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A

General
Precautions

Read this entire manual and all other publications pertaining to the work to be
performed before installing, operating, or servicing this equipment.

Practice all plant and safety instructions and precautions.

Failure to follow instructions can cause personal injury and/or property damage.

A

Revisions

This publication may have been revised or updated since this copy was produced.
The latest version of most publications is available on the Woodward website.

http://www.woodward.com

If your publication is not there, please contact your customer service
representative to get the latest copy.

A

Proper Use

Any unauthorized modifications to or use of this equipment outside its specified
mechanical, electrical, or other operating limits may cause personal injury and/or
property damage, including damage to the equipment. Any such unauthorized
modifications: (i) constitute "misuse™ and/or "negligence" within the meaning of
the product warranty thereby excluding warranty coverage for any resulting
damage, and (ii) invalidate product certifications or listings.

A

Translated
Publications

If the cover of this publication states "Translation of the Original Instructions"
please note:

The original source of this publication may have been updated since this
translation was made. The latest version of most publications is available on the
Woodward website.

www.woodward.com/publications

Always compare with the original for technical specifications and for proper and
safe installation and operation procedures.

If your publication is not on the Woodward website, please contact your customer
service representative to get the latest copy.

Revisions— A bold, black line alongside the text identifies changes in this publication since the
last revision.

Woodward reserves the right to update any portion of this publication at any time. Information provided by Woodward is
believed to be correct and reliable. However, no responsibility is assumed by Woodward unless otherwise expressly
undertaken.

Manual 26694
Copyright © Woodward, Inc. 2014 - 2023
All Rights Reserved




Released

Manual 26694 2301E-ST
Contents
|
WARNINGS AND NOTICES ..uiteuieeuiensrensressressrnsssnssssssssssesssessssssssssssssssssssssesssssssssssssssssssnsssnsssnssenssenssen 5
ELECTROSTATIC DISCHARGE AWARENESS....uituuitaursasreasrsssrsssrnsssssssassssssssssssssasssssssasssasssasssnsssnsssnssen 7
REGULATORY COMPLIANCE .....ceuuiitssiiesssisnssssnssssssssssssssenssssssssssssssessssssssssssssssssssessssensssenssssssssransssens 8
CHAPTER 1. GENERAL INFORMATION ....cccuueemmmennmnnnmnnnnnnnnnnnnnnnnnnnsssssnnsnnsssssssnnsssnsssnsssnsssnssnnssnnnsnnnnnn 1
[T Yor o] 1 o] o 10U SO 11
F Y o] o] o= 11T ] 1= PR 12
[ (=1 =] g [T SRS SSPRPRSPPRRPRS 13
CHAPTER 2. INSTALLATION ... teucteueemueeasrensssnssesssmsssnsssnsssnssenssensssnssssssnsssnsssmsssmsssnsssnssnnssnnssnnssnsssnssen 14
oY iy [U T3 (o o I 14
L8] 7= 4] o [P SRR OTPPPR 14
MoUuNtiNg CONSIAEIALIONS ........eeiiiiiieie ittt e e et e e e b e e s aab b e e e ebb e e e e anbe e e e ennes 14
[ [=Yor (g Tor= | I O0] ] o [=Ted 110 o 1= 20
Installation CheCK-0Ut PrOCEAUIE .............ooviiiiiieeeeeeeeeeeeeeeeeeeeee ettt bebebebebebesesassssssssssssssrnresnrnnes 30
CHAPTER 3. SERVICE AND CONFIGURATION PROCEDURES ......cccetteeeeemmmmmmmemmemmmmemmmmnmmmnsnnnnsnnnnnnnnnnns 31
[g] (geTe [¥ o3 i o] RUURRE OSSPSR 31
Configure MenU DESCIPHONS ... e et e e st e e e e et e e e e be e e e e nnbeeeeeneee 37
Save and ReSet 2301E-ST CONIIOL.......cocooiiieeeee et e e e e e e e e e e e e e e eeebe e e e e e e eeeensaans 45
Service MenU DESCIIPLIONS .......oiiiiiiiie ettt e e e e e b et e e e e bt e e e e anbb e e e e anbeeeeeanbeeeeennnee 46
CHAPTER 4. DESCRIPTION OF OPERATION ....cceeuummmemmeemnnnennnnnnnnnnnnnnnnnssnnsssnssnssssnssnnssnnsssnssnnssnnssnnnnnn 78
Automatic Start-Up ProCEAUNE ..........eeiiiiiiieeeee ettt e e e e e e e e e e e e e e e e e e e e e eanbeaeeeaaeas 79
CHAPTER 5. PRE-START AND START-UP PROCEDURES .....ccccettteermeemmmmmmmmmmmmmemmmmnmmmnnmnnssnnnnnnnnnnnnnnnns 920
[g] (geTe [¥ o3 i o] EURRER SO SRRPRSPPRRPRS 90
Start-UP AGJUSTMENTS ...ttt e e et e e e e a bt e e e anb e e e e e nbe e e e e anbee e e e anbeeeeenees 90
Dynamic AQJUSTMENT ...ttt e sttt e e e e et e e e e nbe e e e an bt e e e annbe e e e enbee e e enees 91
ST o1=T=To IS Y=Y g Yo g0 =T o2 QUSSR 91
Current Transformer (CT) Phasing CheCK ... e 92
Phase CorreCtioN PrOCEAUIE...........oooeieee ettt e e et e e e e e e e et e e e e e e e e eeeeestaeaeeeaeeeees 93
Load Calibration AdJUSIMENT...........eii e e e e et ee e e e e e e enee e e e snreeeeennnes 95
[T oTo] o 0o | U L] 19 0= o S PSR 96
CHAPTER 6. TROUBLESHOOTING ..euuitessiresssrensssssssssssssrsnssssnsssssssssssssssssssessssssssssssssssnssssnssssssssssnssren 97
[g] (geTe [¥ o3 i o] RUURRE OSSPSR 97
TroubleshOOtiNG PrOCEAUIE..........ooo ettt e e et e e be e e e e sbaeeeean 97
L070] 1 (0] IS ¢= 3 U o PR RRTPRR 97
(070] 1 (g I N=1] i=Ta o IOF= 111 o] r= 1 (o] o [N 98
TroubleshOOtiNG Chart....... ..ot ettt e e rb e e sb e e e e sneeeeen 99
CHAPTER 7. COMMUNICATIONS.....ccuuueuunennnnnnnnnnnnnnsnnssnssssnssnsssssssnsssssssssssssssnssssssssnsssnsssnsssnssnnsnnnnns 103
MOADUS COMMUNICALION .. .uvvviiiiiiiiiiiitiiiiieireririr it ererarererererererererarararararerararerarsssresasessssssssssssssssssrssssnsessrnrnnns 103
Lo a1 (o] B o U PPPPURIN 103
Y FoTaTi (TN aTo I @70 T o 1 (o] ISR PPPRRRPRRRRPPRN 103
Modbus CommMUNICAtION MOGE ..........uvuiiiiiiiiiiiiiiiiiiieir ettt rarerarerarararabararasasarasasaassassssssnsnssersrernnes 103
1Y/ (oTo | oYU E-TN ¥ a1 (o] T 0o o [T U 104
POt AQJUSTMENTS ...ttt e et e e e s bt e e e e e bt e e e s bbe e e e nbe e e e e enbeeeeeennee 105
2301E-ST Control MOAbUS AQAIESSES ......uuuiiiiieieeetee et e e e e e e e e e e e e e e e e eeaaaan e eeas 105
Yoo (= T T AT (S N 105
(270 o] (= T g T 2 L=T=To [ 105
F N g E= oo I == o - T PR 106
F N g E= oY AT 1 (PR 106
Shutdown Command through MOADUS .............oiiiiiiiii et e e e rrree e e e eneaeeeens 106
Start Command through MOGDUS ...........uuiiiiiiiie e e e e e e e e e e e e e saabaeeaaeeeaans 107

