizing
peed — 9 +—>» _.
Deviation Signal

Washed

Qut Speed P0026-19
12-09-04

Washed
QOut Power

Figure 3-19. Stabilizing Signal Selection

Torsional Filters

Two torsional filters, shown in Figure 3-20, are available after the stabilizing signal and before the phase
compensation blocks. The torsional filters provide the desired gain reduction at a specified frequency.
The filters compensate the torsional frequency components present in the input signal.

SSwW4 SSW5

2 2 2
Stabilizing Enable] S~ + ZZanS +w, Enable 82 + 2ZanS +w, Phase
. —_— — -~ __o—— .
Signal 2 2 2 2 Compensation
9 Disable S+ ZZdeS tw, Disable s+ 2ZdeS +W,
P0026-20
12-09-04

Figure 3-20. Torsional Filters

Software switch SSW 4 enables and disables torsional filter 1 and SSW 5 enables and disables torsional
filter 2. SSW 4 and SSW5 are accessed on the Control tab of the BESTCOMS PSS screen.

Torsional filters 1 and 2 are controlled by a zeta numerator (Zeta Num), zeta denominator (Zeta Den),
and a frequency response parameter (Wn). The zeta numerator and zeta denominator settings, Zeta Num
1, Zeta Num 2, Zeta Den 1, and Zeta Den 2, have a setting range of 0 to 1 with 0.01 increments. The
frequency response settings, Wn 1 and Wn 2, have a setting range of 10 to 150 rad/s with 0.05 rad/s
increments. All torsional filter parameters are accessed on the Parameters tab of the BESTCOMS PSS
screen.

Phase Compensation

The derived speed signal is modified before it is applied to the voltage regulator input. Filtering of the
signal provides phase lead at the electromechanical frequencies of interest (0.1 to 5 Hz). The phase lead
requirement is site-specific and is required to compensate for phase lag introduced by the closed-loop
voltage regulator.

Four phase compensation stages are available. Each phase compensation stage has a phase lead time
constant and a phase lag time constant. Each time constant has a setting range of 0.001 to 6 seconds
with 0.001 second increments. The time constant settings are accessed on the Parameters tab of the
BESTCOMS PSS screen.

Normally, the first two lead-lag stages are adequate to match the phase compensation requirements of a
unit. If needed, the third and fourth stages may be added through the settings of software switches

SSW 6 and SSW 7. SSW 6 and SSW 7 are accessed on the Control tab of the BESTCOMS PSS screen.
Figure 3-21 illustrates the phase compensation stages and associated software switches.
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Figure 3-21. Phase Compensation Stages

Washout Filter and Logic Limiter

The output of the phase compensation stages is connected, through a stabilizer gain stage, to the
washout filter and logic limiter.

Software switch SSW 9 enables and bypasses the washout filter and logic limiter. SSW 9 is accessed on
the Control tab of the BESTCOMS PSS screen.

The washout filter has two time constants: normal and limit (less than normal). The normal time constant
has a setting range of 5 to 30 seconds with 0.1 second increments. The limit time constant has a setting
range of 0 to 1 second with 0.01 second increments. Washout filter time constants are accessed on the

Output Limiter tab of the BESTCOMS PSS screen.

The logic limiter compares the signal from the washout filter with the logic limiter upper and lower limit
settings. If the counter reaches the set delay time, the time constant for the washout filter changes from
the normal time constant to the limit time constant. When the signal returns to within the specified limits,
the counter resets and the washout filter time constant changes back to the normal time constant. The
logic limiter upper limit has a per-unit setting range of 0.01 to 0.04 with 0.001 increments. The logic limiter
lower limit has a per-unit setting range of —0.04 to —0.01 with 0.001 increments. The logic limiter time
delay has a setting range of 0 to 2 seconds with 0.01 second increments. Logic limiter settings are
accessed on the Output Limiter tab of the BESTCOMS PSS screen.

Figure 3-22 illustrates the washout filter and logic limiter.
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Figure 3-22. Washout Filter and Logic Limiter

Output Stage

Prior to connecting the stabilizer output signal to the voltage regulator input, adjustable gain and limiting
are applied. The stabilizer output is connected to the voltage regulator input when the software switch
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SSW 10 setting is On. SSW 10 is accessed on the Control tab of the BESTCOMS PSS screen.
Processing of the stabilizer output signal is illustrated in Figure 3-23.
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Figure 3-23. Output Stage

Terminal Voltage Limiter

Since the PSS operates by modulating the excitation, it may counteract the voltage regulator’s attempts
to maintain terminal voltage within a tolerance band. To avoid creating an overvoltage condition, the PSS
has a terminal voltage limiter (shown in Figure 3-23) that reduces the upper output limit to zero when the
generator voltage exceeds the terminal voltage setpoint. The limit setpoint is normally selected such that
the limiter will eliminate any contribution from the PSS before the timed overvoltage or volts per hertz
protection operates.

The limiter reduces the stabilizer’s upper limit, Vess_uwur, at a fixed rate until zero is reached or
overvoltage is no longer present. The limiter does not reduce the AVR reference below its normal level; it
will not interfere with system voltage control during disturbance conditions. The terminal voltage limiter
has a per-unit setting range of 0 to 10 with 0.01 increments. The error signal (terminal voltage minus limit
the limit start point) is processed through a conventional low-pass filter to reduce the effect of
measurement noise. The low-pass filter is controlled by a time constant which is adjustable from 0.02 to 5
seconds in 0.01 second increments. All terminal voltage limiter settings are accessed on the Output
Limiter tab of the BESTCOMS PSS screen.

Rate of Frequency Change Blocking

The PSS rate-of-change function adjusts the PSS output to compensate for a generator rate-of-frequency
change that exceeds the user-defined threshold. This threshold has an adjustment range of 0 to 10 hertz
per second. When the generator frequency rate of change threshold setting is exceeded for the duration
of a user-defined time delay, the PSS output is driven to zero and then ramped up to its previous, nhominal
value during the duration of a user-specified block timer. The delay time and block time are each
adjustable from 0 to 20 seconds. The low-pass filter time constant and washout filter time constant
settings are used to calculate the rate of change. These two settings have an adjustment range of 0 to 20
seconds.

Field Isolation Module

A Field Isolation Module (Basler P/N 9372900100) is required for each DECS-400 unit. The Field Isolation
Module receives isolated operating power from the DECS-400 and supplies the DECS-400 with isolated,
field current and field voltage signals. A cable, supplied with the Field Isolation Module, connects the Field
Isolation Module (connector J1) to the DECS-400 (connector P1).

Field current sensing is supplied to the Field Isolation Module by a user-supplied current shunt with an
output rating of 50 mVdc or 100 mVdc. The field current sensing input is designed to accept up to 300%

Functional Description DECS-400



9369700990 3-33

of the nominal current range. The field current signal is converted to a voltage signal in the range of 2 to
9.5 Vdc and sent to the DECS-400 through connector J1.

Field voltage sensing is supplied to the Field Isolation Module directly from the field. The Field Isolation
Module accepts five ranges of field voltage: 63, 125, 250, 375, and 625 Vdc. The field voltage sensing
input is designed to accept up to 300% of the nominal voltage range. The field voltage signal is low-pass
filtered, converted to a voltage signal in the range of 0.9 to 9.1 Vdc, and sent to the DECS-400 through
connector J1.

Field Isolation Modules are identified by two part numbers: 9372900100 and 9372900101. Part number
9372900100 identifies the Field Isolation Module assembly. Part number 9372900101 identifies the Field
Isolation Module packaged for shipping and should be specified when requesting a replacement module.

DECS-400 Functional Description
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4 « BESTCOMS™ Software

BESTCOMS-DECS400 is a Windows® based application that provides a user-friendly environment for
programming and customizing the DECS-400. In addition to screens for configuring DECS-400 settings,
BESTCOMS has metering screens for viewing machine and system parameters and control screens for
remote control of the excitation system. An integrated PID calculator makes the selection of stability
settings fast and easy.

Installation

BESTCOMS software is built on the Microsoft® .NET Framework. The setup utility that installs
BESTCOMS on your PC also installs the .NET Framework. BESTCOMS operates with IBM-compatible
personal computers (PCs) using Windows® XP (32-bit), Windows® Vista (32-bit all editions), Windows®
7 (32/64-bit all editions), Windows® 8 and Windows® 10. Microsoft® Internet Explorer 5.01 or later must
be installed on your PC before installing BESTCOMS. Hardware requirements for the .NET Framework
and BESTCOMS are listed in Table 4-1.

Table 4-1. Hardware Requirements for BESTCOMS and the .NET Framework

Processor Required RAM Recommended RAM
Pentium-class 233 MHz 64 MB 128 MB or higher

A Windows user must have Administrator rights in order to install and run BESTCOMS. A Windows user
with limited rights may not be permitted to save files in certain folders.

Installing BESTCOMS
1. Insert the BESTCOMS CD-ROM into the PC CD-ROM drive.

2. When the DECS-400 Setup and Documentation CD menu appears, click the Install button for the
BESTCOMS application. The setup utility automatically installs BESTCOMS and the .NET Framework
on your PC. If the .NET Framework is already installed on your PC, the setup utility will not overwrite it.
However, you should verify (at www.microsoft.com) that you have the latest version of the .NET
Framework.

Starting BESTCOMS

BESTCOMS is started by clicking the Windows Start button, pointing to Programs, the Basler Electric
folder, and then clicking the BESTCOMS-DECS400 icon. At startup, a screen with the program title and
version number is displayed briefly. Then, the Product Identification tab of the System Configuration
screen is displayed.

The BESTCOMS Interface

Figure 4-1 illustrates the components of a BESTCOMS screen. The following paragraphs describe the
function of each screen component.

Title Bar

The title bar displays the full name of the application (BESTCOMS-DECS400) and the full name of the
currently displayed screen (in brackets).

Menu Bar

The menu bar consists of six menus: File, View, Communications, Tools, Window, and Help. Clicking a
menu heading (or pressing the Alt key and the F, V, C, T, W, or H key) exposes the menu contents and
allows individual menu items to be selected. Shortcut keys for individual menu selections are also
displayed, where applicable. Dimmed or grayed out menu selections aren’t relevant to the current
situation and cannot be selected.
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LR el BESTCOMS-DECS400 - [System Configuration] (=13
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Figure 4-1. BESTCOMS Screen Components

Open Settings From File. Clicking this button displays an “Open Settings File” window that enables the
user to navigate to and open a file containing DECS-400 settings. DECS-400 settings files have a .de4
file extension.

Save Settings to File. Clicking this button displays a “Save Settings File As” window that enables the
DECS-400 settings displayed in BESTCOMS to be saved in a file. DECS-400 settings files are saved with
a .de4 file extension.

Print Settings. Clicking this button displays a Print dialog box that enables the DECS-400 settings to be
printed by the desired printer.

Print Settings to File. Clicking this button displays a “Print Settings to File” window that enables the user
to save a list of DECS-400 settings in a readable text file.

Preview Settings. Clicking this button displays a print preview of DECS-400 settings. The print preview
window allows the list of DECS-400 settings to be viewed and printed.

Open File as Text. Clicking this button displays an “Open File as Text” window that enables the user to
navigate to, select, and view a DECS-400 settings file saved as a text file. (See Print Settings to File for
information about saving DECS-400 settings in a readable text file.)

Tabs

Screen settings are organized by tabs. Clicking a tab’s label displays the settings of that tab.

Settings

Settings are displayed in fields with labels. Like settings are grouped together and labeled with a heading.
Setting fields with a black background are read-only and cannot be altered. Setting fields with a white
background are user-adjustable (after entering the appropriate password). A setting is changed by
placing the cursor in the setting field and entering the new setting. If the setting entered is outside the
setting range, a warning icon appears beside the setting field. During this condition, no other setting can
be changed until the out-of-range setting is corrected.
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Information Bar

When the cursor is placed in a setting field, the information bar displays the setting description, the setting
limits (minimum and maximum), and the setting increment (step). (This information is also displayed in a
dialog box if the setting field is double-clicked.)

Maximized Viewing Mode

All BESTCOMS screens are shown in the default, normal viewing mode. Selecting the maximized viewing
mode (click View, Maximized) increases the size of the BESTCOMS window to full-screen and enables
the user to select a cascaded view (click Window, Cascade All) or tiled view (click Window, Tile,
Horizontally or Vertically) of BESTCOMS screens. Maximized viewing mode also enables display of the
explorer bar (click View, Explorer Bar), system status, and alarm status windows (click View,
Alarms/Status). The explorer bar displays a navigation pane with a menu listing all available BESTCOMS
screens and tabs. Navigation to a specific screen or tab is accomplished by clicking the appropriate link in
the explorer bar. The system status and alarm status windows display the state of various DECS-400
operating modes and any active alarm conditions.

Communication

Communication between BESTCOMS and the DECS-400 must be established before DECS-400 settings
can be viewed or changed. BESTCOMS screen settings are updated only after communication is opened.
Communication with BESTCOMS is possible through the DECS-400 RS-232 port (Com 0), Ethernet port
(Com 3), or internal telephone modem (J1).

Caution

This product contains one or more nonvolatile memory devices. Nonvolatile
memory is used to store information (such as settings) that needs to be
preserved when the product is power-cycled or otherwise restarted.
Established nonvolatile memory technologies have a physical limit on the
number of times they can be erased and written. In this product, the limit is
1,000,000 erase/write cycles. During product application, consideration should
be given to communications, logic, and other factors that may cause
frequent/repeated writes of settings or other information that is retained by the
product. Applications that result in such frequent/repeated writes may reduce
the useable product life and result in loss of information and/or product
inoperability.

IRIG time synchronization is interrupted during communication with BESTCOMS. The DECS-400
resumes IRIG synchronization shortly after BESTCOMS communication is terminated.

RS-232 Port Communication

Communication through Com 0 requires connection of a cable between the front-panel, RS-232
connector of the DECS-400 and the appropriate port of the PC.

Serial communication is established by selecting the PC communication port connected to the DECS-400
and entering the appropriate DECS-400 password. Click Communications on the menu bar, hover the
mouse pointer over Connect, and then select RS-232-COMO from the menu. Select the appropriate PC
communication port from the Communications Configuration window’s (Figure 28) drop-down menu and
click the Connect button. When the Password window (Figure 29) appears, enter the appropriate
password. (The DECS-400 is delivered with a password of decs4.) When the correct password is
received, BESTCOMS automatically adjusts its communication settings (baud, parity, etc.) to match those
of the DECS-400. BESTCOMS then reads and displays all DECS-400 settings.
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R R
Type your access Password and then
CoM1 W

press <Enter:

| [ OK ] [ Cancel ]

| Connect | [ Cancel | Figure 4-3. BESTCOMS Password Entry

Figure 4-2. PC RS-232 Port Selection

Ethernet Port Communication

The rear-panel, RJ-45 jack (Com 3) of the DECS-400 enables it to communicate over a 10BASE-T
Ethernet network with a PC equipped with an Ethernet adaptor and operating BESTCOMS. Com 3 uses
the Transmission Control Protocol/Internet Protocol (TCP/IP) to encapsulate Modbus messages. A
maximum of four simultaneous Modbus TCP/IP connections are possible with the DECS-400.

Connecting

BESTCOMS can connect to a networked DECS-400 by using one of two methods. If the static IP address
for the DECS-400 is known, it can be entered directly. Or, the Device Discovery feature of BESTCOMS
can be used to identify and connect to any DECS-400 networked through your PC’s Ethernet adaptors.
For either method, begin by clickihng Communications on the menu bar, hovering the mouse pointer over
Connect, and then selecting Ethernet from the menu. This will display the Ethernet Connection window
shown in Figure 30. If the IP address of a networked DECS-400 is known, the four address fields can be
completed and the Connect button clicked. After the appropriate DECS-400 password is entered in the
Password window (Figure 4-3), communication is initiated. The BESTCOMS Device Discovery feature is
initiated by clicking the Ethernet button. The Device Discovery feature scans the connected networks,
identifies the found DECS-400 controllers, and lists each controller by its serial number, IP address, and
device ID (Figure 31). The desired DECS-400 is selected and the Connect button is clicked. After the
appropriate DECS-400 password is entered in the Password window (Figure 29), communication is
initiated.

Ethernet Connection [D@ Device Discovery 3]
Serial Number IP Address Device ID Riefresh
Padares C— e el e =
G .0.1.168:2 orth_U2 -
HO0960401 10.0.1.186:2101  North_U3
1 | . | |1 | |11 | |21|}1 | H00990150 10.0.1.167:2101  South_U1
- L[ . . HO00O0162  10.0.1.165:2101  South_U2
ICon.ned] [ Cancel ]
Scan For Connected Devices
Figure 4-5. Device Discovery Results

Figure 4-4. Ethernet Connection Window

After BESTCOMS reads all DECS-400 settings, “CONNECTED?” is displayed on the right side of the
BESTCOMS tool bar.

Static IP Address Confiquration

The Ethernet settings of a connected DECS-400 can be read and altered through the BESTCOMS
Configure Ethernet Port window. Access this window by clicking Communications on the menu bar and
then clicking Ethernet Configuration. To configure a static IP address, uncheck the Enable DHCP box
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and set the IP Address, Subnet Mask, and Default Gateway settings to the desired values. Transmit the
desired settings to the DECS-400 by clicking the Send to Device button. Note that these DECS-400
settings will not become active until after the DECS-400 is rebooted (control power is cycled). Of course,
following a reboot, communication must be re-established since cycling control power terminates
communication between the DECS-400 and BESTCOMS.

Network Time Protocol

The Network Time Protocol (NTP) can be used to assure accurate timekeeping by DECS-400 controllers
connected to an Ethernet network. By synchronizing with a radio, atomic, or other clock located on the
internet/intranet, each DECS-400 maintains accurate timekeeping that is coordinated with the time
source.

NTP is enabled and configured in the NTP Settings window (Figure 32). This window is accessed by
clicking Communications on the menu bar and selecting NTP Settings. (Communication with a DECS-
400 must be established in order to make this menu selection.)

NTP coordination is enabled by checking the Enable NTP box.

The internet protocol address of the network time server is entered in the four, decimal-separated fields of
the NTP Address setting.

. =l The Update Time setting determines how
ST g@§| frequently the DECS-400 accepts updates from

the network time server. A setting of 1 to 1,440

minutes is possible.

2360 Hours The Time Zone Offset setting provides the
necessary offset (in minutes) from the GMT

(Greenwich Mean Time) standard. For example,
CST (central standard time) is six hours behind

10 Minutes GMT and would require a setting of —360. The
Time Zone Offset range is —720 to 720.

Clicking the Send to Device button sends the

- Network Time Protocol settings to the DECS-

255 255 255 255

; . . 400.
[] Enable NTP

| Download | | Send to Device | | Close |

Figure 4-6. NTP Settings

Modem Communication

The DECS-400’s modem connects through the rear-panel, RJ-11 connector designated J1. The modem
has a fixed baud rate of 9600. Modem access is read-only which prevents system control or the changing
of DECS-400 settings. Password access is not required for modem communication.

Connecting

Clicking Communications, Connect, and Modem displays a Modem Dial-Up Request dialog box where
a telephone number can be entered and then dialed by clicking the Send button. If an extension number
is to be called, commas may be required for line delays.

Settings, Metering Values, and Data Records

The settings, metering values, and data records available in BESTCOMS are arranged into ten groups:

e System Configuration e Gain Settings
e Setting Adjustment e Limiters
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e Protection e Metering
o PSS (Power System Stabilizer) e Analysis
e Datalog o Logic

Each group is contained on a BESTCOMS screen. A screen’s settings, metering values, and data records
are further organized by labeled tabs within the screen. In the following paragraphs, settings, metering
values, and data records are arranged and defined according to the organization of the BESTCOMS
screens and tabs.

System Configuration

The System Configuration screen consists of six tabs labeled Product Identification, Rated Data, Options,
Auxiliary Input, Meter Drivers, System Data, Transient Boost. Click the Configure button on the tool bar
to view the System Configuration screen.

Product Identification

Product Identification tab functions are shown in Figure 33 and described in the following paragraphs.

PC Version information. This read-only field indicates the version of BESTCOMS.

BESTCOMS-DECS400 - [System Configuration] Eg

.EB File  ‘Wiew Communications Tools Window Help - | x

%B Configure Settings Gain Limiters Protection P55 Logic CONNECTED
©
@ ’ Analysis Data Log heter

Product Identification | Rated Data | Options | Auxiliary Input | Meter Drivers | System Data | Transient Boost

Basler Electric

PC Wersion Infarmation

Unit Information
Model

Digital Excitation Contr style
App Code
BESTCOMS-DECS400 : et Code
098l Serial #

er Electric

Unit Style Number
DECS-400 -

More Info..

Figure 4-7. System Configuration Screen, Product Identification Tab

Unit Information. When communication between BESTCOMS and the DECS-400 is established, this
read-only field displays the DECS-400 model number, style number, application code version and date,
digital signal processor (DSP) code version and date, boot code version and date, and serial number.

Unit Style Number. When communication between BESTCOMS and the DECS-400 is established, this
area of the product identification tab is read-only and displays the DECS-400 style number. When
communication between BESTCOMS and the DECS-400 is closed, the style number digits can be
adjusted to match the style number of a DECS-400. This feature is useful for adjusting DECS-400
settings in BESTCOMS and saving the settings in a file for uploading to a DECS-400 at a later time.
Clicking the More Info... link displays a style number chart to reference when making style number
selections.

Rated Data

Rated Data tab functions are shown in Figure 34 and described in the following paragraphs.
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Generator Rated Data — Voltage. The rated terminal voltage for the generator is entered in this setting
field. A setting of 85 to 500,000 Vac may be entered in 1 Vac increments.

Generator Rated Data — Rating {kVA}. The apparent power rating of the generator, in kVA, is entered in
this setting field. A setting of 1.40 to 2,000,000 kVA may be entered in 0.01 kVA increments.

Generator Rated Data — PF (Power Factor). The rated generator power factor is entered in this setting
field. A setting of 0 to 1.000 may be entered in increments of 0.001.

Generator Rated Data — Current. This read-only field is calculated by dividing the real-power field by the
product of the rated generator voltage field, rated power factor field, and the square root of 3.

Generator Rated Data — Rating {W}. This read-only field is the calculated product of the rated generator
voltage field, rated generator current field, rated power factor field, and the square root of 3.

Field Rated Data — Voltage. The rated main field or exciter field voltage is entered in this setting field.
(The field type is selected on the Options tab of the System Configuration screen.) A setting of 1.0 to
1,000.0 Vdc may be entered in 0.1 Vdc increments.

BESTCOMS-DECS5400 - [System Configuration]

:B File View Communications Tools Window Help - g X
E—' Configure | Settings Gain Limiters | Protection PS5 Logic
égl Analysis Data Log Meter
Preduct Identification | Rated Data | Options | Auxiliary Input | Meter Drivers | System Data | Transient Boost
120 Voltage 50.0 Voltage
4157 Rating J<VA} 10.0 Curent
0.200 PF {Power Factor) 4.500 Resistance
Current 25 Ambient Temperaturs
Rating {W/} 1.50 Brush Voltage Drop
(1)

Figure 4-8. System Configuration Screen, Rated Data Tab

Field Rated Data — Current. The rated main field or exciter field current is entered in this setting field. (The
field type is selected on the Options tab of the System Configuration screen.) A setting of 0.1 to 9,999
Adc may be entered in 0.1 Adc increments.

Field Rated Data — Resistance. The level of field resistance at the nominal ambient temperature is
entered in this setting field. A value of 0 to 99.999 ohms may be entered in 0.001 ohm increments. This
setting field is enabled only for main field applications.

Field Rated Data — Ambient Temperature. The ambient field temperature is entered in this setting field
and is used to calculate the generator main field temperature. A value of 0 to 572°C may be entered in
1°C increments. This setting field is enabled only for main field applications.

Field Rated Data — Brush Voltage Drop. The brush voltage drop, at the field ambient temperature, is
entered in this setting field. A value of 0 to 20.00 V may be entered in 0.01 V increments. This setting field
is enabled only for main field applications.
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Options
Options tab functions are shown in Figure 35 and described in the following paragraphs.

Voltage Sensing. This setting selects the generator voltage sensing configuration used and the phase
rotation for three-phase sensing configurations. Three voltage sensing options may be selected from the
drop-down menu. AC 1-Phase selects single-phase voltage sensing, connected across generator phases
A and C. ABC 3-Phase selects three-phase voltage sensing and ABC phase rotation. ACB 3-Phase
selects three-phase voltage sensing and ACB phase rotation.

Field Type. This setting selects excitation control for either the generator main field or the exciter field.
The mode selected determines the corresponding rated data and PID parameters for either main field or
exciter field control. Either Main Field or Exciter Field may be selected from the drop-down menu.

Bridge Control Signal. This setting selects the control signal type and range supplied by the DECS-400.
The control signal type and range is selected from the drop-down menu. 0-> +10V selects a control signal
with a range of 0 to 10 Vdc. —10V-> +10V selects a control signal with a range of —10 Vdc to +10 Vdc.
4-> 20mA selects a control signal with a range of 4 to 20 mAdc.

BESTCOMS-DECS400 - [System Configuration] M=E3

:B File View Communications Tools Window Help - 8 x

E " Configure | Settings Gain Limiters = Protection P53 Logic
=

Analysis Data Log Meter

Product |dentification | Rated Data| Options |Auxi|iary|nput Meter Drivers | System Data | Transient Boost

he
e
[ Irntemal Tracking

[] Bxtemal Tracking

Figure 4-9. System Configuration Screen, Options Tab

Temperature Mode. This setting determines the scale that BESTCOMS and the DECS-400 front panel
HMI uses to display the field temperature and the overtemperature alarm level. The temperature mode is
selected from the drop-down menu. DEG. C selects the Celsius temperature scale and DEG. F selects
the Fahrenheit temperature scale.

Underfrequency Mode. This setting selects either underfrequency limiting (UF) or volts per hertz (V/Hz)
limiting. The underfrequency mode is selected from the drop down menu.

Generator Frequency (Hz). This setting selects the nominal system operating frequency as 50 hertz or 60
hertz. The generator frequency is selected from the drop-down menu.

Current Sensing. This setting selects the number of phases used for sensing generator current. The
current sensing configuration is selected from the drop-down menu and may be set at one, two, or three

phases.
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CT Selection. This setting is enabled only when the Current Sensing setting is “Two”. The drop-down
menu is used to select which two generator phases are used to supply current sensing to the DECS-400.
Phases A-B, B-C, or A-C may be selected.

Voltage Matching. This setting enables and disables matching of the generator voltage to the bus voltage.
For voltage matching to occur, the DECS-400 must be in AVR mode, var and power factor modes must
be disabled, and the system off line.

Tracking Enable. This setting enables and disables internal tracking and external tracking. Selecting
Internal Tracking enables the inactive control modes to track the setpoint of the active control mode.
When used as a secondary DECS-400 in a redundant DECS-400 system, selecting External Tracking
enables the DECS-400 to track the active setpoint of the primary DECS-400.

Inner Loop Field Regulator. This setting enables the inner control loop of the field regulator for
compensation of the exciter gains and time constants. When the inner control loop is enabled, the
regulator response is dependent upon the inner loop gains selected on the Other Gain tab of the Gain
Settings screen.

Auxiliary Input
Auxiliary Input tab functions are shown in Figure 36 and described in the following paragraphs.

BESTCOMS-DECS400 - [System Configuration] M=]E3]

._B File View Communications Tools Window Help - 8 x
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Figure 4-10. System Configuration Screen, Auxiliary Input Tab

Input Type. This setting selects either voltage (—10 Vdc to +10 Vdc) or current (4 to 20 mAdc) as the
control signal for the DECS-400 auxiliary input. Input type settings are selected from the drop-down
menu.

Summing Type. This setting selects the summing mode for the auxiliary input. When Inner Loop is
selected, the operating mode is either AVR or FCR. When Outer Loop is selected, the operating mode is
either var or power factor. Summing types are selected from the drop-down menu.

Input Function. This drop-down menu configures the auxiliary input to control the excitation setpoint, the
power system stabilizer (PSS), or limiter scaling. The auxiliary input is disabled by selecting “No Control”.
Regardless of the selection made, the auxiliary input can always be used for functions such as metering
and data logging.

Auxiliary Gain Settings. The five auxiliary gain setting fields, AVR, FCR, FVR, var, and PF, select the gain
which affects the setpoint of the selected operating mode. The signal applied to the auxiliary input is
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multiplied by the auxiliary gain setting. Each gain setting has a range of —99.00 to +99.00 with an
increment of 0.01. A setting of zero disables the auxiliary input for that operating mode.

Droop Compensation. Enabling this setting allows the DECS-400 to provide droop compensation for
paralleled generators. Droop compensation is adjustable from —30% to +30% (in 0.1 percent increments)
of the generator rated terminal voltage.

Line Drop Compensation. Enabling this setting allows the DECS-400 to compensate for line drop
between paralleled generators. Line drop compensation is adjustable from 0 to 30.0% in 0.1 percent
increments.

Cross Current Compensation. Enabling this setting allows the DECS-400 to provide reactive differential
gain for parallel generators. Cross current compensation is adjustable from —30.00 to +30.00 percent in
0.01 percent increments.

Meter Drivers

Meter Drivers tab functions are shown in Figure 37 and described in the following paragraphs.

BESTCOMS-DECS400 - [System Configuration] [=1[E3]
- 8 x

._B File View Communications Tools Window Help
E . Configure | Settings Gain Limiters | Protection P33 Logic
=
3 l Analysis Data Log Meter
Product [dentification | Rated Data | Options || Auxiliary Input | Meter Drivers | System Data | Transient Boost
Meter Driver 1 Meter Driver 2
[ Enabled [ Enabled
Generator Average Volttage [V} E¥3 Generator Average Volttage [V} E¥3
0 Minimum Valus o Minimum Valus
600,000 Maximum Value 00,000 Maximum Value

Figure 4-11. System Configuration Screen, Meter Drivers Tab

Meter Driver 1 and Meter Driver 2. These settings enable and disable the meter driver outputs, select the
system parameters to be metered, and define the minimum and maximum values of the metered
parameters. The parameters to be metered are selected from the drop-down menus. The available
parameters are listed below:

Generator Real Power
Generator Voltage Vab

e Auxiliary Voltage Input
AVR PID Error Signal Input

Frequency Response
Generator Apparent Power

e Bus Frequency e Generator Average Current e Generator Voltage Vbc

e Bus Voltage e Generator Average Voltage ¢ Generator Voltage Vca

e Comp. Freq. Deviation e Generator Current la e Negative Sequence Current
e Control Output e Generator Current Ib e Neg. Sequence Voltage

e Cross Current Input e Generator Current Ic e Null Balance Level

e Field Current e Generator Frequency e OEL Controller Output

e Field Temperature e Generator Power Factor e PF Mode Output

e Field Voltage e Generator Reactive Power e Phase Angle la - Vca
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Phase Angle laux — Vca PSS Lead-Lag #2 PSS Terminal Voltage
Phase Angle Ib — Vca PSS Lead-Lag #3 PSS Torsional Filter #1
Phase Angle Ic — Vca PSS Lead-Lag #4 PSS Torsional Filter #2
Phase Angle Vab PSS Mechanical Power PSS Washed Out Power
Phase Angle Vbc PSS Mech. Power LP #1 PSS Washed Out Speed

PSS Mech. Power LP #2
PSS Mech. Power LP #3
PSS Mech. Power LP #4
PSS Post-Limit Output
PSS Power HP #1

PSS Pre-Limit Output

Rate of Frequency Change
SCL Controller Output
Terminal Freq. Deviation
Time Response

UEL Controller Output
VARL Controller Output

PID Integrator State
Position Indication

Positive Sequence Current
Positive Sequence Voltage
PSS Electrical Power

PSS Filtered Mech. Power
PSS Final Output PSS Speed HP #1

PSS Lead-Lag #1 PSS Synthesized Speed

The Minimum Value setting fields establish the lowest parameter value to be metered and correspond to
the 4 mAdc minimum output of the meter drivers. The Maximum Value setting field establishes the
highest parameter value to be metered and corresponds to the 20 mAdc maximum output of the meter
drivers.

System Data
System Data tab functions are shown in Figure 38 and described in the following paragraphs.

BESTCOMS-DECS400 - [System Configuration] =13
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Figure 4-12. System Configuration Screen, System Data Tab

Generator PT — Primary Voltage. The primary voltage rating of the generator potential transformer is
entered in this setting field. A setting of 1 to 500,000 Vac may be entered in 1 Vac increments.

Generator PT — Secondary Voltage. The secondary voltage rating of the generator potential transformer
is entered in this setting field. A setting of 1 to 240 Vac may be entered in 1 Vac increments.

Generator CT — Primary Current. The primary current rating of the generator CTs is entered in this setting
field. A setting of 1 to 60,000 Aac may be entered in 1 Aac increments.
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Generator CT — Secondary Current. The nominal, secondary current rating (either 1 or 5 Aac) of the
generator CTs is displayed in this read-only field. The third digit of the style number (XX1X or XX5X)
dictates the rating displayed.

Bus PT — Primary Voltage. The primary voltage rating of the bus potential transformer is entered in this
setting field. A setting of 1 to 500,000 Vac may be entered in 1 Vac increments.

Bus PT — Secondary Voltage. The secondary voltage rating of the bus potential transformer is entered in
this setting field. A setting of 1 to 240 Vac may be entered in 1 Vac increments.

Internal Tracking — Delay. When the DECS-400 switches from one control mode to another, this setting
determines the time delay between the mode change and the start of setpoint tracking. A setting of 0 to
8.0 seconds may be entered in 0.1 second increments.

Internal Tracking — Traverse Rate. When tracking the active setpoint, this setting determines the amount
of time required for the DECS-400 to traverse the full setting range of the active setpoint. A setting of 1 to
80.0 seconds may be entered in 0.1 second increments.

External Tracking — Delay. When a redundant DECS-400 system is implemented and setpoint control is
transferred to a second DECS-400, this setting determines the time delay between the DECS-400
transfer and the start of tracking the second DECS-400 setpoint. A setting of 0 to 8.0 seconds may be
entered in 0.1 second increments.

External Tracking — Traverse Rate. When tracking the setpoint of a second, active DECS-400, this setting
determines the amount of time required for the DECS-400 to traverse the full setting range of the active
DECS-400. A setting of 1.0 to 80.0 seconds may be entered in 0.1 second increments.

Field Current Sensing — Shunt Rating. The maximum current rating of the field shunt is entered in this
setting field. (The field shunt maximum output must be 50 or 100 mVdc and is detected by the DECS-400
through the Field Isolation Module.) A shunt current rating of 1 to 9,999.0 Adc may be entered in 0.1 Adc
increments.

Field Voltage Isolation Transducer Input. The nominal field voltage is entered in this setting field. The
available setting selections match voltage inputs of the Field Isolation Transducer. A nominal voltage of
63, 125, 250, 375, or 625 Vdc may be selected.

Transient Boost

Note

Effective with firmware version 1.09, transient boost voltage settings
are based on the voltage setpoint. In all previous firmware versions,
transient boost voltage settings were based on the rated voltage.

This function improves response to successive faults by providing increased excitation support. When the
DECS-400 detects a simultaneous increase in line current (Fault Current Threshold setting) and a
decrease in line voltage (Fault Voltage Threshold setting) for a predetermined length of time (Minimum
Fault Duration setting), the DECS-400 responds by elevating the AVR setpoint (Voltage Setpoint Boosting
Level setting) above the nominal setpoint. If the line voltage recovers to the level defined by the Clearing
Voltage Threshold setting for the duration specified by the Clearing Voltage Delay setting, the AVR
setpoint is restored to the nominal value. All transient boost voltage settings are based on the DECS-400
voltage regulation setpoint.

Transient Boost tab functions are shown in Figure 39.

Discontinuous Transient Excitation Boosting. This setting enables the Discontinuous Transient Excitation
Boosting function.

Fault Voltage Threshold. The threshold for fault voltage is entered in this field. A setting of 0 to 100 may
be entered in 0.1% increments.

Fault Current Threshold. The threshold for fault current is entered in this field. A setting of 0 to 400 may
be entered in 0.1% increments.
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Figure 4-13. System Configuration Screen, Transient Boost

Minimum Fault Duration. The minimum fault duration is entered in this field. A setting of 0 to 1,000 may be
entered in 1 ms increments.

Voltage Setpoint Boosting Level. The boosting level of the voltage setpoint is entered in this field. A
setting of 0 to 100 may be entered in 0.1% increments.

Clearing Voltage Threshold. The threshold for clearing voltage is entered in this field. A setting of 0 to
50% may be entered in 0.1% increments.

Clearing Voltage Delay. The duration of the clearing voltage is entered in this field. A setting of 0 to 1,000
milliseconds may be entered in 1 millisecond increments.

Settings

The Settings screen consists of three tabs labeled AVR/FCR/FVR, VAR/PF, and Startup. Click the
Settings button on the tool bar to view the Settings screen.

AVR/FCR/FVR
AVR/FCR/FVR tab functions are shown in Figure 40 and described in the following paragraphs.

Automatic Voltage Regulator (AVR) — DECS Setpoint. This read-only field displays the DECS-400
setpoint as entered in the AVR Setpoint field.

Automatic Voltage Regulator (AVR) — Setpoint. The desired generator output terminal voltage is entered
in this setting field. The Setpoint setting range depends on the Generator Rated Data — Voltage setting
(System Configuration screen, Rated Data tab) and the AVR — Min and AVR — Max settings. Enter the
desired AVR setpoint value using the primary generator voltage level intended to be maintained at the
generator output.

Automatic Voltage Regulator (AVR) — Min (% of rated). The generator minimum voltage, expressed as a
percentage, is entered in this setting field. A setting of 70 to 120 percent may be entered in 0.1 percent
increments.

Automatic Voltage Regulator (AVR) — Max (% of rated). The generator maximum voltage, expressed as a
percentage, is entered in this setting field. A setting of 70 to 120 percent may be entered in 0.1 percent
increments.
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Figure 4-14. Setting Adjustment Screen, AVR/FCR/FVR Tab

Automatic Voltage Regulator (AVR) — Traverse Rate. The AVR setpoint traverse rate is entered in this
setting field. This setting determines the time required to adjust the AVR setpoint from the minimum value
to the maximum value of the adjustment range. A setting of 10 to 200 seconds may be entered in 1
second increments.

AVR Pre-position 1 — Setpoint. The first pre-position (predefined) generator output terminal voltage
setpoint for AVR mode is entered in this setting field. The setting range is identical to that of the AVR
Setpoint. AVR Pre-position 1 — Mode. This setting determines whether or not the DECS-400 will respond
to further setpoint change commands once the operating setpoint is driven to the pre-position 1 value.
Two mode settings are available in the pull-down menu: Maintain and Release. If Maintain is selected,
further setpoint change commands are ignored. If Release is selected, subsequent setpoint change
commands are accepted to raise and lower the setpoint.

AVR Pre-position 1 — Traverse Rate/Enable. When enabled, this setting controls the amount of time
required to drive the operating setpoint to the AVR pre-position 1 setpoint. The rate setting establishes
the length of time for the setpoint to travel the full setting range.

AVR Pre-position 2 — Setpoint. The second pre-position (predefined) generator output terminal voltage
setpoint for AVR mode is entered in this setting field. The setting range is identical to that of the AVR
Setpoint.

AVR Pre-position 2 — Mode. This setting determines whether or not the DECS-400 will respond to further
AVR setpoint change commands once the operating setpoint is driven to the pre-position 2 value. Two
mode settings are available in the pull-down menu: Maintain and Release. If Maintain is selected, further
setpoint change commands are ignored. If Release is selected, subsequent setpoint change commands
are accepted to raise and lower the AVR setpoint.

AVR Pre-position 2 — Traverse Rate/Enable. When enabled, this setting controls the amount of time
required to drive the operating setpoint to the AVR pre-position 2 setpoint. The rate setting establishes
the length of time for the setpoint to travel the full setting range.

Field Current Regulator (FCR) — DECS Setpoint. This read-only field displays the DECS-400 FCR
setpoint as entered in the FCR Setpoint field.
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Field Current Regulator (FCR) — Setpoint. When operating in FCR (Manual) mode, this setting establishes
the field dc current setpoint. The Setpoint setting range depends on the Field Type setting (Configure
screen, Options tab) and the associated ratings.

Field Current Regulator (FCR) — Min (% of rated). This setting, expressed as a percentage of rated field
current, establishes the minimum field current setpoint. A setting of 0 to 120 percent may be entered in
0.1 percent increments.

Field Current Regulator (FCR) — Max (% of rated). This setting, expressed as a percentage of rated field
current, establishes the maximum field current setpoint. A setting of 0 to 120 percent may be entered in
0.1 percent increments.

Field Current Regulator (FCR) — Traverse Rate. This setting determines the time required for the FCR
setpoint to be adjusted from the minimum value to the maximum value of the adjustment range. A setting
of 10 to 200 seconds may be entered in 1 second increments.

FCR Pre-position 1 — Setpoint. The first pre-position (predefined) field current setpoint for FCR mode is
entered in this setting field. The setting range is identical to the FCR setpoint.

FCR Pre-position 1 — Mode. This setting determines whether or not the DECS-400 will respond to further
setpoint change commands once the operating setpoint is driven to the pre-position 1 value. Two mode
settings are available in the pull-down menu: Maintain and Release. If Maintain is selected, further
setpoint change commands are ignored. If Release is selected, subsequent setpoint change commands
are accepted to raise and lower the FCR setpoint.

FCR Pre-position 1 — Traverse Rate/Enable. When enabled, this setting controls the amount of time
required to drive the operating setpoint to the FCR pre-position 1 setpoint. The rate setting establishes
the length of time for the setpoint to travel the full setting range.

FCR Pre-position 2 — Setpoint. The second pre-position (predefined) field current setpoint for FCR mode
is entered in this setting field. The setting range is identical to the FCR setpoint.

FCR Pre-position 2 — Mode. This setting determines whether or not the DECS-400 will respond to further
setpoint change commands once the operating setpoint is driven to the pre-position 2 value. The
available mode settings are identical to mode settings for pre-position 1.

FCR Pre-position 2 — Traverse Rate/Enable. When enabled, this setting controls the amount of time
required to drive the operating setpoint to the FCR pre-position 2 setpoint. The rate setting establishes
the length of time for the setpoint to travel the full setting range.

Field Voltage Regulator (FVR) — DECS Setpoint. This read-only field displays the DECS FVR setpoint as
entered in the FVR setpoint field.

Field Voltage Regulator (FVR) — Setpoint. When operating in FVR (Manual) mode, this setting establishes
the field dc voltage setpoint. The Setpoint range depends on the Field Type setting (Configure screen,
Options tab) and the associated ratings.

Field Voltage Regulator (FVR) — Min (% of rated). This setting, expressed as a percentage of rated field
voltage, establishes the minimum field voltage setpoint. A setting of 0 to 150 percent may be entered in
0.1 percent increments.

Field Voltage Regulator (FVR) — Max (% of rated). This setting, expressed as a percentage of rated field
voltage, establishes the maximum field voltage setpoint. A setting of 0 to 150 percent may be entered in
0.1 percent increments.

Field Voltage Regulator (FVR) — Traverse Rate. This setting determines the time required for the FVR
setpoint to be adjusted from the minimum value to the maximum value of the adjustment range. A setting
of 10 to 200 seconds may be entered in 1 second increments.

FVR Pre-position 1 — Setpoint. The first pre-position (predefined) field voltage setpoint for FVR mode is
entered in this setting field. The setting range is identical to the FVR setpoint.

FVR Pre-position 1 — Mode. This setting determines whether or not the DECS-400 will respond to further
setpoint change commands once the operating setpoint is driven to the pre-position 1 value. Two mode
settings are available in the pull-down menu: Maintain and Release. If Maintain is selected, further
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setpoint change commands are ignored. If Release is selected, subsequent setpoint change commands
are accepted to raise and lower the FVR setpoint.

FVR Pre-position 1 — Traverse Rate/Enable. When enabled, this setting controls the amount of time
required to drive the operating setpoint to the FVR pre-position 1 setpoint.

FVR Pre-position 2 — Setpoint. The second pre-position (predefined) field voltage setpoint for FVR mode
is entered in this setting field. The setting range is identical to the FVR setpoint.

FVR Pre-position 2 — Mode. This setting determines whether or not the DECS-400 will respond to further
setpoint change commands once the operating setpoint is driven to the pre-position 2 value. Two mode
settings are available in the pull-down menu: Maintain and Release. If Maintain is selected, further
setpoint change commands are ignored. If Release is selected, subsequent setpoint change commands
are accepted to raise and lower the FVR setpoint.

FVR Pre-position 2 — Traverse Rate/Enable. When enabled, this setting controls the amount of time
required to drive the operating setpoint to the FVR pre-position 2 setpoint.

VAR/PF
VAR/PF tab functions are shown in Figure 41 and described in the following paragraphs.

Fine Voltage Adjustment Band. This setting, expressed as a percentage of the generator nominal voltage,
defines the upper and lower boundaries of voltage correction during var or power control. A setting of 0 to
30 percent may be entered in 0.01 percent increments.
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Figure 4-15. Setting Adjustment Screen, VAR/PF Tab

Reactive Power Control (VAR) — DECS Setpoint. This read-only field displays the DECS-400 setpoint as
entered in the var setpoint field.

Reactive Power Control (VAR) — Setpoint. This setting, expressed in kvar, establishes the reactive power
setpoint for var mode. The range of this setting depends on the generator settings and the Min and Max
settings for the Reactive Power Control setpoint.

Reactive Power Control (VAR) — Min (% of rated). This setting defines the generator minimum var
setpoint and is expressed as a percentage of the generator rated VA output. A setting of —100 to 0% may
be entered in 0.1 percent increments.
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Reactive Power Control (VAR) — Max (% of rated). This setting defines the generator maximum var
setpoint and is expressed as a percentage of the generator rated VA output. A setting of 0 to +100% may
be entered in 0.1 percent increments.

Reactive Power Control (VAR) — Traverse Rate. This setting determines the time required for the var
setpoint to be adjusted from the minimum value to the maximum value of the adjustment range. A setting
of 10 to 200 seconds may be entered in 1 second increments.

VAR Pre-position 1 — Setpoint. The first pre-position (predefined) generator output terminal voltage
setpoint for var mode is entered in this setting field. The setting range is identical to that of the var
setpoint.

VAR Pre-position 1 — Mode. This setting determines whether or not the DECS-400 will respond to further
var setpoint change commands once the operating setpoint is driven to the pre-position 1 value. Two
mode settings are available in the pull-down menu: Maintain and Release. If Maintain is selected, further
setpoint change commands are ignored. If Release is selected, subsequent setpoint change commands
are accepted to raise and lower the var setpoint.

VAR Pre-position 1 — Traverse Rate/Enable. When enabled, this setting controls the amount of time
required to drive the operating setpoint to the reactive power pre-position 1 setpoint.

VAR Pre-position 2 — Setpoint. The second pre-position (predefined) generator output terminal voltage
setpoint for var mode is entered in this setting field. The setting range is identical to that of the var
setpoint.

VAR Pre-position 2 — Mode. This setting determines whether or not the DECS-400 will respond to further
var setpoint change commands once the operating setpoint is driven to the pre-position 2 value. Two
mode settings are available in the pull-down menu: Maintain and Release. If Maintain is selected, further
setpoint change commands are ignored. If Release is selected, subsequent setpoint change commands
are accepted to raise and lower the var setpoint.