Woodward 1



Released

Manual 26694 2301E-ST
For More Modbus INfOrMAtioN..............uuiiiiiiiiiiiieiiieie v bbb bbb rararararasassasasasssasnsnsnsnssssesessrernnes 107
CHAPTER 8. PRODUCT SUPPORT AND SERVICE OPTIONS ....cccottttrmmmusssssrrmrsnnnsssssssseerssennnsssssssennes 108
[ oo 18 o1 BSTU] o] o o] 3 A @] o] i o] g = J PP PP 108
Product ServiCe OPLIONS ........ciiiiiiii ettt e e e st e e e e aabe e e e e abbe e e e enbe e e e e anbeeeeeaanee 108
Returning EQUIPMENt fOr REPAIN .....cooiuiiii e s 109
REPIACEMENT PArtS.... ... it e et e e st e e e e st e e e e et e e e s nbe e e e e enbeeeeennnee 110
ENGINEEIING SEIVICES ... .eeiiiiiiiiei ettt e et e e e ottt e e e s b et e e e sbe e e e e abee e e aabeeee e aabreeeeaanes 110
Contacting Woodward’s Support Organization ...............eeeiiiiiiiiiiiie e 110
TECINICAI ASSISTANCE ... et e e e e et e e e e e e e e et nt e e e e e e e eneaannnns 111
APPENDIX A. SERVICE/CONFIGURATION IMENUS.......ccittirtrmmmunsassrerrsrnnnssssssssesrsnnsssssssssessssnnnnsssnsns 112
APPENDIX B. MODBUS COMMUNICATION LIST .eeuteuirerenurensrensrensrnnssnsssnsrsnssenssenssmnssanssnsssmsssnssenssen 121
APPENDIX C. 2301E-ST CONTROL SPECIFICATIONS ...ccuituuieusrensressrmssrmssrnssenssenssenssenssasssasssnsssnssen 124
REVISION HISTORY ..euuieuuresiresurassressssssesssesssesssesssessssssssssssssssssesssssssssssssssssssssssssssnsssnsssnssenssenssansses 126
DECLARATIONS .ueuureuuresurmssrasssnsssssssssssssssssssssssssssssssssssssessssssssssssssssssssssssssssssssssssssasssasssasssnsssnsssns 127

The following are trademarks of Woodward, Inc.:
2301E-ST
ServLink

The following are trademarks of their respective companies:
Modbus (Schneider Automation Inc.)

Woodward 2



Released

Manual 26694 2301E-ST

lllustrations and Tables
]

Figure 1-1. Functional Control OVEIVIEW ...........coiuiiiiiiiiiii e 12
Figure 2-1a. 2301E-ST Outline Drawing (8273-1013/-1014) .....cccuiiie et 15
Figure 2-1b. 2301E-ST Outline Drawing, Hazardous Location VEersion ...........cccccccveiiiiieisiiee e 16
Figure 2-2a. 2301E-ST Plant Wiring Diagram (ShEet 1) ......c.uuiiiiiiiieeiee e 17
Figure 2-2b. 2301E-ST Plant Wiring Diagram (ShEEtL 2) .........cooeiiiiiiiiiiiiiie e 18
Figure 2-2c. 2301E-ST Plant Wiring Diagram (NOES) .........uvviiiiiiii i 19
Figure 2-3. Installation of Wiring into Terminal .............c.eoiiiiiiiii e 21
Figure 2-4. RS-232 Pin assignments for Serial Communication Cable.............ccccoooiiiiiiiiiiiee 28
Figure 2-5. Typical RS-422 Communications CONNECIONS ............ciiiiiiiiiiiie e 28
Figure 2-6. RS-422 Terminator LOCAtIONS. .......ccooiiiiiiiiiii e 29
Figure 2-7. Preferred Multipoint Wiring Using Shielded Twisted-Pair Cable............cccocoiiiiiiiiniiecene 29
Figure 2-8. Alternate Multipoint Wiring Using Shielded Twisted-Pair Cable.............ccccoccoiiiiiiiiinnnne 30
Figure 3-1. NUIl MOAEM CabIE ........oooiiiiiiiiiii ettt e e e et e e e e e e e e enbe e e e e nbeeeeennees 31
Figure 3-2. Control Assistant Start WINAOW .........c..uiiiiiiiiiiiiiie e e e e 32
Figure 3-3. OPC ConNECtion WINAOW ..........cuuiiiiiiiiie ettt e e s ee e e e stee e e s ennte e e s enseeeesnneeeeenees 33
Figure 3-4. OPC Connection in Progress WIiNAOW ...........ccuuuiiiiiieiiiiiiiiiiiee et e e e e e 33
Figure 3-5. Communication Complete WINAOW ...........ccoouiiiiiiiie i e e e 34
Figure 3-6. WinPanel Window Showing Service and Configure Menu Tabs...........cccccceeeviiiciiiiieeee e, 34
Figure 3-7. Configure and Service MenU Tabs ........coooiiiiiiiiie e 35
Figure 3-8. LOCation Of SCIOll ATTOWS .......ooiiiiiiie et e e e e e s e e e enre e e e e e 35
Figure 3-9. Parameter TUNING WINAOW ..........uuiiiiiiiii ettt seee e e e 36
Figure 3-10. Saving Tunables to Non-Volatile MEMOTY ...........ooiiiiiiiiii e 37
Figure 3-11. Configure: A**SPD, LOAD, STRT OPTIONS™ MeNU ........ccoiiiiiiiiiiiiieae e 38
Figure 3-12. Speed RelatioNShips. ... ...t e e e e e e e e 38
Figure 3-13. Configure: B**DISCRETE IN OPTIONS™ MENU........ccceiiiiieeiiiiie e 41
Figure 3-14. Configure: C**DISCRETE OUT OPTIONS™ MENU.......ccccuiieiiiiiiieeiiiie e eiiie e 42
Figure 3-15. Configure: D**ANALOG INPUT OPTIONS ™ MENU........ccvvtiiiieeeieiciiieeee e eiiveeee e e 44
Figure 3-16. Configure: E**ACTUATOR OUT OPTIONS™ MENU .......uuviiiiiieeeiiiiiiiieeee e e et eee e e e e s 45
Figure 3-17. Watch Window Menu and EXPIOrer (SEIrVICE)........cuiiiiiiiiciiiiiiiie et eetieeee e e 46
Figure 3-18. Service: A** DISPLAY ANALOG INFO ** MENU......cceiiiiiiiieeiie e 46
Figure 3-19. Service: B** DISPLAY LOAD INFO ** MENU .......ciiiiiiiiiie e eee e e e seee e 48
Figure 3-20. Service: C** SHUTDOWN ** MENU ......ccceiiiiieiiiie e aiieeseeesieeesie e sieeeseeeeseeeesneeeesneeesneeenees 49
Figure 3-21. Service: D™ ALARM ™ IMENU ......ciiiiiiiiiiiiii et 50
Figure 3-22. Service: E*™* SPEED DYNAMICS ™ MENU .....ccuuiiiiiiiiiiiiiiiie et 52
Figure 3-23. Control Gain as a Function of Speed Error ... 53
Figure 3-24 Typical Transient RESPONSE CUINVES........ccuuiiiiiiiiie ettt e e e s e e s et e e e s nnreeeeenees 54
Figure 3-25. Service: F** REMOTE SPEED CONTROL** MENU ....cccoiuiiieiiiiiie e eeiiee e 56
Figure 3-26. Service: G** SPEED SETTING ** MENU .....cccoiiuiiiiiiiiie ettt 57
Figure 3-27. Speed RelatioNShiPS.........oiiiiiiiiiiee e e e e ae e e e e 57
Figure 3-28. Service: H** PROCESS CONTROL ™ MENU .....cciiiiiiiiiiiiiiiieee e ettt e e e ea e e e e e aennnes 59
Figure 3-29. Service: I"* OVERSPEED TEST ** MENU .......cuviiiiiiiiiiiieieee et a e 61
Figure 3-30. Service: J** FAILED MPU OVERRIDE™ MENU.........cciiiiiiiiie e 62
Figure 3-31. Service: K** SYNCHRONIZER SETUP™ MENU......ccoeiiiiiiiie e 62
Figure 3-32. Service: L* VALVE LIMITER SET ** MENU .....cccceieiiiiiiieecee et 63
Figure 3-33. Service: M** LOAD SENSOR AND DROOP ** MENU .....ccccuttiiiiaiiieaiiee e e eieeesieeesiee e 64
Figure 3-34. Service: N** ACT LINEARIZATION ™ MENU........oeiiiiiiiiiiiiiie it 65
Figure 3-35. Service: O** ACTUATOR CALIBRATION ** MENU ....cccciiiiiieiiiiieeesiiie et 67
Figure 3-36. Service: P** ANALOG I/O SETTINGS ** MENU......cccuiieiiiiieeeiiiie e eiiee e siiee e enee e nniee e 68
Figure 3-37. Service: Q** DISCRETE OUT SETTINGS * MENU .....c.coiiiiiiiiiiiiie et 69
Figure 3-38. Service: R** DISPLAY D_1/O STATUS ™ MENU .....ccooiiiiiiiiiiiee et e e 71
Figure 3-39. Service: S** HARDWARE OUTPUT TEST ** MENU ........uuviiiiieiiiiiiiieeeeee e eeiveeee e e 72
Figure 3-40. Service: T** COMM PORT (232) ™ MENU.......uuuiiiiieeeiieciiieeie e e e e e e et e e e e e e e 73
Figure 3-41. Service: U** APPLICATION INFO ** IMENU......cccuiiiiiieiiie e eiee e e e seee e eennee e 75
Figure 3-42. Service: V** COMM PORT (MODBUS) ** MENU........ccoiuieiiireiieeeiie e e seee e sneeeenaeee e 75
Figure 4-1. Basic Operational ArchiteCtUre .............eiii i 79
Figure 4-2. AUTOMAtIC STAM-UD ......eeiiiiieii e 80