VAR Pre-position 2 — Traverse Rate/Enable. When enabled, this setting controls the amount of time
required to drive the operating setpoint to the reactive power pre-position 2 setpoint.

Power Factor Control (PF) — DECS Setpoint. This read-only field displays the DECS power factor setpoint
as entered in the PF setpoint field.

Power Factor Control (PF) — Setpoint. This setting establishes the operating power factor for the
generator. The Setpoint setting range is determined by the PF (Leading) and PF (Lagging) settings.

Power Factor Control (PF) — PF (Leading). The minimum desired leading power factor level is entered in
this setting field. A setting of —1.000 to —0.500 may be entered in 0.005 increments.

Power Factor Control (PF) — PF (Lagging). The minimum desired lagging power factor level is entered in
this setting field. A setting of 0.500 to 1.000 may be entered in 0.005 increments.

Power Factor Control (PF) — Traverse Rate. The power factor setpoint traverse rate is entered in this
setting field. This setting determines the time required to adjust the AVR setpoint from the minimum value
to the maximum value of the adjustment range. A setting of 10 to 200 seconds may be entered in 1
second increments.

PF Pre-position 1 — Setpoint. The first pre-position (predefined) power factor setpoint is entered in this
setting field. The setting range is identical to the power factor setpoint.

PF Pre-position 1 — Mode. This setting determines whether or not the DECS-400 will respond to further
setpoint change commands once the power factor setpoint is driven to the pre-position 1 value. Two
mode settings are available in the pull-down menu: Maintain and Release. If Maintain is selected, further
setpoint change commands are ignored. If Release is selected, subsequent setpoint change commands
are accepted to raise and lower the power factor setpoint.

PF Pre-position 1 — Traverse Rate/Enable. When enabled, this setting controls the amount of time
required to drive the operating setpoint to the power factor pre-position 1 setpoint.

PF Pre-position 2 — Setpoint. The second pre-position (predefined) power factor setpoint is entered in this
setting field. The setting range is identical to the power factor setpoint.
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PF Pre-position 2 — Mode. This setting determines whether or not the DECS-400 will respond to further
setpoint change commands once the power factor setpoint is driven to the pre-position 2 value. Two
mode settings are available in the pull-down menu: Maintain and Release. If Maintain is selected, further
setpoint change commands are ignored. If Release is selected, subsequent setpoint change commands
are accepted to raise and lower the power factor setpoint.

PF Pre-position 2 — Traverse Rate/Enable. When enabled, this setting controls the amount of time
required to drive the operating setpoint to the power factor pre-position 2 setpoint.

PF Active Power Level — Level%. This setting establishes the level of generator output power (kW) where
the DECS-400 switches to/from Droop Compensation/Power Factor mode. If the level of power decreases
below the setting, the DECS-400 switches from Power Factor mode to Droop Compensation mode.
Conversely, as the level of power increases above the setting, the DECS-400 switches from Droop
Compensation mode to Power Factor mode. A setting of 0 to 30% may be entered in 0.1% increments.

Startup
Startup tab functions are shown in Figure 42 and described in the following paragraphs.

Soft Start — Soft Start Level (SS Level). This setting, expressed as a percentage of the nominal generator
terminal voltage, determines the starting point for generator voltage buildup during startup. A setting of 0
to 90 percent may be entered in 1 percent increments.

Soft Start — Soft Start Time (SS Time). This setting defines the amount of time allowed for the buildup of
generator voltage during startup. A setting of 1 to 7,200 seconds may be entered in 1 second increments.
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Figure 4-16. Setting Adjustment Screen, Startup Tab

The Primary and Secondary buttons select between the primary and secondary Soft Start settings. In the
default, non-PSS logic schemes provided with the DECS-400, a contact input is used to select either the
primary or secondary Soft Start settings.

Startup Control — Field Flash Dropout Level. During startup, this setting controls the level of generator
voltage where field flashing is withdrawn. The Field Flash Dropout Level setting is expressed as a
parentage of the nominal generator terminal voltage. A setting of 0 to 100 percent may be entered in 1
percent increments.
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Startup Control — Maximum Field Flash Time. This setting dictates the maximum length of time that field
flashing may be applied during startup. A setting of 1 to 50 seconds may be entered in 1-second
increments.

Voltage Matching — Band. The voltage matching band defines how close in magnitude the generator and
bus voltage must be to each other for voltage matching to be active. The band level setting is a
percentage of rated generator voltage. When the bus input voltage falls outside this band, no voltage
matching occurs. A setting of 0 to 20.00 percent may be entered in .01 percent increments.

Voltage Matching — Gen to Bus PT Match Level. This setting ensures accurate voltage matching by
compensating for the error between the generator and bus voltage sensing transformers. The Match
Level is expressed as the relationship of the generator voltage to the bus voltage (expressed as a
percentage). A setting of 90 to 120.0 percent may be entered in 0.1 percent increments.

Underfrequency Settings — Corner Frequency. The generator corner frequency for generator
underfrequency and volts per hertz protection is entered in this field. A setting of 15 to 90 hertz may be
entered in 0.1 hertz increments.

Underfrequency Settings — Slope. The generator frequency slope for generator underfrequency and volts
per hertz protection is entered in this field. A per-unit value of 0 to 3.00 may be entered in 0.01
increments.

Volts/Hz Limiter Settings — V/Hz High Limiter. This per unit setting establishes the maximum threshold for
the volts per hertz limiter. A setting of 0 to 3.00 may be entered in 0.01 increments.

Volts/Hz Limiter Settings — V/Hz Low Limiter. This per unit setting establishes the minimum threshold for
the volts per hertz limiter. A setting of 0 to 3.00 may be entered in 0.01 increments.

Volts/Hz Limiter Settings —V/Hz Time Limiter. The time delay for the volts per hertz limiter is entered in
this setting field. A setting of 0 to 10.0 seconds may be entered in 0.1 second increments.
Gain Settings

The Gain Settings screen consists of four tabs labeled AVR Gain, FCR Gain, FVR Gain, and Other Gain.
Click the Gain button on the tool bar to view the Gain Settings screen.

Note

Effective with firmware version 1.07, AVR and FCR modes have
individual gain settings. This change is reflected in BESTCOMS
version 1.04.00. If BESTCOMS detects a firmware version prior to
1.07, the AVR Gain and FCR Gain tabs will be combined into
AVR/FCR Gains.

AVR Gain

The AVR Gain tab has two setting groups: Primary and Secondary. The Primary and Secondary buttons
select between the primary and secondary AVR Gain settings and PID settings. In the default, non-PSS
logic schemes provided with the DECS-400, contact inputs are used to select between the primary and
secondary AVR Gain settings and PID settings.

AVR Gain tab functions are shown in Figure 43 and described in the following paragraphs.

AVR — Kp-Proportional Gain. This setting selects the proportional constant (Kp) stability parameter. The
DECS-400 provides an output value that is equivalent to Kp multiplied by the error between the voltage
setpoint and the actual generator output voltage. A setting of 0 to 1,000.0 may be entered in increments
of 0.1. This setting is enabled only when Custom is selected as the Primary Gain Option of the PID Pre-
Settings.

When tuning the proportional gain, consider the following guidelines. If the transient response has too
much overshoot, then Kp should be decreased. If the transient response is too slow, with little or no
overshoot, then Kp should be increased.
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Figure 4-17. Gain Settings Screen, AVR Gain Tab

AVR — Ki-Integral Gain. This setting selects the integral constant (Ki) stability parameter. The DECS-400
provides an output value that is equivalent to Ki multiplied by the integral of the error between the voltage
setpoint and the actual generator output voltage. A setting of 0 to 1,000.0 may be entered in increments
of 0.1. This setting is enabled only when Custom is selected as the Primary Gain Option of the PID Pre-
Settings.

If the time to reach steady-state is deemed too long, then Ki should be increased.

AVR - Kd-Derivative Gain. This setting selects the derivative constant (Kd) stability parameter. The
DECS-400 provides an output value that is equivalent to Kd multiplied by the derivative of the error
between the voltage setpoint and the actual generator output voltage. A setting of 0 to 1,000.0 may be
entered in increments of 0.1. This setting is enabled only when Custom is selected as the Primary Gain
Option of the PID Pre-Settings.

If the transient response has too much ringing, then Kd should be increased.

AVR - Td-AVR Derivative Time Constant. This setting is used to remove the noise effect on numerical
differentiation. A setting of 0 to 1.00 may be entered in increments of 0.01.

AVR - Kg-AVR Loop Gain. This setting adjusts the coarse loop-gain level of the PID algorithm for AVR
mode. A setting of 0 to 1,000.0 may be entered in increments of 0.1.

PID Pre-Settings — Primary Gain Option. This drop-down menu lists 20 predefined gain settings and an
option for selecting custom PID settings. The predefined gain settings listed depend on whether Main
Field or Exciter Field is selected as the Field Type (System Configuration screen, Options tab). Selecting
Custom in the drop-down menu enables the PID Calculator button.

PID Calculator Button. Clicking this button opens the PID Calculator shown in Figure 43. Note that a PID

Calculator exists for primary gain settings and secondary gain settings. The PID Calculator opened by the
PID Calculator button depends on whether the Primary or Secondary button is selected on the AVR Gain

tab.

PID Calculator

PID Calculator functions are shown in Figure 44 and described in the following paragraphs.

BESTCOMS™ Software DECS-400



9369700990 4-21
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Figure 4-18. PID Calculator

Excitation Control Data — Generator Information. This setting field is used to enter and display a

descriptive name for the selected group of PID settings. The Generator Information field accepts up to 30
alphanumeric characters.

T’do — Gen. Time Constant (sec). The time constant of the generator is entered in this field. The
generator time constant and exciter time constant are used to calculate gain parameters Kp, Ki, and Kd.
A setting of 1.00 to 15.00 may be selected from the pull-down menu.

Te — Exciter Time Constant (sec). The time constant of the exciter is entered in this field. The exciter time
constant and generator time constant are used to calculate gain parameters Kp, Ki, and Kd. The exciter
time constant setting range varies according to the generator time constant value selected. A checkbox is
provided for setting the exciter time constant at the default value. The exciter time constant setting is
disabled when Main Field is selected as the Field Type (System Configuration screen, Options tab).

Gain Parameters — Kp-Proportional Gain. This read-only field displays the calculated value of Kp based
on the generator time constant (T’do) and exciter time constant (Te).

Gain Parameters — Ki-Integral Gain. This read-only field displays the calculated value of Ki based on the
generator time constant (T'do) and exciter time constant (Te).

Gain Parameters — Kd-Derivative Gain. This read-only field displays the calculated value of Kd based on
the generator time constant (T'do) and exciter time constant (Te).

Gain Parameters — Td-Derivative Time Constant. This AVR mode setting is used to remove the noise
effect on numerical differentiation. A setting of 0 to 1.00 may be entered in increments of 0.01.

Gain Parameters — Kg-Loop Gain. This setting adjusts the coarse loop-gain level of the PID algorithm for
the AVR setpoint. A setting of 0 to 1,000 may be entered in increments of 0.1.

Caution

Calculated or user-defined PID values are to be implemented only
after their suitability for the application has been verified by the user.
Incorrect PID numbers can result in poor system performance or
equipment damage.

FCR Gain and FVR Gain

FCR Gain tab functions are shown in Figure 45 and described in the following paragraphs. The FVR Gain
tab has the same settings and is not illustrated here. The following FCR Gain tab setting descriptions also
apply to the settings of the FVR Gain tab.
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FCR — Kp-Proportional Gain. This setting selects the proportional constant (Kp) stability parameter. The
DECS-400 provides an output value that is equivalent to Kp multiplied by the error between the current
setpoint and the actual field current. A setting of 0 to 1,000.0 may be entered in increments of 0.1.

When tuning the proportional gain, consider the following guidelines. If the transient response has too
much overshoot, then Kp should be decreased. If the transient response is too slow, with little or no
overshoot, then Kp should be increased.

FCR - Ki-Integral Gain. This setting selects the integral constant (Ki) stability parameter. The DECS-400
provides an output value that is equivalent to Ki multiplied by the integral of the error between the current
setpoint and the actual field current. A setting of 0 to 1,000.0 may be entered in increments of 0.1.

If the time to reach steady-state is deemed too long, then Ki should be increased.

FCR — Kd-Derivative Gain. This setting selects the derivative constant (Kd) stability parameter. The
DECS-400 provides an output value that is equivalent to Kd multiplied by the derivative of the error

between the current setpoint and the actual field current. A setting of 0 to 1,000.0 may be entered in
increments of 0.1.

If the transient response has too much ringing, then Kd should be increased.

FCR — Td-Derivative Time Constant. This setting is used to remove the noise effect on numerical
differentiation. A setting of 0 to 1,000.00 may be entered in increments of 0.01.

FCR — Kg-Loop Gain. This setting adjusts the coarse loop-gain level of the PID algorithm for FCR mode.
A setting of 0 to 1,000.0 may be entered in increments of 0.1.
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Figure 4-19. Gain Settings Screen, FCR Gain Tab

Other Gain
Other Gain tab functions are shown in Figure 46 and described in the following paragraphs.

VAR - Ki Integral Gain. This setting adjusts the integral gain, which determines the characteristic of the
DECS-400 dynamic response to a changed var setting. A setting of 0 to 1,000 may be entered in 0.01
increments.

VAR — Kg-Loop Gain. This setting adjusts the coarse loop-gain level of the PID algorithm for var control.
A setting of 0 to 1,000.0 may be entered in 0.1 increments.

BESTCOMS™ Software DECS-400



9369700990 4-23

BESTCOMS-DECS400 - [Gain Settings] LA E
x

.EB Ble \iew Communications Tools Window Help - 8

% Configure Settings Gain Limiters Frotection Fs5 Logic
B —

Analysis Data Log heter

AVR Gain | FCR Gain | FYR Gain | Other Gain_

ning

Kg - Loop Gain

Ki - Integral Gain Ki- Integral Gain Ki- Inner Loop

SC VARL
Ki- Integral Gain Ki- Integral Gain
Kg - Loop Gain Kg - Loop Gain

Figure 4-20. Gain Settings Screen, Other Gain Tab

PF — Ki-Integral Gain. This setting adjusts the integral gain, which determines the characteristic of the
DECS-400 dynamic response to a changed power factor setting. A setting of 0 to 1,000.0 may be entered
in 0.1 increments.

PF — Kg-Loop Gain. This setting adjusts the coarse loop-gain level of the PID algorithm for power factor
control. A setting of 0 to 1,000.0 may be entered in 0.1 increments.

OEL — Ki-Integral Gain. This setting adjusts the rate at which the DECS-400 responds during an
overexcitation condition. A setting of 0 to 1,000.0 may be entered in 0.1 increments.

OEL - Kg-Loop Gain. This setting adjusts the coarse loop-gain level of the PID algorithm for the
overexcitation limiter function. A setting of 0 to 1,000.0 may be entered in 0.1 increments.

UEL - Ki-Integral Gain. This setting adjusts the rate at which the DECS-400 responds during an
underexcitation condition. A setting of 0 to 1,000.0 may be entered in 0.1 increments.

UEL — Kg-Loop Gain. This setting adjusts the coarse loop-gain level of the PID algorithm for the
underexcitation limiter function. A setting of 0 to 1,000.0 may be entered in 0.1 increments.

SCL — Ki-Integral Gain. This setting adjusts the rate at which the DECS-400 limits stator current. A setting
of 0 to 1,000.0 may be entered in 0.1 increments.

SCL — Kg-Loop Gain. This setting adjusts the coarse loop-gain level of the PID algorithm for the stator
current limiter function. A setting of 0 to 1,000.0 may be entered in 0.1 increments.

Voltage Matching — Kg-Loop Gain. This setting adjusts the coarse loop-gain level of the PID algorithm for
matching the generator voltage to the bus voltage. A setting of 0 to 1,000.0 may be entered in 0.1
increments.

Inner Loop Field Regulator — Ki-Inner Loop. This setting adjusts the rate at which the DECS-400
responds to changes in the main field voltage. A setting of 0 to 1,000.0 may be entered in increments of
0.1.

Inner Loop Field Regulator — Kg Inner Loop. This setting adjusts the coarse loop-gain level of the Pl
algorithm for the inner loop field regulator. A setting of 0 to 1,000.0 may be entered in increments of 0.1.

VARL — Ki Integral Gain. This setting adjusts the rate at which the DECS-400 limits reactive power. A
setting of 0 to 1,000.0 may be entered in 0.1 increments.
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VARL — Kg Loop Gain. This setting adjusts the coarse loop gain level of the PID algorithm for the reactive
power limiter function. A setting of 0 to 1,000.0 may be entered in 0.1 increments.

Limiters

The Limiters screen consists of seven tabs labeled Configuration, Summing Point OEL, UEL, Takeover
OEL, SCL, VARL, and Scaling. Click the Limiters button on the tool bar to view the Limiters screen.

Configuration
Configuration tab settings are shown in Figure 47 and described in the following paragraphs.

Limiter Mode(s). Three types of limiters may be enabled: OEL (overexcitation limiter), UEL (under-
excitation limiter), and SCL (stator current limiter).

OEL Mode — OEL. This setting selects either the summing point or takeover style of overexcitation
limiting.

OEL Voltage Dependency — dv/dt Enable. Enabling this supervisory function affects the way the on-line
overexcitation limiter operates. If this feature is enabled and the rate of reduction of terminal voltage

exceeds the dv/dt Level setting, the High-, Medium-, and Low-Level On-Line OEL settings (Limiters
screen, Summing Point OEL tab) are enabled. Otherwise, only the Medium- and Low-Levels are enabled.
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Figure 4-21. Limiters Screen, Configuration Tab

OEL Voltage Dependency — dv/dt Level. This setting controls the level of voltage that triggers the OEL
Voltage Dependency function. If the Voltage Dependency function is enabled and the rate of reduction of
terminal voltage exceeds this setting, the High-Level, On-Line OEL setting is enabled. Otherwise, the
High-Level setting is disabled. This per-unit, per second setting has a range of —10.0 to 0. The setting
increment is 0.1.

UEL Mode — UEL. This setting selects either the summing point or takeover style of underexcitation
limiting.

UEL Voltage Dependency. These settings allow the adjustment of the generator voltage dependence on
the underexcitation limiter type UEL2 model from IEEE standard P421.5.
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UEL Voltage Dependency — Real Power Exponent. This setting affects how the underexcitation limiter
responds to the level of generator voltage. This setting is used to apply an exponent of 0, 1, or 2 to the
generator voltage.

UEL Voltage Dependency — Real Power Filter Time Constant. This setting is used to apply the time
constant to the low-pass filter for the real power output. A setting of 0 to 20 seconds may be entered in
0.1 second increments.

Summing Point OEL

The Summing Point OEL tab has two setting groups: Primary and Secondary. The Primary and
Secondary buttons select between the primary and secondary Summing Point Overexcitation Limiter
settings. In the default logic schemes provided with the DECS-400, a contact input is used to select either
the primary or secondary Summing Point OEL settings.

Summing Point OEL tab functions are shown in Figure 48 and described in the following paragraphs.

Off-Line — High Level. This setting configures the high-level current setpoint for the summing point off-line
overexcitation limiter. A setting of 0 to 11,999 Adc may be entered in 0.01 Adc increments.

Off-Line — High Time. This setting establishes the time limit for high current limiting by the summing point
off-line overexcitation limiter. A setting of 0 to 240 seconds may be entered in 1 second increments.

Off-Line — Low Level. This setting configures the low-level current setpoint for the summing point off-line
overexcitation limiter. A setting of 0 to 11,999 Adc may be entered in 0.01 Adc increments.
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Figure 4-22. Limiters Screen, Summing Point OEL Tab

On-Line — High Level. This setting configures the high-level current setpoint for the summing point on-line
overexcitation limiter. A setting of 0 to 11,999 Adc may be entered in 0.01 Adc increments.

On-Line — High Time. This setting establishes the time limit for high current limiting by the summing point
on-line overexcitation limiter. A setting of 0 to 240 seconds may be entered in 1 second increments.

On-Line — Medium Level. This setting configures the medium-level current setpoint for the summing point
on-line overexcitation limiter. A setting of 0 to 11,999 Adc may be entered in 0.01 Adc increments.

On-Line — Medium Time. This setting establishes the time limit for medium current limiting by the
summing point on-line overexcitation limiter. A setting of 0 to 240 seconds may be entered in 1 second
increments.
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On-Line — Low Level . This setting configures the low-level current setpoint for the summing point on-line
overexcitation limiter. A setting of 0 to 11,999.00 Adc may be entered in 0.01 Adc increments.

UEL

The UEL tab has two setting groups: Primary and Secondary. The Primary and Secondary buttons select
between the primary and secondary Underexcitation Limiter settings. In the default logic schemes
provided with the DECS-400, a contact input is used to select either the primary or secondary UEL
settings.

UEL functions are shown in Figure 49 and described in the following paragraphs.

Curve Selection. This setting selects either a custom or internal underexcitation limiter curve and is
enabled in all DECS-400 operating modes except FCR. Selecting Custom enables the user to configure a
customized, one-to-five point UEL curve that matches a specific generator’s characteristics. Selecting
Internal creates a UEL curve based on the first point setting of the absorbed reactive power level.

Real Power (kW). These setting fields establish the real-power points of the underexcitation limiter
curves. Depending on whether a three-point or five-point curve is selected, either three or five setting
fields are enabled to accept point values. The Curve Selection setting must be “Custom” in order for these
setting fields to be enabled. The range for each setting field is based on the generator ratings entered on
the Rated Data tab of the System Configuration screen.
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Figure 4-23. Limiters Window, UEL Tab

Reactive Power (Leading kVAR). When the Curve Selection setting is “Custom”, these setting fields
establish the reactive power points of the underexcitation limiter curve. Depending on whether a three-
point or five-point curve is selected, either three or five setting fields are enabled to accept point values.
When the Curve Selection setting is “Internal”, only the first setting field is enabled and a UEL curve is
internally generated based on the value entered in the field. The range for each setting field is based on
the generator ratings entered on the Rated Data tab of the System Configuration screen.

Takeover OEL

The Takeover OEL tab has two setting groups: Primary and Secondary. The Primary and Secondary
buttons select between the primary and secondary Takeover Overexcitation Limiter settings. In the
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default logic schemes provided with the DECS-400, a contact input is used to select either the primary or
secondary Takeover OEL settings.

Takeover OEL functions are shown in Figure 50 and described in the following paragraphs.

Off-Line — Low Level. This setting configures the low-level current setpoint for the takeover-style, off-line
overexcitation limiter. A setting of 0 to 12.00 Adc may be entered in 0.01 Adc increments.

Off-Line — High Level. This setting configures the high-level current setpoint for the takeover-style, off-line
overexcitation limiter. A setting of 0 to 11,999 Adc may be entered in 0.01 Adc increments.

Off-Line — Time Dial. This setting establishes the time delay for the takeover-style, off-line overexcitation
limiter. A setting of 0.1 to 20.0 seconds may be entered in 0.1 second increments.

On-Line — Low Level. This setting configures the low-level current setpoint for the takeover-style, on-line
overexcitation limiter. A setting of 0 to 12 Adc may be entered in 0.01 Adc increments.

On-Line — High Level. This setting configures the high-level current setpoint for the takeover-style, on-line
overexcitation limiter. A setting of 0 to 11,999 Adc may be entered in 0.01 Adc increments.

On-Line — Time Dial. This setting establishes the time delay for the takeover-style, on-line overexcitation
limiter. A setting of 0.1 to 20.0 seconds may be entered in 0.1 second increments.
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Figure 4-24. Limiters Screen, Takeover OEL Tab

Offline and Online Curve Checkboxes. Checking these boxes displays a plot of the takeover-style, off-line
and on-line overexcitation limiter curves. Curve magnification is reset by the Reset Zoom button.

SCL

The SCL tab has two setting groups: Primary and Secondary. The Primary and Secondary buttons select
between the primary and secondary Stator Current Limiter settings. In the default logic diagrams provided
with the DECS-400, a contact input is used to select either the primary or secondary SCL settings.

SCL functions are shown in Figure 51 and described in the following paragraphs.
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Figure 4-25. Limiters Screen, SCL Tab

SCL - Initial Delay. The SCL does not respond until the Initial Delay has expired. A setting of 0 to 10 may
be entered in 0.1 second increments.

SCL - High SCL Level. This setting configures the high-level current setpoint for the stator current limiter.
A setting of 0 to 66,000.0 Aac may be entered in 0.1 Aac increments.

SCL — High SCL Time. This setting establishes the time limit for high-level current limiting by the stator
current limiter. A setting of 0 to 240.0 seconds may be entered in 0.1 second increments.

SCL — Low SCL Level. This setting configures the low-level current setpoint for the stator current limiter. A
setting of 0 to 66,000.0 Aac may be entered in 0.1 Aac increments.

VARL

The VARL tab has two setting groups: Primary and Secondary. The Primary and Secondary buttons
select between the primary and secondary reactive power limiter settings.

VARL tab settings are shown in Figure 52 and described in the following paragraphs.

Setpoint. This setting configures the threshold where the level of exported reactive power is limited. The
Setpoint setting range is dependent upon the level of generator apparent power entered on the Rated
Data tab of the System Configuration screen. A setting is entered in kvar in 1 kvar increments.

Time Delay. This setting determines how quickly exported reactive power is limited once it exceeds the
Setpoint threshold. A setting of 0 to 10 seconds may be entered in 0.1 second increments.
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Figure 4-26. Limiters Screen, VARL Tab

Scaling tab settings are shown in Figure 53 and described in the following paragraphs.
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Limiter Scaling. The OEL Scale Enable setting can be enabled to adjust overexcitation limiting to
compensate for the level of field current. The SCL Scale Enable setting can be enabled to adjust stator
current limiting to compensate for the level of stator current.

Summing Point OEL Scaling. Scaling of summing-point overexcitation limiting is provided for three levels
(or points) of field current. Each level, or point, has a Signal setting to adjust the scaling level and a Scale
setting to establish the level of field current when the scaling occurs. Each of the three Signal settings has
a setting range of —10 to 10 Vdc with increments of 0.01 Vdc. Each of the three Scale settings is
expressed as a percentage of the rated field current and has a setting range of 0 to 200% with increments
of 0.1%. These settings are enabled only when Summing Point overexcitation limiting is enabled on the
Configuration tab of the Limiters screen.

Takeover OEL Scaling. Scaling of takeover-style overexcitation limiting is provided for three levels (or
points) of field current. Each level, or point, has a Signal setting to adjust the scaling level and a Scale
setting to establish the level of field current when the scaling occurs. Each of the three Signal settings has
a setting range of —10 to 10 Vdc with increments of 0.01 Vdc. Each of the three Scale settings is
expressed as a percentage of the rated field current and has a setting range of 0 to 200% with increments
of 0.1%. These settings are enabled only when Takeover overexcitation limiting is enabled on the
Configuration tab of the Limiters screen.

SCL Scaling. Scaling of stator current limiting is provided for three levels (or points) of stator current.
Each level, or point, has a Signal setting to adjust the scaling level and a Scale setting to establish the
level of stator current when the scaling occurs. Each of the three Signal settings has a setting range of —
10 to 10 Vdc with increments of 0.01 Vdc. Each of the three Scale settings is expressed as a percentage
of the rated stator current and has a setting range of 0 to 200% with increments of 0.1%.

Protection

The Protection screen consists of five tabs: General Protection, 24 Volts/Hertz, Loss of Sensing, EDM,
and Relay Setup. Click the Protection button on the tool bar to view the Protection screen.

General Protection

General Protection tab settings are shown in Figure 54 and described in the following paragraphs.
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Figure 4-28. Protection Screen, General Protection Tab
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The General Protection tab has two setting groups: Primary and Secondary. The Primary and Secondary
buttons select between the protection settings used when the DECS-400 is functioning as the primary or
secondary DECS-400 in a redundant system.

Generator Overvoltage — Enable/Disable. The generator overvoltage pickup level and delay settings are
enabled and disabled by this setting.

Generator Overvoltage — Pickup Level. This setting configures the setpoint, in primary voltage, for
generator overvoltage protection. A setting of 0 to 575,000 Vac may be entered in 1 Vac increments.

Generator Overvoltage — Delay. This setting establishes the time delay for the generator overvoltage
protection function. A setting of 0.1 to 60.0 seconds may be entered in 0.1 second intervals.

Field Overvoltage — Enable/Disable. The field overvoltage pickup level and delay settings are enabled
and disabled by this setting.

Field Overvoltage — Pickup Level. This setting configures the setpoint for field overvoltage protection. A
setting of 1 to 2,000 Vdc may be entered in 1 Vdc increments.

Field Overvoltage — Delay. This setting establishes the time delay for the field overvoltage protection
function. A setting of 0.2 to 30.0 seconds may be entered in 0.1 second intervals.

Loss of Field Iso. Transducer — Enable/Disable. Loss of field isolation transducer protection is enabled
and disabled by this setting.

Loss of Field Iso. Transducer — Delay. This setting establishes the time delay for loss of field isolation
transducer protection. A setting of 0 to 9.9 seconds may be entered in 0.1 second increments.

Generator Undervoltage — Enable/Disable. The generator undervoltage pickup level and delay settings
are enabled and disabled by this setting.

Generator Undervoltage — Pickup Level. This setting configures the setpoint for generator undervoltage
protection. A setting of 0 to 575,000 Vac may be entered in 1 Vac increments.

Generator Undervoltage — Delay. This setting establishes the time delay for the generator undervoltage
protection function. A setting of 0.5 to 60.0 seconds may be entered in 0.1 second increments.

Field Overcurrent — Enable/Disable. The field overcurrent pickup level and dial settings are enabled and
disabled by this setting.

Field Overcurrent — Pickup Level. This setting configures the setpoint for field overcurrent protection. A
setting of 0.1 t0 9,999.0 Adc may be entered in 0.01 Adc increments.

Field Overcurrent — Dial. This setting establishes the time dial setting for the field overcurrent protection
function. A setting of 0.1 to 20.0 seconds may be entered in 0.1 second increments.

Power Supply Low — Enable/Disable. Low power supply voltage protection is enabled and disabled by
this setting. The low power supply voltage threshold is fixed and not user-adjustable.

Loss of Field — Enable/Disable. The loss of field pickup level and delay settings are enabled and disabled
by this setting.

Loss of Field — Pickup Level. This setting configures the setpoint for loss of field protection. A setting of 0
to 3,000,000 Vdc may be entered in 1 Vdc increments.

Loss of Field — Delay. This setting establishes the time delay for the loss of field protection function. A
setting of 0 to 9.9 seconds may be entered in 0.1 second increments.

Field Overtemperature — Enable/Disable. The field overtemperature pickup level and delay settings are
enabled and disabled by this setting.

Field Overtemperature — Pickup Level. This setting configures the setpoint for field overtemperature
protection. A setting of 0 to 572°C may be entered in 1°C increments.

Field Overtemperature — Delay. This setting establishes the time delay for field overtemperature
protection. A setting of 0.1 to 60.0 seconds may be entered in 0.1 second increments.

24 Volts/Hz

24 Volts/Hz settings are shown in Figure 55 and described in the following paragraphs.
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Figure 4-29. Protection Screen, 24 Volts/Hz Tab
24 Volts/Hertz — Option. This setting enables and disables volts per hertz (overexcitation) protection.

24 Volts/Hertz — Inverse Time Curve Exponent. This setting is used to configure the inverse timing curve
of the 24 protection function. An exponent of 0.5, 1, or 2 may be selected.

24 Volts/Hertz — Inverse Time Pickup Setpoint and Pickup Time Dial. These settings are used to establish
an inverse square timing characteristic to approximate the generator end-iron heating characteristic
during overexcitation. A per-unit Pickup Setpoint of 0.50 to 6.00 may be entered in increments of 0.01. A
Pickup Time Dial of 0 to 9.9 may be entered in increments of 0.1.

24 Volts/Hertz — Reset Time Dial. This setting establishes a linear reset characteristic that approximates
the effects of generator end-iron cooling. A Reset Time Dial setting of 0 to 9.9 may be entered in
increments of 0.1.

24 Volts/Hertz — Definite Time Pickup #1, #2 and Definite Time Pickup #1, #2. Two sets of definite
Volts/Hertz pickup settings can be used to establish two fixed-time overexcitation pickup settings. Definite
Time Pickup #1 and #2 have a setting range of 0.5 to 6.00 with an increment of 0.01. Definite Time Delay
#1 and #2 may be set over a range of 0.5 to 600.00 seconds in 0.05 second increments.

Loss of Sensing
Loss of Sensing tab functions are shown in Figure 56 and described in the following paragraphs.

Loss of Sensing Voltage — Option. This setting enables and disables loss of sensing voltage protection.
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General Protection | 24 ValtsiHz | EDM | Relay Setup

Sensing Voltage
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)
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m Ealanced Lewvel
m Unbalanced Level

Dizable  » Transfer To FCR

Figure 4-30. Protection Screen, Loss of Sensing Tab

Loss of Sensing Voltage — Balanced Level. When all three phases of sensing voltage decrease below this
setting, the loss of sensing time delay begins timing out. A setting of 0 to 100 percent (of nominal) may be
entered in 0.1 percent increments. Refer to the example in Figure 57.

Nominal Voltage: 100 Vrms Timer starts when all 3 phases S
Balanced Level Setting: 80.0 decrease below 80% of nominal.
Alarm
Three-phase [ | | | | -
Voltage D I I | | -
60 70 80 90 100 110 120

Figure 4-31. Example of Balanced Level Threshold

Loss of Sensing Voltage — Unbalanced Level. When the absolute difference between the average of all
three phases and any one of the three phases of sensing voltage exceeds this setting, the loss of sensing
voltage time delay begins timing out. A setting of 0 to 100 percent (from nominal) may be entered in 0.1
percent increments. Refer to the example in Figure 58.

P0067-07

Nominal Voltage: 100 Vrms Timer starts when one phase b
Unbalanced Level Setting: 20.0 exceeds 20% from nominal.
Alarm Alarm
Single-phase[} I | I N
Voltage h I I I "
70 80 90 100 110 120 130

Figure 4-32. Example of Unbalanced Level Threshold
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Loss of Sensing Voltage — Delay. This setting determines the length of time between when a loss of
sensing voltage condition is detected and annunciated. A setting of 0 to 30 seconds may be entered in
0.1 second increments.

Loss of Sensing Voltage — Transfer to FCR. This setting enables and disables the transfer to FCR mode
when a loss of sensing voltage condition is detected.

EDM

EDM tab settings are shown in Figure 59 and described in the following paragraphs.

Pole Ratio. The ratio of the number of exciter field poles to the number of main field poles is entered in
this setting field. A value of 0 to 40.00 may be entered in 0.01 increments.

BESTCOMS-DECS400 - [Protection] M=
:B File Wiew Communications Tools ‘Window Help - 8 x
EE'. Configure | Settings Gain Limiters | Protection P23 Logic
7]

3 A |.£>“|H| = 1= .@| Analyziz Data Log heter
General Protection | 24 Yolts!Hz | Loss Of Senzin : Relay Setup

EDM (Exciter Diode Monitor) for Brushless Exciters

Pole Fatio

Calculatar

Open Diode (0D} Shorted Diode &0

Cption Cption
Pickup Level Pickup Level
Disable Lewvel Drelay

Figure 4-33. Protection Screen, EDM Tab

The Calculator button, adjacent to the Pole Ratio field, can be clicked to access the Pole Ratio Calculator
shown in Figure 60. Entering the number of exciter poles and the number of generator poles and clicking

the Calculate button calculates the pole ratio. Clicking the Apply button or OK button enters the calculated
result in the Pole Ratio field of the EDM tab.

Pole Ratio Calculator

Murmber of Exciter Pales

Murmber of Generator Poles

QK. Apply Cancel

Figure 4-34. Pole Ratio Calculator
Open Diode — Option. This setting enables and disables open exciter diode protection.

Open Diode — Pickup Level. This setting configures the percent of rated field current that indicates an
open exciter diode. A setting of 0 to 100.0 percent may be entered in 0.1 percent increments.

Open Diode — Disable Level. This setting configures the percent of rated field current that disables both
open- and shorted-diode protection. A setting of 0 to 100.0 percent may be entered in 0.1 percent
increments.
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Open Diode — Delay. This setting establishes the time delay between when an open exciter diode is
detected and annunciated. A setting of 10 to 60.0 seconds may be entered in 0.1 second increments.

Shorted Diode — Option. This setting enables and disables shorted exciter diode protection.

Shorted Diode — Pickup Level. This setting configures the percent of rated field current that indicates a
shorted exciter diode. A setting of 0 to 100.0 percent may be entered in 0.1 percent increments.

Shorted Diode — Delay. This setting establishes the time delay between when a shorted exciter diode is
detected and annunciated. A setting of 5 to 30.0 seconds may be entered in 0.1 second increments.

Relay Setup
Relay Setup settings are shown in Figure 61 and described in the following paragraphs.

BESTCOMS-DECS400 - [Protection] =3

:B File View Communications Tools wWindow Help

- 8 x
E_‘E Configure | Settings Gain Limiters | Protection| PSS Logic
3 . |.§|H| S5 -@| Analvsiz D'ata Log

General Protection | 24 Yalts/Hz | Loss Of Sensing | EDM |

Mormally Open | CORtactStatus Momally Open » | ContactStatus

010 Momentary Time 0.0 Mamentary Time

Marmaly Open Contact Status Momaly Open Contact Status
Momentary Tifme Mamentary Tirme

Momally Open | ContactStatus Momally Open s |  Contact Status

Marmentary Tirme 010 Maornentary Tirme

Figure 4-35. Protection Screen, Relay Setup Tab

Relay #1, #2, #3, #4, #5, #6 — Contact Status. This setting configures the corresponding programmable
output as having normally open or normally closed contacts.

Relay #1, #2, #3, #4, #5, #6 — Contact Type. This setting selects one of three contact types: Momentary,
Maintained, or Latched. Selecting Momentary closes or opens the relay contacts for the duration
determined by the Momentary Time setting. Selecting Maintained closes or opens the relay contacts for
the duration of the condition triggering the relay’s change of state. Selecting Latched latches the relay
contacts open or closed until the relay is reset by the user.

Relay #1, #2, #3, #4, #5, #6 — Momentary Time. When Momentary is selected as the contact type, this
setting controls the duration that the contact is open/closed when the relay output is active. A time setting
of 0.1 to 5 seconds may be entered in 0.05 second increments.

PSS

Note

A minimum of two sensing CTs are required for PSS applications.
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The PSS screen consists of five tabs: Configure, Control, Parameters, Output Limiter, and Rate of
Change. Click the PSS button on the tool bar to view the PSS screen.

Confiqure
Configure tab settings consist of Setting Group Logic settings and Rate of Change settings. The Setting
Group Logic settings are shown in Figure 62 and described in the following paragraphs.

BESTCOMS-DECS400 - [PSS (Power System Stabilizer)] E@g|
8 x

.EB Ble ‘\iew Communications Tools Window Help k-
% Configure Settings Gain Limiters Fraotection Fs5 Logic
0 —

Analysis Data Log heter

Configure i Control | Parameters | Qutput Limniter

Setting Group Logic | Rate Of Change

[ |Enahble

Threshaold 0.00

Hysteresis 0.00

Figure 4-36. PSS Screen, Configure Tab

Power Level — Threshold. When the power level increases above this setting (and PSS Setting Group
Logic is enabled), the PSS gain settings will switch from the primary group to the secondary group. A per-
unit Threshold setting of 0 to 1.00 may be entered in increments of 0.01.

Power Level — Hysteresis. Following a transfer from the primary PSS gains settings to the secondary
group, this setting determines the level of (decreasing) power where a transfer will occur from the
secondary group to the primary group. A per-unit Hysteresis setting of 0 to 1.00 may be entered in
increments of 0.01.

The Rate of Change settings are illustrated in Figure 63 and described in the following paragraphs.

Block Time. Once the PSS output is driven to zero during a rate of frequency-change event, it is ramped
back up to its previous, nominal value over the time defined by the Block Time setting. A setting of 0 to 20
seconds may be entered in 0.1 second increments.

Low-Pass Filter Time Constant. This setting can be used to tailor the response of the PSS rate-of-change
function to the application. A setting of 0 to 20 seconds may be entered in 0.01 second increments.

Washout Filter Time Constant. This setting can be used to tailor the response of the PSS rate-of-change
function to the application. A setting of 0 to 20 seconds may be entered in 0.01 second increments.

Control

The Control tab has two setting groups: Primary and Secondary. These two groups are selected with the
Primary and Secondary buttons. In the default, PSS logic schemes provided with the DECS-400, a
contact input is used to select between the primary and secondary PSS settings. (Primary/secondary
gains are automatically selected when the PSS becomes active.)
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BESTCOMS-DECS400 - [PSS (Power Sysiem Stabilizer)]
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Block Time

Figure 4-37. PSS Screen, Rate of Change Tab

Control tab settings are shown in Figure 64 and described in the following paragraphs.

BESTCOMS-DECS400 - [PSS (Power System Stabilizer)]
.EB e Wiew
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Power Hysteresis
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w | SSWY 1 - Power Washout Filter #2 Exclude w | S8WY 7 - dth Lead/Lag Stage

SSW 2 - PSS Signal w  SEW 8- Term. Yoltage Limiter
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+w | S8WY 3 - PSS Signal Disable

S5W 4 - Torsional Filter 1 w | SEW 10- PSS Output
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~

+w | B5W 5 - Torsional Filter 2

PSS Control — Enable.

Figure 4-38. PSS Screen, Control Tab
This setting enables and disables the power system stabilization by the DECS-

400. This setting is available only when the primary settings of the Control tab are displayed.

Supervisory Function —

Power-On Threshold. This setting defines the power level (watts) required to

enable power system stabilizer operation. The Power On Threshold is a per-unit setting that is based on

DECS-400
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the Generator Rated Data settings entered on the Rated Data tab of the BESTCOMS System
Configuration screen. A setting of 0 to 1.00 may be entered in increments of 0.01.

Supervisory Function — Power Hysteresis. This setting provides a margin below the power-on threshold
setting so that transient dips in power (watts) will not disable power system stabilizer operation. The per-
unit Power Hysteresis setting is based on the Generator Rated Data settings entered on the Rated Data
tab of the BESTCOMS System Configuration screen. A setting of 0 to 1.00 may be entered in increments
of 0.01.

PSS Model Info. Clicking this link opens a window displaying the function blocks and software switches of
the DECS-400 PSS function.

Software Switch Settings — SSW 0, Speed Low Pass Filter. This setting enables and disables the power
system stabilizer speed input low-pass filter.

Software Switch Settings — SSW 1, Power Washout Filter #2. This setting enables and disables the
washout filter of the power system stabilizer power input.

Software Switch Settings — SSW 2, PSS Signal. This setting selects either derived speed or frequency as
the power system stabilizer signal.

Software Switch Settings — SSW 3, PSS Signal. This setting selects between derived speed or frequency
(SSW 2) and power as the power system stabilizer signal.

Software Switch Settings — SSW 4, Torsional Filter 1. This setting enables and disables the first of two
power system stabilizer torsional filters.

Software Switch Settings — SSW 5, Torsional Filter 2. This setting enables and disables the second of two
power system stabilizer torsional filters.

Software Switch Settings — SSW 6, 37 Lead/Lag Stage. This setting includes and excludes the third
lead/lag stage of the power system stabilizer output.

Software Switch Settings — SSW 7, 4! Lead/Lag Stage. This setting includes and excludes the fourth
lead/lag stage of the power system stabilizer output.

Software Switch Settings — SSW 8, Term. Voltage Limiter. This setting enables and disables the power
system stabilizer terminal voltage limiter.

Software Switch Settings — SSW 9, Logic Limiter. This setting enables and disables the power system
stabilizer logic limiter.

Software Switch Settings — SSW 10, PSS Output. This setting turns on and turns off the power system
stabilizer output.

Parameters

The Parameters tab has two setting groups: Primary and Secondary. The Primary and Secondary buttons
select between the primary and secondary Power System Stabilizer settings. In the default, PSS logic
schemes provided with the DECS-400, a contact input is used to select between the primary and
secondary PSS settings. (Primary/secondary gains are automatically selected when the PSS becomes
active.)

Parameters tab settings are shown in Figure 65 and described in the following paragraphs.

Low-Pass/Ramp Tracking — TI1, TI2, TI3-Time Const. These setting fields configure the three low-pass
filter time constants (T, Tiz, and Ti3). TI1 can be set over the range of 0 to 20 seconds in 0.01 second
increments. T2 can be set over the range of 0.01 to 20.00 seconds in 0.01 second increments. TI3 can
be set over the range of 0.05 to 20.00 seconds in 0.01 second increments.

Low-Pass/Ramp Tracking — Tr-Time Const. This setting field configures the ramp tracking filter time
constant. The time constant has a setting range of 0.01 to 1.00 with increments of 0.01.

Low-Pass/Ramp Tracking — N-Num Exp. This setting field establishes the mechanical power filter
numerator exponent and can be set at a value of 0 or 1.

Low-Pass/Ramp Tracking — M-Den Exp. This setting field establishes the mechanical power filter
denominator exponent. A denominator exponent of 0 to 5 may be entered in increments of 1.
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Figure 4-39. PSS Screen, Parameters Tab

High-Pass Filtering/Integration — Tw1, Tw2, Tw3, Tw4-Time Const. These setting fields configure the
three high-pass filtering time constants (Tw1, Twz, Tws, and Tws4). Each time constant can be set over the
range of 1 to 20.00 seconds in 0.01 second increments.

High-Pass Filtering/Integration — H, Inertia. This setting field adjusts rotor inertia (for integration of power
signal) time constant H. The rotor inertia has a setting range of 1 to 25.00 MW-seconds/MVA with setting
increments of 0.01 MW-seconds/MVA.

Torsional Filters. These setting fields are used to set the parameters for torsional filters 1 and 2.

Zeta Num 1 and Zeta Num 2 are used to set the numerator damping ratio for torsional filters 1 and 2
respectively. Zeta Den 1 and Zeta Den 2 are used to set the denominator damping ratio for torsional
filters 1 and 2 respectively. A setting of 0 to 1.00 may be entered in increments of 0.01.

Wn 1 and Wn 2 are used to set the resonant frequency for torsional filters 1 and 2 respectively. A setting
of 10 to 150.00 may be entered in increments of 0.05.

Rotor Freq Calculation — Quadrature Xq. This per-unit setting adjusts the level of quadrature axis
compensation made by the PSS function. The quadrature reactance setting range is 0 to 5.000 with
0.0001 increments.

Power Input — Kpe. This setting field establishes the amplitude of the electrical power input used by the
PSS function. A Kpe setting of 0 to 2.00 may be entered in 0.01 increments.

Phase Comp.-Time Constants. These eight settings adjust the first, second, third, and fourth phase
compensation time constants (lead and lag). The phase compensation time constants may be set from
0.001 to 6 seconds in 0.001 second increments.

Output Limiter

The Output Limiter tab has two setting groups: Primary and Secondary. The Primary and Secondary
buttons select between the primary and secondary Power System Stabilizer settings. In the default, PSS
logic schemes provided with the DECS-400, a contact input is used to select between the primary and
secondary PSS settings. (Primary/secondary gains are automatically selected when the PSS becomes
active.)