Woodward 3



Released

Manual 26694 2301E-ST
Figure 4-3. Semi-Automatic STart-Up ........oooiiiiiiiiie e e e e 81
Figure 4-4. Manual Start-Up............ooiiiiiiiieiiie et e st e e e et e e e s bee e e e st e e e e eneeeeeenreeeeennees 82
Figure 4-5. Critical Speed Avoidance Band .............coooiiiiiiiiiiie e e e e e e e 85
Figure 4-6. Paralleling SYStEM ...t e e e e e e e e e e s e e e e e e e e e nnraees 86
FIQUre 4-7. DrOOD MOGE .......uuieiiiiie ettt et e e e e e e e e e e e e e e e e e aansbaaeeeaaeseaasrneeeaaeessannssrenes 87
Figure 4-8. ISOChIONOUS MOGE ...........eeeiiiiiiie e e e e e e e e ae e e e e e e e e s ra e e e e e e s eensnrnees 87
Figure 4-9. Droop/Isochronous Load Sharing.........c.cuuiiiiiiiiioiiie et 88
Figure 4-10. 1ISOChronous Load Sharing...........coo it e 89
Figure 5-1. Temporary Wiring for Transformer Phase CorreCtion ..........c.coocueviiiiiiii e 94
Figure 5-2. Droop AdJUSTMENT. ... . ..o e e s e rre e e e e e e e e 96
Table 3-1. Calculated Generator FreqQuUeNnCy EXamPIES..........cccuiiiiiiiiiieiiiiiee et sneeee e 47
Table 3-2. CommuNICation EMTOr COUE ........ooiiiiiiiiiiiiiee ettt e e et e e e et e e e s enteeeesnreeeeeans 74
Table 3-3. Communication Error COUE .........oouiiiiiiiiie et 76
Table 6-1. TroubleshootiNng GUIAE .............uuiiiiiii e e e e e e s s ae e e e e e e e e aans 99
Table 7-1. RTU MOGDUS ........ooiiii ettt ne e 103
Table 7-2. Modbus Frame Definition............uuiiiiiiii e e e e e e s aneeeee s 104
Table 7-3. Modbus FUNCHON COUES ...ttt e e e e e e st e e e e e e e e nnreeeeeeaens 104
Table 7-4. POrt AQJUSTMENTS........ooiiiii et e ettt e s at e e et e e ann e e e s anneeeas 105
Table A-1. CoNfIGUIE IMENUS .......coiiiiiei ettt e s b et e e s e e e s aaneeeas 112
Table A-2. SEIVICE MENUS ...ttt e e oottt e e e e e e st ee e e e e e e e e s nsneeeeeeeaaannneeneeeeens 113
Table B-1. BOOIEAN WIIEES ...ttt e e e e e e e e e e e e e e e e nneeeeee e e e e nnnneneeeaens 121
Table B-2. BOOIEAN REAAS ...ttt e et e e e e e e e s e e e e e e e s e nnneeeeeeaens 122
Table B-3. ANAIOG REAAS ...ttt e e e e ettt e e e e e e e e e et et e e e e e e e e nnreeeeeaaens 123
Table B-4. ANAIOG WIS ...coo ittt e e e e e et e e e e e e e e e s ntnbeeee e e e e nnbeeeeeeaens 123
Table B-5. Trip First Out INAiCAtION ... e e s e e e 123
Table B-6. Alarm First Out INiCatION ..........ooiiiiiii e 123
Table C-1. Control Part NUMDEIS .........oooiiiiiiie et 124
Table C-2. Electrical SPeCifiCatiOns ............iiiiiiiiiiii e 124
Table C-3. Environmental SpecCifiCations ............ooiiiiiiiiii s 125