Output Limiter tab settings are shown in Figure 66 and described in the following paragraphs.
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PSS Output Limiting — Upper Limit. This per-unit setting adjusts the stabilizer output gain stage (Kg)
maximum limit. A setting of 0 to 0.500 may be entered in 0.001 increments.

PSS Output Limiting — Lower Limit. This per unit setting adjusts the stabilizer output gain stage (Kg)
minimum limit. A setting of —0.500 to 0 may be entered in 0.001 increments.

Stabilizer Gain — Ks. This setting adjusts the stabilizer gain time constant. The time constant has a setting
range of —50 to 50 with increments of 0.01.

Terminal Voltage Limiter — Time Constant. This setting adjusts the time constant for the generator
terminal voltage limiter. A time constant of 0.02 to 5 seconds may be entered in 0.01 second increments.

Terminal Voltage Limiter — Setpoint. This per-unit setting adjusts the setpoint for the generator terminal
voltage limiter. A setpoint of 0 to 10 may be entered in increments of 0.01.

Logic Limiter Washout Filter — Normal Time. This setting adjusts the normal time constant of the washout
filter. A normal time constant of 5 to 30 seconds may be entered in 0.1 second increments.

Logic Limiter Washout Filter — Limit Time. This setting adjusts the limit time constant of the washout filter.
A limit time constant of 0 to 1 second may be entered in 0.01 second increments.

BESTCOMS-DECS400 - [PSS (Power System Stabilizer)] O
ncB Ele Mew Communicatons Tools Window Help - | & =
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Figure 4-40. PSS Screen, Output Limiter Tab

Logic Output Limiter — Upper Limit. This per-unit setting adjusts the high limit value for the logic output
limiter. An upper limit of 0.01 to 0.04 may be entered in 0.001 increments.

Logic Output Limiter — Lower Limit. This per-unit setting adjusts the low limit value for the logic output
limiter. A lower limit of —0.4 to —0.01 may be entered in 0.001 increments.

Logic Output Limiter — Time Delay. This setting adjusts the time delay of the logic output limiter. A time
delay of 0 to 2 seconds may be entered in 0.01 second increments.

Metering

The Metering screen consists of four tabs: Operation, System Alarms, System Status, and I/O Status.
Click the Meter button on the tool bar to view the Metering screen.

Operation

The Operation tab of the Metering screen is shown in Figure 67. Operation tab parameters and controls
are described in the following paragraphs.
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Generator. Nine real-time metering values display the generator voltage, current and frequency.

Field. Four real-time metering values display the field voltage, current, temperature, and exciter diode
ripple.

Phase Angle. These five real-time metering fields consist of two phase-angle fields for voltage and three
phase-angle fields for current.

Power. Four real-time metering values display generator apparent power, real power, reactive power, and
power factor.

PSS (Power System Stabilizer). Seven real-time values metered by the PSS function display positive
sequence voltage and current, negative sequence voltage and current, percent terminal frequency
deviation, percent compensated frequency deviation, the per-unit PSS output level, and PSS rate of
change. The PSS function on/off status is also reported.

Control. These three real-time metering fields display the remote setpoint control signal level (volts or
milliamperes) applied to the auxiliary input terminals and the excitation setpoint control signal level (volts
or milliamperes) being supplied by the DECS-400.
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Figure 4-41. Metering Screen, Operation Tab

Tracking. One real-time metering field indicates the setpoint tracking error. Two status fields indicate the
on/off status for internal tracking and external tracking.

Bus. This real-time metering field displays the level of the bus voltage.

Start/Stop Mode. Two indicators show the start/stop mode status of the DECS-400. In Stop mode, the
Stop indicator changes from gray to green. In Start mode, the Start indicator changes from gray to red.
The Start/Stop button is clicked to toggle the DECS-400 start/stop mode status.

AVR/Manual Mode. AVR and Manual mode status is reported by two indicators. When the DECS-400 is
operating in AVR mode, the AVR indicator changes from gray to red. When operating in Manual mode,
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the Manual indicator changes from gray to red. AVR mode or Manual mode is selected through the drop-
down menu.

FCR/FVR Mode. FCR and FVR mode status is reported by two indicators. When the DECS-400 is
operating in FCR mode, the FCR indicator changes from gray to red. When operating in FVR mode, the
FVR indicator changes from gray to red. FCR mode or FVR mode is selected through the drop-down
menu.

VAR/PF Mode. Three indicators report whether Var mode is active, Power Factor mode is active, or
neither mode is active. When Var mode is active, the VAR indicator changes from gray to red. When
Power Factor mode is active, the PF indicator changes from gray to red. When neither mode is active, the
Off indicator changes from gray to green. Var and Power Factor modes are enabled and disabled through
the drop-down menu.

Setpoint Pre-position. A control button and indicator is provided for the two setpoint pre-positions. Clicking
the Set 1 button adjusts the excitation setpoint to the pre-position 1 value and changes the Pre-position 1
indicator from gray to red. Clicking the Set 2 button adjusts the excitation setpoint to the pre-position 2
value and changes the Pre-position 2 indicator from gray to red.

Setpoint Fine Adjust. Clicking the Raise button increases the active operating setpoint. Clicking the Lower
button decreases the active operating setpoint. The raise and lower increment is a function of the setpoint
range of adjustment and the active mode traverse rate. The increments are directly proportional to the
adjustment range and inversely proportional to the traverse rate.

Setpoints. Five status fields indicate the setpoints for AVR mode, FCR mode, FVR mode, Var mode, and
Power Factor mode.

System Alarms

System Alarms tab indicators are shown in Figure 68 and described in the following paragraphs.
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Figure 4-42. Metering Screen, System Alarms Tab
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System Alarms. When any of 27 alarm conditions (Figure 68) exist, the corresponding indicator changes
from gray to red. Clicking the RESET button resets any system alarm annunciation that is no longer
active.

Note

Two volts per hertz alarm indicators are provided on the System
Alarms tab: Excessive V/Hz and Underfrequency V/Hz. The Excessive
V/Hz indicator annunciates that VV/Hz protection is active and the
Underfrequency V/Hz indicator annunciates that the V/Hz limiter is
active.

System Status. Various system operating modes (Figure 68) are listed alongside text labels that change
according to the status of each operating mode.

System Status

System Status tab indicators are shown in Figure 69 and described in the following paragraphs.
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Figure 4-43. Metering Screen, System Status Tab

Front Panel LED Status. These indicators mirror the front panel indicator LEDs on the DECS-400 front
panel. An indicator changes from gray to red when the corresponding front panel LED lights.

Active Setting Group Status. Setting groups are listed (Figure 69) alongside text labels that change
according to the status (primary or secondary) of each setting group.

System Status. Various system operating modes (Figure 69) are listed alongside text labels that change
according to the status of each operating mode.

I/O Status
I/O Status tab indicators are shown in Figure 70 and described in the following paragraphs.
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Switch Input Status. These indicators annunciate the status (open or closed) of each DECS-400 contact
input. An open switch input is indicated by a gray indicator; a closed switch input is indicated by a green
indicator.

Relay Output Status. These indicators annunciate the status of each DECS-400 contact output. A de-
energized relay is indicated by a gray indicator; an energized relay is indicated by a red indicator.

Set Programmable Labels. Clicking this button opens the Programmable I/O Labels screen which enables
user-defined labels to be assigned to the DECS-400 contact inputs and outputs. Each input/output can be
assigned a label containing a maximum of 21 alphanumeric characters.

System Status. Various system operating modes (Figure 70) are listed alongside text labels that change
according to the status of each operating mode.
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Figure 4-44. Metering Screen, I/O Status Tab

Data Log

The Data Log screen consists of five tabs: Log Setup, Logic Triggers, Mode Triggers, Level Triggers/Log
Selection, and Trending. Clock the Data Log button on the tool bar to view the Data Log screen.

Log Setup

Log Setup tab parameters and controls are shown in Figure 71 and described in the following
paragraphs.

Data Log Setup — Data Logging Enabled. This setting enables and disables data logging.

Data Log Setup — Pre-Trigger Points. This setting selects the number of data points that are recorded
prior to a data log being triggered. A value of 0 to 599 may be entered in increments of 1.
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Data Log Setup — Pre-Trigger Duration (sec). This read-only field displays the length of time that pre-
trigger data points are recorded. The value displayed is determined by the Pre-Trigger Points and Sample
Interval settings.

Data Log Setup — Post-Trigger Points. This read-only field displays the number of data points that are
recorded after a data log is triggered. The value displayed is determined by the Pre-Trigger Points and
Sample Interval settings.

Data Log Setup — Post-Trigger Duration (sec). This read-only field displays the length of time that post-
trigger data points are recorded. The value displayed is determined by the Pre-Trigger Points and Sample
Interval settings.

Data Log Setup — Sample Interval (ms). This setting establishes the sample rate of the data points. When
the Generator Frequency setting (Configure screen, Options tab) is 60 Hz, a sample interval of 4.166 to
10,415.000 milliseconds may be selected from the pull-down menu. When the Generator Frequency
setting is 50 Hz, a sample interval of 5 to 12,500 milliseconds may be selected.

BESTCOMS-DECS400 - [Data Log] =19
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Figure 4-45. Data Log Screen, Log Setup Tab

Data Log Setup — Total Duration (sec). This read-only field displays the total recording time for a data log
and equals the sum of the Pre-Trigger Duration and the Post-Trigger Duration. The value displayed is
determined by the Pre-Trigger Points and Sample Interval settings.

View Sequence of Events. Clicking this button displays the Sequence of Events Reporting screen (Figure
72). Sequence of Events Reporting screen displays and controls are described in the following
paragraphs.

Report Summary. This area of the Sequence of Events Reporting screen provides information such as
the time and date, station, device and user identification information, and the number of new and total
records.
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Event List. This area of the Sequence of Events Reporting screen lists the available sequence of events
records. The records displayed are determined by the event type selected from the Events To Display
pull-down menu.

Events To Display. The event type displayed in the Event List is controlled by this pull-down menu.
Available event-type selections are New, Most Recent, New Alarm, New I/O, and New Mode.

Print. Clicking this button displays a print preview window showing the Report Summary and the Event
List. Clicking the printer icon sends the report to your printer.

Save. Clicking this button opens a Save As dialog box where the Report Summary and the Event List can
be saved as a text file on your PC.

Reset New Event List. Clicking this button clears the new events from the Event List.

Sequence Of Events Reporting @

Eeport Summary

DECS-400 SECQUEMCE COF EVENTS REPCORT ~
REPORT DATE 1 01723788

REPORT TIME : 09:49:30

STATICH ID :  STATION ID

DEVICE IL :  DECS 400

UIER1 ID : USER 1 ID

USER:Z ID : USER & ID

Ewent List
N EVENTS TO REPORT

[ Print ] [ Save l Events To Display

I e w
[ Eeset Mew BEvent List l

Figure 4-46. Sequence of Events Reporting Screen

View/Download Data Log. Clicking this button displays the Data Log Viewer screen of Figure 73. Data
Log Viewer screen displays and controls are described in the following paragraphs.

Report Summary. This area of the Data Log Viewer screen provides information such as the time and
date, station, device and user identification information, and the number of new and total records.

Record List. This area of the Data Log Viewer screen displays the list of available data log records.
Individual records can be selected from the list and printed, saved as a text file, or downloaded in the
ASCII, ASCII COMTRADE, or binary COMTRADE formats.

Selected Record Information. This area of the Data Log View screen displays information relating to the
data log record selected in the Record List. Displayed information includes the trigger source, number of
pre-trigger points, number of post-trigger points, total points, the sample interval, and the number of
parameters reported.

Trigger Record. This button is clicked to manually trigger data record acquisition. A data log cannot be
manually triggered unless data logging is enabled on the Log Setup tab.

Stop Record. This button is clicked to end acquisition of a manually triggered data record.

Refresh Summary/List. Clicking this button updates the Report Summary data and Record List with the
latest available information.

Reset New Record Counter. Clicking this button resets the number of new records reported in the Report
Summary to zero.
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Fepaort Summary
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Figure 4-47. Data Log Viewer Screen

Reset Total Record Counter. Clicking this button resets the number of total records reported in the Report
Summary to zero.

Print Record. This button is clicked to print a selected data record in the Record List.
Print Report. This button is clicked to print a copy of the Report Summary.

Save Record. This button is clicked to save a selected record in a text file.

Save Report. This button is clicked to save the Report Summary in a text file.

Download Selected Record. Clicking this button displays the COMTRADE/Log File Download screen.
This screen enables the fault record selected from the Record List to be downloaded in the ASCII, ASCII
COMTRADE, or binary COMTRADE formats. Clicking the Download File button enables you to save the
record in the desired format.

Download Trend Log. This button is clicked to display the Trending File Download screen, which enables
you to save a trending file with a “log” file extension. Trend log duration and parameters are selected on
the Trending tab of the Data Log screen.

Mode Triggers Tab

Mode Triggers tab settings are shown in Figure 74 and described in the following paragraphs.

Stop/Start Mode. This setting enables the Start or Stop mode to trigger a data log report. Selecting NO
TRIGGER disables a Start or Stop mode trigger.

Soft Start Mode. This setting enables a data log report to be triggered when Soft Start mode is enabled
(Soft Start Mode Active) or disabled (Off). Selecting NO TRIGGER disables a Soft Start mode trigger.

Underfrequency Mode. This setting enables a data log report to be triggered when Underfrequency mode
is active or inactive. Selecting NO TRIGGER disables an Underfrequency mode trigger.

Control Mode. This setting enables a data log report to be triggered when either AVR mode or Manual
mode is active. Selecting NO TRIGGER disables a control mode trigger.
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Operating Mode. This setting enables a data log report to be triggered when Power Factor mode is active,
Var mode is active, or neither mode is active. Selecting NO TRIGGER disables an Operating mode
trigger.

BESTCOMS-DECS400 - [Data Log] (=13
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Figure 4-48. Data Log Screen, Mode Triggers Tab

Limiter Mode. This setting enables a data log report to be triggered when the underexcitation limiter,
overexcitation limiter, or stator current limiter are active. Additionally, a data log report can be triggered
when two of the limiters are active. The available limiter mode selections are listed below:

e UEL (underexcitation limiter) e VARL & OEL

e OEL (overexcitation limiter) e VARL, OEL, & UEL

o UEL & OEL ¢ VARL & SCL

e SCL (stator current limiter) ¢ VARL, SCL, & UEL

e UEL & SCL e VARL, SCL, & OEL

e OEL & SCL e VARL, SCL, OEL, & UEL

e UEL, OEL & SCL o  Off (no limiters active)

e VARL (reactive power limiter) e NO TRIGGER (disables a limiter mode
e VARL & UEL trigger)

Voltage Matching Mode. This setting enables a data log report to be triggered when Voltage Matching
mode is off or on. Selecting NO TRIGGER disables a Voltage Matching mode trigger.

Secondary DECS Mode. This setting enables a data log report to be triggered when the DECS-400 is
functioning as the primary DECS-400 or secondary DECS-400 in a redundant DECS-400 system.
Selecting NO TRIGGER disables a Secondary DECS Mode trigger.

PSS Controller Mode. This setting enables a data log report to be triggered when the PSS function is
enabled or disabled. Selecting NO TRIGGER disables a PSS Controller mode trigger.

Manual Mode. This setting enables a data log report to be triggered when a transfer to Manual (either
FCR or FVR) mode occurs.

Droop Mode. This setting enables a data log report to be triggered when Droop mode is enabled or
disabled. Selecting NO TRIGGER disables a Droop mode trigger.

Line Drop Mode. This setting enables a data log report to be triggered when Line Drop mode is enabled
or disabled. Selecting NO TRIGGER disables a Line Drop mode trigger.
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Cross Current Comp. Mode. This setting enables a data log report to be triggered when cross-current
compensation (reactive differential) is enabled or disabled. Selecting NO TRIGGER disables a Cross-
Current Compensation mode trigger.

Test Mode. This setting enables a data log report to be triggered when Test mode is enabled or disabled.
Selecting NO TRIGGER disables a Test mode trigger.

Level Triggers/Log Selection

The Level Triggers/Log Selection tab (Figure 75) consists of a list of parameters that can be selected to
trigger a data log report. Up to six parameters can be selected as triggers. Each parameter has a Level
Trigger Enable setting which configures a data log to be triggered when the parameter increases above
the Upper Threshold setting, decreases below the Lower Threshold setting, or either increases
above/decreases below the Upper Threshold/Lower Threshold setting. The list of parameters that can be
selected from to trigger a data log report is provided in Table 7.The Lower Threshold and Upper
Threshold setting range for each parameter is listed also.

Table 4-2. Data Log Report Parameter Triggers

Unit of Threshold
Parameter Measure Lower Upper Increment

Auxiliary Voltage Input \Y —2to 2 —2to 2 0.01
AVR PID Error Signal Input \Y —2to 2 —2to 2 0.01
Bus Frequency Hz 0to 180 0to 180 0.01
Bus Voltage Vv —-2t02 —-2t02 0.01
Comp. Frequency Deviation Hz —60 to 60 —60 to 60 0.01
Control Output * N/A -32,767 to 32,767 -32,767 to 32,767 1

Cross Current Input A —4t04 —4t04 0.01
Field Current A —-2t02 —-2t02 0.01
Field Temperature PU —-2t02 —-2t02 0.01
Field Voltage Vv —-2t02 —-2t02 0.01
Frequency Response Vv —-2t02 —-2t02 0.01
Generator Apparent Power PU —-2t02 —-2t02 0.01
Generator Average Current kVA —-4to4 —-4t04 0.01
Generator Average Voltage Vv —-2t02 —-2t02 0.01
Generator Current la A —-4t04 —4to4 0.01
Generator Current |Ib A —-4to4 —-4to4 0.01
Generator Current Ic A —-4to4 —-4t04 0.01
Generator Frequency Hz 0to 180 0to 180 0.01
Generator Power Factor PF -1to1 —-1to1 0.01
Generator Reactive Power kvar —-2t02 —-2t02 0.01
Generator Real Power kW —-2t02 —-2t02 0.01
Generator Voltage Vab Vv —-2t02 —-2t02 0.01
Generator Voltage Vbc Vv —-2t02 —-2t02 0.01
Generator Voltage Vca Vv —-2t02 —-2t02 0.01
Negative Sequence Current A —-4t04 —4to4 0.01
Negative Sequence Voltage Vv —-2t02 —-2t02 0.01
Null Balance PU —-2t02 —-2t02 0.01
OEL Controller Output Vv —-2t02 —-2t02 0.01
PF Mode Output Vv —-2t02 —-2t02 0.01
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Unit of Threshold
Parameter Measure Lower Upper Increment
Phase Angle la — Vca Degrees -180 to 180 -180 to 180 0.01
Phase Angle laux — Vca Degrees -180 to 180 -180 to 180 0.01
Phase Angle Ib — Vca Degrees -180 to 180 -180 to 180 0.01
Phase Angle Ic — Vca Degrees -180 to 180 -180 to 180 0.01
Phase Angle Vab Degrees -180 to 180 -180 to 180 0.01
Phase Angle Vbc Degrees -180 to 180 -180 to 180 0.01
PID Integrator State N/A -32,767 to 32,767 -32,767 to 32,767 1
Position Indication PU —-2t02 —-2t02 0.01
Positive Sequence Current A —4t04 —4t04 0.01
Positive Sequence Voltage Vv —-2t02 —-2t02 0.01
PSS Electrical Power PU —-2t02 —-2t02 0.01
PSS Filtered Mech. Power PU —-2t02 —-2t02 0.01
PSS Final Output PU —-2t02 —-2t02 0.01
PSS Lead-Lag #1 PU —-2t02 —-2t02 0.01
PSS Lead-Lag #2 PU —-2t02 —-2t02 0.01
PSS Lead-Lag #3 PU —-2t02 —-2t02 0.01
PSS Lead-Lag #4 PU —-2t02 —-2t02 0.01
PSS Mechanical Power LP #1 PU —-2t02 —-2t02 0.01
PSS Mechanical Power LP #2 PU —-2t02 —-2t02 0.01
PSS Mechanical Power LP #3 PU —-2t02 —-2t02 0.01
PSS Mechanical Power LP #4 PU —-2t02 —-2t02 0.01
PSS Mechanical Power PU —-2t02 —-2t02 0.01
PSS Post-Limit Output PU —-2t02 —-2t02 0.01
PSS Power HP #1 PU -2to2 -2to2 0.01
PSS Pre-Limit Output PU —-2t02 —-2t02 0.01
PSS Speed HP #1 PU -2to2 -2to2 0.01
PSS Synthesized Speed PU —-2t02 —-2t02 0.01
PSS Terminal Voltage PU —-2t02 —-2t02 0.01
PSS Torsional Filter #1 PU —-2t02 —-2t02 0.01
PSS Torsional Filter #2 PU —-2t02 —-2t02 0.01
PSS Washed Out Power PU —-2t02 —-2t02 0.01
PSS Washed Out Speed PU —-2t02 —-2t02 0.01
Rate of Frequency Change PU —-2t02 —-2t02 0.01
SCL Controller Output Vv —-2t02 —-2t02 0.01
Terminal Freq. Deviation Hz —60 to 60 —60 to 60 0.01
Time Response Vv —-2t02 —-2t02 0.01
UEL Controller Output Vv —-2t02 —-2t02 0.01
VARL Controller Output PU —-2t02 —-2t02 0.01

* The Control Output lower and upper threshold numbers correspond to a control output voltage
with a range of —10 to 10 Vdc. The desired control voltage to trigger a data log can be converted

to the equivalent threshold value by using the following equation:
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Control Voltage
Threshold Value = 10 X 32767

For example, to trigger a data log when the DECS-400 control voltage increases above 7 Vdc, an upper
threshold value of 22,937 would be entered:

22936.9 = %x 32767
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Figure 4-49. Data Log Screen, Level Triggers/Log Selection Tab

Logic Triggers Tab

Logic Trigger tab settings are shown in Figure 76 and described in the following paragraphs.

Alarm States. This area of the Logic Triggers tab lists the available alarm conditions that can be selected
to trigger a data log report. Any combination of alarm states may be selected.

Relay Outputs. This area of the Logic Triggers tab lists the available DECS-400 contact outputs that can
be selected to trigger a data log report. Any combination of relay outputs may be selected.

Contact Inputs. This area of the Logic Triggers tab lists the available DECS-400 contact inputs that can
be selected to trigger a data log report. Any combination of contact inputs may be selected.
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Figure 4-50. Data Log Screen, Logic Triggers Tab

Trending

Trending tab settings and controls are shown in Figure 77 and described in the following paragraphs.
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Figure 4-51. Data Log Screen, Trending Tab

Parameter. A maximum of six system and DECS-400 parameters may be selected for monitoring in a

trend log.
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Setup. Trend log acquisition is enabled and disabled through this setting.

Trend Duration. Trend log duration is configured by three time settings: Day(s), Hour(s), and Minutes(s).

The Day(s) setting has a range of 0 to 31 days with 1 day increments. The Hour(s) setting has a range of
0 to 23 hours with 1 hour increments. The Minute(s) setting has a range of 0 to 58 minutes with 1 minute
increments. A read-only field below the Trend Duration settings displays the trend duration selected.

Download Trend Log. This button is clicked to display the Trending File Download screen, which enables
you to save a trending file with a “log” file extension. Trend log duration and parameters are selected on
the Trending tab of the Data Log screen.

Analysis

Click the Analysis button on the tool bar to view the Analysis screen.

The Analysis screen can be used to perform and monitor on-line PSS and AVR testing. Two plots of user-
selected data can be generated and the logged data can be stored in a file for later examination. Analysis
screen controls and indications are shown in Figure 78 and described in the following paragraphs.

Analysis (Real-Time Monitor)
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Figure 4-52. Analysis Screen
Save Button. Graphs can be saved in a file by clicking this button.
Open Button. DECS-400 graphs saved with a .dg4 file extension can be retrieved with this button.
Print Button. Clicking this button displays a print preview screen that enables printing of graphs.

Graph 1. When this button is depressed, graph 1 is displayed on the Analysis screen. When this button is
raised, only graph 2 is displayed.

Graph 2. When this button is depressed, graph 2 is displayed on the Analysis screen. When this button is
raised, only graph 1 is displayed.

Start/Stop. This button starts and stops the acquisition of data points for the graphs. The button is labeled
Start when graphing is stopped and Stop when graphing is active.
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Clear. Clicking this button clears the data points displayed in the graphs.

Time in Graph. This setting selects the total time that data points are accumulated on the graph. When a
different time setting is selected, the x-axis grid numbers automatically adjust to maintain 16.667
milliseconds between points. A time setting of 200 ms, 516 ms, 1.03 s, 2.08 s, 4.16 s, 8.33 s, 16.67 s, or
33.33 s may be selected.

Scroll Graph. Clicking this button displays the X Axis Start Point setting box which displays the
permissible range for the x-axis start point and accepts a number representing a starting point for
scrolling across the x-axis.

Maximize/Restore. This button expands the Analysis screen to a full-screen size and restores the
Analysis screen to its normal, default size.

Exit. Clicking this button exits the Analysis screen and returns to the last-viewed screen.

Graph Settings

Parameter. This setting selects the parameter to be displayed on the graph. Any one of the following
parameters may be selected:

Aux voltage input (Vaux)

Average line current (lavg)
Average line-to-line voltage (Vavg)
AVR error signal (Errin)

Bus frequency (BHz)

Bus voltage (Vbus)

Compensated frequency deviation (CompF)
Control output (CntOp)
Cross-current input (laux)

Field current (Ifd)

Field voltage (Vfd)

Field temperature

Filtered mechanical power (MechP)
Final PSS output (Pout)

Freq response signal (Test)
Generator frequency (GHz)

la phase angle (PhA)

laux phase angle (PhAux)

Ib phase angle (PhB)

Ic phase angle (PhC)

Internal state (TrnOp)

Lead-lag #1 (x15)

Lead-lag #2 (x16)

Lead-lag #3 (x17)

Lead-lag #4 (x31)

Mechanical power (x7)
Mechanical power LP #1 (x8)
Mechanical power LP #2 (x9)
Mechanical power LP #3 (x10)
Mechanical power LP #4 (x11)
Negative sequence current (12)
Negative sequence voltage (V2)
Null balance (%)

OEL controller output (OelOutput)

Y-Axis Max. This setting selects the maximum value of the y axis.

PF mode output (VPfOp)

Phase A current (la)

Phase A to B, line-to-line voltage (Vab)
Phase B current (Ib)

Phase B to C, line-to-line voltage (Vbc)
Phase C current (Ic)

Phase C to A, line-to-line voltage (Vca)
Position indication (%)

Positive sequence current (11)
Positive sequence voltage (V1)
Post-limit output (Post)

Power factor (PF)

Power HP #1 (x5)

Pre-limit output (Prelm)

PSS electrical power (Pss/kW)

PSS term voltage (Vitmag)

Rate of frequency change

Reactive power (kvar)

Real power (kW)

SCL controller output (SelOutput)
Speed HP #1 (x2)

Synthesized speed (Synth)

Terminal frequency deviation (TermF)
Time response signal (PTest)
Torsional filter #1 (Tflt1)

Torsional filter #2 (x29)

Total power (kVA)

UEL controller output (UelOutput)
Vab phase angle (PhAB)

VARL controller output (PU)

Vbc phase angle (PhBC)

Washed out power (WashP)

Washed out speed (WashW)

Y-Axis Min. This setting selects the minimum value of the y axis.

Filter (Hertz). This setting selects the cutoff filter frequency for the parameter to be graphed.
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RTM Frequency Response

Clicking the Frequency Response button on the Analysis screen displays the Real-Time-Metering
Frequency Response screen shown in Figure 79. This screen’s settings and controls are described in the
following paragraphs.

RTM Frequency Response

M ode Test Signal Location Frequency Response Automatic Dptions

2 %R Summing v M agnitude [dB] Mawx Freq. [Hz] | 1pg v
Transfer Function Phase [Degrees) Min Freq. [Hz) |04 v

Exxit
Input Teminal Freq. Dev. {pu} et M) Magnitude 1.000 |

Plat Frequency
O Response Output Gen Avg Voltage (v} 2 Bode Plat

Figure 4-53. RTM Frequency Response Screen

Mode. Either Manual mode or Auto mode may be selected. In Manual mode, a single frequency can be

specified to obtain the corresponding magnitude and phase responses. In Auto mode, BESTCOMS will

sweep the range of frequencies (determined by the Frequency (Max) and Frequency (Min) settings) and
obtain the corresponding magnitude and phase responses.

Plot Frequency Response. If selected, BESTCOMS will generate a Bode plot when requested to do so by
clicking the Bode Plot button. Phase compensation time constants T1-T8 can also be plotted and
adjusted on the Bode Plot screen.

Test Signal Location. This pull-down menu allows selection of the point in the DECS-400 logic circuitry
where a signal is injected for analysis of magnitude and phase responses on the Analysis screen plot.
Signal points include AVR summing, PSS Comp Frequency, PSS Electric Power, AVR PID Input, and
Manual PID Input.

Transfer Function — Input and Output. These two pull-down menus select the type of signal to be applied
and output. The available signal types are:
Auxiliary Voltage Input (V)

AVR PID Error Signal Input (V)
Comp. Frequency Deviation (%)
Control Output

Field Current (A)

Field Voltage (V)

Generator Average Voltage (V)
Generator Frequency (Hz)
Generator Reactive Power (kvar)
Generator Real Power (kW)

PSS Electrical Power (PU)

PSS Filtered Mech. Power (PU)
PSS Final Output (PU)

PSS Lead/Lag #1 (PU)

PSS Lead/Lag #2 (PU)

PSS Mech. Power LP #1 (PU
PSS Mech. Power LP #2 (PU
PSS Mech. Power LP #3 (PU
PSS Mech. Power LP #4 (PU
PSS Mechanical Power (PU)
PSS Post-Limit Output (PU)
PSS Power HP #1 (PU)

PSS Pre-Limit Output (PU)
PSS Speed HP #1 (PU)

PSS Synthesized Speed (PU)
PSS Terminal Voltage (PU)

PSS Torsional Filter #1 (PU)

PSS Torsional Filter #2 (PU)

PSS Washed Out Power (PU)
PSS Washed Out Speed (PU)
PSS Lead/Lag #3 (PU) Terminal Frequency Deviation (%)
PSS Lead/Lag #4 (PU) Test Signal (V)

Transfer function input/output locations are illustrated in Figure 80.

)
)
)
)

Frequency Response — Magnitude (dB). This read-only field displays the magnitude response that
corresponds to the test signal previously applied.

Frequency Response — Phase (Degrees). This read-only field displays the phase response that
corresponds to the test signal previously applied.

Frequency Response — Test Frequency. This read-only field displays the frequency of the test signal
currently being applied. Bode Plot. Clicking this button generates the magnitude and phase Bode plot.
The Bode plot can be printed and saved. An image of the magnitude plot or phase plot can be saved as a
GIF file. All graph data can also be saved as a comma-delimited format (CSV) file.
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1. Comp. Freq. Dev. (PU) 13. PSS Filt. Mech. Power (PU)
2. PSS Electrical Power (PU) 14. PSS Synthesized Speed (PU)
3. PSS Terminal Voltage (PU) 15. PSS Torsional Filter #1 (PU)
4. PSS Speed HP #1 (PU) 16. PSS Torsional Filter #2 (PU)
5. PSS Washed Out Speed (PU) 17. PSS Lead/Lag #1 (PU)
6. PSS Power HP #1 (PU) 18. PSS lead/Lag #2 (PU)
7. PSS Washed Out Power (PU) 19. PSS Lead/Lag #3 (PU)
8. PSS Mechanical Power (PU) 20. PSS Lead/Lag #4 (PU)
9. PSS Mechanical Power LP #1 (PU) 21. PSS Pre-Limit Output (PU)
10. PSS Mechanical Power LP #2 (PU) 22. PSS Post-Limit Output (PU)
11. PSS Mechanical Power LP #3 (PU) 23. PSS Final Output (PU)
12. PSS Mechanical Power LP #4 (PU)
Figure 4-54. PSS Block Diagram: Transfer Function Input/Output Locations
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Caution

Exercise caution when performing frequency response testing on a
generator connected to the grid. Frequencies that are close to the
resonant frequency of the machine or neighboring machines are to be
avoided. Frequencies above 3 Hz may correspond to the lowest shaft
torsional frequencies of a genset. A torsional profile for the machine
should be obtained from the manufacturer and consulted before
conducting any frequency response tests.

Automatic Options — Frequency (Max). This setting selects the maximum frequency of the test signal that
is applied to the DECS-400 in Auto mode. A setting of 0.1 to 10 Hz may be entered.

Automatic Options — Frequency (Min). This setting selects the minimum frequency of the test signal that is
applied to the DECS-400 in Auto mode. A setting of 0.1 to 10 Hz may be entered.

Automatic Options — Magnitude. This setting selects the magnitude of the sinusoidal wave that is applied
to the DECS-400 during the frequency response test. A setting of 0 to 10 volts may be entered in 0.001
volt increments.

Manual Options — Frequency. This setting selects the frequency of the test signal that is applied to the
DECS-400 during the frequency response test. A setting of 0.1 to 10 hertz may be entered.

Manual Options — Magnitude. This setting selects the magnitude of the test signal that is applied to the
DECS-400 during the frequency response test in Manual mode. A setting of 0 to 10 may be entered in
0.001 increments.

Manual Options — Time Delay. This setting selects the time after which the magnitude and phase
response corresponding to the specified frequency is computed. This delay allows transients to settle
before computations are made. A setting of 0 to 125 seconds may be entered in 0.1 second increments.

Test Signal

Clicking the Time Response button on the Analysis screen displays the Test Signal screen shown in
Figure 81. This screen’s settings and controls are described in the following paragraphs.

E =it

[~ P55 Derived Speed
™ FCR Summing
[ WARMPF

Frequency [Hz]
1.000

Duration [Sec)
0o

Tirme Delay Signal Input Stabilizer Test Signal Sweep Sighal Frequency Settings
1.0 I AVF Summing Step hd Sweep Type Start Frequency
[ PSS Comp Frequency Magnitude (%) Offset (de)
Chart I PS5 Electric Power 20 1.000

Frequency Step

Stop Frequency

Figure 4-55. Test Signal Screen

Time Delay. This setting selects the length of time between when the Start button is clicked and testing
begins. A setting of 0 to 125 seconds may be entered in 0.1 second increments.

Start Button. When clicked, this button initiates testing (after the Time Delay setting expires).
Exit Button. Clicking this button returns to the Analysis screen.

Signal Input. This setting selects the point in the PSS circuitry where the test signal is applied. Test points
include AVR Summing, PSS Comp Frequency, PSS Electric Power, PSS Derived Speed, FCR Summing
and Var/PF.

Stabilizer Test Signal — Type. This setting is used to disable the internal PSS test signal or select any one
of four test signal types: Step, Sine, Swept Sine, or External.

Stabilizer Test Signal — Magnitude (%). This setting adjusts the magnitude (excludes gain for external
signal) of the stabilizer test signal. When the test signal type is None, this setting is disabled (grayed out).
The magnitude has a setting range of —10 to +10% with 0.1% increments.
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Stabilizer Test Signal — Offset (dc). This setting adjusts the dc offset of the stabilizer test signal. When the
test signal type is None or Step, this setting is disabled (grayed out). The offset can be adjusted over the
range of —10 to +10 in 0.001 increments.

Stabilizer Test Signal — Frequency (Hz). This setting adjusts the frequency of the stabilizer test signal.
When the test signal type is None, Swept Sine, or External, this setting is disabled (grayed out). The
frequency can be adjusted over a range of 0 to 20 Hz in 0.001 Hz increments.

Stabilizer Test Signal — Duration (Sec). This setting adjusts the duration of the test signal. For sine and
external test signals, this is the total test duration. For step test signals, this is the “on” period of the step
signal. When the test signal type is None or Swept Sine, this setting is disabled (grayed out). The duration
can be adjusted over a range of 0 to 49,999 seconds in 0.1 second increments.

Sweep Signal Frequency Settings — Sweep Type. This setting is enabled only when the test signal type is
Swept Sine. A linear sweep type is selected by entering a 0. A logarithmic sweep type is selected by
enteringa 1.

Sweep Signal Frequency Settings — Start Frequency. This setting is enabled only when the test signal
type is Swept Sine. The starting frequency for the swept sine test signal is selected with this setting. The
Start Frequency has a setting range of 0 to 20 Hz with 0.001 Hz increments.

Sweep Signal Frequency — Frequency Step. This setting is enabled only when the test signal type is
Swept Sine. The frequency step for the swept sine test signal is selected with this setting. For linear
sweeps, the test signal frequency is incremented by “step” every half-cycle of the system frequency. For
logarithmic sweeps, the test signal frequency is multiplied by 1.0 + step every half-cycle of the system
frequency. The frequency step has a setting range of 0 to 1 with 0.001 increments.

Sweep Signal Frequency — Stop Frequency. This setting is enabled only when the test signal setting is
Swept Sine. The end frequency for the swept sine test signal is selected with this setting. The stop
frequency has a setting range of 0 to 20 Hz with 0.001 Hz increments.

RTM Step Response

Clicking the Step Response button on the Analysis screen displays the Real-Time Metering Step
Response screen. This screen has four metering fields, an alarms window, an Exit button, a checkbox to
trigger data logging on a step change, and four tabs.

The metering fields display the average generator output voltage, the level of field current, the reactive
power level, and the power factor.

The alarms window displays any active alarms triggered by a step change.
Clicking the Exit button closes the RTM Step Response screen and returns to the Analysis screen.

Selecting the “Trigger Data Logging on Step Change” checkbox causes the DECS-400 to log a data
record when a setpoint step change is performed.

Four RTM Step Response screen tabs, labeled AVR, FCR, VAR, and PF are described in the following
paragraphs.

AVR Tab
AVR tab functions are shown in Figure 82 and described in the following paragraphs.

The AVR tab of the RTM Step Response screen enables step changes to be applied to the AVR setpoint.
Step changes that increase or decrease the AVR setpoint can be applied by clicking the increment (up
arrow) or decrement (down arrow) button. Step-change setting fields (one for increase and one for
decrease) establish the percent change in the AVR setpoint that occurs when the increment or decrement
button is clicked. A setting of 0 to 10% may be entered in 0.1% increments. A read-only setpoint field
indicates the current setpoint and what the setpoint will be when a step change occurs. A button is
provided to return the AVR setpoint to its original value before any step changes were invoked. This
original value is the AVR setpoint entered on the AVR/FCR/FVR tab of the BESTCOMS Settings screen
and is displayed in the read-only field adjacent to the button.
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Notes

If logging is in progress, another log cannot be triggered.

Response characteristics displayed on the RTM Step Response
screen are not automatically updated when the DECS-400 operating
mode is switched externally. The RTM Step Response screen must be
manually updated by exiting and then reopening the screen.

A checkbox enables the triggering of a data log when a step change is initiated.

RTM Step Response

PR | vaR | PF T - TN
oo RIS oo g
20| Zincrease of AYR Setpaint= | 122.4
& oo QIR
Current Setpoint = | 120.0 EI
Alarms
2.0 | % decrease of &VR Setpaint= | 117.6
Return bo Original 5etpoint = 1200 D
[] Trigger Data Logging an Step Change
FCR Percent Decreasze Min: 0.0 tax: 10.0 Step: 0.1

Figure 4-56. RTM Step Response Screen, AVR Tab
FCR Tab

FCR tab functions are shown in Figure 83 and described in the following paragraphs.

The FCR tab of the RTM Step Response screen enables step changes to be applied to the FCR setpoint.
Step changes that increase or decrease the FCR setpoint can be applied by clicking the increment (up
arrow) or decrement (down arrow) button. Step-change setting fields (one for increase and one for
decrease) establish the percent change in the FCR setpoint that occurs when the increment or decrement
button is clicked. A setting of 0 to 10% may be entered in 0.1% increments. Read-only setpoint field
indicate the current setpoint and what the setpoint will be when a step change occurs. A button is
provided to return the FCR setpoint to its original value before any step changes were invoked. This
original value is the FCR setpoint entered on the AVR/FCR/FVR tab of the BESTCOMS Settings screen
and is displayed in the read-only field adjacent to the button.

e nesponse

I oo N -

& I o)
Current Setpoint = 070 EI Alarms
E it

AWR VAR | PF

20| Zincrease of FCR Setpoint = 010

20| % decreaze of FCR Setpoint = 010

Fieturn to Original 5 etpoint = oo

[] Trigger Data Lagging on Step Change

FCR Percent Decreaze Min: 0.0 Max: 10.0 Step: 0.1
Figure 4-57. RTM Step Response Screen, FCR Tab
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A checkbox enables the triggering of a data log when a step change is initiated.

FVR Tab
FVR tab functions are shown in Figure 84 and described in the following paragraphs.

avR | FoR [PV uer | PF TR - I e
| oo JEVESE oo g
20| increase of FVR Setpoint= | 10,20
~ | oo QYRR
Current Setpoint = | 10.00 EI
Alarms
2.0 | % decrease of FYR Setpoint = 380
Return ta Original 5 etpaint = 10.00 D
[] Trigger Data Logging an Step Change
FCR Percent Decreasze Min: 0.0 tax: 10.0 Step: 0.1

Figure 4-58. RTM Step Response Screen, FVR Tab

The FVR tab of the RTM Step Response screen enables step changes to be applied to the FVR setpoint.
Step changes that increase or decrease the FVR setpoint can be applied by clicking the increment (up
arrow) or decrement (down arrow) button. Step-change setting fields (one for increase and one for
decrease) establish the percent change in the FVR setpoint that occurs when the increment or decrement
button is clicked. A setting of 0 to 10% may be entered in 0.1% increments. Read-only setpoint fields
indicate the current setpoint and what the setpoint will be when a step change occurs. A button is
provided to return the FVR setpoint to its original value before any step changes were invoked. This
original value is the FVR setpoint entered on the AVR/FCR/FVR tab of the BESTCOMS Settings screen
and is displayed in the read-only field adjacent to the button.

A checkbox enables the triggering of a data log when a step change is initiated.
VAR Tab

VAR tab functions are shown in Figure 85 and described in the following paragraphs.

RTM Step Response

&vR | FCR | FvR m Wave W} m kAR
m Ifd {adch m FF
“ar Step Paint 1 (kiar] = 0.00 m Wid {vdch
Current Setpaint [k\ar) = 0.00 % 'iljrms
War Step Point 2 (kiar) = 0.00
Return to Original S etpoint = 0.00 D
[] Trigger Data Lagging on Step Change
FCR Percent Decreaze Min: 0.0 Max: 10.0 Step: 0.1

Figure 4-59. RTM Step Response Screen, VAR Tab

The VAR tab of the RTM Step Response screen enables step changes to be applied to the kvar setpoint.
Two user-adjustable step changes are available for the kvar setpoint: Var Step Point 1 and Var Step Point
2. The Var Step Point 1 value is selected by clicking the increment (up arrow) button and the Var Step
Point 2 value is selected by clicking the decrement (down arrow) button. The acceptable setting range for
each step point is determined by the var minimum and maximum settings entered on the VAR/PF tab of
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the BESTCOMS Settings screen. A read-only field displays the current reactive power setpoint. A button
is provided to return the var setpoint to its original value before any step changes were invoked. This
original value is the var setpoint entered on the VAR/PF tab of the BESTCOMS Settings screen and is
displayed in the read-only field adjacent to the button.

A checkbox enables the triggering of a data log when a step change is initiated.

PF Tab
PF tab functions are shown in Figure 86 and described in the following paragraphs.
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Figure 4-60. RTM Step Response Screen, PF Tab

The PF tab of the RTM Step Response screen enables step changes to be applied to the power factor
setpoint. Two user-adjustable step changes are available for the power factor setpoint: PF Step Point 1
and PF Step Point 2. The PF Step Point 1 value is selected by clicking the increment (up arrow) button
and the PF Step Point 2 value is selected by clicking the decrement (down arrow) button. The acceptable
setting range for each step point is determined by the PF leading and lagging settings entered on the
VAR/PF tab of the BESTCOMS Settings screen. A read-only field displays the current power factor
setpoint. A button is provided to return the power factor setpoint to its original value before any step
changes were invoked. This original value is the power factor setpoint entered on the VAR/PF tab of the
BESTCOMS Settings screen and is displayed in the read-only field adjacent to the button.

A checkbox enables the triggering of a data log when a step change is initiated.

Logic

The Logic screen, accessed by clicking the Logic button on the tool bar, provides excitation system
control and annunciation based on DECS-400 contact inputs, operating mode status, excitation system
parameters, and predefined or user-defined programming. A full description of DECS-400 programmable
logic is provided in the Programmable Logic chapter.

DECS-300 Settings File Converter

Transitioning generator excitation control from a DECS-300 to DECS-400 is simplified through the
BESTCOMS DECS-300 settings file converter. The converter opens your application-specific DECS-300
settings file (with a de3 file extension) and automatically converts all settings for compatibility with the
DECS-400. Once converted, you are prompted to save the settings file and the file converter gives the file
a DECS-400 settings file extension (de4).

Use the following procedure to convert a DECS-300 settings file for use with a DECS-400.
1. Open BESTCOMS-DECS-400 and click Tools on the menu bar.
2. Select DECS-300 File Converter from the drop-down menu list.

3. On the DECS-300 Settings Converter window, click the Open File button, navigate to the desired
DECS-300 settings file on your PC, select it, and click the Open button. This places the file name and
path in the source file field of the DECS-300 Settings Converter window.
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4. Click the Convert button to initiate file conversion. A successful file conversion is reported in a popup
window. Click the OK button to close the window.

5. You are then prompted to save the converted file. Navigate to the desired location, assign a file name,
and click the Save button to save the file. Successful saving of the file is reported in a popup window.
Click the OK button to close the window and the settings converter.
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5 ¢ |Installation

When not shipped as part of assembled equipment, DECS-400 Digital Excitation Control Systems are
delivered in sturdy cartons to prevent shipping damage. Upon receipt of a DECS-400, check the part
number against the requisition and packing list for agreement. Inspect for damage and, if there is
evidence of such, file a claim with the carrier and notify the Basler Electric regional sales office, your sales
representative, or a sales representative at Basler Electric.

If the unit is not installed immediately, store it in the original shipping package in a moisture- and dust-free
environment.

Mounting

Because the DECS-400 and Field Isolation Module are of solid-state design, they can be mounted at any
convenient angle in an environment where the temperature does not decrease below —40°C (—40°F) or
exceed 60°C (140°F).

DECS-400

The DECS-400 is supplied with an escutcheon plate for panel (or cubicle door) mounting. The
escutcheon plate allows the DECS-400 to be installed at one of two mounting depths. Overall dimensions
for the DECS-400 and escutcheon plate are shown in Figure 5-1. Figure 5-2 shows the panel cutting and
drilling dimensions for mounting a DECS-400 with the escutcheon plate.

Brackets are also available for mounting the DECS-400 in a 19-inch rack. Order part number 9365207030
(two brackets required).

An escutcheon plate is available for retrofitting a DECS-400 into an existing DECS-300 installation. Order
part number 9369707009.

Escutcheon plate part number 9577100001 provides a shallower mounting depth for the DECS-400 than
is possible with the standard escutcheon. When attached to the rearmost mounting position, this
escutcheon provides a mounting depth of 6.8 inches (173 millimeters) behind the mounting panel. Figure
5-3 shows the top view of the DECS-400 with the escutcheon attached at the rearmost position.

Draw-Out Assembly Extraction and Installation

Mounting may be simplified by separating the draw-out assembly from the case. The draw-out assembly
is held in the case by two lever-style latches located on the front panel. Each latch has a captive Phillips
screw that is rotated clockwise to lock the latch in the closed position. Locking the latches in the closed
position precludes the latches from opening in the presence of excessive vibration or shock.

A latch is opened by rotating the locking screw counterclockwise to unlock the latch. Then, the latch lever
is pulled outward.

Once the case is mounted, the draw-out assembly can be returned to its case. Seat the draw-out
assembly fully in its case and close both latches by pressing each latch lever into the closed position.
Each latch should then be locked with its locking screw. Using a No. 1 Phillips screwdriver, press in on
the screw and rotate it clockwise one-quarter turn.

Field Isolation Module

The Field Isolation Module is intended for surface mounting and no panel cutout is required. Figure 5-4
shows the Field Isolation Module dimensions and hole drilling locations.

Isolation Power Transformer

In applications where redundant operating power is used (DECS-400 style XCXX only), ac operating
power must be applied to the DECS-400 through an isolation transformer. Basler Electric part number
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BE31449001 is recommended. Figure 5-5 illustrates the dimensions and mounting hole locations of part
number BE31449001.
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Figure 5-5. Isolation Transformer (BE31449001) Dimensions

Connections

DECS-400 connections are dependent on the application and excitation scheme used. Observe the
following guidelines when making DECS-400 connections.

e Allinputs or outputs may not be used in a given installation.
e Incorrect wiring may result in damage to the unit.

e Applying incorrect operating power or sensing current may result in damage to the unit. Compare
the style number of your unit with the style chart before applying operating power.

Note

Be sure that the DECS-400 is hard-wired to earth ground with no
smaller than 12 AWG copper wire attached to the ground terminal on
the rear of the case. When the unit is configured in a system with other
devices, it is recommended that each unit be grounded with a
separate lead.

In a system where the DECS-400 is mounted remotely, ensure that
the chassis ground potential of the DECS-400 is equal to the chassis
ground potential of the rest of the excitation system. Poor system
grounding can cause equipment malfunction, damage, and failure.

DECS-400 Terminations
DECS-400 terminations consist of screw terminals, D-type connectors, an RJ-11 jack, and an RJ-45 jack.

Front Panel Terminations

Front panel terminations consist of a nine-pin, female, D-type connector that is intended for short-term,
RS-232 serial communication with a PC. The location of the front panel communication port is shown in
the Human-Machine Interface chapter.

Rear Panel Terminations

Current sensing connections are made through #8 screw terminals at terminals A1 through A8. The Field
Isolation Module connects to a 15-pin, female, D-type connector designated as P1. DECS-400 modem
connections are provided by an RJ-11 jack (J1). Connections for Ethernet communication are made
through an RJ-45 jack (Com 3). All other connections are made through #6 screw terminals. Rear panel
terminations are illustrated in Figure 5-6.
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Figure 5-6. Rear Panel Terminals
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Field Isolation Module Terminations
Field Isolation Module terminations consist of screw terminals and a D-type connector.
Input connections for field voltage and field current are made at #6 screw terminals.

Field voltage and field current output signals are supplied at the 15-pin, female, D-type connector
designated J1. Connector J1 connects to DECS-400 connector P1 through a cable supplied with the Field
Isolation Module. Cable length is 15 feet (4.6 meters).

DECS-400 Terminal Functions and Assignments

In the following paragraphs, DECS-400 terminal functions are described and the terminal assignments for
each function are listed.

Operating Power

DECS-400 units with style number XLXX accept 24 or 48 Vdc nominal operating power. Units with style
number XCXX use two sets of operating power terminals and accept both 125 Vdc and 120 Vac nominal
operating power. One source is sufficient for operation, but two sources can be used to provide
redundancy.

The dc input has internal protection against reversed polarity. To prevent damage to the DECS-400 when
using two sources, ac operating power must be applied to the DECS-400 through an isolation
transformer. Basler Electric part number BE31449001 is recommended. Figure 5-7 illustrates the
connections for redundant operating power.

— @)

D
120 Vac P0036-19
120 Vac
50/60 Hz S
500 VA . c3 8 c5 4®
)
@ & =g
BE31449001 T C1 o)

Figure 5-7. Redundant Operating Power Connections

Operating power terminals are listed in Table 5-1.

Table 5-1. Operating Power Terminals

Terminal Description
C2 (N) Return or neutral side of ac input (style XCXX only)
C3 (L) Line side of ac input (style XCXX only)

C4 (BATT-) Negative side of dc input (style XCXX or XLXX)
C5 (BATTH+) Positive side of dc input (style XCXX or XLXX)

Chassis Ground

Terminal C1 (GND) serves as the chassis ground connection. Be sure that the DECS-400 is hard-wired to
earth ground with no smaller than 12 AWG copper wire attached to terminal C1.

In a system where the DECS-400 is mounted remotely, ensure that the chassis ground potential of the
DECS-400 is equal to the chassis ground potential of the rest of the excitation system. Poor system
grounding can cause equipment malfunction, damage, and failure.

Generator and Bus Voltage Sensing

DECS-400 units accommodate either single-phase or three-phase generator sensing voltage with two,
automatically selected ranges: 120 Vac or 240 Vac.

DECS-400 Installation
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A single bus sensing voltage input connects from phase A to phase C. A sensing range of 120 Vac or 240
Vac is automatically selected by the bus sensing voltage input.

Generator and bus voltage sensing terminals are listed in Table 5-2.

Table 5-2. Generator and Bus Voltage Sensing Terminals

Terminal Description
A9 (E1) A-phase generator voltage sensing input
A10 (E2) B-phase generator voltage sensing input
A11 (E3) C-phase generator voltage sensing input

A13 (BUS1) A-phase bus voltage sensing input

A14 (BUS3) C-phase bus voltage sensing input

Generator Current Sensing

DECS-400 units have generator current sensing inputs for phases A, B, and C. An input is also provided
for sensing the current in a cross-current (reactive differential) compensation loop. Units with style
number XX1X connect to CTs with 1 Aac secondary windings. Units with style number XX5X connect to
CTs with 5 Aac secondary windings. Generator current sensing terminals are listed in Table 5-3.

Table 5-3. Generator Current Sensing Terminals

Terminal Description
A1 (CTA) A-phase generator current sensing input
A2 (CTA)

A3 (CTB) B-phase generator current sensing input
A4 (CTB)

A5 (CTC) C-phase generator current sensing input
A6 (CTC)

A7 (CCCT) Cross-current compensation input

A8 (CCCT)

Accessory Input

DECS-400 units accept two types of accessory (analog) signals for remote control of the setpoint: voltage
or current. Only one accessory input (either voltage or current) may be used at one time. The voltage
input accepts a signal over the range of —10 Vdc to +10 Vdc. The current input accepts a signal over the
range of 4 mAdc to 20 mAdc. If shielded cables are used, terminal A18 (GND) should be used for the
shield connection. Table 5-4 lists the accessory input terminals.

Table 5-4. Accessory Input Terminals

Terminal Description
A16 (V+) Positive side of voltage accessory input
A17 (V-) Negative side of voltage accessory input
A18 (GND) Shield connection for accessory inputs
A19 (I+) Positive side of current accessory input
A20 (I-) Negative side of current accessory input

Contact Inputs

Each contact input supplies an interrogation voltage of 12 Vdc and accepts dry switch/relay contacts or
open collector PLC outputs. DECS-400 units have six fixed-function contact inputs and 10 programmable
contact inputs. Information about assigning functions to the programmable contact inputs is provided in
the Functional Description chapter.

Installation DECS-400
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Table 5-5 lists the contact input terminals.

Table 5-5. Contact Input Terminals

Terminal Description
B1 (START) * |Positive terminal of Start contact input
B2 (COM) Common terminal of Start and Stop contact inputs

B3 (STOP) = | Positive terminal of Stop contact input

B4 (AVR) = Positive terminal of AVR contact input

B5 (COM) Common terminal of AVR and FCR contact inputs
B6 (MAN) = Positive terminal of Manual contact input

B7 (RAISE) + |Positive terminal of Raise contact input

B8 (COM) Common terminal of Raise and Lower contact inputs
B9 (LOWER) t| Positive terminal of Lower contact input
B10 (SW1) Positive terminal of programmable contact input #1

B11 (COM) Common terminal of programmable contact inputs #1 and #2

B12 (SW2) Positive terminal of programmable contact input #2

C23 (SW3) Positive terminal of programmable contact input #3

C24 (COM) Common terminal of programmable contact inputs #3 and #4

C25 (SW4) Positive terminal of programmable contact input #4

C26 (SW5) Positive terminal of programmable contact input #5

C27 (COM) Common terminal of programmable contact inputs #5 and #6

C28 (SW6) Positive terminal of programmable contact input #6

C29 (SW7) Positive terminal of programmable contact input #7

C30 (COM) Common terminal of programmable contact inputs #7 and #8

C31 (SW8) Positive terminal of programmable contact input #8

C32 (SW9) Positive terminal of programmable contact input #9

C33 (COM) Common terminal of programmable contact inputs #9 and #10

C34 (SW10) | Positive terminal of programmable contact input #10

* Functions are activated by a momentary input.
T Functions are active only when the corresponding contact input is active.

Field Voltage and Current

Field voltage and current signals are supplied to connector P1 of the DECS-400 by the Field Isolation
Module. A cable, supplied with the Field Isolation Module, connects from Field Isolation Module connector
J1 to DECS-400 connector P1.

IRIG

The clock function of the DECS-400 is synchronized with a time code source through the application of a
standard IRIG-B signal to the IRIG terminals. Refer to the Specifications chapter for specifications
pertaining to the IRIG input. Table 5-6 lists the IRIG terminals.

Table 5-6. IRIG Terminals

Terminal Description
D1 (IRIG+) Positive IRIG terminal
D2 (IRIG-) Negative IRIG terminal

DECS-400 Installation
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Communication Ports

DECS-400 units have five communication ports: Com 0, Com 1, Com 2, Com 3, and J1.

Com 0, located on the front panel, is a female, DB-9, RS-232 connector that is intended for short-term,
full-duplex, ASCIl communication with a PC.

Com 1, located on the rear panel, is a half-duplex, RS-485 port. When redundant DECS-400 units are
used, Com 1 is used to communicate (via ASCII protocol) with a second DECS-400. Com 1 connections
are made through screw terminals. If shielded cable is used, terminal D3 can be used for the shield
connection.

Com 2, located on the rear panel, is a half-duplex RS-485 port that communicates via Modbus protocol.
Com 2 connections are made through screw terminals.

J1, located on the rear panel, is an RJ-11 RJ-45 jack that connects to an internal, FCC part 68 approved
modem.

Terminal assignments for Com 1 and Com 2 are listed in Table 5-7. Interconnection diagrams for the
communication ports are provided in Communication Connections.

Table 5-7. Com 1 and Com 2 Terminals

Terminal Description
D3 (GND) Shield connection
D4 (A1) Com 1 RS-485 Send/Receive A terminal (ASCII protocol)
D5 (B1) Com 1 RS-485 Send/Receive B terminal (ASCII protocol)
D6 (C1) Com 1 RS-485 Signal Ground terminal (ASCII protocol)
D9 (A2) Com 2 RS-485 Send/Receive A terminal (Modbus® protocol)
D10 (B2) Com 2 RS-485 Send/Receive B terminal (Modbus® protocol)
D11 (C2) Com 2 RS-485 Signal Ground terminal (Modbus® protocol)

Control Outputs

The DECS-400 can supply either an analog voltage or current excitation control output. The voltage
output can be user-configured to supply a setpoint control signal over the range of 0 to +10 Vdc or —10
Vdc to +10 Vdc. The current output supplies a setpoint control signal over the range of 4 to 20 mAdc. If
shielded cable is used, terminal D12 should be used for the shield connection. Table 5-8 lists the control
output terminals.

Table 5-8. Control Output Terminals

Terminal Description

D12 (GND) Shield connection for control output

D13 (IC+) Current control positive terminal

D14 (VC+) Voltage control positive terminal

D15 (RTNC) | Common, return terminal for control output

Metering Outputs

The DECS-400 has two programmable, analog meter drivers. Either driver output can be user-
programmed to meter a variety of generator and system parameters. Each meter driver supplies an
output over the range of 4 to 20 mAdc. If shielded cable is used, terminal A23 should be used for the
shield connection. Table 5-9 lists the terminals for the metering outputs.

Table 5-9. Metering Output Terminals

Terminal Description
A21 (M1+) Meter driver #1 positive terminal

A22 (M1-) Meter driver #1 negative terminal
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Terminal Description
A23 (GND) Shield connection for meter driver #1 and #2
A24 (M2+) Meter driver #2 positive terminal
A25 (M2-) Meter driver #2 negative terminal

Contact Qutputs

DECS-400 units have two dedicated contact outputs and six programmable contact outputs. The
dedicated outputs consist of a Form B (SPDT) Watchdog output and a Form A (SPST) On/Off output. The
six user-programmable outputs are all Form A outputs. Annunciation options for the programmable
contact outputs are provided in the Functional Description chapter. Contact output ratings are listed in the
Specifications chapter. Terminal assignments for the contact outputs are listed in Table 5-10.

Table 5-10. Contact Output Terminals

Terminal Description
C6 (WTCH1) | Watchdog normally-closed (NC) contact terminal
C7 (WTCH) Watchdog common contact terminal
C8 (WTCH2) | Watchdog normally-open (NO) contact terminal
C9 (ON/OF) On/Off contact terminals
C10 (ON/OF)
C11 (RLY1) Programmable relay #1 terminals

C12 (RLY1)
C13 (RLY2) Programmable relay #2 terminals
C14 (RLY2)
C15 (RLY3) Programmable relay #3 terminals
C16 (RLY3)
C17 (RLY4) Programmable relay #4 terminals
C18 (RLY4)
C19 (RLY5) Programmable relay #5 terminals
C20 (RLY5)
C21 (RLY®) Programmable relay #6 terminals
C22 (RLY®6)

Field Isolation Module Terminal Functions and Assignments

In the following paragraphs, Field Isolation Module terminal functions are described and the terminal
assignments for each function are listed.

Chassis Ground

The GND terminal serves as the chassis ground connection. Be sure that the Field Isolation Module is
hard-wired to earth ground with no smaller than 12 AWG copper wire attached to terminal GND.

Field Current Sensing

A field current sensing signal is supplied to the Field Isolation Module from a user-supplied current shunt
with an output rating of 50 mVdc or 100 mVdc. Field current sensing terminals are listed in Table 5-11.
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Table 5-11. Field Current Sensing Terminals

Terminal Description
SH+ Connects to positive output terminal of current shunt
-50 Connects to negative output terminal of 50 mVdc current
shunt (if used)
-100 Connects to negative output terminal of 100 mVdc current
shunt (if used)

Field Voltage Sensing

The field voltage sensing input accepts field voltage at one of five nominal levels. Terminal sets are
provided for a nominal field voltage of 63, 125, 250, 375, and 625 Vdc. Each voltage input has a positive
and negative terminal.

Signal Port

Signal port connector J1 receives operating power from the DECS-400 and sends field current and field
voltage signals to the DECS-400. J1 connects to DECS-400 connector P1 through a cable (Basler P/N
9322900006) supplied with the DECS-400.

Cross-Current Compensation

Cross-current compensation (reactive differential) mode allows two or more paralleled generators to
share a common load. Figure 5-8 illustrates a typical cross-current compensation scheme for two
paralleled generators. Each generator is controlled by a DECS-400 using the cross-current compensation
input (CCCT) to sense generator current. The resistors shown in

Table 5-5 are used to set the burden. Their value may be adjusted to suit the application. Ensure that the
power rating of the resistors is adequate for the installation.

CT
GEN 1 e X
2.0
A7
DECS-400
A8
og¢ CCC 1] LOAD
J ENABLE
2.0 CONTACT
A7
DECS-400
A8
1 oz 20
GEN 2 Hooa K 2
CT

Figure 5-8. Connections for Cross-Current (Reactive Differential) Compensation
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Connections for CE-Compliant Systems

5-13

For CE compliance, a line filter must be applied to the bridge operating power input of a DECS-400
system rated for less than 75 kVA input. A DECS-400 system with a rated input greater than 75 kVA does
not require the application of a line filter for CE compliance.

Table 5-12 lists the available line filters based on the rated system kVA of the DECS-400 system. For
additional information see Basler publication 9504000994.

Table 5-12. DECS-400 Line Filters

Line Filter DECS-400 Rated Rated Current
Part Number System kVA RMS
9504012100 22.72 kVA 82 Aac
9504012100 45.45 kVA 82 Aac
9504012101 45.45 kVA 164 Aac
9504012102 61 kVA 220 Aac

For DECS-400 systems less than 75 kVA not listed in Table 5-12,contact Basler Electric for proper line
filter selection.

Typical Interconnections

Figure 5-9 and Figure 5-10 illustrate typical interconnections for a DECS-400 used in an excitation system
with a Basler SSE-N (negative forcing) rectifier chassis. Figure 5-9 shows the ac connections and Figure
5-10 shows the dc connections. The following notes apply to those figures.

1. Switch is a momentary contact. Must be interlocked such that both contacts cannot close
simultaneously.

2. Exciter must not be in Stop mode when generator is on bus. Exciter should not be in Start condition
unless generator is up to speed and buildup can occur.

3. Interface Firing Module (IFM-150) is required for SSE-N systems. See IFM-150 instruction manual for
specific interconnection details.

4. Single CT is required for voltage regulator applications. A minimum of two CTs are required for PSS
applications.

5. For rectifier chassis interconnection, see instruction manual for the specific rectifier chassis used.

6. Dual dc power source is recommended. Station battery and separate 125 Vdc power supply shown.

7. lIsolation power transformer is required.

8. DECS-400 output contacts RELAY #1 through #6 are customizable for specific system requirements.

9. DECS-400 switching inputs SW1 through SW10 are customizable for specific system requirements.

10. DECS-400 meter driver outputs are customizable for specific system requirements.

11. Accessory input can be configured to accept a current signal (4 — 20 mA) or voltage signal
(differential £10 V range).

DECS-400 Installation
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Figure 5-9. Typical AC Connection Diagram
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Communication Connections

DECS-400 communication ports consist of a front-panel RS-232 port (Com 0), a rear-panel RS-485 port
for DECS-400-to-DECS-400 communication (Com 1), a rear-panel RS-485 port for Modbus
communication (Com 2), and an RJ-11 modem jack (J1). DECS-400 communication ports are described
in the following paragraphs.

Com 0

Table 5-13 identifies the pin functions of this front-panel, female DB-9 connector. Figure 5-11 illustrates
the connections between Com 0 and a PC.

Table 5-13. Com 0 Pin Functions

Pin Function Name Direction
1 Shield — N/A
2 Transmit Data TXD From DECS-400
3 Receive Data RXD Into DECS-400
4 No Connection — N/A
5 Signal Ground GND N/A
6 No Connection — N/A
7 No Connection — N/A
8 No Connection — N/A
9-Pin PC-AT To DECS-400 25-Pin PC-XT To DECS-400
Male DB-9 Female DB-9 Male DB-25 Female DB-9
pcp [ 1] 1] 1]
RXD |2 | 2] ™D RX E 2| TXD
TXD |3 13| RXD X |2 13| RXD
DTR |4 4 4
GND |5 | 5| GND GND [7] 5| GND
DSR | 6 | | 6 | | 6|
ors [8] (. e
RI E E N.C. E N.C.
9-Pin PC-AT Male DB-9 to 25-Pin PC-XT Male DB-25 to
DECS-400 Female DB-9 DECS-400 Female DB-9

Figure 5-11. Com 0 to PC Connections
Com 1 and Com 2

Com 1 and Com 2 consist of rear-panel RS-485 ports. Com 1 is an ASCII port used for communication
with another DECS-400 when operating in a redundant system configuration. Shielded, twisted-conductor
cable is recommended for Com 1 connections. Com 2 is intended for polled communication over a
Modbus network. Twisted-pair cable is recommended for Com 2 connections. Terminal functions for Com
1 and Com 2 are identified in Table 5-7. Figure 5-12 illustrates the Com 1 connections used for DECS-
400-to-DECS-400 communication.

Installation DECS-400
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GND| D3| 4\ D3| GND
Primary A1/ D4 ;".&"3 D4 | At gecondary
DECS-400 1| ps5 : : - : : D5 | B1 DECS-400
C1| D6 L 2\ \ D6 | €1

/1\. Connect cable shield to GND terminal of only one DECS-400 unit.

P0025-25
10-01-04

/2. Twisted-conductor cable is recommended.
Figure 5-12. Com 1 Connections for Redundant DECS-400 Operation

Figure 5-13 illustrates the Com 2 connections used for multiple DECS-400 units communicating over a
Modbus network.

To RS-422/RS-485 To DECS-400
DB-37 Female Com 2

]

6

22 —1 %Rt I— D9 A2

24 D10| g2 DECS-400
— Com 2

19 D11| C2
D9| A2

DECS-400
m B2 Com 2
D11| C2
4000' (1219 m)
maximum A
~\

g3 N DECS-400

© L -

§§ D10| B2 Com 2

- D11| c2

R, = Optional terminating
resistor (120 ohms typ.)

Figure 5-13. DECS-400 to RS-485 DB-37 Connections
Com 3

Com 3 is used for 10BASE-T Ethernet network communication. The Com 3 jack accepts an eight pin, RJ-
45 plug connected to unshielded, twisted-pair, Category 5 copper conductors. Conductor length, per
segment, can be no longer than 100 meters or 328 feet. Com 3 has a maximum data transfer rate of 10
megabits per second. Pin assignments/definitions for the Com 3 connector are listed in Table 5-14 and
illustrated in Figure 5-14.

Table 5-14. Com 3 Connector Pin Definitions

Pin Signal Function Direction
1 TD+ Transmit data + From DECS-400
2 TD- Transmit data — From DECS-400
3 RD+ Receive data + To DECS-400
4 Not used
5 Not used

DECS-400
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Pin Signal Function Direction

RD- Receive data - To DECS-400

Not used

Not used

COM 3
ETHERNET

P0058-43

NC/8 J) &— TD+/1
NC/7 TD-/2
RD-/6 RD+/3

NC/5 NC/4
Figure 5-14. Com 3 Pin Assignments

J1is an RJ-11 jack that serves as the connection to the DECS-400’s internal, FCC part 68 approved
modem. J1 has a fixed communication baud rate of 9600 and provides read-only access. Information
about initiating modem communication is provided in the BESTCOMS Software chapter.
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6 e Commissioning

This chapter provides generic procedures and information for testing the DECS-400 during excitation
system commissioning. These procedures do not account for the specific operating parameters of every
system; they are provided only as a guide.

Preparation

In these procedures, DECS-400 communication with a PC operating BESTCOMS is necessary to apply
DECS-400 settings and retrieve DECS-400 and system status information. Refer to the BESTCOMS
Software chapter for information about installing BESTCOMS and establishing communication between
BESTCOMS and the DECS-400.

Record System Parameters

Record the pertinent information for your system in the following spaces.
Generator Parameters

Vac Main/Exciter Field Parameters
Hz Vde, full-load
MW Adc, full-load
Mvar

rom

Testing and Evaluation

The following procedures may be performed during system commissioning to verify DECS-400 settings
and performance.

Off-Line Tests—Turbine Not Spinning

For these tests, control of the machine is to be demonstrated via BESTCOMS, the DECS-400 front panel
human-machine interface (HMI), and user-supplied, remote switches. These tests will ensure that the
machine is not stressed because of incorrect wiring or faulty components. Recommended settings are
only temporary, initial settings.

Start/Stop Tests

Check the operation of the following start and stop switches.

e Start/Stop from the Operation tab of the BESTCOMS Metering screen (see Figure 6-1
for illustration of Operation tab). ..........cccuiiiiiii i

o Start/Stop from the DECS-400 HMI...... oot
e Start/Stop from remote, user-supplied SWitCh. ...

Field flashing current is used in the following steps. Even though the
turbine is not moving, serious injury could result from high, stator-
induced voltage. Verify that all personnel are clear of the machine
before performing the following steps. To ensure safety, the field
flashing fuses may be removed and only the unit start/stop capabilities
checked.

DECS-400 Commissioning



6-2 9369700990

BESTCOMS-DECS400 - [Metering]
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Figure 6-1. BESTCOMS Metering Screen, Operation Tab
o Verify that field flashing and shutdown occurs with the start and stop functions. .................
o If field flashing is used, verify alarms for failure to build voltage. ..............ccoeciiiieiiiiiinnnen.
e Verify alarm annunciation at front panel HMI, in BESTCOMS, and remote indicators. ........

o With excitation off, check AVR/FCR transfer using the front panel HMI, remote
switches, and BESTCOMS...... ..ottt e et e e s sbee e e e snbeeeeens

e Verify transfer indications from the front panel HMI, BESTCOMS, and any remote
1gTo[oz=1 (o] - T PP UPPP R PPTPPRT

Note

For station power systems, field flashing is not used. When the system
is energized with the field connected, the field current will build to the
value specified on the FCR setting screen. During the test, the
suggested setting for the no-load field current is 20% and the FCR Kg
gain is 1,000. Verify that the system is stable.

o Check for proper raise/lower IMItS. ..........ccooiiiiiiiiiiie e

o Verify raise/lower indications at the front panel HMI, through BESTCOMS, and from
FEMOLE INAICATOIS. ..t e e e e e e e e e e e s

Control Gain Settings

Establish the gain settings for the active settings group.
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e Use the AVR/FCR tab of the BESTCOMS Setting Adjustment screen to set the

generator no-load setpoint in FCR mode. The recommended setting is 20% of the rated
Lo (= o U =Y o SRS

For the following steps, access the AVR Gain tab of the BESTCOMS Gain screen (Figure 6-2). Table 6-1
lists the recommended PID setting for exciter and static exciter installations.

BESTCOMS-DECS400 - [Gain Settings]
EEile Wiew Communications Tools  Window Help

S[(=1[ES

- O X

%E' Configure | Seftings
).

Limiters

Analysiz

P55
Meter

Logic

AWR Gain | FCR Gain | FYR Gain | Other Gain

Prirary | Secondary

Primary 2%R Gains

Kd - Derivative Gain

1.0 K - %R Loop Gain

FID Pre-Settings

| Custom

4 | Primany Gain Option

PID Calculator

1]

0.0 K.p - Propartional G ain
0.0 Ki- Integral Gain
n.os Td - AYR Derivative Time Congtant

Figure 6-2. BESTCOMS Gain Screen, AVR Gain Tab

Table 6-1. Recommended Settings for Exciter and Static Exciter Installations

Static Exciter Exciter
PID Setting AVR FCR AVR FCR
Kp 80 — 80 —
Ki 20 — 15 —
Kd — — 40 —
Kg 15 1000 15 1000
Td 0.01 0.01 0.01 0.01

e Set the Proportional Gain Kp Setting. ........ccoiiiiiiiiiiei e

o Set the Td filter setting

e SetKiat3
o SetKgat1

o Setthe FCR, Loop Gain Kg Setting. .....ccoiuiiiiiiiiie e

Recommended settings for OEL.

Recommended settings for UEL.

e SetKiat10
e SetKgat1

DECS-400
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Recommended settings for var/power factor.

L 1= L 0 A= | S S
L 1= o - 1 St RS
Recommended settings for SCL.

LS T o I | St 1 OSSP
L 7= 14 e - ) St PSPPSR

PID Settings

While viewing the BESTCOMS Gain Setting screen, click the PID Calculator button to view the PID
Calculator screen (Figure 6-3). Use the PID Calculator screen to select the proper PID values based upon
the generator time constant, T'do, and exciter time constant Te. Refer to the BESTCOMS Software
chapter for more information about PID settings.

o Verify transfer indications from the front panel HMI, BESTCOMS, and remote indicators.

PID Calculator - Primary Settings Group

Excitation Control Data

Cenerator Information Kp - Proportional Cain

Ki - Integral Gain

2.00 + | T'do - Gen. Time Constant {sec} . Kd - Derivative Gain

Td - Derivative Time Constant
|:| Use Default Exciter Time Constant
Te - Exciter Time Constant {sec} Kg - Loop Gain

PID Record List

Generator Information Ep KEi Ed Td Kg T'do Te

Add Record Remove Record Apply Cain Parameters Close

Figure 6-3. BESTCOMS PID Screen

Off-Line Tests—Turbine Spinning

For the off-line tests with the turbine spinning, the generator circuit breaker is open.

Field flashing current is used in the following steps. Even though the
turbine is not moving, serious injury could result from high, stator-
induced voltage. Verify that all personnel are clear of the machine
before performing the following steps. To ensure safety, the field
flashing fuses may be removed and only the unit start/stop capabilities
checked.

FCR Mode

Initial testing should begin in the Manual (FCR) mode with minimum generated voltage.

o Place the DECS-400 in FCR MOAE. .....ooiiiiiiiiiiiiii e
e Place the Start/Stop switch in the Start position.............ccci i

e The generator voltage should build to a percentage of the rated voltage. (The FCR
setpoint was set to 20% of the rated exciter field current in a previous step.) .....cccccoeeneeee
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e Increase the exciter field current to 75% of rated. ...
e The generator voltage should build to a percentage of the rated voltage. ............................

e Check the field voltage with an oscilloscope to verify proper output. (See the current
balance firing circuit waveform of Figure 6-4.) ...

S V/DlV

S MS/DIV
Figure 6-4. Field Voltage Output Waveform

e Meter for the correct voltages at the voltage sensing inputs (E1, E2, E3). ......cccceeviiienenen

o Measure the PPT secondary voltages. (See Table 6-2 for the correct secondary
voltages at the transformer output.)

Table 6-2. PPT Secondary Voltages

Rectifier DC Voltage PPT AC Secondary Voltage
63 80
125 160
250 360
375 480

e Using the Raise/Lower control raise the terminal voltage incrementally to the rated
17701 2= Lo = PP OUPRPPPURP

e Place the Start/Stop switch in the Stop POSItioNn. ..........ccccuiiiiiii i,
e Place the Start/Stop switch in the Start position to start the generator in FCR mode...........
e Record the voltage buildup characteristic of the system as it reaches full-rated outpuit. ......
o Perform a step response in FCR MOAE. ...
e Using the BESTCOMS Analysis screen, perform a 5% step change in FCR mode. ............

e Decrease the value first, and then increase the value. (Observe stable performance
using the recording capabilities of the Analysis SCreen.) .........cccocceeeeiiiiiiiiieeee e,

e Note the overshoot and settling time. (The FCR output should be very stable.) ..................

During the following test, be prepared to transfer back to FCR mode if there is a problem. Use the
BESTCOMS Metering screen to verify that tracking is stable before transferring. The Null Balance
indicator on the front panel should be continuously lit. If pre-position is enabled, the setpoint will go to the
assigned value first. Pre-position may need to be disabled for this test.

o Verify that the AVR setpoint follows (auto-tracks) the FCR setpoint, then transfer. .............

Note

During the following test, if pre-position is enabled, the setpoint will go
to the assigned value first.

o Verify that the FCR setpoint follows (auto-tracks) the AVR setpoint, then transfer. .............
o Use the BESTCOMS Analysis screen to perform a step response in AVR mode. ...............
DECS-400 Commissioning
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o Review the PID NUMDEIS. ... .o e e e e e e
e On the Configuration tab of the BESTCOMS Limiter screen, turn all Limiters off.................
e Perform a 2% voltage step response and record performance to verify stability. .................

e Adjust the PID parameters of the DECS-400 until desired performance is achieved. If
performance appears stable, repeat with 5% step changes. .........ccccoiiiiii i

e Place the Start/Stop switch in the Stop POSItioN. ..........cccciiiiiie i,
o Place the system in AVR MOGE. ........uuiiiiiiiii e e
e Monitor the generator voltage soft-start time............ccooociiiiii i,
e Place the Start/Stop switch in the Start position............cccooeiiii i,
o Raise the terminal voltage to the setpoint. ...........oooiiiii e

TUNING SUGGESTION

Assuming that T'do (main field) and Te (exciter field) is known (as applicable for
main field static exciter or exciter field voltage regulator application), increasing Kg
will speed the response time of the generator. See Figure 6-5.

Figure {a) Step Response - Kg =0.01;0.1;0.2; 0.5
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Figure 6-5. Kg Gain Effect on Generator Performance

Excitation Performance Evaluation

In the following performance evaluation, temporary settings will enable you to test excitation performance
without stressing the machine or exceeding ancillary protection devices. Procedures are provided that will
allow you to set your final operating values. This evaluation is a continuation of the previous tests.
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Off-Line Excitation Limiter Operation

In this test, with the generator set below the rated voltage output, you will set the AVR setpoint above the
maximum setting and the system should alarm. If the system does not alarm, the OEL gain (Ki and Kg)
may be set too low. If the system doe alarm and oscillates, Ki and Kg may be set too high.

o Enable the off-lin€@ OEL ... e e e e e e
e Determine the field current required to reach 105% of the rated generator voltage. ............
e Set the off-line OEL for a value equal to the no-load field current. .............cccccvveeeeeiiiinnnen,
e Lower the terminal voltage to 10% below rated. ..........ccooouiiiiiiiii e
To speed performance in the following test, you may increase the OEL gain (Ki and Kg).

e Using the AVR/FCR tab of the BESTCOMS Setting Adjustment screen, set the AVR
setpoint to 110% of the rated output. (The AVR Max setting should remain at 105%.)........

e If an output relay is programmed to alarm, the output, the front panel HMI,
BESTCOMS, and any remote devices should annunciate the alarm...................cocccoiiee.

e Return (set) the AVR setpoint to the rated output. ...........ccceeoeiiiiiiii e,

Limit and Protection Check

In this test, the generator overvoltage, generator undervoltage, field overvoltage, and field overcurrent
protection functions will be tested.

e Review the generator overvoltage protection settings on the General Protection tab of
the BESTCOMS ProteCtion SCrEEN. ........ooiiiuiiiii it

o Lower the generator overvoltage setting to the operating setpoint. .................cccoe .
o Verify that all alarms and annunciations function as programmed............cccoociiiiiieiiiienne.
o Reset the generator overvoltage setpoint to the final value. ...............cccocoiiiiiii
¢ Raise the generator undervoltage setting to the alarm threshold. .....................cccce e
o Verify that all alarm and annunciations function as programmed. ............cooeciiiiineeiiiinnnee.
e Reset the generator undervoltage setpoint to the final value..............ccccccoooeiiiiinciiinn,
o Lower the field overvoltage setting to the operating setpoint. ...........ccccoiiiiiiiiii
o Verify that all alarms and annunciations function as programmed............cccooccieeeeeiiiinneee.
e Reset the field overvoltage setpoint to the final value. ..............ccocociii i,
o Lower the field overcurrent setting to the operating setpoint. .........ccccciiiiiii
e Verify that all alarms and annunciations function as programmed...............ccccoveeeeeeeiecnnnen.
e Reset the field overcurrent setting to the operating setpoint............cccccoeeiiiiiiie e,

Parallel Operation, Generator On-Line

In this test, the generator will be connected to the bus and the phase relationship between the current and
sensed voltage will be checked. If the CT polarity is incorrect, a shorting terminal block can be used to
reverse the polarity. If the sensed voltage has the wrong phasing, the generator breaker must be opened
and the generator must be shut down in order to reverse the voltage sensing polarity. After the phase
relationship is verified as correct, the overexcitation and underexcitation protection will be exercised. Also,
var and power factor performance evaluations will be conducted at values that will not stress the
machine.

Phase Relationship Test

o Transfer to FCR MOE. ... ..o e e e e e
o Parallel the generator with the DUS. ...
e Set the machine kilowatts for approximately 25% of machine rating at zero vars. ...............
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e Check for a phase shift at the DECS-400 between the voltage sensing and current
sensing B-phase inputs. The B-phase current should lag the sensed voltage between
E1and E3 by 90 AEQrees. ...ooo ittt

o |If the phase relationship is correct, proceed with testing. If the phase relationship is
incorrect, troubleshoot the system, resolve the problem, and retest as appropriate
before transferring to0 AVR MOE. ........ooiiiiiiii e

o Verify that AVR is NUIled 10 FCR. ......ouiiiiii e
o Verify that all null status indicators provide the null indication. ..........ccccccoiiiiiiii e

o Verify that AVR Pre-Position mode is disabled or the external pre-position contacts are
o] 0= o TR

In the following step, be prepared to transfer back to Manual mode if the excitation voltage increases
suddenly.

L I =10 1 1= o (o NV PRSP

OEL Test

e Disable the overexcitation limiter through the Configuration tab of the BESTCOMS
[0 g1 (=T =Tl (=T Y o TR PRSP

e Set the On-Line, OEL three current limits at 15% above the no-load field current with a
5 5€CONA tIME AEIAY. .. .eiiiiiiii e e

Using the Analysis screen capabilities of BESTCOMS, prepare to check the OEL response time. If the
response time is too slow, increase OEL gain parameters Ki and Kg and repeat the test.

e Increase the field excitation until the field current reaches 125% of the no-load field
(o104 =101 =TT 1 1] oo APPSR OUPRRPPRRP

e Enable OEL through the Configuration tab of the BESTCOMS Limiter screen. ...................
o Verify that the response time is within specified limits. ...
o Enter the final, operating OEL ValUES. ..........cooiiiiiiii e
UEL Test

¢ Disable the underexcitation limiter through the Configuration tab of the BESTCOMS
LIMITEE SCIEEN. ...t e et e e e e e e

e Set the UEL var limit for 5% vars into the generator. ...........ccooii i
e Adjust the vars into the generator for 15% at 25% load. ..........coooviiiiiiiieeiiiiceee e,
e Perform a step response into the UEL limit by enabling UEL in BESTCOMS. .....................
o Verify stable performance and speed of reSPONSE. ........cocuiiiiiiiiii i
If the response time is too slow, increase the UEL gain (Ki and Kg) and repeat the test.

o Verify stable UEL performance by testing the machine from 25% through 100% real
power loading, UNAEreXCited. ...........coiiiiiiiiiiiiiie e

e Increase the excitation above the UEL limit. ...,
o Enter the final, operating UEL values. ..........cooiiiiiiiiii e
SCL Test (If Applicable)

e Disable stator current limiting through the Configuration tab of the BESTCOMS Limiter
Lo (=L o RSO O PP UOUPPRTRURRPRN

e Operate the unit at approximately 30% load at 0.8 lagging power factor in Droop mode.....
e Using BESTCOMS, set the SCL low limit to 5% greater than the metered current. .............
e Using BESTCOMS, set the SCL high limit to 50% greater than the metered current...........
e Using BESTCOMS set the SCL high limit time delay at 5 seconds. ............ccccoiiieiiiinnee.
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o Enable stator current lImiting. ........oooueiii i
e Perform a step response into the SCL limit...........ccoooiiiiiiiiiiii e
o Verify stable performance and speed of reSponse. ..o
¢ Repeat with unit supplying 30% load at 0.8 leading PF in Droop mode. ..........cccceevvveeennee

If the response time is too slow, increase the SCL gain (Ki and Kg) and repeat the test.
e Verify stable performance of the SCL by testing the machine from 25% through 100%

real-power loading, UndereXCited. .........coooriii i
e Increase the excitation above the UEL limit. ..........cccooiiiiiiiii e
e Enter the final, operating UEL values. ............ccuvmiiiiiiii i
Var Test (If Applicable)
o Verify that Var mode is NUIIed t0 AVR. ...
o Verify that all null status indicators indicate a null condition. ...........cccccoiiiiiii e

o Verify that the Var pre-position mode is disabled or the external pre-position contacts
E= =N 0] o 1Y o 1 PSPPSR

In the following step, be prepared to transfer back to AVR mode if the excitation voltage increases
suddenly.

L I = 101 {=] g (o TV £ | RS
o Set KW fOr 25% OULPUL. .. ..eeeiiieeeee e e e e e e e e s es
o Adjust vars t0 30% Of rated. ........oviiiiiiiii e

Monitor the field voltage to determine performance of the following step.
e Using BESTCOMS, perform a 5% step response stability test..........cccceevviiiciiene e,

e |If necessary, increase the var gain (Ki and Kg) to quicken the response and repeat the
105 SRS

Power Factor Test (If Applicable)
o Verify that PF mode is nulled to Var mode. ...
o Verify that all null status indicators indicate a null condition. .............cccccoiiiiiiii

o Verify that the PF pre-position mode is disabled or the external pre-position contacts
E= 1Y) 1= o SRR

In the following step, be prepared to transfer back to PF mode if the excitation voltage increases
suddenly.

0 TranSTEr 10 PR, .. e
e Adjust the power factor for 0.9 1aggiNg. . c.cee oo

e Perform a step response by changing the PF setpoint to 0.85 lagging to determine
L] ¥= o] 1128 U EERT

e If necessary, increase the PF gain (Ki and Kg) to quicken the response and repeat the
L0 SRR
Recommended PSS Testing

The following paragraphs describe desired tests to evaluate and confirm stabilizer operation in your
system. For specific testing and commissioning procedures, contact Basler Electric Technical Sales
Support at +1 618-654-2341.

Closed-Loop Voltage Requlator Response Measurements

Proper operation of the automatic voltage regulator and exciter are critical to the performance of the PSS.
Step response measurements of the voltage regulator should be performed to confirm the voltage
regulator gain and other critical parameters. A transfer function measurement between terminal voltage

DECS-400 Commissioning



6-10 9369700990

reference and terminal voltage should be performed with the unit operating at very low load. This test
provides an indirect measurement of the PSS phase requirement. As long as the unit is operating at very
low load, the terminal voltage modulation does not produce significant speed and power changes.

Input Signal Measurements

Tests should be performed at various load levels to confirm that the input signals are calculated or
measured correctly. Since the PSS uses compensated terminal frequency in place of speed, the derived
mechanical power signal should be examined carefully to ensure that it does not contain any components
at the electromechanical oscillation frequencies. If such components are present, it indicates that the
frequency compensation is less than ideal, or that the unit inertia value is incorrect.

Stabilizer Step Response Measurements

A standard technique for verifying overall system response is through step response measurements. This
involves exciting the local electromechanical oscillation modes through a fixed step change in the voltage
regulator reference. Damping ratio and frequency of oscillation can be measured directly from recordings
of generator speed and power for different operating conditions and settings. Normally this test is
performed with variations of the following:

e Generator active and reactive power loading

e Stabilizer gain

e System configuration (e.g., lines out of service)

e Stabilizer parameters (e.g., phase lead, frequency compensation)

As the stabilizer gain is increased, the damping should increase continuously while the natural frequency
of oscillation should remain relatively constant. Large changes in the frequency of oscillation, a lack of
improvement in damping, or the emergence of new modes of oscillation are all indications of problems
with the selected settings.

Large Disturbance Measurements

Depending on the location, tests may be performed to measure the response of the system to large
disturbances. These disturbances can include line switching, load rejection, or generation runback. For
example, on hydroelectric units, high mechanical power rates of change (in excess of 20% per second)
may be possible. This requires an examination of the terminal voltage excursion that can be caused in
dual-input stabilizers that band limit the mechanical power signal.

Disturbance Recording

The DECS-400 is equipped with a power data recorder that can capture several quantities. Some of
these quantities include terminal voltage, field voltage, active power, reactive power, speed, generator
current, and stabilizer output. The recorder can be set to trigger automatically for a system disturbance
and save the captured data. This feature allows the user to obtain direct recordings of actual system
disturbances for comparison with simulated responses. This can be very important since it may not be
possible to configure the system to perform staged tests of worst-case configurations and contingencies.
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7 » Maintenance

DECS-400 preventative maintenance consists of regular checks to ensure that the DECS-400
connections are clean and tight and periodic replacement of the backup battery. See Backup Battery
Replacement for battery replacement guidelines.

Storage

Stored units should be kept in the original shipping package in a moisture- and dust-free environment.

This device contains long-life aluminum electrolytic capacitors. For devices that are not in service (spares
in storage), the life of these capacitors can be maximized by energizing the device for 30 minutes once
per year.

Warranty and Repair Service

DECS-400 units are manufactured using state-of-the-art, surface mount technology. As such, Basler
Electric recommends that no maintenance procedures be attempted by anyone other than Basler Electric
personnel.

The DECS-400 is warranted against defective material and workmanship for 18 months from the date of
shipment from our factory. Units submitted for warranty repair should be returned to the factory in
Highland, lllinois, freight pre-paid, with a complete description of the installation and the reported problem.
Pre-arrangement with either the nearest Basler Electric sales office or with the Technical Sales Support
department at the factory will assure the fastest possible turn-around time.

Troubleshooting

These troubleshooting procedures assume that the excitation system components are selected correctly,
fully operational, and connected correctly. If you do not get the results that you expect from the DECS-
400, first check the programmable settings for the appropriate function.

The DECS-400 Appears Inoperative

If the DECS-400 does not power up (no backlighting on front panel display), ensure that the operating
power connections are correct and the voltage level is within the acceptable range. AC operating power
connects to terminals C2 (N) and C3 (L) and must be within the range of 82 to 132 Vac. DC operating
power connects to terminals C4 (BATT-) and C5 (BATT+). A DECS-400 with style number XCXX has an
operating range of 90 to 150 Vdc. A DECS-400 with style number XLXX has an operating range of 16 to
60 Vdc.

Display Blank or Frozen

If the front panel display (LCD) is blank or frozen (does not scroll), remove input power and then reapply
input power after approximately 60 seconds. If the problem occurred during software uploading, repeat
the upload procedures as described in the associated instructions. If the problem persists, return the unit
to the factory as described in the preceding paragraphs.

Generator Voltage Does Not Build

Check the DECS-400 settings for the following system configurations:

a. Generator potential transformer (PT) primary voltage
b. Generator PT secondary voltage
c. Analog control output signal type

Check the DECS-400 soft start settings:
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d. Maximum field flash dropout time
e. Field flash dropout level
f.  Generator soft start bias
g. Generator soft start time

Check the external field flashing components:

h. Field flashing contactor
i. Field flashing power source fuses
j.  Field flashing current limiting resistor values

If the generator voltage still does not build, increase the soft start setting values in paragraphs d through f,
and decrease the setting for paragraph g.

Temporarily turn off the overexcitation limiter.

Generator Voltage Builds but DECS-400 Fails To Flash

Check the DECS-400 settings for the following system configurations:

a. Generator potential transformer (PT) primary voltage
b. Generator PT secondary voltage
c. Analog control output signal type

Check the DECS-400 soft start settings:

d. Maximum field flash dropout time
e. Field flash dropout level
f.  Generator soft start bias
g. Generator soft start time

If the generator voltage still does not build, increase the soft start setting values in paragraphs d through f,
and decrease the setting for paragraph g.

Temporarily turn off the overexcitation limiter.
Check the exciter power circuitry: rectifier bridge, firing circuit, and power input transformer.

If the problem persists, return the unit to the factory as described in the preceding paragraphs.

Field Voltage or Current Reading on LCD Does Not Change
Check the connections between the isolation module and the DECS-400.

Check the connections between the isolation module and shunt (field current sensing) and between the
isolation module and the output of the exciter (field voltage sensing).

If the problem persists, apply a field current or voltage input signal to the DECS-400 at connector P1.
(You are simulating the output from the isolation module.) The field current signal should be applied to
P1, pin 4, and return to P1, pin 5. The field current signal should be 2.0 to 9.5 volts dc with 2.0 volts dc
equal to zero field current.) The field voltage signal should be applied to P1, pin 8, and return to P1, pin 7.
The field voltage signal should be 0.9 to 9.1 volts dc with 5.0 volts dc equal to zero field voltage. If the
LCD reading does not change, return the unit to the factory as described in the preceding paragraphs. If
the reading does change, the isolation module is defective.