Woodward 4



Manual 26694

Released

2301E-ST

Important Definitions

Warnings and Notices

safety messages that follow this symbol to avoid possible injury or death.

f This is the safety alert symbol used to alert you to potential personal injury hazards. Obey all

e DANGER - Indicates a hazardous situation, which if not avoided, will result in death or serious injury.
° WARNING - Indicates a hazardous situation, which if not avoided, could result in death or serious

injury.

) CAUTION - Indicates a hazardous situation, which if not avoided, could result in minor or moderate

injury.

e NOTICE - Indicates a hazard that could result in property damage only (including damage to the

control).

e IMPORTANT - Designates an operating tip or maintenance suggestion.

Lockout/Tagout
LOTO

Ensure that personnel are fully trained on LOTO procedures prior to
attempting to replace or service equipment on a “live” running
engine. All safety protective systems (overspeed, over temperature,
overpressure, etc.) must be in proper operational condition prior to
the start or operation of a running engine. Personnel should be
equipped with appropriate personal protective equipment to
minimize the potential for injury due to release of hot hydraulic
fluids, exposure to hot surfaces and/or moving parts, or any moving
parts that may be activated and are located in the area of control of
the unit.

Overspeed /
Overtemperature /
Overpressure

The engine, turbine, or other type of prime mover should be
equipped with an overspeed shutdown device to protect against
runaway or damage to the prime mover with possible personal injury,
loss of life, or property damage.

The overspeed shutdown device must be totally independent of the
prime mover control system. An overtemperature or overpressure
shutdown device may also be needed for safety, as appropriate.

Personal Protective
Equipment

The products described in this publication may present risks that
could lead to personal injury, loss of life, or property damage.
Always wear the appropriate personal protective equipment (PPE) for
the job at hand. Equipment that should be considered includes but is
not limited to:

Eye Protection

Hearing Protection

Hard Hat

Gloves

Safety Boots

Respirator

Always read the proper Material Safety Data Sheet (MSDS) for any
working fluid(s) and comply with recommended safety equipment.

Woodward
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Be prepared to make an emergency shutdown when starting the
engine, turbine, or other type of prime mover, to protect against
runaway or overspeed with possible personal injury, loss of life, or

Start-up property damage.

On- and Off-Highway Mobile Applications: Unless Woodward's control

functions as the supervisory control, customer should install a

system totally independent of the prime mover control system that
Automotive monitors for supervisory control of engine (and takes appropriate
Applications action if supervisory control is lost) to protect against loss of engine

control with possible personal injury, loss of life, or property damage.

IOLOCK: driving I/O into a known state condition. When a control
fails to have all the conditions for normal operation, watchdog logic
drives it into an IOLOCK condition where all output circuits and

IOLOCK signals will default to their de-energized state as described below.
The system MUST be applied such that IOLOCK and power OFF
states will result in a SAFE condition of the controlled device.

e  Microprocessor failures will send the module into an IOLOCK
state.

e Discrete outputs / relay drivers will be non-active and
de-energized.

e Analog and actuator outputs will be non-active and de-energized
with zero voltage or zero current.

Network connections like CAN stay active during IOLOCK. This is up
to the application to drive actuators controlled over network into a
safe state.

The IOLOCK state is asserted under various conditions, including:
e Watchdog detected failures

Microprocessor failure

PowerUp and PowerDown conditions

System reset and hardware/software initialization

PC tool initiated

NOTE—Additional watchdog details and any exceptions to these
failure states are specified in the related section of the product
manual.

To prevent damage to a control system that uses an alternator or
N O TI CE battery-charging device, make sure the charging device is turned off

before disconnecting the battery from the system.