Low Generator Voltage (In AVR Mode)

Check the DECS-400 for the following settings:

AVR voltage setpoint

AVR Kg loop gain (too low)

Generator potential transformer (PT) primary voltage

Generator PT secondary voltage

OEL is not activated

Accessory inputs (should be zero)

Var/PF and droop should be disabled

Cut-in underfrequency setting is below the generator operating frequency

S@m0a0 T
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If the problem persists, contact Basler Electric Technical Sales Support for advice.

High Generator Voltage (In AVR Mode)

Check the for the following settings:

AVR voltage setpoint

AVR Kg loop gain (too high)

Generator potential transformer (PT) primary voltage
Generator PT secondary voltage

Accessory inputs (should be zero)

Var/PF and droop should be disabled

If the problem persists, contact Basler Electric Technical Sales Support for advice.

~oao0oTp

Generator Voltage Unstable (Hunting)

Verify that the exciter power converter is working correctly by substituting the appropriate battery voltage
in place of the DECS-400 drive voltage. If the problem is caused by the DECS-400, check the gain
settings for the specific mode of operation selected.

If the problem persists, contact Basler Electric Technical Sales Support for advice.

Poor Voltage Regulation

Poor voltage regulation may result from insufficient Kg loop gain. Increase the AVR loop gain accordingly.

No Buildup in FCR Mode

Low Kq loop gain may hinder buildup when operating in FCR mode. An FCR loop gain of 150 or greater
may be necessary.

No Control Signal at Firing Circuit Input

Check the control signal setting and output of the DECS-400. Depending on the signal selected, the
DECS-400 will produce a 0 to 10 Vdc, 4 to 20 mAdc, or —10 to +10 Vdc control signal.

Limiters Do Not Limit at the Desired Level

Insufficient Kq loop gain for the limiters may hinder limiter operation. Increase the limiter loop gain
accordingly.

Poor Reactive Control

Poor reactive control may result if the AVR droop setting is too low. Adjust the AVR droop accordingly.

Protection or Limit Annunciation
If a protection function or limiting function is annunciated, check the associated setting values.

If the problem persists, contact Basler Electric Technical Sales Support for advice.

Metering Readings Incorrect

If your PF, var, or watt readings are significantly different from the expected readings for a known load,
verify that the CT for phase B is actually placed on the phase B input to the DECS-400 and not or phase
AorC.

No Communication

If communication cannot be initialized, check the serial cables to the port connections, the transmission
speed (baud rate), and supporting software.

DECS-400 Maintenance
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Real-Time Clock Information Lost After Loss of Control Power

A loss of real-time clock information indicates a depleted backup battery. See Backup Battery
Replacement for the battery replacement procedure.

The DECS-400 Reboots Frequently

If a single input power source is used and the input power is less than the minimum as specified or
fluctuates below the minimum, the DECS-400 will reboot. Increase input power to meet or exceed the
specified requirements.

Backup Battery Replacement

An internal battery maintains real-time clock information when DECS-400 operating power is removed or
lost. The 3.6 volt, lithium, backup battery is secured in a holder located behind the front panel. The
backup battery should be replaced every five years by using the following procedure. In applications
where the battery is not desired, refer to the following instructions to remove the battery.

1. Obtain a replacement battery (Tadiran TL-2150/S, Basler Electric 37819, or equivalent).
2. Remove the DECS-400 from service by observing all applicable safety and shutdown procedures.

3. Loosen the captive Phillips screw in both latches, release each latch, and withdraw the draw-out
assembly from the case.

Caution

Observe all applicable electrostatic discharge (ESD) precautions when
handling the draw-out assembly.

4. Locate the battery holder and cover on the circuit board attached to the front panel. When facing the
back side of the front panel, the battery holder and cover are located near the upper, left-hand corner
of the circuit board.

5. Unclip and remove the cover from the battery holder.

6. Remove the battery from the battery holder. Note the orientation (polarity) of the battery. The new
battery must be installed with the same orientation.

Do not short-circuit the battery, reverse the battery polarity, or attempt
to recharge the battery.

Note

The battery should be disposed of properly. Consult your local health,
solid waste disposal, or recycling agency for battery disposal
guidelines.

7. Install the new battery in the holder. Ensure that the polarity of the installed battery is correct (+ to +
and —to -).

8. Place the battery cover over the battery holder and snap it into place.
9. Insert the draw-out assembly into the case and secure it with the latches.
10. Place the DECS-400 back in service by observing all applicable safety and startup procedures.

Maintenance DECS-400
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Upgrading DECS-400 Nonvolatile Memory

This product contains one or more nonvolatile memory devices. Nonvolatile memory is used to store
information (such as settings) that needs to be preserved when the product is power-cycled or otherwise
restarted. Established nonvolatile memory technologies have a physical limit on the number of times they
can be erased and written. In this product, the limit is 1,000,000 erase/write cycles. During product
application, consideration should be given to communications, logic, and other factors that may cause
frequent/repeated writes of settings or other information that is retained by the product. Applications that
result in such frequent/repeated writes may reduce the useable product life and result in loss of
information and/or product inoperability.

It is recommended that DECS-400 units loaded with firmware versions prior to 1.10.00 are upgraded
using BESTCOMS to prevent information loss and product inoperability due to nonvolatile memory failure.

This tool copies the settings and other information stored in nonvolatile memory and saves it on the
connected PC. A firmware upgrade is performed, then the settings are loaded back into the DECS-400.

Caution

o Afailed nonvolatile memory chip continues to operate normally as
long as power remains present. However, after power is cycled, the
DECS-400 becomes inoperable.

e Some firmware upgrades require the reassignment and re-landing of
some wire terminations due to features that may be added, changed
or removed. Contact Basler Electric and ask about any hardware or
system changes that will need to be performed before installing new
firmware. Serious damage to the DECS or your system could result if
these changes are not completed first.

e DECS-400 units with hardware version AB and later support only
firmware versions 1.10.00 and later.

Note

In the course of upgrading firmware, the DECS-400 will reboot several times.
This may cause the DECS to give a Watchdog Failure alarm and, depending
on your fault tripping scheme, may trip your generator’s lockout relay. It is
recommended that firmware upgrades be done while the prime mover is
stopped for maintenance.

Nonvolatile Memory Upgrade Procedure

The following conventions are used in this procedure:

o ltalic text marks the menu commands and submenu commands that are to be clicked
Bold text marks the buttons that are to be clicked

Before upgrading DECS-400 nonvolatile memory and firmware, read the entire procedure and ensure that
you have the DECS-400 serial number, latest BESTCOMS software, latest firmware package, and all files
required to install the firmware.
o Obtain the serial number of the DECS-400 to be upgraded and record for later use. The serial
number is found on the DECS-400 front panel ratings label.
o Obtain the latest DECS-400 firmware package by contacting Basler Electric Technical Support.
Firmware files may be supplied as an email message file attachment, a file downloaded from the
Basler Electric website, or on a firmware update CD-ROM. Retain the firmware package for later
use.

DECS-400 Maintenance
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Install the latest version of BESTCOMS-DECS400. Refer to the BESTCOMS™ Software chapter
for installation instructions. Visit www.basler.com/Downloads/ to download the latest version of
BESTCOMS-DECS400 or contact Technical Support.

If you have difficulty upgrading the nonvolatile memory, contact Basler Electric Technical Support for

assistance.
1.

Start BESTCOMS and connect to the DECS unit.

@ "0 o0 T

Communications

Connect

RS232-COMO

Select the communications port of the host PC.

Click Connect

Type the password for your unit (default: DECS4) and press Enter or click OK.
Wait for the currently installed settings to load from the DECS into BESTCOMS.

Take note of the DECS serial port speed.

a.

b.
c.
d

Communications

Configure

Make note of the baud rate listed under “Com0 RS-232".
Click OK when finished.

Start the nonvolatile memory upgrade

a.
b.

Communications

NVRAM Upgrade (This option is disabled if the DECS-400 is loaded with firmware version
1.10.00 or higher.)

An NVRAM dialog appears.

Click Upgrade.

An NVRAM Upgrade Notice dialog appears. When the DECS-400 serial number and latest
firmware package have been obtained, proceed to the next step.

Click Yes.
Wait while all settings are copied from nonvolatile memory.
When complete, a Save All Settings dialog appears.

Save the nonvolatile memory settings file.

a.

® oo o

Click OK.

Select a location that you can find again later (e.g., c:\\Windows\desktop).
Select an appropriate file name.

Click Save

A Continue Upgrade dialog appears.

Upgrade firmware

a.
b.
C.

Click OK.
BESTCOMS disconnects from the DECS-400.
BESTIoad™ is launched automatically.

Check the BESTload port speed.

a.

® 200

Communications

Configure

Serial port should be comm1 or the current port you are using on your computer.
Adjust the baud rate to the same value noted in Step 2, if necessary.

Click OK.

Maintenance DECS-400
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7. Click Get Relay Info.

BESTload begins communicating with the DECS and displays the current, installed firmware in
the left-hand box.

8. Click Start Transfer.
9. You are asked for the location of the firmware file.
a. Navigate to the location where you have saved the firmware file.
b. Select the “gdDECS400_hxxyy.hex” file and click Open.
10. Enter the password for your DECS and press Enter.
The BESTload program loads the new firmware file. The DECS front panel display indicates

7-7

“‘Reprogramming In Progress” and the front panel LEDs flash. The DECS should reboot when the

file is completely loaded.

11. A dialog box should appear explaining if there was an error or if the firmware will have to be
reloaded when the download is complete. Click OK.

12. The new firmware version that you have just loaded should now appear in the right hand box.
The DECS HMI should now be on the main screen.
13. Close BESTload.
14. Load Settings.
a. Once BESTload is closed, BESTCOMS attempts to reconnect to the DECS-400.
b. You are asked for the location of the nonvolatile memory settings file.
i. Navigate to the location where you have saved the nonvolatile memory settings file.
ii. Selectthe “.de4x” file and click Open.
If the correct firmware is installed, a Firmware Upload Successful dialog appears.
Enter the serial number of the DECS-400 in the provided field.
Click Submit.

@ ™o ao

If the serial number is incorrect, a Serial Number Mismatch dialog appears.
i. Click Yes to re-enter the serial number. Click No to cancel.

ii. If cancelled, an Upgrade Cancelled dialog appears. Click OK.

iii. You may resume the upgrade by clicking File, Upload .de4x file.

iv. Go to Step 14c above.

15. When complete, an Upgrade Complete dialog appears.

16. Click OK. BESTCOMS closes the upgrade tool and communications with the DECS.

Upgrading DECS-400 Firmware

If the serial number is correct, the nonvolatile memory settings will be uploaded to the DECS.

Future enhancements to DECS-400 functionality may make a firmware upgrade desirable. Before
upgrading DECS-400 firmware, read the entire procedure and ensure that you have all files required to
install the firmware. Firmware files may be supplied as an email message file attachment, a file
downloaded from the Basler Electric website, or on a firmware update CD-ROM.

Firmware Installation Procedure

The following conventions are used in this procedure:

e [talic text marks the menu commands and submenu commands that are to be clicked
o Bold text marks the buttons that are to be clicked

If you have difficulty installing the firmware, contact Basler Electric for assistance.

DECS-400 Maintenance
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Caution

e Some firmware upgrades require the reassignment and re-landing
of some wire terminations due to features that may be added,
changed or removed. Contact Basler Electric and ask about any
hardware or system changes that will need to be performed
before installing new firmware. Serious damage to the DECS or
your system could result if these changes are not completed first.

e DECS-400 units with hardware version AB and later support only
firmware versions 1.10.00 and later.

Note

In the course of upgrading firmware, the DECS-400 will reboot several
times. This may cause the DECS to give a Watchdog Failure alarm
and, depending on your fault tripping scheme, may trip your
generator’s lockout relay. It is recommended that firmware upgrades
be done while the prime mover is stopped for maintenance.

1. Start BESTCOMS and connect to the DECS unit.

@ "0 o0 T

Communications

Connect

RS232-COMO

Select the communications port of the host PC.

Click Connect

Type the password for your unit and press Enter or click OK.

Wait for the currently installed settings to load from the DECS into BESTCOMS.

2. Take note of the DECS serial port speed.

a.
b.
C.
d.

Communications

Configure

Make note of the baud rate listed under “Com0 RS-232”.
Click OK when finished.

3. Save the settings to your hard drive.

a.

b.
C.
d

Click the disk icon (O).

Select a location that you can find again later (e.g., c:\\Windows\desktop).
Select an appropriate file name.

Click Save

4. Print the settings to a text file.

a.

b.
C.
d

SQ ™o

File

Printing

Print To File

You will be asked to supply some information on the unit, like a serial number.
i. This information will help you identify the file later.

ii. You can enter any information desired or also leave the three boxes blank.

Click OK

Choose a location that you can locate later (e.g., c:\Windows\desktop).

Select an appropriate file name.

Click Save

Maintenance
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10.

11.

12.

13.

14.

15.

16.

17.

Close BESTCOMS.
a. Communications
b. Close

Settings are saved to the EEPROM of the DECS.
Start BESTload ™.

Check the BESTload port speed.

a. Communications

b. Configure

c. Serial port should be comm1 or the current port you are using on your computer.

d. Baud rate should be set to the same speed as you noted above for BESTCOMS, if not, change it
to appropriate speed.

e. Click OK.

Click Get Relay Info.

BESTIoad will begin communicating with the DECS and display the current, installed firmware in the
left-hand box.

Click Start Transfer.

You will be asked for the location of the firmware file.
a. Navigate to the location where you have saved the firmware file.
b. Select the “‘gdDECS400_hxxyy.hex” file and click Open.

Enter the password for your DECS and press Enter.

The BESTload program should start loading the new firmware file. The DECS front panel display
should indicate “Reprogramming In Progress” and the front panel LEDs should flash. The DECS
should reboot when the file is completely loaded.

A dialog box should appear explaining if there was an error or if the firmware will have to be reloaded
when the download is complete. Click OK.

The new firmware version that you have just loaded should now appear somewhere in the right hand
box.

The DECS HMI should now be on the main screen.
Close BESTload.
If you have not already done so, install the BESTCOMS program that’s on the firmware update CD.

Start BESTCOMS in order to re-install the operating settings into the DECS.
Communications

Connect

RS232-COMO

Select the communications port of the host PC.

Click Connect

Type the password for your unit and press Enter or click OK.

g. Wait for the currently installed settings to load from the DECS into BESTCOMS.

-0 o0 T

Open the settings files you saved in step 5.
a. Click the “open file” icon (O).
b. Navigate to the location where the settings file was saved.

DECS-400 Maintenance
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C.
d.

Select the file that you saved.
Click Open. The settings file will be uploaded to the DECS.

9369700990

18. While you are still connected to the DECS, open the text file that you saved earlier and compare these

settings to what is now in the DECS.
Check all entries to verify that the settings have not changed. Keep in mind that some settings, like
the active mode setpoint, change as a natural course of the DECS functioning. Differences in these

a.

settings, unless they seem out of the ordinary, do not necessarily indicate a problem.

You may find that some new features were added. Default values will be entered into the new

features.

i.  If your current version of BESTCOMS no longer communicates with the DECS unit containing
the new firmware, contact Basler Electric for a version of BESTCOMS that is compatible with

your firmware.

19. Save the new settings to your PC hard drive.

a.
b.
C.
d.

Click the disk icon (O)

Select a location that you can find again later (e.g., c:\Windows\desktop).
Select an appropriate file name for the new settings.

Click Save.

20. Save a new copy of your settings text file.

a.

b.
C.
d

Sa o

File

Printing

Print To File

You will be asked to supply some information on the unit, like a serial number.
i. This information will help you identify the file later.

i. You can enter any information desired or also leave the three boxes blank.

Click OK

Choose a location that you can locate later (e.g., c:\\Windows\desktop).
Select an appropriate file name.

Click Save

21. Close BESTCOMS.

a.
b.

Communications
Close

Settings are saved to the EEPROM of the DECS.

Maintenance

DECS-400



9369700990

8 * Specifications
DECS-400 electrical and physical specifications are listed in the following paragraphs.

Operating Power

8-1

AC Input (Style XCXX Only)

Nominal ......ccoeiiiiiee 120 Vac
Range.......cccooiiiiiiiniec e 82 to 132 Vac
Frequency .......ccccccvveeeeeeeeccciee, 50/60 Hz
Burden.......ccocooviiiiiie, 50 VA
Terminals......ccocceeeeeieiciiiieeeee e, C2 (N), C3 (L)

DC Input (Style XCXX, XLXX)

Nominal

Style XCXX ..o, 125 Vdc

Style XLXX....ocovieeeeeeeece, 24/48 Vdc
Range

Style XCXX 90 to 150 Vdc

Style XLXX 16 to 60 Vdc
Burden.......coooeeiiiiiiiiiieieeee, 30 W
TerminalS......cccooeveeeeeiiiieeieeeeee, C4 (BATT-), C5 (BATTH+)

Generator Voltage Sensing

Configuration...........ccccvvvveeeeeiienns 1-phase (A-phase (E1) to C-phase (E3)) or 3-phase
RaNgES .......vvvvviiiiiiiiiiiiiiivveeeeeieeaees 120 V or 240 V, automatically selected

Burden ... <1 VA

Terminals.......cccoveeevcieee e, A9, (E1), A10 (E2), A11 (E3)

50 Hertz Sensing

Range 1. 85 to 127 Vac
Range 2........uvvvvviviviiiniiiiieieiiiinnnns 170 to 254 Vac

Range 1. 94 to 153 Vac
Range 2........uvvvvviviviiiniiiiieieiiiinnnns 187 to 305 Vac

Bus Voltage Sensing

Configuration...........ccccooeeiiiiiiiies 1-phase (A-phase (BUS1) to C-phase (BUS3))
RaNgES ......uvvveiiiiiiieiiiiiiiiieveveevieaeas 120 V or 240 V, automatically selected
Burden.......ccccoiiiiiie, <1 VA

TerminalS......ccoocceeeevieeeeee e, A13 (BUS1), A14 (BUS3)

50 Hertz Sensing

Range 1., 85 to 127 Vac
RaNge 2........ouvvvvvvieiiiiiiiiiiieiiiiienens 170 to 254 Vac

Range 1., 94 to 153 Vac
Range 2........ccoceiiiiiiiiiee 187 to 305 Vac
DECS-400
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Generator Current Sensing

Configuration..........cccccvvveeeeeeienns 1-, 2-, or 3-phases.
Separate cross-current compensation input.
Sensing Ranges..........ccccceeennnee. 2 (up to 400% of nominal)
Nominal Sensing Current.............. 1 Aac or 5 Aac
Burden.........cccevvvviiiiiiiiiiiiieeeeeieeeees <1 VA
Terminals
CTA e A1, A2
LG I R A3, A4
LG O A5, A6
CCCT it A7, A8

Field Voltage and Current

Field sensing values are supplied to DECS-400 connector P1 from the Isolation Module (supplied with the
DECS-400). See Field Isolation Module.

Field Isolation Module

Electrical Specifications

Operating Power ..........cccccccoeeeeis +5 Vdc, £12 Vdc from DECS-400
Sensing Ranges
Field Voltage........... +300% of the five nominal ranges: 63 Vdc, 125 Vdc, 250 Vdc, 375 Vdc, and 625
Vdc
Field Current ... 0 to 300% of the two nominal shunt ranges: 50 mVdc and 100 mVdc
Signal Output
Field Voltage...........ccccvveeeeenn. 0.9 t0 9.1 Vdc (5.0 Vdc = zero field voltage)
Field Current..........ccccvveeeennn. 2.0 t0 9.5 Vdc (2.0 Vdc = zero field current)

Physical Specifications

Temperature
Operating......cccceeeveeeiiieeen. —40 to 60 °C (—40 to 140°F)
Storage ......cooeevviieieiiiee —40 to 85°C (—40 to 185°F)
Weight 680 g (1.5 Ib)
SIZE oo Refer to the Installation chapter for isolation module dimensions.
Contact Inputs

Sixteen contact inputs accept dry switch/relay contacts or open-collector outputs from a PLC. There are
six fixed-function contact inputs and 10 programmable contact inputs.

Interrogation Voltage..................... 12 Vdc

Fixed Function Inputs

AVR
Manual =
Lower T
Raise t
Start *
e Stop *
* Functions are activated by a momentary input.
T Functions are active only when the corresponding contact input is active.

Specifications DECS-400
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Programmable Inputs

8-3

Any of the 10 programmable inputs can be configured, through the integrated programmable logic, with

the following functions.
e 27 P|D Settings Selection

e 2nd Pre-Position

e Phase Rotation

e Pre-Position

e PSS Enable

e PSS Motor/Generator Mode

e PSS Parameters Set Selection

e Reactive Differential Compensation Enable

e Reactive Droop Compensation Enable

e Secondary Enable

e Speed Switch Enable

e Unit/Parallel Operation (52 L/M)

e Var/Power Factor Enable (52 J/K)
Terminals
Start....cooecieeeee B1 (START), B2 (COM)
] (o] o RS B3 (STOP), B2 (COM)
AVR e B4 (AVR), B5 (COM)
Manual.......ccccccoeeiiiiiieiee e, B6 (Man), B5 (COM)
RaISE ... B7 (RAISE), B8 (COM)
LOWET ...ttt B9 (LOWER), B8 (COM)
Programmable 1.............ccoeeunnnneen. B10 (SW1), B11 (COM)
Programmable 2............cccceeiineen. B12 (SW2), B11 (COM)
Programmable 3............cccceeeiineen. C23 (SW3), C24 (COM)
Programmable 4............cccccoeveneen. C25 (SW4), C24 (COM)
Programmable 5............ccccoeevineen. C26 (SW5), C27 (COM)
Programmable 6............ccccceeveneen. C28 (SW6), C27 (COM)
Programmable 7..........ccccceerninneen. C29 (SW7), C30 (COM)
Programmable 8...........cccceevnneenn. C31 (Sw8), C30 (COM)
Programmable 9...........cccccevevnnenn. C32 (SW9), C33 (COM)
Programmable 10..........ccccceevneeee. C34 (SW10), C33 (COM)

Accessory Input (Remote Setpoint Control)

Voltage Input

Range.......cccoiiiiniiiiiiecen —10 Vdc to +10 Vdc
Terminals........cccocoiiiiiiii A16 (V+), A17 (V=)

RanNge........uvvvviiieiiiiiiiiiiiiiiiiiiiiieeens 4 mAdc to 20 mAdc
Terminals........cccoooiiiiiiii A19 (1+), A20 (I-)
Control Outputs

The excitation setpoint is controlled by either an analog voltage output or analog current output.

Voltage Control Output

Range.......cccoieiiniiiiiece +10 Vdc or 0 to +10 Vdc
Terminals........cccovioieiieneieeeeee D14 (VC+), D15 (RTNC)

DECS-400 Specifications
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Current Control Output

RanNge........uvuvviiiiiiiiiiiiiiiiiiiiiviiienens 4 to 20 mAdc

Terminals......ccoceeeeeiiicciieeeee e, D13 (IG+), D15 (RTNC)

Metering Outputs

Two programmable metering outputs can be configured to meter a broad range of generator and system
parameters. Each metering output is electrically isolated from DECS-400 internal circuitry.

Output Range......cccoccveviviiieeennnen. 4 to 20 mAdc
Burden ... 1 kQ maximum
Terminals
Metering Output 1................... A21 (M1+), A22 (M1-)
Metering Output 2................... A24 (M2+), A25 (M2-)
Contact Outputs

Two dedicated contact outputs and six programmable contact outputs.

Dedicated Outputs
Functions.........ooovvveeeeeiiiin. Watchdog, On/Off

Programmable Outputs

Annunciation Selections.............. DECS-400 status, active alarms, active protection functions, and active
limiter functions, all programmed by integrated programmable logic

Output Actions........cccceieeieeeis Maintained, latched, or momentary
Momentary Closure Duration........ >0.1s

Contact Ratings

MaKe......ccvveeeeeeeeeeieeee e 30 A for 0.2 seconds per IEEE C37.90
1071 ¢ VSRR 7 A continuous
Break (Resistive or Inductive)....... 0.3 A at 125 Vdc or 250 Vdc (L/R = 0.04 maximum)

Terminal Assighments

Watchdog ....ccvvveeeeeeiiiiieeeee e, C6 (WTCH1 (NC)), C7 (WTCH (COM)), C8 (WTCH2 (NO))
(0] 07 11 R, C9, C10

Programmable 1.........cccccoeevnnnneen. C11, C12

Programmable 2..........c.cccoeeieee. C13,C14

Programmable 3.........cccccoovinineen. C15,C16

Programmable 4............ccooeennee. C17,C18

Programmable 5.........cccccoovnnee. C19, C20

Programmable 6............cccoeeneeeeeen. C21,C22

Communication Ports

Com 0

Interface .......ccccevvveeeiiiieciees RS-232

Connection ..........ccoveeiiiieeeeeeeeens Front-panel female DB-9
Protocol ........ccccevvviieiiniieeeeen ASCII

Data Transmission .............cccueeee.. Full duplex
Baud......cooooeeeieeeee e 1200 to 19200

Data BitS....covveeeieiiiiieeeie e 8

Parity ....coeeeeiee e None

Stop BitS . 1
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Com 1
Interface .......cccoovvveeiiiiiec e RS-485
Connection Type......cccovvveeeeeeeienns Rear-panel screw terminals
Terminals......ccocceeveieiiciiieeeee e, D5 (A), D6 (B), D7 (C)
Protocol .........ccccveviiieiiiiiieeeee, ASCII
Data Transmission ..........cccccvvvvnnnes Half duplex
Baud......cooooeeiiieeeee e 1200 to 19200
Data BitS....covveeeiiiiiiieeeeeeeee 8
Parity .....coeeeiiiii None
Stop BitS .. 1
Com 2
Interface ........coccoeeiiiii RS-485
Connection Type .....cccceeeeeeeeennnns Rear-panel screw terminals
TerminalS......cccocceveeeiiiee e, D9 (A), D10 (B), D11 (C)
Protocol ......cooviiiiiiieeee Either Modbus® RTU or Modbus TCP/IP
Data Transmission .............ccceeeee.. Half duplex
Baud......cooooeviiieeee e 4800 to 19200
Data BitS....ccoooevviiiiiiiiiiiieeie, 8
Parity ......ovvvveeiiiiiiiiiiiiiieeeveeiieeens None
Stop BitS....vvvveieeeeeeieeeeee e, 2
Com3
Interface ........occooeeiiiiii 10BASE-T Ethernet per IEEE 802.3
Connection Type.....ccccovvveveeeeeienns Rear-panel RJ-45
Data Transfer

Medium .....ccoovveeeeeeiiieeeeee, Category 5 twisted-pairs, copper conductors, 100 m (328 ft) maximum

Rate .....covvviieieeie e, 10 Mb/s

Connections

Modbus TCP/IP................ 4, maximum
BESTCOMS..........ccu....... 1, maximum
J1
Interface ........ccccovveeeeeiciiceeeeee FCC part 68 approved modem
Connection .........ccooeeeviieieeeeecieens Rear-panel RJ-11
IRIG
Standard........cccooceeeiiiiieeee e, 200-98, Format B002
Input Signal .......ccccoeveeeiiiiieeee Demodulated (dc level-shifted digital signal)
Logic High Level..........ccccvvvvvvvnnnns 3.5 Vdc, minimum
Logic Low Level ........cccvvvvevvvennnnnes 0.5 Vdc, maximum
Input Voltage Range ..................... —10 Vdc to +10 Vdc
Input Resistance .........ccccvvvvvevnnens Nonlinear, approximately 4 kQ at 3.5 Vdc, 3 kQ at 20 Vdc
Terminals.......cccceeeevciiee e, D1 (IRIG +), D2 (IRIG-)
Regulation Accuracy
AVR Mode
Voltage Regulation..................... +0.2% over the load range, at rated power factor and constant
generator frequency

Steady-State Stability.................... +0.1% at constant load and frequency
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Temperature Stability................. +0.5% between 0 and 50°C (32 and 122°F) at constant load and
frequency
Response Time ........cccocveeveninennn. <1 cycle

FCR and FVR Mode

Field Current/Voltage Regulation...=1% of the nominal value for 10% of the rectifier bridge input voltage
change or 20% of the field resistance change

Var Control Mode
Reactive Power Regulation........... +2.0% of the nominal VA rating at rated frequency

Power Factor Control Mode

Power Factor Regulation............... +0.02%
Metering Accuracy
Generator and Bus Voltage........... +1.0%
Generator and Bus Frequency......+0.1 Hz
Generator Line Current ................. +1.0%
Generator Power
Apparent Power (VA).............. +2.0%
Active Power (W) .......cccocueee. 12.0%
Reactive Power (var).............. +2.0%
Power Factor.........ccccveiiiiiee. +0.02 PF
Field Current and Voltage ............. +2.0%

Aux. Voltage & Current Input ........ +1.0%

Power System Stabilizer (PSS)

Model:......ccoovviiiiee e IEEE Std 421.5 type PSS2A/2B/2C

Operating Mode ........cccccceeierinnes Generator or Motor, ABC or ACB phase sequence

Sensing Configuration................... Power and Speed or Speed only

Power Measurement..................... Two-wattmeter method or three-wattmeter method

Frequency Range...................... Responds to power oscillations from 0.1 to 5 Hz. Low-pass and high-

pass filtering prevents unwanted PSS action outside this range.

Traverse Rates

Setpoint
Setting Range ........cccccovveeeeeiiinns 10t0 200 s
Setting Increment...........cccceeeenes 1s

Pre-Position Setpoint

Setting Range ........cccccovveeeeeiiinns 1t0720 s
Setting Increment..........ccccceeeenes 1s
Setpoint Tracking

Delay

Range.......cccoieiiniiiiiece 0to80s
Increment ... 01s

Specifications DECS-400
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Traverse Rate

RanNge........uvuvviiiiiiiiiiiiiiiiiiiiiviiienens 1t080s
Increment .......cccoooveeiiiiiiiiieee, 0.1s
Soft Start

Two sets of soft start settings are available when operating in AVR or FCR mode.

Soft Start Bias Level

Sequence of Events Recording

Events are time- and date-stamped and stored in volatile memory.

Event Capacity .......ccccceeeeeeecnnnnneen. 127
Scan Interval .......c.coccoceveviiienennee, 50 ms
Logic Triggers.........cooevvevvvnnnnnns Input state change, output state change, alarm annunciation, or system

operating status change

Data Logging (Oscillography)

Record Capacity........cccccceeeeuvrneenn. 6

Variables per Record .................... 6

Sampling Rate..........ccccceeeeeeiinns 600 data points per record
Pre-Trigger Points .........ccccvvvvvinnnns Up to 599

Record Duration .............c.cceevvvvvenenes 2.4s106,000s
Interval.........ooovvviiiiiiiiiiiiiiiieieeeieeees 4msto10s
Trending

Record Capacity........cccccceeeeuvnnnenn. 1

Variables per Record .................... 6

Sampling Rate...........ccccccceeeiiiis 1,200 data points per record
Record Duration ........ccccccoeeiineeen. 1hrto30d

Limiters

Underfrequency Compensation

Slope Adjustment Range .............. 0to 0.3 PU
Knee Frequency Range................. 15t0 90 Hz

Volts per Hertz

Slope Adjustment Range .............. Oto 3 PU
Time Delay Range ...........cccceene. Oto10s

DECS-400 Specifications
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Summing Point Overexcitation Limiter

Three on-line setpoint levels....... 1 (high), 2 (medium), and 3 (low). Limiter response is less than 3 cycles.
Setpoint Range

Level 1,2, 3 i, 0 to 11,999 Adc
Setpoint Increment

Level 1,2, 3 e 0.1% of the rated field current
Limiting Time Range

Level 1 ...l 0to60s

Level 2. 0to120s

Level 3 ..., Indefinite
Limiting Time Increment

Level 1,2 ... 1s

Level 3 ..., N/A
Two off-line setpoint levels............ 1 (high) and 2 (low). Limiter response is less than 3 cycles.
Setpoint Range

Level 1,2 i, 0to 11,999 Adc
Setpoint Increment

Level 1,2 e 0.1% of the rated field current
Limiting Time Range

Level 1 ... 0to60s

Level 2. Indefinite
Limiting Time Increment

Level 1 ... 1s

Level 2. N/A

Takeover Overexcitation Limiter

Two on-line setpoint levels............ High and Low. Limiter response is less than 3 cycles.
Setpoint Range
High, Low Level................ 0 to 11,999 Adc
Setpoint Increment
High, Low Level................ 0.1 Adc
Time Dial
Range......ccccooeiiiienennnn. 0.1t020s
Increment ....................... 0.1s
Two off-line setpoint levels............ High and Low. Limiter response is less than 3 cycles.
Setpoint Range
High, Low Level................ 0to 11,999 Adc
Setpoint Increment
High, Low Level................ 0.1 Adc
Time Dial
Range......ccccooceivienennnn. 0.1t020s
Increment ........cccceeeeinnns 0.1s
Underexcitation

User-selectable, summing-point type or takeover limiter. UEL curve is selected by specifying the
acceptable reactive power level at zero active power output or by entering a five-point UEL characteristic.
UEL adjusts characteristic according to changes in generator terminal voltage.

Reactive Power

Setting Range..........cccccuvneee. 0 to 41 kvar (leading)
Setting Increment.................... 1 kvar
Real Power
Setting Range..........cccccuvneee. 0 to 41 kW
Setting Increment................... 1 kW

Specifications DECS-400
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Stator Current

Single- or three-phase summing-point limiter with Pl control loop. Limiter has two steps: High and Low.
Setpoint Range

[ [T o T o 100 to 300% of nominal generator output current
Definite Time Delay
High oo 0to 60 s, 1 s increments

Reactive Power

The reactive power limiter ensures that the level of var flow out of the generator does not exceed its

capability.

Setting Range (Lagging kvar)...... Determined by rated kVA specified for the controlled machine: from 0
to current value of generator rating in 1 kvar increments.

Time Delay ......ccccceveveveiini Oto10s

Protection Functions

Field Overvoltage

Setting Range .........ccccovveveeeiiinns 1 to 2,000 Vdc
Time Delay ......ccccceveveveeee, 0.2t030s
Field Overcurrent

Setting Range .......cccocviviieeenn. 0.1 to 9,999 Adc
Time Delay .......cccceeeviieiiiniieeene, 0.1to20s
Generator Undervoltage

Setting Range .........ccccovveveeeiiinns 0 to 34,500 Vac
Time Delay ......cccccoeveveveieee, 0.5t060s
Generator Overvoltage

Setting Range .......cccocviviieeinnn, 0 to 34,500 Vac
Time Delay .......cccceeeviveiiiniieeene, 0.1to60s
Loss of Sensing Voltage

Pickup Level ..., 0 to 100%, balance or imbalance condition
Time Delay ......cccccevvveveieein 0to30s
Generator Underfrequency

Pickup Level.........ccccoviiiiiie Fixed at 10 Hz
Time Delay .......cccceeeviieiiiniieeenn, N/A

Loss of Field (40Q)

Setting Range ........cccccovveeeeeiiinns 0 to 3,000 Mvar
Time Delay ......ccccceveveveieei, 0to9.9s

Field Overtemperature

Calculated from field voltage and current data.

Setting Range ........ccccocvveeeeeiiinns 0 to 572°C
Time Delay .......ccccoeveveveieni 0.1to60s
Volts per Hertz (24)

Setting Range .......cccocviviieeinnn, 0.5t0 6 V/Hz
Integrating Reset Range ............... 0t0 9.9 V/Hz

DECS-400 Specifications
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Exciter Diode Failure

Exciter to Stator Poles Ratio.......... 1 to 10 (O if unknown)

Ripple Threshold, Open/Shorted .. 0 to 100%, in 0.1% increments
Time Delay Open .......cccccceeveeeennns 10to 60 s, in 0.1 increments
Time Delay Shorted ...................... 510 30 s, in 0.1 increments
Open/Shorted Inhibit Levels.......... 0 to 100%, in 0.1% increments
Generator Frequency Range ........ 40to 70 Hz

Type Tests

ShOCK ..o IEC 60255-21-2

Vibration ..o IEC 60255-21-1

Humidity ....oooeveeeeeiiieeecee e, IEC 68-1, IEC 68-2-28
Dielectric Strength..........ccccoeieee. IEEE 421.3
Transients......cccccoeevviiiieeeee s IEEE C37.90.1-1989

Surge Withstand Capability............ IEEE C37.90.1-1989
IMPUISE..cooiiiiee e IEC 60255-5

Electrostatic Discharge ................. IEEE C37.90.3 Draft 2.3

Radio Frequency Interference ...... IEEE C37.90.2

Agency Certifications

UL

UL recognized per UL Standard 508, File E97035 and CSA Standard C22.2 No. 14

CE

In its intended use, this equipment conforms with the relevant EU harmonization legislation:
Low Voltage Directive (LVD)............c...... 2014/35/EU

Electromagnetic Compatibility (EMC) .....2014/30/EU

NIIPT

NIIPT, JSC Russian certification.

Real-Time Clock Battery

TYPE oo Lithium, %2 AA size
Rating.......coovviiiiii e 3.6 Vdc, 1.0 Ah nominal capacity
Replacement Interval .................... 5 years
Part Number..........coccvrviiiiiiinenn. Basler Electric 37819
Tadiran TL-2150/S
Note

For applications where battery backup is not desired, refer to the Maintenance
chapter, for instructions on removing the battery. Operating the DECS-400
without the backup battery installed may result in loss of real-time clock
information if control power to the DECS-400 is lost.

Environment

Operating Temperature................. —40 to 60°C (-40 to 140°F)

Storage Temperature..................... —40 to 85°C (-40 to 185°F)

Physical

Weight ......cooeiiiiieeee 6.01 kg (13.25 Ib)

SIZE oo Refer to the Installation chapter for DECS-400 dimensions.

Specifications DECS-400
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9 « Programmable Logic

The DECS-400 utilizes programmable logic functionality in the form of multiplexors, AND gates, OR
gates, NOT gates, and timers. Refer to Table 9-1. Inputs to the logic are in the form of discrete
information including switching inputs, system status data, protection status data, limiter status data,
alarm status data, and PSS status data. The outputs of the programmable logic module can be used to
control the relay outputs as well as various other functions inside the DECS-400 such as control functions
(start/stop, mode select, etc.), protection functions (field overvoltage enable, field overcurrent enable,
etc.), limiter functions (OEL enable, UEL enable, etc.), and PSS functions.

The programmable logic capabilities of the DECS-400 are accessed through the Logic screen of
BESTCOMS. Predefined logic schemes, saved as files, can be accessed and activated through
BESTCOMS. If desired, a predefined logic scheme can be altered to accommodate the specific needs of
an application.

Table 9-1. Programmable Logic Functionality

Symbol Description

MUX Multiplexor - The input line is connected to all output lines.

Ut

U3

U4

} AND Gate - Produces an output of 1 when all inputs are 1, otherwise the output is 0.

OR Gate - If any or all of the inputs are 1, the resulting output value is a 1. The output is
0 only when all inputs are 0.

NOT Gate - Changes the input to its opposite.

TIMER Timer - Places a time delay between two points in the logic.

Logic Timer Configuration

The logic timer element has four available logic modes: pickup/dropout, one-shot retriggerable, one-shot
non-retriggerable, and oscillator. The four timer modes are illustrated in Figure 9-1.

For each timer mode, a logic 1 at the Block Inhibit input inhibits timer operation.

Timer delay settings (T1 and T2) are expressed in milliseconds. T1 is the logic 1 time delay while T2 is
the logic 0 time delay.

The one-shot retriggerable and non-retriggerable timers are initiated by a positive edge trigger at the
timer input.

The input of the oscillator timer is always ignored and has no effect on oscillator timer operation.

DECS-400 Programmable Logic
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> Element 1 Input & Timer mode is Disabled, Pickup/Dropout, One Shot

Non-Retriggerable, One Shot Retriggerable, or
Oscillator.

l:% Block
Inhibit output—<____|

Ai Mode A Timer output response to an input is illustrated as

TIMER follows for each timer mode.
—m B
Pickup/Dropout nput h

i j Output

Input 4ﬂ—
One-Shot Non-

P0073-01

—T2 ( T1 ;1:‘
Retriggerable  output P
| |
One-Shot nput

- T1
Retriggerable  oytput k %) >
] T2 T2
Oscillator ~ outputl 71+ F=F

Figure 9-1. Logic Timer Configuration

Logic Schemes

Logic schemes provided with the DECS-400 include a default scheme that is part of the DECS-400
default settings and four predefined schemes supplied as files with the DECS-400.

Default Logic Scheme

A basic logic scheme is provided as part of the DECS-400 default settings. This scheme automatically
selects either on-line or off-line overexcitation limiting and disables voltage matching during off-line
operation. The default logic scheme is illustrated in Figure 9-2.

Predefined Logic Schemes

The predefined schemes are supplied as files that are loaded on your PC when BESTCOMS is installed.
A scheme can be accessed through the “Open Default Scheme...” command of the BESTCOMS File
menu. If desired, a logic scheme may be opened and modified to accommodate the specific requirements
of your application. If modification of a logic scheme is desired, contact the Basler Electric Technical
Services Department for assistance.

Four predefined logic schemes are supplied with BESTCOMS for the DECS-400. These schemes include
common control and annunciation provisions for the following applications:

Single DECS-400 system with power system stabilization (PSS)

Single DECS-400 system without PSS

Dual DECS-400 system with PSS

Dual DECS-400 system without PSS

The logic scheme for a single DECS-400 with PSS is illustrated in Figures 12, 13, and 14. Figures 15, 16,
and 17 illustrate the logic scheme for a single DECS-400 without PSS. The logic scheme for a dual
DECS-400 with PSS is illustrated in Figures 18, 19, and 20. Figures 21, 22, and 23 illustrate the logic
scheme for a dual DECS-400 without PSS.

Programmable Logic DECS-400
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Figure 9-10. Dual DECS-400 With PSS (Part 2 of 3)
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Programmable Logic



9-14

Switch Input 4
Secondary DECS
Select

9369700990

Secondary DECS

Enable
(Input Buffer) MUX (Output Buffer)
us
X U
us
Uy
Output Relay #5
- f Layer 3 ™S Field Flashin
Field Flashin )
Active o Gate 01 L L (Output Buffer)
ayer 3
(Input Buffer) Gate 01 <]
Layer 4
Gate 01
S Switch Input 5 Secondary OEL
econdary Limiters
(|nputréuffer) MUX L (Output Buffer)
[ > x v
“ Secondary UEL
Layer 1 (Output Buffer)
Gate 02
Secondary SCL
(Output Buffer)
Switch Input 6
Secondary Protection Secondary Protectiion
Setttings Select Settings Enable
(Input Buffer) (Output Buffer)
Switch Input 7 Secondary Soft-Start
Secondary Soft-Start Settings Enable
(Input Buffer) (Output Buffer)
\
Switch Input 8
Secondary PID Secondary PID
Settings Select Settings Enable
(Input Buffer) (Output Buffer)
L > <]
Switch Input 10 RS-485 Communication
Disable Remote Enable
Communication X (Output Buffer)
(Input Buffer) <
> > “ ol
Layer 1 u Modem Access
Gate 02 Enable
Layer 2 (Output Buffer)
Gate 02
Load Cgtmtpensatlon OEL Option
Laus 0=0ffline; 1=Online
0=0ffline; 1=Online (Output Buffer)
(Input Buffer) MUX ol
> * .
U Voltage Matching
0=Disabled; 1=Enabled
Layer 1 (Output Buffer)
P0036-15 Gate 01 <]
Layer 1
FCR Mode Gate 03 Output Relay #1
Active FCR Mode Active
(Input Buffer) (Output Buffer)
L >

Programmable Logic

Figure 9-13. Dual DECS-400 Without PSS (Part 2 of 3)
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Logic Scheme Modification

If desired, a predefined logic scheme can be altered to accommodate the specific needs of an application.
Logic scheme modification consists of the deletion and addition of logic components and connections to
achieve the desired logic functionality. Logic scheme modification is illustrated here through an example
where the “Single DECS-400 Without PSS” predefined logic scheme (illustrated in Figures 15, 15, and
16) is altered as shown in Figure 9-15. Figure 9-15 illustrates the portion of the “Single DECS-400
Without PSS” logic scheme that will be modified. In Figure 9-15, an “X” indicates the deletion of a logic
connection. Bold lines indicate added components and connections. These changes are summarized as
follows:

e Buildup Active input buffer is disconnected from Output Relay #5

e V/Hz Protection Active input buffer is disconnected from the Common Protection output (Relay
Output #2)

e Field Overcurrent Active input buffer is disconnected from Relay Output #2

e The V/Hz Protection Active and Field Overcurrent Active input buffers are ORed together to
operate Relay Output #5 and Relay Output #6
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Figure 9-15. Logic Scheme Modification lllustration
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Open “Single DECS-400 Without PSS” Logic Scheme for Editing

1.

Open the “Single DECS-400 Without PSS”
logic scheme in BESTCOMS by clicking File,
Open Default Scheme.... When the Open
Default Logic Scheme window opens, click
the button labeled “Single DECS-400 Without
PSS’ (see Figure 9-16). Click the Yes button
in the warning dialog box to continue opening
the logic scheme. Once the logic scheme has
been opened, a second dialog box will
appear. Click the OK button.

2. Access the DECS Logic window by clicking
the Logic button on the BESTCOMS toolbar.
3. Toview the active logic scheme (DECS Logic

Viewer), click the View Logic button in the

B Open Default Logic Scheme @
Single DECS400 Without PSS F]

single DECE400 With PE5

[
[ |
( Dual DECS400 Without F5S |
( Dual DECS400 With PSS |

( Original DECS400 Defaults |

PO043-18
09-12-06

Figure 9-16. Open Default Logic Scheme Window

DECS Logic window.

Table 9-2 lists the logic associations of the modified “Single DECS-400 Without PSS” scheme. Lined out
entries in the list indicate logic associations that will be deleted. Bold entries in the list indicate logic
associations that will be added later in this example.

Table 9-2. Modified “Single DECS-400 Without PSS” Logic Scheme

DECS-400

{ SOURCE ---> DESTINATION }
=====> DESTINATION: Layer1

InputBuffer.Load Comp ---> Mux1.Input
InputBuffer.Contact Switch 5 ---> Mux2.Input

InputBuffer.Loss of Field Isolation Transducer ---> Mux3.Input

InputBuffer.Loss of Sensing ---> Mux4.Input
InputBuffer.Over Excitation Limit ---> Or1.Input1

InputBuffer.Under Excitation Limit ---> Or1.Input2

InputBuffer.Stator Current Limit ---> Or1.Input3

InputBuffer-Volis per Hz Limit > Ortnputsd
InputBuffer.Setpoint High Limit ---> Or2.Input1
InputBuffer.Setpoint Low Limit ---> Or2.Input2
Layer1.0r1.0Output ---> Or3.Input2
Layer1.0r2.0utput ---> Or3.Input3
InputBuffer.Under Freq Limit ---> Or3.Input4
Layer1.Mux3.Output2 ---> Or4.Input1
InputBuffer.Failed To Build Up ---> Or4.Input2
InputBuffer.EDM Open ---> Or4.Input3
InputBuffer.EDM Short ---> Or4.Input4
InputBuffer.Gen Over Voltage ---> Or5.Input1
InputBuffer.Gen Under Voltage ---> Or5.Input2
InputBuffer.Loss of Field ---> Or5.Input3
InputBuffer.Volts per Hz ---> Or5.Input4
InputBuffer.Field Over Temp ---> Or6.Input1
InputBuffer.Field Over Voltage ---> Or6.Input2

Layer1.Mux4.Output1 ---> Or6.Input4
InputBuffer.Contact Switch 10 ---> Not2.Input
Layer1.Mux1.Output2 ---> Not3.Input
Layer1.Mux3.Output1 ---> Not4.Input

=====> DESTINATION: Layer2

Programmable Logic



9369700990

InputBuffer.Contact Switch 3 ---> Mux1.Input
Layer1.Not2.Output ---> Mux2.Input
Layer1.0r3.0utput ---> Mux3.Input
Layer2.Mux3.Output2 ---> Or1.Input1
Layer2.0r1.0utput ---> Or2.Input1
Layer1.0r4.Output ---> Or2.Input2
Layer1.0r5.0utput ---> Or2.Input3
Layer1.0r6.0utput ---> Or2.Input4
Layer2.Mux1.Output1 ---> Not1.Input
Layer2.Mux1.Output3 ---> Not2.Input

=====> DESTINATION: Layer3

Layer2.Not2.Output ---> And1.Input1
InputBuffer.Contact Switch 9 ---> And1.Input2
InputBuffer.Volts per Hz Limit ---> Or1.Input1
InputBuffer.Field Over Current ---> Or1.Input2

=====> DESTINATION: Layer4
Layer3.0r1.Output ---> Mux1.Input
=====> DESTINATION: OutputBuffer

InputBuffer.Start ---> Start

InputBuffer.Stop ---> Stop

Layer2.Not1.Output ---> Parallel

InputBuffer.Contact Switch 2 ---> Pre Position 2
InputBuffer.AVR ---> AVR

InputBuffer.FCR ---> FCR

Layer2.Mux1.Output2 ---> Pre Position 1
InputBuffer.Raise ---> Raise

InputBuffer.Lower ---> Lower

Layer3.And1.Output ---> PF Var

InputBuffer.Contact Switch 8 ---> Dual PID Selection
InputBuffer.Contact Switch 1 ---> Alarm Reset
Layer1.Not3.Output ---> Voltage Matching
InputBuffer.Contact Switch 6 ---> Secondary Protect
Layer1.Not4.Output ---> Loss of Sensing Transfer to FCR
Layer1.Mux2.Output1 ---> Secondary OEL
Layer1.Mux2.Output2 ---> Secondary UEL
Layer1.Mux2.Output3 ---> Secondary SCL
InputBuffer.Contact Switch 7 ---> Secondary Soft Start
Layer1.Mux1.Output1 ---> OEL Off-Line/On-Line Option
Layer2.Mux2.Output1 ---> Modbus Write
Layer2.Mux2.Output2 ---> Modem Write
InputBuffer.FCR Mode ---> Relay Output 1
Layer2.0r2.0utput ---> Relay Output 2
Layer2.Mux3.Output1 ---> Relay Output 3
Layer1.Mux4.Output2 ---> Relay Output 4

Layer4.Mux1.Output1 ---> Relay Output 5
Layer4.Mux1.0Output2 ---> Relay Output 6

Programmable Logic
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Delete Unneeded Logic Associations

9-19

All logic connections and components that will be affected by the modifications to be made must first be
deleted before any new logic associations are created. As Figure 9-14 and Table 9-2 illustrate, three logic
connections (associations) must be deleted. Perform the following steps to delete these associations.

Note

“.del” file extension.

To preserve all logic changes, the modified logic scheme should be
saved with a unique file name. A logic file is saved by clicking File,
Save in the DECS Logic window. All DECS-400 logic is saved with a

1. Figure 9-17 illustrates the DECS Logic window settings associated with this step. Disconnect the V/Hz
Protection Active input buffer from input 4 of OR gate 5 on logic layer 1. In Table 9-2, this association
is identified by “DESTINATION: Layer1 — InputBuffer.Volts per Hz Limit > Or1.Input4”.

DECS Logic

Source

File - = =h 4 X Remove Al Logic | View Logic

Layer | Input

Elemert |‘/alts per Hz Lirit

¥

Femove Souce

X
Test Hamess
Drestination
v Layer |Layer1 v|
Gate Type |DF| v|
Gate Murmber |5 v|
v Elerent | |
[ Add Logic | Pﬂg”fg*g;

Figure 9-17. Deletion of Layer1 InputBuffer.Volts per Hz Limit --> Or1.Input4

DECS-400

Programmable Logic
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2. Figure 9-18 illustrates the DECS Logic window settings associated with this step. Disconnect the Field
Overcurrent Active input buffer from input 3 of OR gate 6 on logic layer 1. In Table 9-2, this association
is identified by “DESTINATION: Layer1 — InputBuffer.Field Over Current > Or6.Input3”.

DECS Logic* (%]
Fle ~ = =h 4l | X Remove Al Logic | Wiew Logic Test Harness
Sovrnce Destination
Laver | Input v Layer | Layer 1 v|
Gate Type |UH v|
Gate Number |5 v|
Element | Field Qwver Cument ~ Element |3 V|

¥

09-12-06

Source InputBuffer Yoltz per Hz Limit Cleared!

Figure 9-18. Deletion of Layer1 InputBuffer.Field Over Current ---> Or6.Input3

3. Figure 9-19 illustrates the DECS Logic window settings associated with this step. Disconnect the
Buildup Active input buffer from the Output Relay #5 output buffer. In Table A-2, this association is
identified by “DESTINATION: OutputBuffer — InputBuffer.Field Flashing - Relay Output 5”.

DECS Logic* Ed
File - = =h 4l | X Remove &l Logic | Wiew Logic TestHarness
Source Diestination
Layer |Input L¥ Layer |Dutput A
Element | Field Flashing w Element | Relay Output 5 -

¥

09-12-06

Source InputBuffer Field Owver Cunrent Cleared!

Figure 9-19. Deletion of OutputBuffer - InputBuffer.Field Flashing ---> Relay Output 5

Programmable Logic DECS-400
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Create New Logic Associations

After all unneeded logic associations are deleted, new logic associations can be made. Table A-2 lists the
logic of the modified scheme after all deletions and additions have been made. Bold entries in the list
indicate logic associations that will be added here.

1. Figure 9-20 illustrates the DECS Logic window settings associated with this step. Connect the V/Hz
Protection Active input buffer to input 1 of OR gate 1 on logic layer 3. In Table 9-2, this association is
identified by “DESTINATION: Layer3 — InputBuffer.Volts per Hz Limit > Or1.Input1”.

DECS Logic - C:\...\jeffhobbs\JH_3697.del

File - = =h dl X Remove Al Logic | View Logic - [E3) Test Hamess
Source Drestination
Laper |In|:|ut W Layer |La_l,.ler3 v|
Gate Type |DF| v|
Gate Mumber |‘| v|
Element |alts per Hz Limit ~ Element |1 v|

¥

059-13-06

Figure 9-20. Addition of Layer3 InputBuffer.Volts per Hz Limit ---> Layer3.0r1.Input1

DECS-400 Programmable Logic
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2. Figure 9-21 illustrates the DECS Logic window settings associated with this step. Connect the Field
Overcurrent Active input buffer to input 2 of OR gate 1 on logic layer 3. In Table 9-2, this association is
identified by “DESTINATION: Layer3 — InputBuffer.Field Over Current = Or1.Input2”.

DECS Logic - C:\...\jeffhobbs\JH_3697.del*

File - (= =h dl | X Remove Al Logic | Wiew Logic Test Harness
Sournce Destination
Layer |Input W Layer |La_l,ler3 v|
Gate Type |UF| v|
Gate Mumber |1 v|
Element | Fied Over Curert v lemert EANMIRI

¥

09-13-06

|nputBuffer Yolke per Hz Limit > Layer3. 0 [nputl

Figure 9-21. Addition of Layer3 InputBuffer.Field Over Current ---> Layer3.0r1.Input2

3. Figure 9-22 illustrates the DECS Logic window settings associated with this step. Connect the output
of OR gate 1 on layer 3 to the input of multiplexer 1 on layer 4. In Table 9-2, this association is identified
by “DESTINATION: Layer4 — Layer3.0r1.Output - Mux1.Input”.

i= DECS Logic - C:\...\jeffhobbs\JH_3697.del*

File - = =h 4l X Remove All Logic | Wiew Logic @ Test Harness
Sournce Destination
Layer |La_l,.ler3 v| Layer |Layer4 v|
Gate Type |UH v| Gate Type |MLI>< v|
Gate Mumber |1 v| Gate Mumber |1 v|
Element |1 v| Element |1 v|

[ oiee ] 0a-1506

|nputBuffer Field Over Current > Layer3.0rl Input2

Figure 9-22. Addition of Layer4 - Layer3.0r1.0utput ---> Mux1.Input

Programmable Logic DECS-400
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4. Figure 9-23 illustrates the DECS Logic window settings associated with this step. Connect output1 of
multiplexer 1 on layer 4 to the Output Relay #5 output buffer. In Table 9-2, this association is identified
by “DESTINATION: OutputBuffer — Layer4.Mux1.Output1 = Relay Output5”.

DECS Logic - C:\...\jeffhobbs\JH_3697.del*

File - (= =h dl | X Remove Al Logic | Wiew Logic Test Harness
Sournce Destination
Layer |La_l,.ler4 v| Laver |Dutput -
Giate Type | MUK v|
Gate Mumber |1 v|
Element |1 v| Element | Relay Output 5 v

T w130

Lawer3. Orl . Output - Layerd kuxd Input

Figure 9-23. Addition of OutputBuffer — Layer4.Mux1.Output1 ---> Relay Output5

5. Figure A-24 illustrates the DECS Logic window settings associated with this step. Connect output 2 of
multiplexer 1 on layer 4 to the Output Relay #6 output buffer. In Table A-2, this association is identified
by “DESTINATION: OutputBuffer — Layer4.Mux1.0Output2 - Relay Output6”.

DECS Logic - C:\...\jeffhobbs\JH_3697.del*

File - = 5 =] 2 Remove &l Logic | Wiew Logic Test Harness
Sournce Destination
Layer |La_l,.ler4 v| Layer |Dutput -
Gate Type |MU>< v|
Gate Mumber |1 v|
Element |2 v| Element | Felay Output & w

¥

03-13-06

Layerd Muxl. Output] ---> OutputBuffer Relay Output 5

Figure 9-24. Addition of OutputBuffer — Layer4.Mux1.Output2 ---> Relay Output6

DECS-400 Programmable Logic
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Verify and Finalize Modified Logic Scheme

Logic scheme modifications can be verified by reviewing the logic associations displayed in the DECS
Logic Viewer.

If desired, the relay output labels (accessed through the I/O Status tab of the BESTCOMS Metering
screen) can be edited to reflect their changed functionality. See the BESTCOMS Software chapter for
information about changing 1/O label assignments.

Logic for Compound Machine Paralleling

The following logic modification instructions are provided for applications where the DECS-400 will control
a compound machine. These instructions can be used to modify any one of the four default logic scheme
files: Single DECS-400 Without PSS, Single DECS-400 With PSS, Dual DECS-400 Without PSS, or Dual
DECS-400 With PSS. Modifying one of the default logic schemes forces the DECS-400 to always operate
in parallel. Voltage matching and (online and offline) OEL settings are toggled based on the status of
switch input 3 (52b). Perform the following steps to modify the DECS-400 logic for compound machine
paralleling.

1. Select the desired, default logic scheme for modification. In BESTCOMS, click File, open Default
Scheme... and click the button labeled with the desired logic scheme.

2. Access the DECS Logic window by clicking the Logic button on the BESTCOMS toolbar.

3. Figure 9-25 illustrates the DECS Logic window settings associated with this step. In the Source portion
of the DECS Logic window:

a. Select Layer 2 from the Layer pull-down menu.
Select MUX as the Gate Type.

Select 1 as the Gate Number.

Select 2 as the Element.

® oo 0T

Click the Remove Source button.

%)

DECS Logic
File - = [g =h (4 . Remove All Logic | View Logic

Source Diestination

Layer | Layer2 v Layer I

Gate Type | MUX w

Gate Mumber |1 W

Genert. X

PO0S0-22

—T—

This is the Status Bar...

Figure 9-25. Disconnect Layer 2 Multiplexor 1, Output 2

Programmable Logic DECS-400
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4. Figure 9-26 illustrates the DECS Logic window settings associated with this step.

a.

® o0 T

Under Source, select Input as the Layer.

Under Source, select Fixed Logic TRUE #10 as the Element.
Under Destination, select Output as the Layer.

Under Destination, select Parallel as the Element.

Click the Add Logic button.

DECS Logic* X
Fle - & [@ =h d | &< Remove All Logic | View Logic
Source Destination
Layer | input v Layer |output v

Blement | Fixed Logic TRUE #10 v Element |[EIETE] -

3
£

Source LayerZ. Mux1.Output2 Cleared!

Figure 9-26. InputBuffer.Fixed Logic TRUE #10 ---> OutputBuffer.Parallel

5. Figure 9-27 illustrates the DECS Logic window settings associated with this step. In the Source portion
of the DECS Logic window:

a.
b.
C.

Select Input from the Layer pull-down menu.
Select Load Comp as the Element.
Click the Remove Source button.

6. Figure 9-28 illustrates the DECS Logic window settings associated with this step.

Sa@ ™0 a0 0o

Under Source, select Layer 2 as the Layer.
Under Source, select MUX as the Gate Type.
Under Source, select 1 as the Gate Number.
Under Source, select 2 as the Element.

Under Destination, select Layer 1 as the Layer.
Under Destination, select MUX as the Gate Type.
Under Destination, select 1 as the Gate Number.
Under Destination, select 1 as the Element.

Click the Add Logic button.

7. Verify the logic scheme modifications by reviewing the logic associations displayed in the DECS Logic
Viewer. (Click the View Logic button in the DECS Logic window.)

DECS-400 Programmable Logic
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Fle - = 3 =] < Remove &l Logic | View Logic

Source Destination
Layer | Input v Layer | 2
=0y M| oad Comp v

9369700990

POOS0-24
T
Input Buffer Fixed Logic TRUE #10 —:= Output Buffer. Parallel
Figure 9-27. Disconnect Load Compensation Input
DECS Logic* (X
Fle - = =h [d1 | X Remove All Logic | View Logic
Source Destination
Layer |La}'er2 v| Layer |La}'er'| v|
Gate Type | MUX v Gate Type | MUX =
Gate Number |1 v| Gate Mumber |1 v|

T

Source InputBuffer.Load Comp Cleared!

Figure 9-28. Layer2.Mux1.Output2 ---> Layer1.Mux1.Input

Programmable Logic
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Logic Definitions

9-27

Logic definitions for DECS-400 inputs and outputs are described in the following paragraphs.

Logic Inputs

Start

Status indication of the dedicated start input (non-latching).
Stop

Status indication of the dedicated stop input (non-latching).

Contact Switches 1 through 10

Status indication of the 10 programmable inputs (non-latching).

AVR

Status indication of the dedicated auto input (non-latching).

Manual

Status indication of the dedicated manual input (non-latching).

Raise

Status indication of the dedicated raise input (non-latching).

Lower

Status indication of the dedicated lower input (non-latching).

PF State

Status indication of leading or lagging power factor (O=leading, 1=lagging).
Gen State

Status indication of generating or motoring operation (O=generator, 1=motor).
Null Balance

Indicates a null balance condition (1=active).

Pre Position 1

Indication that the active setpoint is at Preposition #1.

Pre Position 2

Indication that the active setpoint is at Preposition #2.

Unit Mode

Status indication of unit mode (0=off, 1=on).

FCR Mode

Status indication of FCR (0=off, 1=on) (DECS-400 does not need to be in Start).
AVR Mode

Status indication of AVR (0=off, 1=on) (DECS-400 does not need to be in Start).

VAR Mode
Status indication of VAR (0=off, 1=on) (DECS-400 does not need to be in Start).
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PF Mode
Status indication of PF (0=off, 1=on) (DECS-400 does not need to be in Start).

Note

FCR, AVR, VAR, and PF mode indicate the mode the regulator is
currently in. Only one of these four modes can be active at any time.
This is not an indication of which mode (PF or VAR) the regulator will
enter when the breaker is closed.

Droop Mode
Indication that the regulator is in droop mode.

Voltage Match
Indication of voltage matching (1=active).

Load Comp
0=offline, 1=online (directly follows the Parallel logic input).

Failed to Build Up

O=successful buildup, 1=failure (directly follows alarm).

Field Flashing
Flashing control (active for flash) (controls flashing contactor).

Soft Start

Indication of soft start (1=active) (active during flashing).

New Osc Record

A new osc record is available.

Gen Over Voltage

Indication of a generator overvoltage protection alarm.

Gen Under Voltage

Indication of a generator undervoltage protection alarm.

Field Over Voltage

Indication of a field overvoltage protection alarm.

Field Over Current

Indication of a field overcurrent protection alarm.

Field Over Temp

Indication of a field overtemperature protection alarm.

Loss of Field

Indication of a loss of field protection alarm.

Loss of Sensing
Indication of a loss of sensing protection alarm.

Programmable Logic
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Below 10 Hz

Indication of a below 10 Hz protection alarm.

EDM Open
Indication of an open exciter diode protection alarm.
EDM Short

Indication of a shorted exciter diode protection alarm.

Volts per Hz
Indication of Volts per Hz protection alarm.

Over Excitation Limit

Indication that the overexcitation limiter is active.

Under Excitation Limit

Indication that the underexcitation limiter is active.

Under Freq Limit

Indication that the underfrequency limiter is active.

Volts per Hz Limit

Indication that the volts per hertz limiter is active.

Stator Current Limit

Indication that the stator current limiter is active.

Setpoint Low Limit

Indication that the active setpoint is at its lower limit.

Setpoint High Limit

Indication that the active setpoint is at its high limit.

Loss of Field Isolation Transducer

Indication of an FIT alarm.

Power Supply Low

Indication of a power supply low alarm.

Loss of IRIG

Indication of a loss of IRIG time signal alarm.

Modem Disconnect

Indication that the modem has been disconnected.

PSS Test On

Indication that the power system stabilizer test signal is active.

PSS Active

Indication that the power system stabilizer is active.

Volt Unbalance

Indication that the power system stabilizer is disabled by a volt unbalance condition.

DECS-400
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Current Unbalance

Indication that the power system stabilizer is disabled by a current unbalance condition.

Power Below Threshold

Indication that the real power is below the threshold for the power system stabilizer to activate.

Speed Failure
Indication that the power system stabilizer is disabled due to an error in speed measurement.

PSS Volt Limit
Indication of an active power system stabilizer voltage limiter.
Clock Reset

Indication that the clock has been reset.

Manual Mode

Indication that the regulator is in manual mode.

FVR Mode
Status indication of field voltage regulation (0=off, 1=on) (DECS-400 does not need to be in Start).

Inner Loop Enable

Indication that the inner loop field regulator control function is enabled.

Pre-Position Traverse Enable

Indication that the pre-position traverse function is enabled.

PSS ROC Enable

Indication that the PSS rate-of-change function is enabled.

Var Limit
Indication that the reactive power limiter is active.

PSS Block

Indication that power system stabilizer operation is blocked.

Outputs

Start

Starts the DECS-400 (latching).
Stop

Stops the DECS-400 (latching).

Parallel

52L/M contact (forces the regulator into droop whenever it is true) (dependent upon BESTCOMS enable
checkbox and/or Droop Enable logic input).

Pre Position 2

Returns the active setpoint to its programmed pre position 2 level.

AVR

Puts the DECS-400 in auto mode (latching).
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Manual

Puts the DECS-400 in manual mode (latching).

Pre Position 1

Returns the active setpoint to its programmed pre position 1 level.
Raise

Raises the active setpoint (momentary).

Lower

Lowers the active setpoint (momentary).

PF Var

52J/K contact (forces the regulator in PF/var mode when it is true) (dependent upon BESTCOMS
selection).

Dual PID Selection

Activates the secondary gains (non-latching) (secondary gains are only active when the output is active).

Alarm Reset
A momentary input resets all DECS-400 alarms.

Secondary DECS
Activates the tracking mode of the DECS-400 (non-latching).

Var PF Selection
0=Droop, 1=Droop/var/PF selection available through BESTCOMS.

Droop Enabled

Acts as a permissive for the checkbox in BESTCOMS (if this output is included in the logic, or it has been
in the logic since the last time power was cycled, it must be set true before the regulator will enter droop
mode).

Line Drop
Controls line drop compensation in the same way as the Droop Enabled output.

Cross Current Compensation

Controls CCC in the same way as the Droop Enabled output.

Internal Tracking

Acts as a permissive to the BESTCOMS enable switch, but the BESTCOMS switch is not a permissive to
this output (if this output is included in the logic, or it has been in the logic since the last time power was
cycled, it must be set true before the regulator will enter this mode).

External Tracking

Controls external tracking in the same way as the Internal Tracking output.

Voltage Matching

When this is set true, voltage matching is enabled (disabled when on-line).

Below 10 Hz

Below 10 Hz alarm.
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Secondary Protect

Activates secondary protection settings only when it is active (non-latching).

Field Over Voltage
0=Disabled, 1=Enabled (default=1) (Also must be enabled on the Protection screen in BESTCOMS).

Field Over Current
0=Disabled, 1=Enabled (default=1) (Also must be enabled on the Protection screen in BESTCOMS).

Gen Over Voltage
0=Disabled, 1=Enabled (default=1) (Also must be enabled on the Protection screen in BESTCOMS).

Gen Under Voltage
0=Disabled, 1=Enabled (default=1) (Also must be enabled on the Protection screen in BESTCOMS).

Field Over Temp
0=Disabled, 1=Enabled (default=1) (Also must be enabled on the Protection screen in BESTCOMS).

Loss of Field
0=Disabled, 1=Enabled (default=1) (Also must be enabled on the Protection screen in BESTCOMS).

Loss of Sensing
0=Disabled, 1=Enabled (default=1) (Also must be enabled on the Protection screen in BESTCOMS).

Volts per Hz
0=Disabled, 1=Enabled (default=1) (Also must be enabled on the Protection screen in BESTCOMS).

EDM Open
0=Disabled, 1=Enabled (default=1) (Also must be enabled on the Protection screen in BESTCOMS).

EDM Short
0=Disabled, 1=Enabled (default=1) (Also must be enabled on the Protection screen in BESTCOMS).

Loss of Sensing Transfer to Manual
0=0ff, 1=0n

OEL
0=Disabled, 1=Enabled (default=1) (Also must be enabled on the Limiters screen in BESTCOMS).

UEL
0=Disabled, 1=Enabled (default=1) (Also must be enabled on the Limiters screen in BESTCOMS).

SCL
0=Disabled, 1=Enabled (default=1) (Also must be enabled on the Limiters screen in BESTCOMS).

Secondary OEL
Activates secondary overexcitation limiter settings only when it is active (non-latching).

Secondary UEL
Activates secondary underexcitation settings only when it is active (non-latching).

Secondary SCL
Activates secondary stator current limiter settings only when it is active (non-latching).

Secondary Soft Start

Activates secondary soft start settings only when it is active (non-latching).
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OEL Style
0=Summing Point, 1=Takeover (default=1)

OEL Off-Line/On-Line Option

Activates on-line overexcitation limiter settings only when it is active (non-latching).

UEL Style
0=Summing Point, 1=Takeover (default=1)

Secondary PSS
Activates the secondary power system stabilizer settings only when it is active (non-latching).

PSS Control Out

Power system stabilizer control enable.

PSS Test Out

Power system stabilizer test output enable.

PSS Motor Control

Power system stabilizer motor selection.

PSS Seq Control

Power system stabilizer phase rotation.

Modbus Write

RS-485 communication enable.
Modem Write
Modem access enable.

OEL Enabled in Manual Mode

Enables overexcitation limiter when the manual regulator is active.

UEL Enabled in Manual Mode

Enables underexcitation limiter when the manual regulator is active.

Manual FCR Only

Field voltage regulation mode disabled when true.

Inner Loop Enable
0 = disabled, 1 = enabled (default is 0)

Pre-Position Traverse Enable
0 = disabled, 1 = enabled (default is 0)

PSS ROC Enabled
0 = disabled, 1 = enabled (default is 0)

Secondary VARL

Activates the secondary reactive power limiter settings only when this output is active (non-latching).

VARL
0 = disabled, 1 = enabled (default is 0) This output must be enabled on the BESTCOMS Limiters screen.
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Relay QOutput 1 through 6
Direct link to relay outputs 1 through 6.
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10 » Modbus® Communication

This chapter describes the Modbus communication protocol employed by the DECS-400, and how to
exchange information with the DECS-400 over a Modbus network. The DECS-400 communicates by
emulating a subset of the Modicon 984 Programmable Controller.

Basic Modbus networking requirements for the DECS-400 include:

e RTU transmission mode is used

e All Modbus/TCP ADU are sent via TCP on registered port 502
e A slave address is not required with Modbus TCP

e Only 03 holding register commands are supported

Caution

This product contains one or more nonvolatile memory devices. Nonvolatile
memory is used to store information (such as settings) that needs to be
preserved when the product is power-cycled or otherwise restarted.
Established nonvolatile memory technologies have a physical limit on the
number of times they can be erased and written. In this product, the limit is
1,000,000 erase/write cycles. During product application, consideration should
be given to communications, logic, and other factors that may cause
frequent/repeated writes of settings or other information that is retained by the
product. Applications that result in such frequent/repeated writes may reduce
the useable product life and result in loss of information and/or product
inoperability.

DECS-400 Modbus® Protocol

Modbus communication uses a master-slave technique in which only the master can initiate a transaction.
This transaction is called a query. When appropriate, a slave (DECS-400) responds to the query. When a
Modbus master communicates with a slave, information is provided or requested by the master.

Information residing in the DECS-400 is grouped characteristically in categories. The following
information categories are maintained by the DECS-400:

C1: Version data registers

C2: Metering registers, group 1

C3: System configuration registers

C4: Operating mode parameter registers

C5: Setpoint parameter registers

C6: Startup parameter registers

C7: Limiter parameter registers

C8: Gain registers

C9: Protection function parameter registers
C10: Exciter diode monitor parameter registers
C11: Relay parameter registers

C12: ASCII and Modbus communication parameter registers
C13: Metering registers, group 2

C14: Power system stabilizer parameter registers

All supported data can be read or written as specified in the register table. Abbreviations are used in the
register table to indicate the register access type. Register access types are read/write (RW) and read
only (R).

All categories except metering (C2 and C13) and version data (C1) can generally be written via a Modbus
message as well as read. Categories C11, C12, and C15 are strictly read-only.

DECS-400 Modbus Communication
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When a slave receives a query, the slave responds by either supplying the requested data to the master
or performing the requested action. A slave device never initiates communications on the Modbus, and
will always generate a response to the query unless certain error conditions occur. The DECS-400 is
designed to communicate on the Modbus only as a slave device.

A master can only query slaves individually. If a query requests actions unable to be performed by the
slave, the slave response message contains an exception response code defining the error detected.

Message Structure

Master initiated queries and DECS-400 (slave) responses share the same message structure. Each
message is comprised of four message fields. They are:

e Device Address (1 byte)
e Function Code (1 byte)

e Data Block (n bytes)

e Error Check field (2 bytes)

Device Address Field

The device address field contains the unique Modbus address of the slave being queried. The addressed
slave repeats the address in the device address field of the response message. This field is 1 byte.

Modbus protocol limits a device address from 1 to 247. The address is user selectable at installation, and
can be altered during real-time operation.

Function Code Field

The function code field in the query message defines the action to be taken by the addressed slave. This
field is echoed in the response message, and is altered by setting the most significant bit (MSB) of the
field to 1 if the response is an error response. This field is 1 byte.

The DECS-400 maps all registers into the Modicon 984 holding register address space (4XXXX) and
supports the following function codes.

e READ OUTPUT REGISTERS (function code 3),

e PRESET MULTIPLE REGISTERS (function code 16), and

e LOOPBACK DIAGNOSTIC TEST (function code 8) with diagnostic sub-functions:
— Return Query Data (diagnostic code 0),
— Restart Comm. option (diagnostic code 1), and
— Force Slave To Listen Only Mode (LOM, diagnostic code 4).

DECS-400 Modbus performs all of the above functions when a Modbus message has its unique address
which is numbered from 1 to 247. The DECS-400 also recognizes a broadcast (group) address of 0. Only
functions 16 and 8 are recognized as valid for broadcast. The DECS-400 does not send a response
message for a broadcast query.

In listen-only mode (LOM), received data is monitored (but no responses are transmitted). The only query
that will be recognized and processed while in LOM is a maintenance restart command (function code 8,
diagnostic code 1).

Data Block Field

The query data block contains additional information needed by the slave to perform the requested
function. The response data block contains data collected by the slave for the queried function. An error
response will substitute an exception response code for the data block. The length of this field varies with
each query. See the paragraphs on Register Definitions in this manual for interpretation of register data.

Error Check Field

The error check field provides a method for the slave to validate the integrity of the query message
contents and allows the master to confirm the validity of response message contents. This field is 2 bytes.

Modbus Communication DECS-400
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Modbus Modes of Operation

A standard Modbus network offers one of three possible transmission modes for communication: ASCII,
remote terminal unit (RTU), or Modbus/TCP. The DECS-400 supports the RTU and Modbus/TCP modes
depending on the communication option selected. For example, the TCP mode is employed when the
Modbus/TCP setting is Enabled in BESTCOMS. Modbus communication over the RS-485 port is disabled
when Modbus TCP is enabled. To enable Modbus over the RS-485 port, the Modbus/TCP setting in
BESTCOMS must be disabled. ASCII mode is not supported by the DECS-400.

Serial Transmission Details

Communication settings for the DECS-400 rear RS-485 port are listed in Table 10-1. DECS-400
Communication Settings. The baud rate, data size, parity, stop bits and Modbus slave address are only
for the RS-485 interface and are not used when the Modbus/TCP mode is enabled.

Table 10-1. DECS-400 Communication Settings

Programmable
Setting Y (Yes)/N (No) Default Value Value Range
Baud rate Y 9600 4800, 9600, or 19200
Data Size (in bits) N 8 N/A
Parity Y None ‘N’=None, ‘O’=0dd, ‘E’=Even
Stop Bits Y 2 1or2
Modbus Slave Y 247 0 for broadcast, 1 to 247 for slave
Address
Modbus Y 10 ms From 0 to 200 ms in increments of 10 ms
Response Delay
Time (in ms)

Communication settings are user-selectable and can be set at installation and altered during real-time
operation.

Message Framing and Timing Considerations

When receiving a message, the DECS-400 requires an inter-byte latency of 3.5 character times before
considering the message complete.

Once a valid query is received, the DECS-400 waits an amount of time as specified in the Modbus
Response Delay Time Register (48108) before responding. This register contains a value from 0 to 200
milliseconds. The default value is 10 milliseconds. The user may set the remote delay time parameter to 0
to minimize response latency.

Table 10-2 provides the response message transmission time (in milliseconds) and 3.5 character times
(in milliseconds) for the maximum response message length (225 characters), response to a read query
for 125 points, and various baud rates.

Table 10-2. Timing Considerations for 10 Character Bits (8 Data Bits + 1 Start Bit + 1 Stop Bit)

1 character 3.5 characters Max. Read Register Response Message

Baud Rate Time (ms) Time (ms) (255 characters) Transmission Time (ms)
4800 2.083 7.292 531.165
9600 1.0417 3.645 265.6335
19200 0.52083 1.823 132.812
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Error Handling and Exception Responses

Any query received that contains a nonexistent device address, a framing error, or CRC error is ignored.
No response is transmitted. Queries addressed to a DECS-400 with an unsupported function code,
unsupported register references, or illegal values in the data block result in an error response message
with an exception response code.

Each error response message consists of a slave (DECS-400) address, function code with the high-order
bit set, error code, and error check (CRC) field.

The exception response error codes supported by the DECS-400 are provided in Table 10-3.
Table 10-3. Supported Exception Response Codes

Code Name Meaning
01 lllegal Function | The query Function/Sub-function Code is unsupported; query read of more
than 125 registers; query “preset multiple registers” of more than 100
registers
02 lllegal Data A register referenced in the data block does not support queried read/write;
Address For Function Codes 3 and 16 additionally:

1. Starting Register address is mapped to DECS-300 Modbus® address
space, but is not referenced to the highest order 16 bits of the assigned
application data (see explanation in 2.7 Data Formats), and

2. The number of registers is too small to hold entire value of all data
(variables) assigned to those registers (see explanation in 2.7 Data

Formats).
03 lllegal Data A preset register data block contains an incorrect number of bytes or one or
Value more data values out of range.

Communication Hardware Requirements

RTU Communication Requirements

The DECS-400 RS-485 physical interface consists of a three-position terminal strip with terminals for
Send/Receive A (A), Send/Receive B (B), and Signal Ground (C).

TCP Communication Requirements

The DECS-400 Ethernet port uses a RJ-45 connector. The DECS-400 supports 10BASE-T using Cat 5 or
Cat 5e shielded twisted conductor pairs.

Modbus®/TCP

The Ethernet-enabled interface uses the Transmission Control Protocol/Internet Protocol (TCP/IP) to
encapsulate Modbus messages. The DECS-400 comes with DHCP (Dynamic Host Configuration
Protocol) enabled. A maximum of four simultaneous Modbus TCP/IP connections are possible with the
DECS-400. Information about setting a static IP address (recommended) or using BESTCOMS Device
Discovery feature is provided in the BESTCOMS Software chapter.

Ethernet configuration settings cannot be changed with Modbus register writes. BESTCOMS must be
used to configure DECS-400 Ethernet settings. The front-panel display (Modbus, Ethernet and NTP)
screens can be used to view the Modbus and Ethernet settings. See the Human-Machine Interface
chapter for details.

Detailed Message Query and Response

A detailed description of DECS-400 supported message queries and responses are provided in the
following paragraphs.
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Read Holding Registers

Query

This query message requests a register or block of registers to be read. The data block contains the
starting register address and the quantity of registers to be read. A register address of N will read holding
register N+1.

. Function Starting Starting No. of No. of
Device Code = Address Address Registers | Registers ES\S ﬁ?ﬁ
Address 03 High Low High Low 9

The number of registers cannot exceed 125 without causing an error response with the exception code
for an illegal function.

Response

The response message contains the data queried. The data block contains the block length in bytes
followed by the data for each requested register. For each requested register, there is one Data Hi and
one Data Lo. Attempting to read an unused register or a register which does not support a read returns a
zero (0). If the query is a broadcast (device address = 0), no response message is returned.

Maximum response message length obtained for query of 125 registers is 5 + (125 x 2) =255 bytes.

Device Function Byte Data Data For each Data Data CRC CRC

Address | Code =03 | Count | High Low | reauested | un Low | Low | High
register

250 First First Data High Last Last
max. queried queried anddata queried queried
register register Low register regqister

High Low High Low

Preset Multiple Registers

A preset, multiple-registers query could address multiple registers in one slave or multiple slaves. If the
query is broadcast (device address = 0), no response is required.

Note

Variables changed by this function will not be directly saved to non-
volatile memory (EEPROM). If specific categories (one or more) of
data have to be saved to EEPROM, then Holding Register 48161
(Data 1d=13001, variable “SaveCommand”) has to be preset after a
category has been changed. The exceptions to this rule are only those
Holding Registers dealing with communication port RS-485. They will
be changed and immediately saved to EEPROM with the function
FC16.

Query

A Preset Multiple Registers query message requests a register or block of registers to be written. The
data block contains the starting address and the quantity of registers to be written, followed by the Data
Block byte count and data. The DECS-400 performs the write when the device address matches the
DECS-400 remote address or when the device address is 0. A device address is 0 for a broadcast query.

A register address of N will write Holding Register N+1.
All Modbus Generic Data Formats can be loaded by this function (see Data Formats).

No data will be written if any of the following exceptions occur:

e Queries to write to Read Only or unsupported registers result in an error response with an
exception code of lllegal Data Address.
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e Queries attempting to write more than 100 registers cause an error response with an exception
code of lllegal Function.

e Anincorrect Byte Count results in an error response with an exception code of “lllegal Function”.

e A query to write an illegal value (out of range) to a register results in an error response with an
exception code of lllegal Data Value.

e Query Starting Register address is mapped to DECS-400 Modbus address space, but is not
referenced to the lower order 16 bits of the assigned application data. (See explanation in Data
Formats.)

e The number of query registers is too small to hold entire value of all data (variables) assigned to
those registers. (See explanation in Data Formats.)

Query message format is:

Device Address

Function Code = 10 (hex)

Starting Address High

Starting Address Low

Number of Registers High (total number of registers to be loaded)
Number of Registers Low

Byte Count (total number of registers to be loaded times 2)
Data High

Data Low

Data High

Data Low

CRC Error Check (Lo, Hi)

Note: Max. length of Preset Multiple Registers Query is 9 + (100 x 2) = 209 bytes.

Response

The response message echoes the starting address and the number of registers. There is no response
message when the query is a broadcast (device address of 0).

Device Function Starting Starting | Number of Number of CRC CRC
Address Code = Address Address | Registers Registers
10 (hex) High Low High Low Low High

Preset Single Register (Write Single Holding Register)

A Preset Single Register query message requests a single register to be written. The DECS-400 will
perform the write when the device address is the same as the DECS-400 remote address.

Query

Device Address

Function Code = 06 (hex)
Address Hi

Address Lo

Data Hi

Data Lo

CRC Hi error check

CRC Lo error check

Response

Normal Response

The response message echoes the Query message after the register has been altered.

Error Response
Data will cease to be written if any of the following exceptions occur.
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e Queries to write to the Read Only registers result in an error response with Exception Code of
“lllegal Data Address”.

e A query to write an illegal value (out of range) to a register results in an error response with
Exception Code of “lllegal Data Value”.

There are several instances of registers that are grouped together to collectively represent a single
numerical DECS-400 data value, e.g., floating point data and 32-bit integer data. A query to write a

subset of such a register group will result in an error response with Exception Code “lllegal Data

Address”.

Loop Back Diagnostic Test (FC=8) with Diagnostic Sub Function, Return Query Data

This query contains data to be returned (looped back) in the response. The response and query message
should be identical. If the query is a broadcast (device address = 0), no response message is returned.

. Function Sub-function | Sub-function Data High Data Low CRC CRC
ADd%V"’e Code = High Low XX XX
resSS | 08 (hex) 00 00 (don't care) | (don’t care) | Low High

Loop Back Diagnostic Test with Diagnostic Sub-Function, Restart Communications

Option

This query causes the DECS-400 remote communication function to restart, terminating an active listen-

only mode of operation. Primary relay operations are not affected. Only the remote communication

function is affected. If the query is a broadcast (device address of 0), no response message is returned.

If the DECS-400 receives this query while in the listen-only mode (LOM), no response message is

generated. Otherwise, a response message identical to the query message is transmitted prior to the
communication restart.

, Function Sub-function | Sub-function Data High Data Low CRC CRC
/Ee"'ce Code = High Low XX XX
ddress | g (hex) 00 01 (don't care) | (don't care) | Low High

Loop Back Diagnostic Test with Diagnostic Sub-Function, Force Slave to Listen-Only

Mode

This query forces the addressed DECS-400 to the listen-only mode for Modbus communication, isolating
it from other devices on the network.

While in Listen mode (LOM), received data is monitored but no responses are transmitted. The only query
that will be recognized and processed while in LOM is a maintenance restart command (Function Code 8,
Diagnostic Code 1).

When the DECS-400 receives the restart communication query, the listen-only mode is removed.

Device Function Sub-function | Sub-function Data High Data Low CRC CRC
Address Code = High Low XX XX Low High
08 (hex) 00 04 (don’t care) | (don’t care)

Data Formats

DECS-400 data does not need to be converted into any special format for transmission over a Modbus
network.

Modbus registers hold original DECS-400 data of the generic (built-in) data types listed in Table 10-4.
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Table 10-4. Generic Data Types and Description
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Data | Total number
Generic Size of Modbus
Data Corresponding built-in data in Registers to
Types type (Storage Format) Data Range bytes hold data
ui8 UCHAR: unsigned character 0 to 255 1 1
ul6 UINT16: unsigned short integer | 0 to 65,535 2 1
ul32 UINT32: unsigned long integer 0 to 4,294,967,295 4 2
18 CHAR: signed character -128 to 127 1 1
116 INT16: signed short integer -32,768 to 32,767 2 1
132 INT32: signed long integer -2,147,483,648 to 4 2
2,147,483,647
R32_23 | FLOAT: floating point number Approximately 8.43 x 1037 to 4 2
3.38 x 10%®

It should be noted that an ASCII string is not a DECS-400 generic data type. An ASCII string will be
considered as a sequence of “(string length + 1)” data of I8 type, and for its transmission via a Modbus
network, “(string length + 1)” holding registers are needed.

DECS-400 data is copied to assigned Holding Register(s) [HR] by the rules presented in the following
paragraphs.
Generic Types UI8 and I8

Data of type UI8 or 18 is copied to one holding register (HR). The high (first) HR byte always contains 0
and the second (low) HR byte contains the data.

Example:
Assume that value of UI8 type data is 0x56, and that the data is mapped to HR 44005.
The content of HR 44005 will be as listed in Table 10-5.

Table 10-5. HR 44005 Contents

HR 44004 HR 44005 HR 44005 HR 44006
Low Byte High Byte Low Byte High Byte
0x00 0x56

Generic Types UI16 and 116

Data of type UINT16 or INT16 is saved in one holding register. The high data byte is copied to the high
HR byte and the low data byte is copied to the low HR byte.

Example:

Assume that DECS-400 UINT16 or INT16 type data which value is 0xF067 is mapped to HR 47003. Data

is copied to HR 47003 as shown in Table 10-6.

Table 10-6. HR 47003 Mapping

HR 47002 HR 47003 HR 47003 HR 47004
Low Byte High Byte Low Byte High Byte
0xFO 0x67

Generic Types UI32 and 132

Data of type UI32 or 132 is 4 bytes long. The Modbus 4-byte long data generic types use two consecutive
registers to represent a data value. The lower numbered holding register contains the low order 16 bits,
Low Order word [LO w], and the higher numbered holding register contains the higher order 16 bits,

Higher Order word [HO w].

Modbus Communication
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Example:

UI32 data type, which value is 0xE0234567 is mapped to two Holding registers (such as 45003 and
45004) as shown in Table 10-7.

Table 10-7. Typical Mapping

Register 45003 45004
Hexadecimal 4567 E023
Binary 0100 0101 01100111 1110 0000 0010 0011
HR 45002 HR 45003 HR 45003 HR 45004 HR 45004 HR 45005
LO byte HO byte LO byte HO byte LO byte HO byte
45 67 EO 23

Floating Point (R23_32) Data Format
The specific floating point format matches the floating point format used for the Modicon 984-8 family of
programmable controllers.
Its representation in bit format is:
S EEE EEEE E MMM MMMM MMMM MMMM MMMM MMMM
byte 3 byte 2 byte 1 byte 0

where the “S” is the sign bit for the floating point value (1) if negative, (0) if positive; the “E” field is the
two’s complement exponent biased by 127 decimal; the “M” field is the 23-bit normalized mantissa. The
most-significant bit of the mantissa is always assumed to be 1 and is not explicitly stored, yielding an
effective precision of 24 bits.

The value of the floating-point number is obtained by multiplying the binary mantissa times two raised to
the power of the unbiased exponent. The assumed bit of the binary mantissa has the value of 1.0, with
the remaining 23 bits providing a fractional value.

Table 10-8 shows the floating point format.
Table 10-8. Floating Point Format
2's Complement Of (Exponent + 127)
8 Bits

Mantissa
23 Bits

Sign
1 Bit

The floating point format allows a maximum value of 3.38 x 103%,

Note that bytes 0 and 1 of the floating point value are stored in the lower numbered register, and bytes 2
and 3 are contained in the higher numbered register.

For example, number 123 in floating point format is mapped to two holding registers (such as 45005 and
45006) as shown in Table 10-9.

Table 10-9. Number 123 in Floating Point Format

Register 45005 45006
Hexadecimal 0000 42F6
Binary 0000 0000 0000 0000 0100 0010 1111 0110

Caution

For DECS-400 Modbus, two consecutive holding registers that are
mapped to any of the four-byte, generic data types, are considered to
be linked together as an atomic, indivisible unit of information that can
be read or written by a Modbus message only as one entity. (That is,
one cannot be read or written without the other.).

DECS-400 Modbus Communication
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CRC Error Check
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This field contains a two-byte CRC value for transmission error detection. The master first calculates the
CRC and appends it to the query message. The DECS-400 recalculates the CRC value for the received
query and performs a comparison to the query CRC value to determine if a transmission error has
occurred. If so, no response message is generated. If no transmission error has occurred, the slave
calculates a new CRC value for the response message and appends it to the message for transmission.

The CRC calculation is performed using all bytes of the device address, function code and data block
fields. A 16-bit CRC register is initialized to all 1’s. Then, each eight-bit byte of the message is used in the
following algorithm.

First, exclusive-OR the message byte with the low-order byte of the CRC register. The result, stored in
the CRC register, will then be right-shifted eight times. The CRC register MSB is zero filled with each
shift. After each shift, the CRC register LSB is examined. If the LSB is a 1, the CRC register is then
exclusive-ORed with the fixed polynomial value A001 (hex) prior to the next shift. Once all bytes of the
message have undergone the above algorithm, the CRC register will contain the message CRC value to

be placed in the error check field.

DECS-400 Modbus® Register Space

Modbus address space from 40000 to 49999 refers to function codes 3, 6, and 16. The DECS-400 uses
address space from 40001 to 44999 (4,999 registers). This address space is divided into 14 areas,
referred to as information categories.

Table 10-10 provides a statistical summary for each information category.

Table 10-10. Information Category Summary

Data Types
Total # of Holding Mapped to
Reserved Register Number Registers
Information Information Holding Address of Used Access (Total # of
Category ID Category Registers Space Registers Privilege Variables)
C1 Version Data 200 40001 to 60 R UINT8
40200
Cc2 Metering, 199 40201 to 61 R UINT16: 11
Group 1 40399 FLOAT: 50
C3 System 199 40401 to 40 RW: 39 UINT16: 11
Configuration 40599 R: 1 FLOAT: 29
C4 Operating 97 40604 to 45 RW: 23 UINT: 45
Mode 40700 R: 22
Parameters
C5 Setpoint 449 40701 to 58 RW: 34 UINT16: 8
Parameters 41149 R: 24 FLOAT: 50
C6 Startup 199 41151 to 17 RW: 16 FLOAT: 16
Parameters 41349 R: 1 UINT16: 1
Cc7 Limiter 1,124 41351 to 68 RW: 65 FLOAT: 62
Parameters 42474 R:3 UINT16: 6
C8 Gain Registers 524 42476 to 33 RW: 32 UINT16: 1
42999 R: 1 FLOAT: 32
C9 Protection 127 43001 to 29 RW: 23 UINT16: 13
Function 43127 R: 6 FLOAT: 16
Parameters
Modbus Communication DECS-400
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Data Types
Total # of Holding Mapped to
Reserved Register Number Registers
Information Information Holding Address of Used Access (Total # of
Category ID Category Registers Space Registers Privilege Variables)
C10 Exciter Diode 149 43376 to 26 RW UINT16: 8
Monitor 43492 FLOAT: 18
Parameters
C11 Relay 600 43526 to 24 RW UINT16
Parameters 44125
C12 ASCIl and 125 44126 to 16 RW: 14 UINTS: 2
Modbus 44250 R: 2 UINT14: 6
Communication
Parameters
C13 Metering, 50 44201 to 3 RwW UINT16
Group 2 44250
C14 PSS 749 44251 to 91 RW: 89 UINT16: 23
Parameters 44999 R: 2 FLOAT: 68

DECS-400 Register Tables

Each data to be transmitted via Modbus is identified by its holding register(s). The following tables provide
a complete list of holding register assignments and descriptions for the DECS-400. There is a separate
table for each information category.