Battery Charging
Device
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Electrostatic Discharge Awareness

Electronic controls contain static-sensitive parts. Observe the
NO TICE following precautions to prevent damage to these parts:
o Discharge body static before handling the control (with power to
Electrostatic the control turned off, contact a grounded surface and maintain
Precautions contact while handling the control).
e Avoid all plastic, vinyl, and Styrofoam (except antistatic
versions) around printed circuit boards.
e Do not touch the components or conductors on a printed circuit
board with your hands or with conductive devices.

To prevent damage to electronic components caused by improper
handling, read and observe the precautions in Woodward manual
82715, Guide for Handling and Protection of Electronic Controls,
Printed Circuit Boards, and Modules.

Follow these precautions when working with or near the control.

1. Avoid the build-up of static electricity on your body by not wearing clothing made of synthetic
materials. Wear cotton or cotton-blend materials as much as possible because these do not store
static electric charges as much as synthetics.

2. Touch your finger to a grounded surface to discharge any potential before touching the control, smart
valve, or valve driver, or installing cabling connectors. Alternatively, ESD mitigation may be used as
well: ESD smocks, ankle or wrist straps and discharging to a reference grounds surface like chassis
or earth are examples of ESD mitigation.

e ESD build up can be substantial in some environments: the unit has been designed for
immunity deemed to be satisfactory for most environments. ESD levels are extremely
variable and, in some situations, may exceed the level of robustness designed into the
control. Follow all ESD precautions when handling the unit or any electronics.

o I/O pins within connectors have had ESD testing to a significant level of immunity to
ESD, however do not touch these pins if it can be avoided.
= Discharge yourself after picking up the cable harness before installing it as a
precaution.
o The unit is capable of not being damaged or improper operation when installed to a
level of ESD immunity for most installation as described in the EMC specifications.
Mitigation is needed beyond these specification levels.

External wiring connections for reverse-acting controls are identical
IMP OR TA N T to those for direct-acting controls.
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Regulatory Compliance
|

European Compliance for CE Mark
These listings are limited only to those units bearing the CE Marking.

Low Voltage Directive: Directive 2014/35/EU on the harmonisation of the laws of the Member
States relating to making electrical equipment available on the market
that is designed for use within certain voltage limits.

ATEX - Potentially Directive 2014/34/EU on the harmonisation of the laws of the Member
Explosive Atmospheres States relating to equipment and protective systems intended for use in
Directive: potentially explosive atmospheres.
Zone 2, Category 3, Group Il G, Ex ec IIC T3 Gc
Zone 2, Category 3, Group Il G, Ex ec lIC T4 Gc

EMC Directive: Declared to Directive 2014/30/EU of the European Parliament and of the
Council of 26 February 2014 on the harmonization of the laws of the
Member States relating to electromagnetic compatibility (EMC).

Other European Compliance:
Compliance with the following European Directives or standards does not qualify this product for
application of the CE Marking.

RoHS Directive: Restriction of Hazardous Substances 2011/65/EU:
This product is intended to be sold and used only as equipment that is
specifically designed, and is to be installed, as part of another type of
equipment that is excluded or does not fall within the scope of this
Directive, which can fulfil its function only if it is part of that equipment,
and which can be replaced only by the same specifically designed
equipment, and therefore fulfills the requirements stated in Art.2.4(c), and
as such, is excluded from the scope of the Directive.

United Kingdom Compliance for UKCA Marking:

These listings are limited only to those units bearing the UKCA Marking.

Units bearing the UKCA Mark in addition to the marking indicating Zone 2 are acceptable for use in
UKEX Hazardous Locations.

EMC: S.I. 2016 No. 1091: Electromagnetic Compatibility Regulations 2016 and
all applicable amendments.

UKEX: S.I. 2016 No.1107: Equipment and Protective Systems intended for use
in Potentially Explosive Atmospheres Regulations 2016.

RoHS Directive: S.I. 2020 No. 1647: The Hazardous Substances and Packaging
(Legislative Functions and Amendments) (EU Exit) Regulations 2020.

This product is intended to be sold and used only as equipment that is
specifically designed, and is to be installed, as part of another type of
equipment that is excluded or does not fall within the scope of this
Regulation, which can fulfil its function only if it is part of that equipment,
and which can be replaced only by the same specifically designed
equipment and therefore fulfills the requirements stated in Part 2 of
Schedule1 clause 16, and as such, is excluded from the scope of the
Regulation.
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North American Compliance
These listings are limited only to those units bearing the appropriate CSA identification and marking.

CSA:

CSA Certified for Class I, Division 2, Groups A, B, C, D, T3 or T4
Hazardous Locations and ordinary locations at 70 °C ambient. For use in
Canada and the United States.

Certificate 1150575

NOTE—Wiring must be in accordance with applicable electric codes with the authority having

jurisdiction.

T3 when the Potential Transformer input is 240 Vac
T4 when the Potential Transformer input is 120 Vac or less

Marine Compliance

American Bureau of
Shipping:

Bureau Veritas:

China Classification
Society:

Del Norske Veritas:

Lloyd’s Register of
Shipping:

Nippon Kaiji Kyokai:

ABS Rules 2020 SVR 1-1-4/7.7, 1-1-A3, 4-2-1/7.3, 7.5.1; 4-9-3/17, 4-9-
4/23 & 4-9-7/Table 9 (as appropriate).

BV Rules for the Classification of Steel Ships, Approval valid for ships
intended to be granted with the following additional class notations:
AUT- UMS, AUT-CCS, AUT-PORT and AUT-IMS.

CCS Chapter 2, Part Seven of CCS ~ “Rules for Classification of Sea-
going Steel Ships~" 2021.

Type Approval Certification No. TAAOOOOOOH, 2022 Temperature Class
B, Humidity Class B, Vibration Class A, EMC Class A, Enclosure required
protection according to the rules to be provided upon installation onboard.

LR Type Approval Test Specification No. 1, 2020 for Shipping:
Environmental Categories ENV1, ENV2, ENV3 and ENV4.

Requirements specified in Chapter 1, Part 7 of Guidance for the approval
and Type Approval of materials and equipment for Marine use and
relevant Society’s Rules.

Australia & New Zealand Compliance
These listings are limited to those units bearing the C-Tick mark:

I C-Tick (ACA/RSM):

Declared Separately to the Australian Radiocommunications Act of 1992
and the New Zealand Radiocommunications Act of 1989.
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Special Conditions for Safe Use:
The control must be installed in a suitable enclosure. The final combination must be approved by the local
authority having jurisdiction.

Connect the ground terminal to earth ground.

Use supply wire rated for minimum 75 °C

Use signal wire rated for a minimum of 240 Vac.

Per EN 60079-15:2010: Device meets ATEX Zone 2 requirements when installed in an ATEX
compliant IP54 or better enclosure.

T3 when the Potential Transformer input is 240 Vac

T4 when the Potential Transformer input is 120 Vac

ATEX/IECEx Zone 2, Category 3G applications require the final installation location provide a IP-54 or
higher ingress protection enclosure against dust and water per IEC 60529. The enclosure must meet IEC
60079-0 Design & Test Requirements.

EXPLOSION HAZARD—Do not remove covers or connect/disconnect
electrical connectors unless power has been switched off or the area
is known to be non-hazardous.

Substitution of components may impair suitability for Class I,
Division 2.

RISQUE D’EXPLOSION—Ne pas enlever les couvercles, ni

_ assurez auparavant que le systéme a bien été mis hors tension;

raccorder / débrancher les prises électriques, sans vous en
ou que vous vous situez bien dans une zone non explosive.

La substitution de composants peut rendre ce matériel
inacceptable pour les emplacements de Classe |, Division 2.
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Chapter 1.

General Information
]

Description

The 2301E-ST is a digital control with integral application software program designed for single-valve
steam turbines. Like Woodward’s 2301A and 2301D line of controls, this control is housed in a sheet
metal chassis and consists of a single printed circuit board. To facilitate unit retrofits, the 2301E-ST’s I/O
terminals are in the same general location as Woodward’s 2301A line of controls. This control is designed
to perform the speed and load control functions of a small steam turbine package. The 2301E-ST's
application software is field configurable, allowing it to be configured and modified to meet site-specific
requirements.

The 2301E-ST has the following Woodward part numbers:
8273-1013 2301E Load Sharing and Speed Control, 24 Vdc input, Ordinary Locations

8273-1014 2301E Load Sharing and Speed Control, 24 Vdc input, Hazardous Locations

The 2301E-ST is configured and serviced (dynamic adjustments made) via a laptop computer connected
to the control’'s RS-232 communications port. These configuration and dynamic settings are set, changed,
tuned, and saved via a laptop computer and Woodward’s user-friendly Control Assistant software
program. This program allows users to set and adjust all application-based parameters, plus upload and
download configurations to and from the control. The 2301E-ST includes the following basic turbine
control functions:

e Speed control
Load control
Valve Limiter
Over speed trip
Shutdown logic
Alarm Logic
Platform Diagnostics

The following functions can be configured, depending on application requirements:
e Manual, Semi-Automatic or Automatic Start Sequencing

Remote Speed Control

Isochronous Load sharing with soft load / unload transfer

Droop Load Control

Actuator Feedback Droop Control

Synchronizer Bias Signal Input

Power sensor Input (CTs, PTs)

Process Control

ServLink (DDE) / Modbus Communications

Self-Powered Actuator Option

The 2301E-ST hardware includes:
e 1 Load Sensor
3 PT Inputs, 3 CT Inputs
1 Actuator Driver
2 MPU Speed Sensor
1 Configurable Analog Output
2 Configurable Analog Inputs
8 Discrete (Switch) Inputs
4 Discrete (Relay Driver) Outputs

Woodward 11
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Applications

The 2301E-ST is a field-configurable control designed to perform the basic speed and load control
functions for single-valve steam turbines. It can be configured to allow a user to match the control’s
functionality to the application. Configuration and service (dynamic adjustments made) is done via a
laptop computer, connected to the control’'s RS-232 communications port and utilizing Woodward’s
Control Assistant program which is a Windows-based PC software program. These configuration and
dynamic settings can be set, changed, tuned, and saved using this same program. See Chapter 3 for
instructions on configuring the control for your specific application.