Holding Registers for Version Data

Table 10-11. Information Category C1—Version Data

Data
Registers Data Description Access Format
40001 1st character of the model information R UINT8
40002 2nd character of the model information R UINT8
40003 3rd character of the model information R UINT8
40004 4th character of the model information R UINT8
40005 5th character of the model information R UINT8
40006 6th character of the model information R UINT8
40007 7th character of the model information R UINT8
40008 8th character of the model information R UINT8
40009 Last character of the model information R UINT8
40010 1st character of the application program version R UINT8
40011 2nd character of the application program version R UINT8
40012 3rd character of the application program version R UINT8
40013 4th character of the application program version R UINT8
40014 5th character of the application program version R UINT8
40015 6th character of the application program version R UINT8
40016 7th character of the application program version R UINT8
40017 Last character of the application program version R UINT8
40018 1st character of the date of the application program R UINT8
40019 2nd character of the date of the application program R UINT8
40020 3rd character of the date of the application program R UINT8
40021 4th character of the date of the application program R UINT8
40022 5th character of the date of the application program R UINT8
40023 6th character of the date of the application program R UINT8

DECS-400
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Data
Registers Data Description Access Format
40024 7th character of the date of the application program R UINT8
40025 8th character of the date of the application program R UINT8
40026 Last character of the date of the application program R UINT8
40027 1st character of the DSP program version R UINT8
40028 2nd character of the DSP program version R UINT8
40029 3rd character of the DSP program version R UINT8
40030 4th character of the DSP program version R UINT8
40031 5th character of the DSP program version R UINT8
40032 6th character of the DSP program version R UINT8
40033 7th character of the DSP program version R UINT8
40034 Last character of the DSP program version R UINT8
40035 1st character of the date of the DSP program R UINT8
40036 2nd character of the date of the DSP program R UINT8
40037 3rd character of the date of the DSP program R UINT8
40038 4th character of the date of the DSP program R UINT8
40039 5th character of the date of the DSP program R UINT8
40040 6th character of the date of the DSP program R UINT8
40041 7th character of the date of the DSP program R UINT8
40042 8th character of the date of the DSP program R UINT8
40043 Last character of the date of the DSP program R UINT8
40044 1st character of the boot program version R UINT8
40045 2nd character of the boot program version R UINT8
40046 3rd character of the boot program version R UINT8
40047 4th character of the boot program version R UINT8
40048 5th character of the boot program version R UINT8
40049 6th character of the boot program version R UINT8
40050 7th character of the boot program version R UINT8
40051 Last character of the boot program version R UINT8
40052 1st character of the boot program date R UINT8
40053 2nd character of the boot program date R UINT8
40054 3rd character of the boot program date R UINT8
40055 4th character of the boot program date R UINT8
40056 5th character of the boot program date R UINT8
40057 6th character of the boot program date R UINT8
40058 7th character of the boot program date R UINT8
40059 8th character of the boot program date R UINT8
40060 Last character of the boot program date R UINT8
40061 to Reserved for future C1 data R Not
40200 Defined
Holding Registers for Metering, Group 1
Table 10-12. Information Category C2—Metering, Group 1
Data
Registers Data Description Access Format
40201 Leading/lagging load indicator 0 = leading load, 1 = lagging load R UINT16
40202 Motoring/generating indicator 0 = motoring, 1 = generating R UINT16
40203 Status of front panel LEDs (bit flags where 0 = off and 1 = on) R UINT16
b0 = null balance, b1 = PSS active, b2 = pre-position, b3 = upper limit,
b4 = lower limit, b5 = edit, b6-b15 = unassigned
40204 Contact input states: b0 = start, b1 = stop, b2 = auto, b3 = manual, b4 = R UINT16
raise, b5 = lower, b6 = sw1, b7 = sw2, b8 = sw3, b9 = sw4, b10 = sw5,
b11 =sw6, b12 = sw7, b13 = sw8, b14 = sw9, b15 = sw10
40205 Voltage matching status indicator R UINT16
40206 Adjustment range, in percent, of the active setpoint R UINT16
Modbus Communication DECS-400
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Data

Registers Data Description Access Format
40207 Annunciation status bit flags (0 = clear and 1 = annunciation is present) R UINT16

b0 = field overvoltage, b1 = field overcurrent, b2 = generator undervoltage,

b3 = generator overvoltage, b4 = underfrequency, b5 = in OEL, b6 = in

UEL, b7 =in FCR mode, b8 = no sensing, b9 = setpoint lower limit, b10 =

setpoint upper limit, b11 = generator failed to build up, b12 = generator

below 10 Hz, b13 = field overtemperature, b14 = EDM open diode, b15 =

EDM shorted diode
40208 Annunciation status bit flags (0 = clear and 1 = annunciation is present) R UINT16

b0 = loss of field, b1 =in SCL, b2 = V/Hz, b3 = loss of FIT, b4 = power

low, b5 = PSS V unbalance, b6 = PSS | unbalance, b7 = PSS power

below threshold, b8 = PSS speed failure, b9 = PSS voltage limit, b10 =

clock reset, b11 = loss of IRIG, b12-b15 = unassigned
40209 Protection status bit flags (0 = clear and 1 = status present) R UINT16

b0 = field overvoltage, b1 = field overcurrent, b2 = generator undervoltage,

b3 = generator overvoltage, b4 = underfrequency, b5 = in OEL, b6 =in

UEL, b7 =in FCR mode, b8 = no sensing, b9 = setpoint lower limit, b10 =

setpoint upper limit, b11 = generator failed to build up, b12 = generator

below 10 Hz, b13 = field overtemperature, b14 = EDM open diode, b15 =

EDM shorted diode
40210 Protection status bit flags (0 = clear and 1 = status present) R UINT16

BO = loss of field, b1 = in SCL, b2 = V/Hz, b3 = loss of FIT, b4 = power

low, b5 = PSS V unbalance, b6 = PSS | unbalance, b7 = PSS power

below threshold, b8 = PSS speed failure, b9 = PSS voltage limit, b10 =

clock reset, b11 = loss of IRIG, b12-b15 = unassigned
40211 Relay output states b0 = watchdog, b1 = on/off, b2 = Relay 1, b3 = Relay R UINT16

2, b4 = Relay 3, b5 = Relay 4, b6 = Relay 5, b7 = Relay 6, b8-b15 =

unused
40212 to Not used R Not
40250 Supported
40251 Phase A to B rms generator voltage R FLOAT
40253 Phase B to C rms generator voltage R FLOAT
40255 Phase C to A rms generator voltage R FLOAT
40257 RMS bus voltage R FLOAT
40259 Generator phase A current rms R FLOAT
40261 Generator phase B current rms R FLOAT
40263 Generator phase C current rms R FLOAT
40265 Average generator line-to-line rms voltage R FLOAT
40267 Average generator phase current R FLOAT
40269 DC field voltage R FLOAT
40271 DC field current R FLOAT
40273 Auxiliary input volts R FLOAT
40275 Magnitude of A-B voltage fundamental phasor R FLOAT
40277 Magnitude of B-C voltage fundamental phasor R FLOAT
40279 Magnitude of C-A voltage fundamental phasor R FLOAT
40281 Magnitude of line A current fundamental phasor R FLOAT
40283 Magnitude of line B current fundamental phasor R FLOAT
40285 Magnitude of line C current fundamental phasor R FLOAT
40287 Current input for load compensation R FLOAT
40289 Angle between Vab and Vca R FLOAT
40291 Angle between Vbc and Vca R FLOAT
40293 Angle between la and Vca R FLOAT
40295 Angle between Ib and Vca R FLOAT
40297 Angle between Ic and Vca R FLOAT
40299 Angle between laux and Vca R FLOAT
40301 Generator real power R FLOAT
40303 Generator reactive power R FLOAT
40305 Generator apparent power R FLOAT
40307 Generator power factor R FLOAT
40309 Generator positive sequence voltage R FLOAT
40311 Generator negative sequence voltage R FLOAT
40313 Generator positive sequence current R FLOAT
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Data
Registers Data Description Access Format
40315 Generator negative sequence current R FLOAT
40317 Generator frequency R FLOAT
40319 Bus frequency R FLOAT
40321 Null Balance or tracking error R FLOAT
40323 Active controller output R FLOAT
40325 Error signal to autotracking loop R FLOAT
40327 Rotor temperature R FLOAT
40329 Shorted diode harmonic current R FLOAT
40331 Open diode harmonic current R FLOAT
40333 VAR/PF controller output R FLOAT
40335 PSS terminal frequency deviation R FLOAT
40337 PSS compensated frequency deviation R FLOAT
40339 PSS washed out speed deviation R FLOAT
40341 PSS washed out power deviation R FLOAT
40343 PSS mechanical power filter output R FLOAT
40345 PSS signal before phase lead/lag blocks R FLOAT
40347 PSS signal after phase lead/lag blocks R FLOAT
40349 PSS signal after terminal voltage limiter R FLOAT
40351 Final PSS output including test signal R FLOAT
40353 to Reserved for future C2 use R Not
40399 Supported
Holding Registers for System Configuration
Table 10-13. Information Category C3—System Configuration
Data
Registers Data Description Access Format
40401 Sensing Configuration RW UINT16
40402 Auxiliary Input Summing Mode RW UINT16
40403 Bridge Control Signal RW UINT16
40404 Generator Field Type RW UINT16
40405 Voltage Sensing H/W Gain Control R UINT16
40406 Auxiliary Input Type RW UINT16
40407 Temperature Mode RW UINT16
40408 Number of CT's RW UINT16
40409 Selected CT's RW UINT16
40410 Motor/Generator Mode R UINT16
40411 Auxiliary Input Function; 0=DECS, 1=PSS, 2=LIMITER, 3=METONLY RW UINT16
40412 to Reserved for future C3 use R Not
40450 Defined
40451 Rated Generator Frequency RW FLOAT
40453 Generator PT Primary Voltage RW FLOAT
40455 Generator PT Secondary Voltage RW FLOAT
40457 Generator CT Primary Current RW FLOAT
40459 Generator CT Secondary Current RW FLOAT
40461 Field Current Shunt Rating RW FLOAT
40463 Field Voltage Isolation Module Input RW FLOAT
40465 Bus PT Primary Voltage RW FLOAT
40467 Bus PT Secondary Voltage RW FLOAT
40469 Maximum Field Flash Time RW FLOAT
40471 Field Flash Dropout Level RW FLOAT
40473 Generator Rated Voltage RW FLOAT
40475 Generator Rated kVA RW FLOAT
40477 Generator Rated Field Voltage RW FLOAT
40479 Generator Rated Field Current RW FLOAT
40481 Bus Voltage RW FLOAT
Modbus Communication DECS-400
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Data
Registers Data Description Access Format
40483 Auxiliary Voltage Input Gain RW FLOAT
40485 Internal Tracking Time Delay RW FLOAT
40487 Internal Tracking Traverse Rate RW FLOAT
40489 Reserved
40491 Auxiliary Current Input Gain RW FLOAT
40493 External Tracking Time Delay RW FLOAT
40495 External Tracking Traverse Rate RW FLOAT
40497 Auxiliary Input Gain for FCR Mode RW FLOAT
40499 Auxiliary Input Gain for VAR Mode RW FLOAT
40501 Auxiliary Input Gain for PF Mode RW FLOAT
40503 Exciter Field Resistance RW FLOAT
40505 Ambient Temperature RW FLOAT
40507 Brush Voltage Drop RW FLOAT
40509 Generator Power Factor RW FLOAT
40511 Auxiliary Input Gain for FVR Mode RW FLOAT
40513 to Reserved for future C3 use R Not
40599 Defined
Holding Registers for Operating Mode Parameters
Table 10-14. Information Category C4—Operating Mode Parameters
Data

Registers Data Description Access Format
40601 Virtual toggle switch for changing unit mode from stop to start. Value 1 is RwW UINT16

only valid to apply. Reading this register provides the status: 0=STOP,

1=START.
40602 Virtual toggle switch for changing control from AVR mode to Manual mode. RwW UINT16

Value of 1 is the only valid value to apply. Reading this register provides the

control mode status: 0=base mode, 1=manual, 2=AVR.
40603 Virtual toggle switch for changing operation between unit and parallel. RwW UINT16

Value 1 is only valid to apply. Read value of register is aloways 0.
40604 PF/Var Enabled  0=off, 1=PF, 2=var RW UINT16
40605 Internal Tracking Enabled RW UINT16
40606 Pre-position 1 Enabled RW UINT16
40607 Raise Enabled RW UINT16
40608 Lower Enabled RW UINT16
40609 LimiterMode; 0=off, 1=UEL, 2=OEL, 3=UEL&OEL, 4=SCL, 5=UEL&SCL, RwW UINT16

6=0OEL&SCL, 7=UEL&OEL&SCL, 8=VARL, 9=VARL&OEL,

10=VARL&OEL, 11=VARL&OEL&UEL, 12=VARL&SCL,

13=VARL&SCL&OEL, 14=VARL&SCL&OEL, 15=VARL&SCL&UEL&OEL
40610 Voltage Matching Mode (0=off, 1=0n) R UINT16
40611 Operating Mode (0=off, 1=PF, 2=var) R UINT16
40612 Unit mode where O=stop, 1=start R UINT16
40613 Control Mode (1 = Manual, 2 = AVR) R UINT16
40614 Internal Tracking Enabled R UINT16
40615 Pre-position Enabled R UINT16
40616 Auto Transfer Enabled R UINT16
40617 Load Comp Mode (0=off, 1=droop, 2=L droop, 4=CCC) R UINT16
40618 Alarm Reset Enabled RW UINT16
40619 Loss Of Sensing Mode RW UINT16
40620 No Sense To Manual Mode RW UINT16
40621 External Tracking Enabled RW UINT16
40622 Underfrequency Mode RW UINT16
40631 Droop Enabled RW UINT16
40632 L Drop Enabled RW UINT16
40633 CC Enabled RW UINT16
40634 OEL Style Mode R UINT16
40635 External Tracking Enabled R UINT16
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Data
Registers Data Description Access Format
40636 OEL Style Enabled RW UINT16
40637 Pre-position 2 Enabled R UINT16
40638 UEL Style Mode R UINT16
40639 OEL Option Mode R UINT16
40640 Pre-position Selection R UINT16
40641 UEL Style Enabled RW UINT16
40642 Voltage Matching Enabled RW UINT16
40643 OEL Enabled RW UINT16
40644 UEL Enabled RW UINT16
40645 SCL Enabled RW UINT16
40646 Internal Tracking Mode R UINT16
40647 External Tracking Mode R UINT16
40648 Voltage Matching Mode R UINT16
40649 to Reserved for future C4 use R Not
40674 Defined
40675 Var limiter enable; O=disable, 1=enable RW UINT16
40720 Enables traverse rate to pre-position 1 for the mode RW UINT16
40721 Enables traverse rate to pre-position 2 for the mode RW UINT16
40722 Enables traverse rate to pre-position 1 for the mode RW UINT16
40723 Enables traverse rate to pre-position 2 for the mode RW UINT16
40724 Enables traverse rate to pre-position 1 for the mode RW UINT16
40725 Enables traverse rate to the pre-position 2 for the mode RW UINT16
40726 Enables traverse rate to the pre-position 1 for the mode RW UINT16
40727 Enables traverse rate to the pre-position 2 for the mode RW UINT16
40728 Enables traverse rate to the pre-position 1 for the mode RW UINT16
40730 to Reserved for future C4 use R Not
40899 Defined
40900 Traverse time, in seconds, between mode’s min and max settings RW FLOAT
40902 Traverse time, in seconds, between mode’s min and max settings RW FLOAT
40904 Traverse time, in seconds, between mode’s min and max settings RW FLOAT
40906 Traverse time, in seconds, between mode’s min and max settings RW FLOAT
40908 Traverse time, in seconds, between mode’s min and max settings RW FLOAT
40910 Traverse time, in seconds, between mode’s min and max settings RW FLOAT
40912 Traverse time, in seconds, between mode’s min and max settings RW FLOAT
40914 Traverse time, in seconds, between mode’s min and max settings RW FLOAT
40916 Traverse time, in seconds, between mode’s min and max settings RW FLOAT
40918 Traverse time, in seconds, between mode’s min and max settings RW FLOAT
Holding Registers for Setpoint Parameters
Table 10-15. Information Category C5—Setpoint Parameters
Data
Registers Data Description Access Format
40701 FCR pre-position 1 mode: O=maintained, 1=release RW UINT16
40702 AVR pre-position 1 mode: 0=maintained, 1=release RW UINT16
40703 VAR pre-position 1 mode: 0=maintained, 1=release RW UINT16
40704 PF pre-position 1 mode: O=maintained, 1=release RW UINT16
40705 FCR pre-position 2 mode: O=maintained, 1=release RW UINT16
40706 AVR pre-position 2 mode: 0=maintained, 1=release RW UINT16
40707 VAR pre-position 2 mode: 0=maintained, 1=release RW UINT16
40708 PF pre-position 2 mode: O=maintained, 1=release RW UINT16
40709 FVR pre-position 1 mode: O=maintained, 1=release RW UINT16
40710 FVR pre-position 2 mode: O0=maintained, 1=release RW UINT16
40751 FCR (Field Current Regulator) mode setpoint in amps; adjustment range is RW FLOAT
determined by registers (40761-62) and (40769-70)
40753 AVR (Automatic Voltage Regulator) mode setpoint in volts; adjustment RW FLOAT
range is determined by registers(40763-64) and (40771-72)
40755 VAR mode setpoint in kvars; adjustment range is determined by registers RW FLOAT
(40765-66) and (40773-74)
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Data

Registers Data Description Access Format

40757 PF mode setpoint; adjustment range is determined by registers (40767-68) RW FLOAT
and (40775-76)

40759 Reactive Droop setting in % of rated generator voltage; adjustable from -30 RwW FLOAT
to +30% in .1% increments

40761 FCR minimum setpoint (in amps) = % of nominal x rated field current:(regs. R FLOAT
40801-02) x (regs. 40479-80) / 100

40763 AVR minimum setpoint (in volts) = % of nominal x rated generator R FLOAT
voltage:(regs. 40803-04) x (regs. 40473-74) / 100

40765 VAR minimum setpoint (in kvars) = % of nominal x rated generator R FLOAT
VA:(regs. 40805-06) x rated VA / 100

40767 PF maximum setpoint = registers 40807-08 R FLOAT

40769 FCR maximum setpoint (in amps) = % of nominal x rated field current:(regs. R FLOAT
40809-10) x (regs. 40479-80) / 100

40771 AVR maximum setpoint (in volts) = % of nominal x rated generator R FLOAT
voltage:(regs. 40811-12) x (regs. 40473-74) / 100

40773 VAR maximum setpoint (in kvars) = % of nominal x rated generator R FLOAT
VA:(regs. 40813-14) x rated VA / 100

40775 PF minimum setpoint = registers 40815-16 R FLOAT

40777 FCR mode traverse rate, adjustable from 10 to 200 seconds in 1 second RW FLOAT
increments

40779 AVR mode traverse rate, adjustable from 10 to 200 seconds in 1 second RW FLOAT
increments

40781 VAR mode traverse rate, adjustable from 10 to 200 seconds in 1 second RW FLOAT
increments

40783 PF mode traverse rate, adjustable from 10 to 200 seconds in 1 second RW FLOAT
increments

40785 FCR mode setpoint pre-position 1; adjustment range is determined by RW FLOAT
registers (40761-62) and (40769-70)

40787 AVR mode setpoint pre-position 1; adjustment range is determined by RwW FLOAT
registers (40763-64) and (40771-72)

40789 VAR mode setpoint pre-position 1; adjustment range is determined by RW FLOAT
registers (40765-66) and (40773-74)

40791 PF mode setpoint pre-position 1; adjustment range is determined by RW FLOAT
registers (40767-68) and (40775-76)

40793 FCR mode setpoint step size = setpoint range / (traverse rate x 10):[(regs. R FLOAT
40769-70) - (regs. 40761-62)] / [(regs. 40777-78) x 10]

40795 AVR mode setpoint step size = setpoint range / (traverse rate x 20):[(regs. R FLOAT
40771-72) - (regs. 40763-64)] / [(regs. 40779-80) x 20]

40797 VAR mode setpoint step size = setpoint range / (traverse rate x 20):[(regs. R FLOAT
40773-74) - (regs. 40765-66)] / [(regs. 40781-82) x 20]

40799 PF mode setpoint step size = setpoint range / (traverse rate x 20):[2 + R FLOAT
(regs. 40775-76) - (regs. 40767-68)] / [(regs. 40783-84) x 20]

40801 FCR mode setpoint's minimum (in % of rated field current), adjustable from RW FLOAT
0 to 100%, in .1% increments

40803 AVR mode setpoint's minimum (in % of rated generator output voltage), RW FLOAT
adjustable from 70 to 100%, in .1% increments

40805 VAR mode setpoint's minimum (in % of rated generator VA), adjustable RW FLOAT
from -100 to +100%, in .1% increments

40807 PF mode setpoint maximum, adjustable from 0.5 to 1.0, in .005 increments RW FLOAT

40809 FCR mode setpoint's maximum (in % of rated field current), adjustable from RwW FLOAT
100 to 120%, in .1% increments

40811 AVR mode setpoint's maximum (in % of rated generator output voltage), RwW FLOAT
adjustable from 100 to 110%, in .1% increments

40813 VAR mode setpoint's maximum (in % of rated generator VA), adjustable RwW FLOAT
from -100 to +100%, in .1% increments

40815 PF mode setpoint minimum, adjustable from -1.0 to -0.5, in .005 increments RW FLOAT
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Data

Registers Data Description Access Format

40817 Minimum value for FCR mode setpoint's adjustable minimum (in % of rated R FLOAT
field current) = 0%

40819 Minimum value for AVR mode setpoint's adjustable minimum (in % of rated R FLOAT
generator ouput voltage) = 70%

40821 Minimum value for VAR mode setpoint's adjustable minimum (in % of rated R FLOAT
generator VA) = -100%

40823 Maximum value for PF mode setpoint's adjustable minimum R FLOAT

40825 Maximum value for FCR mode setpoint's adjustable maximum (in % of R FLOAT
rated field current) = 120%

40827 Maximum value for AVR mode setpoint's adjustable maximum (in % of R FLOAT
rated generator ouput voltage) = 110%

40829 Maximum value for VAR mode setpoint's adjustable maximum (in % of R FLOAT
rated generator VA) = 100%

40831 Minimum value for PF mode setpoint's adjustable maximum R FLOAT

40833 Step size for FCR mode setpoint's adjustable maximum (in % of rated field R FLOAT
current) = 0.1%

40835 Step size for AVR mode setpoint's adjustable maximum (in % of rated R FLOAT
generator output voltage) = 0.1%

40837 Step size for VAR mode setpoint's adjustable maximum (in % of rated R FLOAT
generator VA) = 0.1%

40839 Step size for PF mode setpoint's adjustable maximum (in % of rated field R FLOAT
current) = .005

40841 FCR mode setpoint pre-position 2; adjustment range is determined by RW FLOAT
registers (40761-62) and (40769-70)

40843 AVR mode setpoint pre-position 2; adjustment range is determined by RwW FLOAT
registers (40763-64) and (40771-72)

40845 VAR mode setpoint pre-position 2; adjustment range is determined by RW FLOAT
registers (40765-66) and (40773-74)

40847 PF mode setpoint pre-position 2; adjustment range is determined by RwW FLOAT
registers (40767-68) and (40775-76)

40849 Line Drop Compensation Setpoint, adjustable from 0 to 30% in .1% RW FLOAT
increments

40851 FVR mode setpoint (in volts). Adjustment range is determined by registers RW FLOAT
40853-54 and 40855-56

40853 FVR maximum setpoint (in volts). Equal to % of nominal x rated field R FLOAT
voltage (Registers 40863-64 x 40477-78 + 100)

40855 FVR maximum setpoint (in volts). Equal to % of nominal x rated field R FLOAT
voltage (Registers 40865-66 x 40477-78 + 100)

40857 FVR mode traverse rate, adjustable from 10 to 200 seconds in 1 second RW FLOAT
increments

40859 FVR mode setpoint pre-position 1 adjustment range. Determined by RW FLOAT
registers (40853-54) and (40855-56)

40861 FVR mode setpoint step size. =setpoint range + (traverse rate x 10):[regs. R FLOAT
40855-56) —regs. 40853-54)] +[(regs. 40857-58) x 10]

40863 FVR mode setpoint minimum (in % of rated field voltage), adjustable from 0 RW FLOAT
to 100% in 0.1% increments

40865 FVR mode setpoint maximum (in % of rated field voltage), adjustable from RW FLOAT
100 to 120% in 0.1% increments

40867 Minimum value for FVR mode setpoint’s adjustable minimum (in % of rated R FLOAT
field voltage) =0%

40869 Maximum value for FVR mode setpoint’s adjustable maximum (in % of R FLOAT
rated field voltage) = 120%

40871 Step size for FVR mode setpoint’s adjustable maximum (in % of rated field R FLOAT
voltage) = 0.1%

40873 FVR mode setpoint pre-position 2: adjustment range is determined by RW FLOAT
registers (40853-54) and (40855-56)
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Holding Registers for Startup Parameters
Table 10-16. Information Category C6—Startup Parameters
Data

Registers Data Description Access Format
41151 Active Startup Setting Group R UINT16
41153 PSS Power Level Enable R UINT16
41154 to Not used R Not
41170 Defined
41171 Primary Generator Voltage Soft Start Bias RW FLOAT
41173 Primary Generator Voltage Soft Start Time RW FLOAT
41175 Underfrequency Setting (Corner Frequency) RW FLOAT
41177 V/Hz High Setting RW FLOAT
41179 V/Hz Low Setting RW FLOAT
41181 V/Hz Time Setting RW FLOAT
41183 Voltage Matching Band RW FLOAT
41185 Voltage Matching Level (Generator to Bus) RW FLOAT
41187 Fine Voltage Adjust Band RW FLOAT
41189 Loss of Sensing Time Delay RW FLOAT
41191 Loss of Sensing Balanced Level RW FLOAT
41193 Loss of Sensing Unbalanced Level RW FLOAT
41195 Reserved RW FLOAT
41197 Underfrequency Setting (Slope) RW FLOAT
41199 Reserved RW FLOAT
41201 Reserved RW FLOAT
41203 PF Active Power Level RW FLOAT
41205 to Reserved for future C6 use R Not
41270 Defined
41271 Primary Generator Voltage Soft Start Bias RW FLOAT
41273 Primary Generator Voltage Soft Start Time RW FLOAT
41275 to Reserved for future C6 use R Not
41349 Defined

Holding Registers for Limiter Parameters

Table 10-17. Information Category C7—Limiter Parameters
Data

Registers Data Description Access Format
41351 Active OEL Limiter Setting Group R UINT16
41352 OEL dv/dt Enable RW UINT16
41353 Setting group selection for var limiter R UINT16
41354 to Not used R Not
41360 Defined
41361 Primary On-Line OEL Setting - High Current Level RW FLOAT
41363 Primary On-Line OEL Setting - High Current Time RW FLOAT
41365 Primary On-Line OEL Setting - Medium Current Level RW FLOAT
41367 Primary On-Line OEL Setting - Medium Current Time RW FLOAT
41369 Primary On-Line OEL Setting - Low Current Level RW FLOAT
41371 Primary Off-Line OEL Setting High Current Level RW FLOAT
41373 Primary Off-Line OEL Setting Low Current Level RW FLOAT
41375 Primary Off-Line OEL Setting High Current Time RW FLOAT
41377 Primary Takeover Off-Line OEL High Current Level RW FLOAT
41379 Primary Takeover Off-Line OEL Low Current Level RW FLOAT
41381 Primary Takeover Off-Line OEL Time Dial RW FLOAT
41383 Primary Takeover On-Line OEL High Current Level RW FLOAT
41385 Primary Takeover On-Line OEL Low Current Level RW FLOAT
41387 Primary Takeover On-Line OEL Time Dial RW FLOAT
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Data
Registers Data Description Access Format
41389 to Not used R Not
41409 Defined
41411 Active UEL Limiter Setting Group R UINT16
41412 to Not used RwW Not
41420 Defined
41421 Primary UEL Curve Real Power 1st Point RW FLOAT
41423 Primary UEL Curve Real Power 2nd Point RW FLOAT
41425 Primary UEL Curve Real Power 3rd Point RW FLOAT
41427 Primary UEL Curve Real Power 4th Point RW FLOAT
41429 Primary UEL Curve Real Power 5th Point RW FLOAT
41431 Primary UEL Curve Reactive Power 1st Point RW FLOAT
41433 Primary UEL Curve Reactive Power 2nd Point RW FLOAT
41435 Primary UEL Curve Reactive Power 3rd Point RW FLOAT
41437 Primary UEL Curve Reactive Power 4th Point RW FLOAT
41439 Primary UEL Curve Reactive Power 5th Point RW FLOAT
41441 Primary UEL Bias RW FLOAT
41443 Real power filter time constant RW FLOAT
41445 Real power exponent RW FLOAT
41471 Active SCL Limiter Setting Group R UINT16
41472 to Not used R Not
41480 Defined
41481 Primary SCL High Current Level RW FLOAT
41483 Primary SCL High Current Time RW FLOAT
41485 Primary SCL Medium Current Level RW FLOAT
41487 Primary SCL Medium Current Time RW FLOAT
41489 Primary SCL Low Current Level RW FLOAT
41491 Primary SCL No Respoonse Time RW FLOAT
41493 to Reserved for future C7 use R Not
41584 Defined
41585 OEL dv/dt Setting RW FLOAT
41587 Var limiter setpoint for primary selection RW FLOAT
41589 Var limiter initial delay for primary selection RW FLOAT
41590 to Reserved for future C7 use R Not
41720 Defined
41721 Secondary On-Line OEL Setting - High Current Level RW FLOAT
41723 Secondary On-Line OEL Setting - High Current Time RW FLOAT
41725 Secondary On-Line OEL Setting - Medium Current Level RW FLOAT
41727 Secondary On-Line OEL Setting - Medium Current Time RW FLOAT
41729 Secondary On-Line OEL Setting - Low Current Level RW FLOAT
41731 Secondary Off-Line OEL Setting High Current Level RW FLOAT
41733 Secondary Off-Line OEL Setting Low Current Level RW FLOAT
41735 Secondary Off-Line OEL Setting High Current Time RW FLOAT
41737 Secondary Takeover Off-Line OEL High Current Level RW FLOAT
41739 Secondary Takeover Off-Line OEL Low Current Level RW FLOAT
41741 Secondary Takeover Off-Line OEL Time Dial RW FLOAT
41743 Secondary Takeover On-Line OEL High Current Level RW FLOAT
41745 Secondary Takeover On-Line OEL Low Current Level RW FLOAT
41747 Secondary Takeover On-Line OEL Time Dial RW FLOAT
41749 to Reserved for future C7 use R Not
41780 Defined
41781 Secondary UEL Curve Real Power 1st Point RW FLOAT
41783 Secondary UEL Curve Real Power 2nd Point RW FLOAT
41785 Secondary UEL Curve Real Power 3rd Point RW FLOAT
41787 Secondary UEL Curve Real Power 4th Point RW FLOAT
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Data
Registers Data Description Access Format
41789 Secondary UEL Curve Real Power 5th Point RW FLOAT
41791 Secondary UEL Curve Reactive Power 1st Point RW FLOAT
41793 Secondary UEL Curve Reactive Power 2nd Point RW FLOAT
41795 Secondary UEL Curve Reactive Power 3rd Point RW FLOAT
41797 Secondary UEL Curve Reactive Power 4th Point RW FLOAT
41799 Secondary UEL Curve Reactive Power 5th Point RW FLOAT
41801 Secondary UEL Bias RW FLOAT
41803 to Reserved for future C7 use R Not
41840 Defined
41841 Secondary SCL High Current Level RW FLOAT
41843 Secondary SCL High Current Time RW FLOAT
41845 Secondary SCL Medium Current Level RW FLOAT
41847 Secondary SCL Medium Current Time RW FLOAT
41849 Secondary SCL Low Current Level RW FLOAT
41851 Secondary SCL No Respoonse Time RW FLOAT
41853 Var limiter setpoint for secondary selection RW FLOAT
41855 Var limiter initial delay for secondary selection RW FLOAT
41856 to Reserved for future C7 use R Not
42474 Defined
Note

Effective with firmware version 1.07, AVR and FCR have individual

gain settings. AVR gain settings are read/write with registers 42503

through 42507. FCR gain settings are read/write with registers 42553

through 42559. In versions prior to 1.07, gain settings for both AVR

and FCR are read/write with registers 42503, 42505, and 42507.

Holding Registers for Gain Parameters
Table 10-18. Information Category C8—Gain Parameters
Data

Registers Data Description Access Format
42476 Active AVR/FCR Gain Setting Group R UINT16
42477 to Reserved for future C8 use R Not
42500 Defined
42501 Primary Stability Range (Gain Table Index) RW FLOAT
42503 Primary AVR - Proportional Gain Kp RW FLOAT
42505 Primary AVR - Integral Gain Ki RW FLOAT
42507 Primary AVR - Derivative Gain Kd RW FLOAT
42509 OEL - Proportional Gain Kp RW FLOAT
42511 OEL - Integral Gain Ki RW FLOAT
42513 PF - Integral Gain Ki RW FLOAT
42515 VAR - Integral Gain Ki RW FLOAT
42517 FCR - Loop Gain Kg RW FLOAT
42519 Primary AVR - Loop Gain Kg RW FLOAT
42521 VAR - Loop Gain Kg RW FLOAT
42523 PF - Loop Gain Kg RW FLOAT
42525 OEL - Loop Gain Kg RW FLOAT
42527 UEL - Loop Gain Kg RW FLOAT
42529 Voltage Matching - Loop Gain Kg RW FLOAT
42531 Voltage Matching - Proportional Gain Kp RW FLOAT
42533 Voltage Matching - Integral Gain Ki RW FLOAT
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Data
Registers Data Description Access Format
42541 UEL - Proportional Gain Kp RW FLOAT
42543 UEL - Integral Gain Ki RW FLOAT
42545 Primary AVR - Derivative Time Constant Td RW FLOAT
42547 SCL - Loop Gain Kg RW FLOAT
42549 SCL - Proportional Gain Kp RW FLOAT
42551 SCL - Integral Gain Ki RW FLOAT
42553 FCR - Proportional Gain Kp RW FLOAT
42555 FCR - Integral Gain Ki RW FLOAT
42557 FCR - Derivative Gain Kd RW FLOAT
42559 Primary FCR - Derivative Time Constant Td RW FLOAT
42561 FVR Proportional Gain Kp RW FLOAT
42563 FVR Integral Gain Ki RW FLOAT
42565 FVR Derivative Gain Kd RW FLOAT
42567 FVR Derivative Time Constant Td Gain RW FLOAT
42569 FVR Loop Gain Kg RW FLOAT
42570 to Reserved for future C8 use R Not
42608 Defined
42609 Loop gain for var limiter RW FLOAT
42611 Integral gain for var limiter RW FLOAT
42613 to Reserved for future C8 use Not
42675 Defined
42676 Secondary Stability Range (Gain Table Index) RW FLOAT
42678 Secondary AVR - Proportional Gain Kp RW FLOAT
42680 Secondary AVR - Integral Gain Ki RW FLOAT
42682 Secondary AVR - Derivative Gain Kd RW FLOAT
42684 Secondary AVR - Loop Gain Kg RW FLOAT
42686 Secondary AVR - Derivative Time Constant Td RW FLOAT
42688 to Reserved for future C8 use R Not
42999 Defined

Holding Registers for Protection Function Parameters
Table 10-19. Information Category C9—Protection Function Parameters

Data
Registers Data Description Access Format
43001 Primary Exciter Field Overvoltage RW UINT16
43002 Primary Exciter Field Overcurrent RW UINT16
43003 Primary Generator Undervoltage RW UINT16
43004 Primary Generator Overvoltage RW UINT16
43005 Primary Field Over Temperature RW UINT16
43006 Primary Loss of Field RW UINT16
43007 Primary Loss of Field Isolation Transducer RW UINT16
43008 Primary Power Low RW UINT16
43009 24 Volts/Hz RW UINT16
43010 to Not used R Not
43012 Defined
43013 Inverse Time Curve Exponent RW UINT16
43014 to Not used R Not
43024 Defined
43025 Active Protection Setting Group R UINT16
43026 Primary Field Overvoltage Level RW FLOAT
43028 Primary Field Overcurrent Level RW FLOAT
43030 Primary Generator Undervoltage Level RW FLOAT
43032 Primary Generator Overvoltage Level RW FLOAT
43034 Primary Field Overvoltage Time Delay RW FLOAT
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Data
Registers Data Description Access Format
43036 Primary Field Overcurrent Time Dial RW FLOAT
43038 Primary Generator Undervoltage Time Delay RW FLOAT
43040 Primary Generator Overvoltage Time Delay RW FLOAT
43042 Primary Field Over Temperature Level RW FLOAT
43044 Primary Field Over Temperature Time Delay RW FLOAT
43046 Primary Loss of Field Level RW FLOAT
43048 Primary Loss of Field Time Delay RW FLOAT
43052 Primary Loss of Field Isolation Transducer Time Delay RW FLOAT
43054 Primary Power Low Level R FLOAT
43056 Primary Power Low Time Delay R FLOAT
43058 24 Function Inverse Time Pickup Setpoint RW FLOAT
43060 24 Function Inverse Time Pickup Time Dial RW FLOAT
43062 24 Function Reset Time Dial RW FLOAT
43064 24 Function Definite Time Pickup #1 RW FLOAT
43066 24 Function Definite Time Delay #1 RW FLOAT
43068 24 Function Definite Time Pickup #2 RW FLOAT
43070 24 Function Definite Time Delay #2 RW FLOAT
43126 Secondary Exciter Field Overvoltage R UINT16
43127 Secondary Exciter Field Overcurrent R UINT16

Holding Registers for Exciter Diode Monitor Parameters
Table 10-20. Information Category C10—Exciter Diode Monitor Parameters

Data
Registers Data Description Access Format
43376 Primary Number of Main Poles RW UINT16
43377 Primary Number of Exciter Poles RW UINT16
43378 Primary Open Diode Monitoring RW UINT16
43379 Primary Shorted Diode Monitoring RW UINT16
43380 to Not used R Not
43400 Defined
43401 Primary Open Diode Pickup Level RW FLOAT
43403 Primary Shorted Diode Pickup Level RW FLOAT
43405 Primary Disable Open Diode Level RW FLOAT
43407 Primary Open Diode Detection Time Delay RW FLOAT
43409 Primary Shorted Diode Detection Time Delay RW FLOAT
43411 Primary Pole Ratio of Exciter Field to Main Field RW FLOAT
43413 Deadband - not used RW FLOAT
43415 Primary Open Diode Smoothing Filter Coefficient RW FLOAT
43417 Primary Shorted Diode Smoothing Filter Coefficient RW FLOAT
43419 to Not used R Not
43449 Defined
43451 Secondary Number of Main Poles RW UINT16
43452 Secondary Number of Exciter Poles RW UINT16
43453 Secondary Open Diode Monitoring RW UINT16
43454 Secondary Shorted Diode Monitoring RW UINT16
43455 to Not used R Not
43475 Defined
43476 Secondary Open Diode Pickup Level RW FLOAT
43478 Secondary Shorted Diode Pickup Level RW FLOAT
43480 Secondary Disable Open Diode Level RW FLOAT
43482 Secondary Open Diode Detection Time Delay RW FLOAT
43484 Secondary Shorted Diode Detection Time Delay RW FLOAT
43486 Secondary Pole Ratio of Exciter Field to Main Field RW FLOAT
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Data
Registers Data Description Access Format
43488 Deadband - not used RW FLOAT
43490 Secondary Open Diode Smoothing Filter Coefficient RW FLOAT
43492 Secondary Shorted Diode Smoothing Filter Coefficient RW FLOAT

Holding Registers for Relay Parameters
Table 10-21. Information Category C11—Relay Parameters

Data
Registers Data Description Access Format
43526 Relay 1 State RW UINT16
43527 Relay 1 Contact Type RW UINT16
43528 Relay 1 Contact Status RW UINT16
43529 Relay 1 Momentary Time RW UINT16
43530 to Reserved for future C11 use R Not
43575 Defined
43576 Relay 2 State RW UINT16
43577 Relay 2 Contact Type RW UINT16
43578 Relay 2 Contact Status RW UINT16
43579 Relay 2 Momentary Time RW UINT16
43580 to Reserved for future C11 use R Not
43625 Defined
43626 Relay 3 State RW UINT16
43627 Relay 3 Contact Type RW UINT16
43628 Relay 3 Contact Status RW UINT16
43629 Relay 3 Momentary Time RW UINT16
43630 to Reserved for future C11 use R Not
43675 Defined
43676 Relay 4 State RW UINT16
43677 Relay 4 Contact Type RW UINT16
43678 Relay 4 Contact Status RW UINT16
43679 Relay 4 Momentary Time RW UINT16
43680 to Reserved for future C11 use R Not
43725 Defined
43726 Relay 5 State RW UINT16
43727 Relay 5 Contact Type RW UINT16
43728 Relay 5 Contact Status RW UINT16
43729 Relay 5 Momentary Time RW UINT16
43730 to Reserved for future C11 use R Not
43775 Defined
43776 Relay 6 State RW UINT16
43777 Relay 6 Contact Type RW UINT16
43778 Relay 6 Contact Status RW UINT16
43779 Relay 6 Momentary Time RW UINT16
43780 to Reserved for future C11 use R Not
44125 Defined

Holding Registers for General ASCIl and Modbus Communication Parameters

Table 10-22. Information Category C12—General ASCIl and Modbus Communication Parameters

Data
Registers Data Description Access Format
44126 Baud rate of Front communication port 0, RS-232, Data Range: 1200, 2400, R UINT16
4800, 9600,19200, Default 9600
44127 Baud rate of Rear communication port 1, RS-485, Data Range: 1200, 2400, R UINT16
4800, 9600,19200, Default 9600
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44128 Baud rate of Rear communication port 2, RS-485, Data Range:4800, RW UINT16
9600,19200, Default 9600
44129 Modbus port Parity, valid only for Rear RS-485 port. ‘O’ = 79= 0x4F for Odd RW UINT8
Parity, ‘E’ = 69= 0x45 or Even Parity, and ‘N’ =78= Ox4E for None
44130 Modbus port Stop Bits, 1 for 1 Stop Bit, 2 for 2 Stop bits, Default value: 2 RW UINT8
44131 DECS400 Polling Address, valid only for Rear RS-485 port. 0 for RW UINT16
Broadcast address, 1 to 247 for slave address, Default: 247
44132 Modbus Response Delay Time Parameter in ms (Default value: 10ms) Data RW UINT16
Range 0-200, step size 10
44133 System Clock Month RW UINT16
44134 System Clock Day RW UINT16
44135 System Clock Year RW UINT16
44136 System Clock Daylight Savings Time, 0 = Daylight Savings Time On, 1 = RW UINT16
Daylight Savings Time Off
44137 System Clock Hour RW UINT16
44138 System Clock Minute RW UINT16
44139 System Clock Second RW UINT16
44140 System Clock Time Format, 0 = 12 hour format, 1 = 24 hour format. RW UINT16
44141 System Clock AM/PM. 'A' =0 for AM, 'P' = 1 for PM RW UINT16
44142 to Reserved for future C12 use R Not
44200 Defined
Holding Registers for Metering Parameters, Group 2
Table 10-23. Information Category C13—Metering, Group 2
Data
Registers Data Description Access Format
44201 1st Metering Display Field RW UINT16
44202 2nd Metering Display Field RW UINT16
44203 3rd Metering Display Field RW UINT16
44204 to Reserved for future C13 use R Not
44250 Defined
Holding Registers for Power System Stabilizer Parameters
Table 10-24. Information Category C14—PSS Parameters
Data
Registers Data Description Access Format
44251 PSS Algorithm RW UINT16
44252 Active PSS Setting Group R UINT16
44253 PSS ROC mode blocking; 0=disable, 1=enable R UINT16
44254 Block PSS ROC mode; O=disable, 1=enable R UINT16
44255 to Not used R Not
44259 Defined
44260 Primary PSS Software Switch 0 RW UINT16
44261 Primary PSS Software Switch 1 RW UINT16
44262 Primary PSS Software Switch 2 RW UINT16
44263 Primary PSS Software Switch 3 RW UINT16
44264 Primary PSS Software Switch 4 RW UINT16
44265 Primary PSS Software Switch 5 RW UINT16
44266 Primary PSS Software Switch 6 RW UINT16
44267 Primary PSS Software Switch 7 RW UINT16
44268 Primary PSS Software Switch 8 RW UINT16
44269 Primary PSS Software Switch 9 RW UINT16
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44270 to Not used R Not
44300 Defined
44301 Primary PSS High Pass Filter Time Constant Tw1 RW FLOAT
44303 Primary PSS High Pass Filter Time Constant Tw2 RW FLOAT
44305 Primary PSS Unit Inertia RW FLOAT
44307 Primary Low Pass Filter Time Constant Tl RW FLOAT
44309 Primary Phase Comp. First Phase Lead t1 RW FLOAT
44311 Primary Phase Comp. First Phase Lag t2 RW FLOAT
44313 Primary Phase Comp. Second Phase Lead t3 RW FLOAT
44315 Primary Phase Comp. Second Phase Lag t4 RW FLOAT
44317 Primary Phase Comp. Third Phase Lead t5 RW FLOAT
44319 Primary Phase Comp. Third Phase Lag t6 RW FLOAT
44321 Primary Phase Comp. Fourth Phase Lead t7 RW FLOAT
44323 Primary Phase Comp. Fourth Phase Lag t8 RW FLOAT
44325 Primary Terminal Voltage Limiter Time Constant RW FLOAT
44327 Primary Terminal Voltage Limiter Set Point RW FLOAT
44329 Primary Torsional Filter #1 Zeta Numerator RW FLOAT
44331 Primary Torsional Filter #1 Zeta Denominator RW FLOAT
44333 Primary Torsional Filter #1 Wn1 RW FLOAT
44335 Primary Torsional Filter #2 Zeta Numerator RW FLOAT
44337 Primary Torsional Filter #2 Zeta Denominator RW FLOAT
44339 Primary Torsional Filter #2 Wn2 RW FLOAT
44341 Primary Logic Output Limiter Upper Limit RW FLOAT
44343 Primary Logic Output Limiter Lower Limit RW FLOAT
44345 Primary Logic Output Limiter Time Delay RW FLOAT
44347 Primary Logic Limiter Washout Filter Normal Time RwW FLOAT
44349 Primary Logic Limiter Washout Filter Limit Time RW FLOAT
44351 Primary Gain RW FLOAT
44353 Primary Output Limiter Upper Limit RW FLOAT
44355 Primary Output Limiter Lower Limit RW FLOAT
44357 Primary Quadrature Axis Reactance RW FLOAT
44359 Primary Output Scale Factor RW FLOAT
44361 Primary Timed Power-on Threshold RW FLOAT
44363 Primary Timed Power Hysteresis RW FLOAT
44365 Primary Instantaneous Power-on Threshold RW FLOAT
44367 Primary Instantaneous Power Hysteresis RW FLOAT
44368 to Reserved for future C14 use R Not
44394 Defined
44395 PSS Power Level Threshold RW FLOAT
44397 PSS Power Level Hysteresis RW FLOAT
44399 to Reserved for future C14 use R Not
44418 Defined
44419 PSS frequency dependent mode threshold, Hz/s RW FLOAT
44421 PSS frequency dependent mode block time delay RW FLOAT
44423 PSS frequency dependent mode unblock time delay RW FLOAT
44425 PSS frequency dependent mode low-pass filter time constant RW FLOAT
44427 PSS frequency dependent mode washout time RW FLOAT
44429 Rate of frequency change (metering and screen selection) R FLOAT
44435 to Not used R Not
44509 Defined
44510 Secondary PSS Software Switch 0 RW UINT16
44511 Secondary PSS Software Switch 1 RW UINT16
44512 Secondary PSS Software Switch 2 RW UINT16
44513 Secondary PSS Software Switch 3 RW UINT16
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44514 Secondary PSS Software Switch 4 RW UINT16
44515 Secondary PSS Software Switch 5 RW UINT16
44516 Secondary PSS Software Switch 6 RW UINT16
44517 Secondary PSS Software Switch 7 RW UINT16
44518 Secondary PSS Software Switch 8 RW UINT16
44519 Secondary PSS Software Switch 9 RwW UINT16
44520 to Not used R Not
44550 Defined
44551 Secondary PSS High Pass Filter Time Constant Tw1 RW FLOAT
44553 Secondary PSS High Pass Filter Time Constant Tw2 RW FLOAT
44555 Secondary PSS Unit Inertia RW FLOAT
44557 Secondary Low Pass Filter Time Constant Tl RW FLOAT
44559 Secondary Phase Comp. First Phase Lead t1 RW FLOAT
44561 Secondary Phase Comp. First Phase Lag t2 RW FLOAT
44563 Secondary Phase Comp. Second Phase Lead t3 RW FLOAT
44565 Secondary Phase Comp. Second Phase Lag t4 RW FLOAT
44567 Secondary Phase Comp. Third Phase Lead t5 RW FLOAT
44569 Secondary Phase Comp. Third Phase Lag t6 RW FLOAT
44571 Secondary Phase Comp. Fourth Phase Lead t7 RW FLOAT
44573 Secondary Phase Comp. Fourth Phase Lag t8 RW FLOAT
44575 Secondary Terminal Voltage Limiter Time Constant RW FLOAT
44577 Secondary Terminal Voltage Limiter Set Point RW FLOAT
44579 Secondary Torsional Filter #1 Zeta Numerator RW FLOAT
44581 Secondary Torsional Filter #1 Zeta Denominator RW FLOAT
44583 Secondary Torsional Filter #1 Wn1 RW FLOAT
44585 Secondary Torsional Filter #2 Zeta Numerator RW FLOAT
44587 Secondary Torsional Filter #2 Zeta Denominator RW FLOAT
44589 Secondary Torsional Filter #2 Wn2 RW FLOAT
44591 Secondary Logic Output Limiter Upper Limit RW FLOAT
44593 Secondary Logic Output Limiter Lower Limit RW FLOAT
44595 Secondary Logic Output Limiter Time Delay RW FLOAT
44597 Secondary Logic Limiter Washout Filter Normal Time RW FLOAT
44599 Secondary Logic Limiter Washout Filter Limit Time RW FLOAT
44601 Secondary Gain RW FLOAT
44603 Secondary Output Limiter Upper Limit RW FLOAT
44605 Secondary Output Limiter Lower Limit RW FLOAT
44607 Secondary Quadrature Axis Reactance RW FLOAT
44609 Secondary Output Scale Factor RW FLOAT
44611 Secondary Timed Power-on Threshold RW FLOAT
44613 Secondary Timed Power Hysteresis RW FLOAT
44615 Secondary Instantaneous Power-on Threshold RW FLOAT
44617 Secondary Instantaneous Power Hysteresis RW FLOAT
44619 to Reserved for future C14 use R Not
44999 Defined
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11 « Math Model

Introduction

This chapter describes and illustrates the DECS-400 mathematical model.

References
DECS-400 mathematical models and timing characteristics are based on the following.

o |EEE Standard 421.5™-2016, IEEE Recommended Practice for Excitation System Models for Power
System Stability Studies

e |EEE Standard C37.112™-1996, IEEE Standard Inverse Time Characteristic Equations for Over
Current Relays

e |EEE Standard C50.13™-2014, IEEE Standard for Cylindrical-Rotor 50 Hz and 60 Hz Synchronous
Generators Rated 10 MVA and Above

e P. Kundur and O. Malik, “Excitation Systems” in Power System Stability and Control, 2nd ed. New
York, NY, USA: McGraw-Hill, 2022, ch. 8, sec. 5.7, pp. 255-303.

Symbols

Symbols used in the illustrations of this chapter are defined in Figure 11-1.
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Differentiator

S

Integrator
1

S

Low-Pass Filter

1
1+sT

Washout Filter

sTy
1+sT

Lead/Lag Filter

1+sT1
1+sT,

Ramp Tracking Filter

14sT1 N
(1+ST2)

Ramp

N4

T

Output is a scaled value of input
ramping from Zero to N over
time T
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Summer

®

Multiplier

@

Switch/Bypass

AX.’I_
0

Close at “0” when disabled
Closed at “1” when enabled

In/Out of Service Switch
OFF

|
In——~1Out
|EN

When EN=1, Out=In
When EN=0, Out=OFF value

Low Value Gate

LV
Gate

Output is lowest input value

High Value Gate

HV
Gate

Output is highest input value

Absolute Value Function

X]

When input is negative, Output = Input * -1
When input is positive, Output = Input

Switch

—1

SWT

1

Output is A when SW1 =0
Output is B when SW1 =1

9369700990

Comparator

Output is high when IN+ > IN-
Output is low when IN+ < IN-

Time Delay
(logic input)
D

I
Time
Delay

—
Output =0 wheninput =0
Output =1 after Input =1 for TD

Output Limit
max
In Out
min

Output cannot be higher than max
Output cannot be lower than min

Non-Windup Limit

max
na)
Ki
In— s —» Out
—7
min

Output cannot be higher than max
Output cannot be lower than min
Integrator stops at max or min value

Sign Function

sign

Output = 1 when input is positive
Output = -1 when inputis negative

R S Flop
R O

S

Output =1 when S is TRUE
Output =0 when Ris TRUE

Non-Windup Controllers

max

max

[

K| K| SKD
1 +— K _—

or p + s + T+sTy
)
min
min

Output cannot be higher than max
Output cannot be lower than min

Integrator clamps at current value when
the output is max or min value

For limiters, when not active, the
integrator will decay to 0 with a time
constant of 2 seconds

Figure 11-1. Symbol Definitions
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Synchronous Machine Terminal Voltage Transducer and
Load Compensator Model

The Basler DECS-400 implements the load compensation by using the vector sum of the magnitudes of
the terminal voltage and of the terminal current. The model provided in IEEE Std 421.5™-2016 for
terminal voltage transducers and load compensators can be used to model this function in the Basler
DECS-400 system as shown in Figure 11-2.

Vi —> _ o Ve 1
_ Ve1 = |Vr + (Re + iXo)l| > TIT —» V¢
F—> + Trs

Figure 11-2. Terminal Voltage and Load Compensation Elements

The values used in this model can be derived from the Basler DECS-400 settings as follows:
Rc = 0 (Resistive load compensation not available)
Xc =0.01 « DRP
Tr=5ms

where DRP is the percent droop programmed into the Basler DECS-400 (values range from 0 to 20).

Voltage Regulator

Figure 11-3 and Figure 11-4 show the 50- and 60-Hz models of the Basler DECS-400 excitation system
used with a simplified rotating exciter, brush or brushless type. The rotary exciter depicted in Figure 11-3
and Figure 11-4 is an ac rotary exciter. If the actual system utilizes a dc rotary exciter instead, the ac
rotary exciter’s block diagram would be replaced with the block diagram of a dc rotary exciter similar to
the one depicted in Figure 3 in IEEE Std 421.5™-2016. The rotating exciter parameters are not included
in this discussion since they are the responsibility of the exciter manufacturer. Ve is the input from the
power source for the excitation system.

The typical value for the amplifier time constant (Ta) is 0.004 s. The forcing limit Vromr is related to the
power-input voltage (Vp_voL) to the regulator and the base exciter field voltage (Ere_sase) as follows:

Vet = 1.17 * VP——VOSL for the three-phase power input
ASE

1+ (0.83* sTp)

Ere B
V| . .
Vit = 0.78 + —=°~_for the single-phase power input
EFe BASE
l ____________________ l
Vs | Veemax-Kolro :
| Ke+ S(Ve) |
+ | / |
' * 5 ! Ve !
Ve Kavr * K > T
+ | | To
! : Generator
| | Field
VRer I I
> ! :
| |
| |
- Vruvr/ Ve | :
I
1.2* sKp | |
| |
| |
I

AC Rotary Exciter
Figure 11-3. Per-Unit Block Diagram for a Simplified Rotating Exciter (50 Hz)

In the model, the gain Kg is a programmable parameter, which is used for compensating variations in
system configuration-dependent gains such as power input voltage. The per-unit base of the parameters
Vp (power input) and Vr (regulator output) is the nominal exciter field voltage at no load (Eer_sask).
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VRer |m————mm e ———
VFEMAX'KDIFD
VRimT Ke+ Se(Ve)
N
Ve * 1_
\ Kavr " Ks 1+5sTx To
- Vet Genlerator
Field
Vs

AC Rotary Exciter

Figure 11-4. Per-Unit Block Diagram for a Simplified Rotating Exciter (60 Hz)

A typical value for Kavr in the first gain block in Figure 11-3 and Figure 11-4 is 0.005 for the three-phase
power input and 0.0033 for the single-phase power input.

The PID gains Kp, K, and Kb are custom-designed for the best performance for each generator/exciter
system. These continuous time gains are discretized and implemented in the DECS-400 digital controller.

Static Exciter

When the Basler DECS-400 excitation system is used with a static exciter, it can be modeled as shown in
Figure 11-5, Figure 11-6, Figure 11-7, and Figure 11-8. A PI controller is used for the static exciter
application. The forcing limit (Vruwr) is related to the power-input voltage (Ve_voL) to the power stage and
the base generator field voltage (Erp_sase) as follows:

\

Vit = 1.17 « —=°%_for the three-phase power input
EFp_BASE

Vit = 0.78 + —2Y%_for the single-phase power input
Erp_Ase

A typical value of Kavr in the first gain block in Figure 11-5 and Figure 11-6 is 0.005 for the three-phase
power input and 0.0033 for the single-phase power input.

Vs Vp

VRumr/ VP VRiMT
+ /[ 4_ v
- . 0.83* K, .
Ve \ Kavr * Ko > Kp [ m Tt | 10 Erp
_/ Generator
- Vruwr/ VP - VRiMT Field
VRer

Figure 11-5. Per-Unit Block Diagram for Static Excitation System (50 Hz)

VRer
Ve
VRLMT/ VP VRLMT
+
Ve Ki 1 VR
K * N hi} » E
AR Ko Ko+ S Vel 14+ sTp To o

* v Generator
v - Vruwr/ Ve - VRLMT Field

s

Figure 11-6. Per-Unit Block Diagram for Static Excitation System (60 Hz)

The inner loop field voltage regulator in Figure 11-7 and Figure 11-8 is comprised of the gains Kervr and
Kievr, Which are used to linearize the exciter control output by compensating the nonlinear characteristics
due to power source variation.
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Vs
VRruwr/ Ve
+ /[
- 0.83* +
Ve Kavr * Ke 1 Kp + s K Vor » Erp
+ _ To
Generator
Ve, - Vruwr/ Ve Flokd

- Vruwr/ Ve

Figure 11-7. Per-Unit Block Diagram for Static Excitation System with the Inner Loop Field Voltage Regulator

(50 Hz)
VRer Ve
VR'/‘M_T/ Ve \ Y
N
Ve Kavr* Ko —> Kp +EI > Ks FvrR ! W > Erp
) s | Ve 1+ sTa To
- Vrunt/ VP VRLDAL/ Ve - VRumt Gelgieerlstor

Vs
K Fvr

S

- Vruur/ VP

Figure 11-8. Per-Unit Block Diagram for Static Excitation System with the Inner Loop Field Voltage Regulator
(60 Hz)

Var/Power Factor Controller

The var and power factor (PF) controllers are summing point-type controllers and make up the outside
loop of a two-loop system. These controllers are implemented as a slow Pl-type controller. The voltage
regulator forms the inner loop and is implemented as a fast PID controller.

The models of the Basler DECS-400 var and power factor controllers are shown in Figure 11-9 and
Figure 11-10, respectively. They may be modelled as IEEE Std 421.5™ Type 2 var and PF controllers.
The PTMIN threshold of the PF controller is based on a settable percentage of rated power. The non-
windup limit (Vcwmr) is used for bounding the var and PF controllers’ output voltages (Va and Vpe). Vewur is
related to the programmed parameter “Fine Voltage Adjustment Band” (FVAB) as follows:

FVAB
VCLMT_HIGH = 100
FVAB
Vet tow = ——55”
VeLMT_HIGH (I)
Qrer + + / To AVR
Ka* Ky =® J v » Summing
Q ]
— + = Point
VeLmr_HieH Vet Low
Q ? /’
K, var Mode
> — Enable
S
A EN 7
Vet _Low
o EXLON logic
EXLON '{>C Set high if limiters are active

Set to low otherwise

Figure 11-9. Per-Unit Block Diagram for Var Controller
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A typical value of Ka and Ker in the first gain blocks in Figure 11-9 and Figure 11-10, respectively, is
0.00833.

Veur HigH 0
PFrer * / |, ToAVR
* » ~—
Ker * K '\E / Vee  Summing
+ EN Point
Vewwr HigH Vo Low
0 r
| PF Mode
K Enable
PF > 5
A EN J
Veivr Low
0 < PFger < 1 for over-excited
-1 < PFgee < 0 for under-excited
EXLON PF should be calculated as a negative
b AND value for under-excited machine
r————%
PN ——> comp EXLON logic

Set high if limiters are active
Set to low otherwise

Figure 11-10. Per-Unit Block Diagram for PF Controller

Limiters

The Basler DECS-400 has six limiters: the underexcitation limiter (UEL), the overexcitation limiter (OEL),
the stator current limiter (SCL), the var limiter (varL), the underfrequency limiter (UFL), and the volts-per-
hertz limiter (V/Hz). The UEL and OEL can be implemented as either summing point-type limiters or
takeover-type limiters. The SCL, varL, UFL, and V/Hz are only available as summing point type-limiters.
With regards to the underfrequency limiter and the volts-per-hertz limiter, only one of these limiters may
be enabled at a time.

Underexcitation Limiter (UEL)

Figure 11-11 shows the model of the summing point-type UEL. It makes up the outer loop, and the
voltage regulator makes up the inner loop. The UEL uses a Pl-type controller. In addition to the summing
point UEL, the DECS-400 has a takeover-style UEL as depicted in Figure 11-12. A typical value of Kq in
the first gain block of Figure 11-11 is 0.00833. Typical values of Kg ueL and KiueL in Figure 11-12 are
0.0023 and 0.4, respectively.

The UEL operating characteristic is selected from one of the following methods:

1. The internal UEL operating characteristic is designed to mimic the characteristics of the limiter on the
P-Q plane as illustrated in Figure 11-13. The UEL reference (QUEL_REF) is generated based on the
user input parameter “UEL Bias (QBIAS)” and the active power (P) as follows:

QUEL_REF = (0-49 «P? — 1) * Qpas

0.5* Vrer (I)
- + To AVR
Q Ko * Kg :fi\ » Summing
V
+ / UEL Point
05+ V + 0 EN
QuEL_ReF : I REF
UEL
> ﬁ Active
s
_]
0

Figure 11-11. Per-Unit Block Diagram for Summing Point-Type Underexcitation Limiter
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AVR PID
? Output
+ HV
Q— KeueL™ Kg —(3) Vo> Gate
UEL
+ + EN
Vrimt/ Ve T
[ UEL
QueL_Rrer - Kiver* K Active
s
- VrRuvt/ VP

Ve
VRLMT

1
———+—» To Exciter
14 sTh VR

=VRimMT

Figure 11-12. Per-Unit Block Diagram for Takeover Style Underexcitation Limiter

Reactive Power (Q)

(QueL_reF)

User Defined
UEL Bias

(QuEL_Rer)

v

Figure 11-13. Underexcitation Limiter Reference

»Real Power (P)

2. The levels entered for the user-defined curve are defined for operation at the rated generator voltage.
The user-defined UEL curve is automatically adjusted based on generator operating voltage and real
power by using the UEL voltage dependency real-power exponent as shown in Figure 11-14. Figure
11-15 shows the customized UEL operating characteristic for a UEL in which the limit is comprised of

multiple straight-line segments, showing up to six segments.

V1 —P; » (VK
14+ STUEL
y
1
(VK
1 User Defined
Pr [ — » Look-up Table
1+ sTyeL for UEL

QuEL ReF

Figure 11-14. Adjustment of UEL Curve Based on Generator Voltage and Real Power

»
'

(Ps5,Qs)

UEL Not
Limiting

(P2,Q2)

(P4,Q4)

(P3,Qs)

(P1,Qq)

UEL
y Limiting

Figure 11-15. User-Defined UEL Curve Characteristic with Five Points
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Overexcitation Limiter (OEL)

The Basler DECS-400 has two types of OEL: summing point-type and takeover-type. These are shown in
Figure 11-16 and Figure 11-17, respectively. In the summing point-type of the Basler DECS-400 OEL, a
Pl-type controller is used, and the OEL output is added to the summing point of the voltage regulator. The
takeover style of the Basler DECS-400 OEL uses a Pl-type controller. In this control scheme, the actual
field current is compared with the OEL setpoint. In order to allow for a large field voltage due to a
transient response in the AVR loop, the actual field current is filtered before comparing it with the OEL
setpoint. The integrator of the OEL loop is reinitialized every 4 ms with the current excitation level if the
field current is below the limit. When the field current is above the limit, the OEL limiter output becomes
less than the AVR output, and the OEL takes over to control at a proper excitation level. When the OEL is
active, the AVR loop stops integration and compares its output with the OEL output to get out of the OEL
loop. Note that the Irp per-unit base in the OEL model is the shunt rating programmed into the Basler
DECS-400.

A typical value of KoeL is 0.00833 for the summing point type of OEL (Figure 11-16). Typical values of
KaeoeL and KioeL for the takeover type OEL (Figure 11-17) are 0.0305 and 0.05, respectively.

Two methods for calculating the field current reference for the OEL loop are implemented in the DECS-
400. For the summing point OEL, the reference field current is calculated based on the user input
parameters as shown in Figure 11-18. It approximates the field current short-time overload capability
given in IEEE Std C50.13™. The low level (OEI3) is continuous field current. The OEL loop becomes
inactive if field current lower than OEI3 is required by an external event. It is illustrated at time to in Figure
11-18. When the summing point OEL is active, the field current will be limited to follow the reference field
current as depicted in Figure 11-18 until time to.

|FD:><?—> KoeL * Ky

loEL_REF

VRer (I)

To AVR
-1 » Summing

VoL .
T = Point

OEL
Active

Figure 11-16. Per-Unit Block Diagram for Overexcitation Limiter (Summing Point Type)

AVR PID Ve
0 Output Vet
BV l Lv L L » To Excit
— > — o Exciter
fFo KeoeL™ K "2 Vor LCate 1+ 5T Va
7y
+ + EN
Vet / Ve T Ve
[ OEL
loet_rer KioeL* K Active OEL Enable
» Controller Reset
S < Logic
_
- Veriwr/ Ve

Figure 11-17. Per-Unit Block Diagram for Overexcitation Limiter (Takeover Type)

In the takeover OEL, the reference field current (loeL_rer) is calculated based on the inverse-time
characteristic curve. The curve implemented in the Basler DECS-400 takeover OEL approximates the
inverse-time characteristic curve found in IEEE Std C37.112™-2018. The input parameters from the user
are as follows:

lrp_max — Maximum allowed field current (OEL high level current)
lrp_min — Maximum continuous field current (OEL low level current)

TD — Time dial setting

Math Model DECS-400
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The reference field current (loeL_rer) in per-unit is obtained by:

2
11@* [490 —{W+ 17-17} ] * |gase

loEL_REF = |
FE_BASE

where Igase = lFfB’;"“. When the takeover OEL is active, the field current will be limited to follow the curve

of the reference field current given by the equation above.

Reference Field Current (Ioe. rer)

OE1 — Countdown for Reset
OEI2 —
OEI3 —» K»

i » Time (sec)

OET1 OET2

<
<

to

A
\4

OET1 + OET2

< >

Figure 11-18. Overexcitation Limiter Reference for Summing Point Type OEL

Stator Current Limiter (SCL)

The stator current limiter (SCL) modifies the excitation level based on whether vars are being absorbed
(leading) or exported (lagging) by the synchronous machine. Figure 11-19 shows the model of the SCL.
The SCL makes up the outer loop, and the voltage regulator makes up the inner loop. The Pl-type
controller is used to achieve a desired response. The sign (Q) is defined as positive (+1) for the
overexcitation condition and negative (—1) for the underexcitation condition.

0—1—o

To AVR
—» Summing
VscL  Point

KscL* Ky

_g) /—O

sign(Q)

SCL
Active

Figure 11-19. Per-Unit Block Diagram for the Stator Current Limiter

The SCL current reference (IscL_rer) is generated based on a two-step waveform with a high current level
(Ihigh), @ high current time (Thign), and a low current level (liow) as shown in Figure 11-20.

The SCL loop becomes inactive if stator current lower than the low current level (liow) is required by an
external event. It is illustrated at time to in Figure 11-20. A typical value of Ksc in the first gain block of
Figure 11-19 is 0.00833.
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Stator Current Reference Level (IscL_rer)
A

lhigh > h Countdown for Reset

B K»

I » Time (sec)

Thigh o

Figure 11-20. Stator Current Limiter Reference

Var Limiter (varl)

The var limiter (varlL) acts to limit the level of reactive power exported from the generator. A Pl-type
controller is used, and the varL output is subtracted from the summing point of the voltage regulator. A
delay setting establishes a time delay between when the var threshold is exceeded and when the
DECS-400 acts to limit the generator’s exported reactive power level.

A typical value of Kain the first gain block in Figure 11-21 is 0.00833.

— O

To AVR
-1 ~——1——» Summing
N VvarL Point

varL

Quart_REeF D
Active

Time

O o

Figure 11-21. Per-Unit Block Diagram of Var Limiter

Volts-per-Hertz (V/Hz) and Underfrequency (UFL) Limiters

Volts-per-hertz and underfrequency limiters are designed to protect the generator and step-up
transformer from damage due to excessive magnetic flux resulting from low frequency operation and/or

overvoltage.

The underfrequency limiter has been designed with an adjustable slope (Kvhz) from 0 pu to 3 pu (V/Hz).
When the system is in an underfrequency condition, the voltage reference is adjusted by the amount
calculated based on two programmable parameters: the corner frequency and the volts-per-hertz slope.
Its mathematical model is shown in Figure 11-22.

AVR
VREF Summing
|_> Point
Generator _ . LV *
Frequency Kvhz Gate
(pu) + + VUF_MIN - T
0
VRer VRer Ve
Corner
Frequency
(pu)

Figure 11-22. Underfrequency Limiter
Math Model DECS-400
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The V/Hz limiter has been designed with an adjustable slope (Kviz) from 0 pu to 3 pu (V/Hz). When the
system frequency and voltage are above the volts-per-hertz line, the setpoint is adjusted to maintain
operation on the volts-per-hertz line. Its mathematical model is shown in Figure 11-23.

AVR
VRer Summing
Point
Generator / |—> LV +
Frequency—» Kynz » Gate
(pu) / - T
VHz MIN
Ve
Figure 11-23. Volts-per-Hertz Limiter
Soft Start Control

The soft start control function is provided to cause orderly build-up of terminal voltage from residual to the
rated voltage in the desired time with minimal overshoot. In the Basler DECS-400, the fast dynamic
response is used while the voltage reference is adjusted based on the elapsed time. When the system is
under startup condition, the voltage reference is adjusted by the amount calculated based on two
programmable parameters: initial soft start voltage level (Vo) and desired time to build up to the rated
voltage (Tss). Its mathematical model is shown in Figure 11-24. The soft start gain (Kss) is calculated as
follows:

Tss

AVR
Summing
Point

0
Time from Start

Figure 11-24. Soft Start Control

Manual Regulators

The DECS-400 has two manual regulators: the field current regulator (FCR) and the field voltage
regulator (FVR). Figure 11-25 shows the model of the Basler DECS-400 field current regulator used with
a rotating exciter, brush or brushless type. Vp is the input from the power source for the excitation system.

Typical value for Ta is 0. The forcing limit Vruvr is related to the power-input voltage (Ve_voL) and the base
exciter field voltage (Eer_sase) as follows:

Veiwr = 1.17 # F: :? for the three-phase power input

Viinr = 0.78 % —P-YoL - for the single-phase power input
FE_B

In the model, the gain Ke is a programmable parameter, which is used for compensating variations in
system configuration-dependent gains such as power input voltage. The per-unit base of the parameters
Ve (power input) and Vr (regulator output) is the base exciter field voltage at no load (Eer_gask).

The gains Krcr and Krvr in the first gain block in Figure 11-25 and Figure 11-27 depend on the sensing
option for the isolation module.

DECS-400 Math Model
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The gain Krcr in the first gain block in Figure 11-25 and Figure 11-26 has typical values of 0.0000412 for
the three-phase power input and 0.0000275 for the single-phase power input.

The gain Kevr in the first gain block in Figure 11-27 has typical values of 0.0000557 for the three-phase
power input and 0.0000372 for the single-phase power input.

leF_Rer

I
Ve | Veemax™Kolrp :
VRLMT ! Ke+ SelVe) I
I
I
ler = * 1 VR | I
—> % F—> Kecr* Kq > Kp —
A A Ve 145sTa : : To
| Generator
Vrumr/ Ve - VRimr I | Field
ya | |
I
> K ! |
s : I
I
I
- Vruvr/ Ve ! |
I
I
! l
I
| I
I

AC Rotary Exciter

Figure 11-25. Per-Unit Block Diagram for a Simplified Rotating Exciter

1) ) KFCR * Kg » Kp
* Vewr/ Ve |7 v Generator
I~ “ VRLMT  Field
IFp_REF K,
s
- Vrumr/ Ve

Figure 11-26. Per-Unit Block Diagram for Static Excitation System with a Field Current Regulator

The model of the Basler DECS-400 manual regulator used as a static exciter is shown in Figure 11-26
and Figure 11-27. The PI controller is used for the manual regulator. The forcing limit Vruur is related to
the power-input voltage (Vr_voL) to the power stage and the base generator field voltage (Erp_sase) as

follows:

V .
Vet = 1.17 + —=°%_for the three-phase power input
Erp_sAse
_ Vp_voL . .
Vruut = 0.78 * ——— for the single-phase power input
Erp_BAsE
Ve
VRLMT
~
Ermp 3 K * Kg K, + 1 VR E
FVR " P Vpi 1+ STA To ®
+ +
Vet / VP Generator
E /[ - VRur Field
FD_REF R 5|
S
7
- Vrumr/ Ve

Figure 11-27. Per-Unit Block Diagram for Static Excitation System with a Field Voltage Regulator
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Dual Input Power System Stabilizer (PSS)

The Basler power system stabilizer (PSS) is a dual input PSS that uses combinations of power and speed
to derive the stabilizing signal. It is based on the type PSS2B model available in IEEE Std 421.5™.

The PSS is designed to add damping to the generator rotor oscillations by controlling its excitation using
a supplemental stabilizing signal. To supplement the generator's natural damping, it produces a
component of electrical torque that opposes changes in rotor speed and introduces a signal proportional
to measured rotor speed deviation into the automatic voltage regulator (AVR) input.

As depicted in Figure 11-28, the PSS monitors frequency and power to produce the integral of
accelerating power, which is used for obtaining a derived speed deviation signal (woev). Filtering of the
derived speed signal provides a phase lead at the electro-mechanical frequency of interest. This phase
lead compensates for the phase lag introduced by the closed-loop voltage regulator. Prior to connecting
the stabilizer output signal to the voltage regulator input, adjustable gain and limiting are applied as
depicted in Figure 11-28.

High - Low Ramp " w ) To AVR
(Swpeed) P Pass |-»| Tracking DEV T"Frﬁ;‘;’r‘a' N F’Lzzze > Gain | Limiter — Summing
COMP, 5 . . 3
Filter . Filter Filter R Point
Electrical High
Power —>»| Pass || Integrator
(Pe) Filter

Figure 11-28. Functional Block Diagram of PSS

The PSS performance is configured using filter time constants and software control switches. Figure
11-29 illustrates the detailed block diagram including the position of each software switch, and Table 11-1
contains the list of locations for the PSS variables displayed in BESTCOMSP/us®.

High-Pass Filtering and Integration

High-pass filtering is used to remove low frequency components from electrical power and rotor speed (or
compensated frequency) signals. This ensures that the stabilizer does not alter the steady-state reference
to the voltage regulator. High-pass filtering is implemented using time constants Twi1, Tw2, and Ti1.
Integration of the electrical power signal is accomplished using time constants (Tws, Tws, and Ti2) and the
rotor inertia constant H. The outputs of these are added together to obtain the integral of mechanical
power deviation. Time constants Tw1, Twz, Tws, and Tws4 are also called the washout time constants.

Low-Pass/Ramp Tracking Filter

A fourth-order low-pass filter processes the calculated mechanical power deviation signal. This filtering
may be excessive for units with high rates of mechanical power change. An optional filter stage is
provided to allow for ramp changes to the input mechanical power.

Torsional Filter

Torsional filter provides desired gain reduction at the specified frequency. The filter is used to
compensate the torsional frequency components present in the input signal. There are two stages of
torsional filters that can be selected by SW4 and SW5.

Phase Compensation

Filtering of the derived speed signal provides a phase lead at the electro-mechanical frequency of
interest. As depicted in Figure 11-29, the derived speed signal is modified before it is applied to the
voltage regulator input. The signal is filtered to provide phase lead at the electromechanical frequencies
of interest (i.e., 0.1 Hz to 5.0 Hz). The phase lead requirement is site-specific, and it is required to
compensate for phase lag introduced by the closed-loop voltage regulator. With switches SW2 and SW3
in the closed position, the derived speed deviation is used as the stabilizing signal. These software
switches allow the user to select an alternate configuration based upon the available input signals. The

DECS-400 Math Model
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first two lead-lag blocks are normally adequate to match the phase compensation requirements of a unit;
however, two additional stages may be added by opening software switches SW6 and SW7. The transfer
function for each stage of phase compensation is a simple pole-zero combination.

Table 11-1. PSS Variable Names Used in BESTCOMSPIus® and their Corresponding Location in Figure 11-29

Jallout | BESTCOMSP us® BESTCOMSPIus® Variable Name
1 Ptest Time Response Signal
2 CompF Compensated Frequency Deviation
3 PssW PSS Electric Power
4 Vtmag PSS Term Voltage
5 X2 Speed HP #1
6 WashW Washed Out Speed
7 x5 Power HP #1
8 WashP Washed Out Power
9 X7 Mechanical Power
10 x8 Mechanical Power LP #1
11 x9 Mechanical Power LP #2
12 x10 Mechanical Power LP #3
13 x11 Mechanical Power LP #4
14 MechP Filtered Mechanical Power
15 Synth Synthesized Speed
16 THt1 Torsional Filter #1
17 x29 Torsional Filter #2
18 x15 Lead-Lag #1
19 x16 Lead-Lag #2
20 x17 Lead-Lag #3
21 x31 Lead-Lag #4
22 Tvlpf Terminal Voltage Low-Pass Filter
23 Tvrl Terminal Voltage Ramp Limiter
24 Liwf Logic Limiter Washout Filter
25 Prelim Pre-Limit Output
26 Post Post-Limit Output
27 POut Final PSS Output

Math Model
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Washout Filter and Logic Limiter

If software switch SSW 9 is set to its enabled position, the scaled PSS signal will be passed through an
additional washout filter and logic limiter. The logic limiter allows for the user to automatically change the
time constant of the washout filter if the signal from the washout filter exceeds either of the logic limiter’s
bounds for a user-defined amount of time. The logic limiter will instantaneously return the washout filter's
time constant to its original value once the washout filter's output returns to within the bounds of the logic
limiter.
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Compensated Frequency Frequen'cy Washout Low-Pass Filter Combined Mechanical Povyer qu—Pass Filter
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+ 5)| sT 6) sswo 1 NI+
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Figure 11-29. Detailed PSS Block Diagram

Terminal Voltage Limiter

If software switch SSW 9 is instead set to its disabled position, the scaled PSS signal will be passed
through a limiter whose upper bound can be controlled based on the generator’s terminal voltage. If the
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generator’s terminal voltage rises above the terminal voltage level selected by the user in the PSS
settings while software switch SSW 8 is enabled, the PSS’s terminal voltage limiter will act to reduce the
upper limit of the PSS output signal at a fixed rate of —4% per second until zero is reached or the
overvoltage condition is no longer present. Once the overvoltage condition is no longer present, the upper
limit of the PSS output signal will increase at a rate of 2% per second until the upper limit returns to the
user-defined setpoint. If software switch SSW 8 is disabled, then the scaled PSS signal will just be bound
by the user-defined limits.

Output Logic

If the PSS is not enabled; the real power level is below the kW threshold setpoint of the PSS; or the
DECS-400 is not regulating in AVR mode, then the final PSS output will be equal to 0.

PSS Blocking with Rate-of-Change (ROC) in Frequency

The PSS output is blocked when the rate-of-change in the generator frequency is greater than the
programmable level. Figure 11-30 provides a means to measure the rate-of-change of generator
frequency. The absolute value of the measured rate-of-change is compared to a programmable threshold
value (ROCrhresHoLd). If the absolute value of the measured rate-of-change is above the threshold and
ROC is enabled, then the algorithm will begin counting. If the count exceeds a programmable timeout
(ROC TD), then a ramp signal (Ks_sr) will be produced with a programmable blocking time duration
(BLOCKTime). The maximum ramp output becomes 1.0 after the blocking time duration. The PSS output is
multiplied by the ramp signal.

ROC TD
ROCMAX ROC Enable 1
/ TIME
ST DELAY !
f —p W X »|+ AND — > —> Ks.sr
1+sTyw comp :
- BLOCK e
_/
-ROC
MIN R()CTHRESHOLD

Figure 11-30. Per-Unit PSS Rate-Of-Change Blocking Block Diagram

Discontinuous Transient Excitation Boosting

The transient boost function provides a means to potentially improve system response to successive
faults by providing increased excitation support. If a simultaneous increase in line current above the fault
current threshold and a decrease in line voltage below the fault voltage threshold occurs for a fixed
amount of time, the regulator reference setpoint will be increased. Once the line voltage rises above the
clearing voltage threshold for fixed duration, the regulator reference setpoint will be restored to the pre-
fault value. Figure 11-31 shows the model of the transient boost function. The transient boost function
output (V18) is added to the summing point of the PID controller.
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Figure 11-31. Transient Excitation Boost Block Diagram
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12 » Revision History

Table 12-1 provides a historical summary of the changes made to the DECS-400 hardware. Application
firmware changes are listed in Table 12-2 and BESTCOMS™ changes are listed in Table 12-3. The
corresponding revisions made to this instruction manual are summarized in Table 12-4. Revisions are
listed in chronological order.

Table 12-1. Hardware Revision History

Hardware
Version and Date Change
—, Jan-05 e |Initial release
A, Aug-05 e Firmware revised to accommodate LCD variations
B, Sep-05 e Adjusted case for easier extraction and insertion of draw-out
assembly
C, Oct-05 e 1/O circuit board revised
D, Nov-06 e Firmware version 1.04 and BESTCOMS version 1.02 released
E, Mar-07 e Updated IRIG circuitry
F, May-07 e Firmware version 1.05 and BESTCOMS version 1.03 released
G, Nov-07 e Firmware version 1.06 released
H, Jan-08 e Firmware version 1.07.00 released
I e This revision letter not used
J, Jan-09 e Modified latch stop for draw-out assembly
K, May-09 e Firmware version 1.08.00 and BESTCOMS version 1.05.00
released
L, Jun-09 e Added/modified hardware to support Ethernet communication
M, Jul-09 e BESTCOMS version 1.05.01 released
N, Dec-09 e Firmware version 1.08.03 released
(0] e This revision letter not used
P, Feb-10 e Escutcheon mounting plate modified
Q e This revision letter not used
R, Feb-10 e Firmware version 1.08.04 and BESTCOMS version 1.07.01
released
S, Apr-10 e Firmware version 1.08.05 and BESTCOMS version 1.07.02
released
T, Jul-10 e Firmware version 1.08.06 released
U, Nov-12 e Updated current sensing circuit board
V, Mar-13 e Firmware version 1.09.00 released
W, May-13 e Firmware version 1.09.01 released
X, Aug-13 e Digital circuit board revised
Y, Dec-13 e Firmware version 1.09.02 released
AA, Jun-15 e Firmware version 1.09.03 released
AB, Jun-17 e Firmware version 1.10.00 released
AC, Sep-17 e Revised PCB assembly alignment to improve manufacturability
AD, Sep-18 e Adjusted metal treatment process during manufacture
AE, Apr-19 e Updated analog circuit board
AF, Jul-19 e Internal hardware change
AG, Aug-19 e Updated communication circuit board
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Table 12-2. Application Firmware Revision History

Firmware
Version and Date Change
1.00, Jan-05 e Initial release
1.01, Jun-05 e Corrected/enhanced operation of two-step V/Hz limiter
e Adjusted increment for 24 V/Hz Inverse Time Pickup Setpoint
e Changed setting range and increment of 24 VV/Hz Definite Time
Pickup #1 and #2
1.02, Oct-05 e Minor improvements
1.03, Feb-06 e Minor improvements
1.04, Nov-06 e Decreased contact input recognition time
e Expanded setting range of rated generator voltage
e Added Var/PF to PSS circuitry points where a test signal can be
applied
e Added field temperature to the available parameters for meter
drivers 1 and 2
1.05, May-07 e Added Russian language HMI
e Updated US daylight saving time switch dates
1.06, Nov-07 e Minor improvements
1.07, Jan-08 e Added SCL Initial Delay setting
e Separated AVR/FCR gain settings on HMI
e Added Transient Boost settings
1.08, May-09 e Added FVR mode functionality
1.08.01, Jul-09 e Added Ethernet communication functionality
1.08.04, Feb-10 e Expanded range of allowable generator ratings and protection
settings
1.08.05, Apr-10 e Minor improvements
1.08.06, Jul-10 e Minor improvements
1.08.08, Apr-12 e  Minor improvements
1.09.00, Mar-13 e Added adjustable traverse rate for pre-position #1 and #2
setpoints
e Added reactive power limiter (VARL)
e Revised transient boost function—is now based on the voltage
setpoint instead of the rated voltage
e Added PSS rate-of-change blocking function
1.09.01, May-13 e Minor improvements
1.09.02, Dec-13 e Minor improvements
1.09.03, Jun-15 e Minor improvements
1.10.00, Jun-17 e Improved PSS parameter ranges for T2, TI3, Tr, and Ks.
e Minor improvements
1.10.02, Oct-21 e Minor improvements
Table 12-3. BESTCOMS™ Software Revision History
Software Change
Version and Date
1.00.00, Jan-05 e Initial Release
1.00.01, Jun-05 e Frequency response function of Analysis screen enhanced
e Adjusted increment for 24 VV/Hz Inverse Time Pickup Setpoint
e Changed setting range and increment of 24 V/Hz Definite Time
Pickup #1 and #2
1.01.00, Sep-05 e Enhanced Test Signal screen by added FCR Summing as a
Signal Input option
e Improved order of settings on RTM Step Response screen, VAR
tab
e Improved Pole Ratio Calculator
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Software
Version and Date

Change

1.02.00, Nov-06

e Expanded setting range of rated generator voltage

e Added Var/PF to PSS circuitry points where a test signal can be
applied

e Added field temperature to the available parameters for meter
drivers 1 and 2

1.03.00, May-07 e Added Russian language interface
1.04.00, Jan-08 e Added SCL Initial Delay setting
e Added Transient Boost settings screen
e Separated AVR/FCR Gain tab into two separate tabs
1.05.00, May-09 e Added FVR mode functionality
1.06.00, Jul-09 e Added settings for Ethernet communication
1.07.01, Feb-10 e Expanded range of allowable generator ratings and protection
settings
1.07.03, May-11 e Expanded Backward Compatibility
e Expanded French Language interface
e Improved UEL internal curve plotting
1.07.04, Jan-12 e Minor improvements
1.08.03, Mar-13 e Added PSS rate-of-change blocking function
e Revised transient boost function—is now based on the voltage

setpoint instead of the rated voltage

Added reactive power limiter (VARL) function

e Added adjustable traverse rate for the pre-position #1 and #2
setpoints

e Added settings file converter to transfer DECS-300 settings into
DECS-400 settings file format

2.00.00, Aug-14

Added Windows 8 compatibility

2.01.00, Jun-17

Added Windows 10 compatibility

Added NVRAM Upgrade Tool

Added Phase Compensation parameters to Bode Plot screen
Minor improvements

Table 12-4. Instruction Manual Revision History
Manual
Revision and Date Change
—, Jan-05 e Initial release
A, Jul-05 e Added cURus certification note to Section 1
e Completed missing entries in Table 2-5
e Added functional description of modem to Section 3
e Updated BESTCOMS screen illustrations and setting
descriptions in Section 4
e Added missing bit flag status information to Table B-12
B, Oct-05 e Corrected DECS-400 terminal numbering in Figure 5-6, Typical

AC Connection Diagram

e Updated Figure 5-4, Rear Panel Terminations, to show cURus
and CE logos

e Updated BESTCOMS screens. See BESTCOMS changes

above for more details
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Manual
Revision and Date

Change

C, Oct-06

Added backup battery specifications and burden specifications
for generator voltage sensing, bus voltage sensing, and
generator current sensing to Section 1

Updated the HMI menu shown in Figure 2-7

Added Field Temperature to the available metering parameters
listed in Section 3 and 4

Updated Figure 4-42, Test Signal Screen with new screen that
adds Var/PF to the list of available signal inputs

Widened the rated generator voltage range stated in Section 4
Added information to Section 5 regarding available mounting
hardware and an available isolation transformer

Replaced Figures A-2 through A-13 with revised, predefined
logic schemes

Added mode descriptions for registers 40611, 40612, 40613,
and 40617 in Table B-14

D, May-07

Added burden specification for metering outputs

Corrected watchdog terminal number references in Section 3
Corrected labeling of contact inputs SW7 and SW9 in Figure 5-9,
Typical DC Connection Diagram

Added descriptions for Modbus registers 40601, 40602, and
40603 to Table B-14

E, Dec-07

Made Battery Backup a standard feature and updated manual
accordingly

F, Jan-08

Added SCL Initial Delay setting description

Added description for Transient Boost settings

Added new screenshots for AVR and FCR Gain tabs
Updated the HMI menu in Figures 2-4 and 2-9

Added Modbus registers 42553 through 42559. Removed
Modbus registers 42535 through 42539. Changed Modbus
registers 42503 through 42507

G, May-09

Updated manual to cover added FVR mode

H, Jul-09

Added material covering Ethernet communication

This revision letter not used

J, Feb-10

Expanded range of allowable generator ratings and protection
settings

Added FVR Modbus register descriptions

Corrected Com 2 terminals designation listed in Specifications
portion of Section 1

Added instructions for modifying DECS-400 logic for compound
machine paralleling

K, Apr-11

Added Exciter Diode Monitor Settings in Section 3.

Added Logic Definitions in Appendix A

Improved descriptions of Modbus™ registers 40204, 40475,
40795, 40797, and 40799 in Appendix B

L, May-12

Added exciter diode protection specifications to Section 1
Made minor text edits in Section 2

Added Voltage/Current Unbalance Detection to Section 3
Added UEL internal curve equation to Section 3

Clarified voltage balanced and unbalanced level descriptions in
sections 3 and 4. Added Figures 4-30 and 4-31

Changed conductor length from "238" to "328" in Section 5
Removed Modbus™ registers 40602 and 40612 in Appendix B
Corrected Modbus™ register names 40701 through 40710 in
Appendix B
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Revision and Date

Manual

Change

M, Mar-13

Added information about adjustable traverse rate for the pre-
position #1 and #2 setpoints

Added information covering reactive power limiter (VARL)
operation

Revised description of transient boost function—is now based on
the voltage setpoint

Added information about using BESTCOMS to convert DECS-
300 settings files into DECS-400 settings files

Added equation for inverse timing of the takeover OEL

Added description of the PSS rate-of-change frequency blocking
function

Made minor corrections to the default and predefined logic
scheme illustrations

Added description and illustration of the logic timer configuration
modes available

Updated Modbus register tables to reflect added functions
Replaced HMI illustrations with structured list of HMI screens
and settings

N, Jun-13

Restored previously removed descriptions for Modbus registers
40602 and 40612

Corrected logic scheme illustrations of Appendix A

Corrected menu system entries listed in Section 2

Listed the types and number of connections possible through
communication port Com 3

Added Modbus modes of operation descriptions to Sections 1
and 3

0

This revision letter not used

P, Feb-14

Added NIIPT, JSC Russian certification statement
Removed product registration information
Corrected Modbus™ register information for PF setpoints

Q

This revision letter not used

R, Jan-15

Converted manual into new style and structure
Minor text edits throughout manual

S, Jan-17

Added caution statement about nonvolatile memory
Added and corrected Modbus® register entries
Minor, assorted edits throughout manual

T, Jun-17

Improved PSS parameter ranges for T12, TI3, Tr, and Ks.
Added Windows 10 compatibility

Added NVRAM Upgrade Tool

Added Phase Compensation parameters to Bode Plot screen

U, Jan-18

Corrected axis descriptions in Figures 9 and 10.

Added loss of speed alarm description.

Added description of optional escutcheon and Figure 89.
Added firmware downgrade caution statement.
Removed GOST-R certification statement.

V, Nov-18

Clarified description of volts per hertz limiter operation

Added information about grounding in applications with a DECS-
400 that is mounted remotely

Clarified PSS model compliance

Added warning statements related to California Proposition 65

V1, May-19

Added California Proposition 65 notice
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Manual
Revision and Date Change

W, Apr-19 « Corrected field overcurrent protection reset equation

e Added guidance for making connections to achieve CE
compliance

e Removed obsolete Modbus® register 43050

X, Mar-25 Corrected inaccurate reference from RJ-45 jack to RJ-11 jack

Corrected Field Overcurrent Protection Reset Equation
Added chapter for math models
Clarified voltage matching band description
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