523G Breaker (C) 4 | Dual
Load ng Lines @ I
PTs (A} s';:"‘; Isach
Logic
CTs (A}
SPMLA Input (C) (Al -
.
Spoed MPU (N ) \28 Hl;\‘-
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Figure 1-1. Functional Control Overview
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82575
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Chapter 2.

Installation
]

Introduction

This chapter contains general installation instructions for the 2301E-ST control. Power requirements,
environmental precautions and location considerations are included to determine the best location for the
control. Additional information includes unpacking instructions, electrical connections, and an installation
check-out procedure.

Unpacking
Before handling the control, read the “Electrostatic Discharge Awareness” information on page v. Be
careful when unpacking the electronic control. Check the control for signs of damage such as bent or

dented panels, scratches and loose or broken parts. If any damage is found, immediately notify the
shipper.

Mounting Considerations

This product is intended for installation in a “closed electrical
NO TICE operating area” or in an enclosed industrial control cabinet.

Consider these requirements when selecting the mounting location:
e Adequate ventilation for cooling
e Space for servicing and repair
e Protection from direct exposure to water or to a condensation-prone environment
e Protection from high-voltage or high-current devices, or devices which produce electromagnetic
interference
Avoidance of vibration
e Selection of a location that will provide an operating temperature range of
—40 to +70 °C (—40 to +158 °F)
e The control must NOT be mounted on the turbine.
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Figure 2-1a. 2301E-ST Outline Drawing (8273-1013/-1014)
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Figure 2-1b. 2301E-ST Outline Drawing, Hazardous Location Version
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Figure 2-2a. 2301E-ST Plant Wiring Diagram (sheet 1)
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SERIAL 1/0
(9-DF>
54 - CAN HIGH
Lo [
Lo
53— CAN SHIELD 6
b — NO CONNECTION / NOT USED 2 = Rx
52 — CAN LOW 7
o RS-232 PORT 31— X
P FOR CONFIGURATION
ol - CAN OND- | nrROL ASSISTANT / ToOLKIT | O 4
9
50 CHASSIS GROUND 5 b com
49 ~ | INPUT POWER
(18-36 VIC, 0.59 AMP MAX)
48 + ]
T A b —w
46 AN —D0-3 1
— DISCRETE OUTPUT RT+ — 6
45 A —DO-2 | DO-L TO DO-4: CONFIGURABLE ; co— T+
- DO RS-422 PORT 3 R+
44 A _ MODBUS T- — 8
473 _ +12/24VDC 4
\ | RELAY DRIVER POWER RT- — 9
INPUT 5 1 oo
42 + | 08 AMP MAX
41 DI-H
40 DI-G CONFIGURABLE
39 DI-F
g LOWER SPEED / LOAD
DI-E
| DISCRETE INPUTS VAN
RAISE SPEED / LOAD (APPLY +24V TO ACTIVATE)
37 DI-D
START / UNLDAD
236 DI-C
35 RESE P66-072
(9989-1247sh3)
RUN / SHUTDOWN 2014-9-24
34 DI-
35 COM
JUMPER IF USING INTERNAL
POWER FOR DISCRETE INPUTS
3c - 24VDC DUTPUT
POWER FOR
31 n DISCRETE INPUTS

Figure 2-2b. 2301E-ST Plant Wiring Diagram (sheet 2)
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NOTE S:

SHIELDED WIRES TUO BE TWISTED PAIRS, WITH
SHIELD GROUNDED AT CONTROL END ONLY.

POINT OF GROUNDING IF REQUIRED BY WIRING CODE.

INTERNAL CURRENT TRANSFURMER BURDEN MUST BE
CONNECTED ACROSS POWER SOURCE CURRENT TRANSFORMER
AT ALL TIMES, TO PREVENT LETHAL HIGH VOLTAGES.

POWER SOURCE CURRENT TRANSFORMERS SHOULD BE
SIZED TO PRODUCE SA SECONDARY CURRENT WITH
MAXIMUM GENERATOR CURRENT, CURRENT TRANSFORMER
BURDEN IS LESS THAN 01 VA PER PHASE.

WITH A BALANCED THREE PHASE LOAD AND UNITY
POWER FACTOR, THE CURRENT TRANSFORMERS
SHOULD BE WIRED IN THE CORRECT POTENTIAL LEG
AND MUST BE PHASED AT THE CONTROL AS FOLLOWS:

> > [ [P

PHASE A: POTENTIAL TERMINAL 1, WITH RESPECT
TO NEUTRAL, IN PHASE WITH CT
TERMINALS 4 C > 10 S

PHASE B POTENTIAL TERMINAL 2, WITH RESPECT
TO NEUTRAL, IN PHASE WITH CT
TERMINALS & ¢ > 10 7.

PHASE C: POTENTIAL TERMINAL 3, WITH RESPECT
TO NEUTRAL, IN PHASE WITH CT
TERMINALS 8 ¢ > 10 9.

FOR OPTIONAL CURRENT TRANSFORMER CONNECTION, SEE DETAIL "A”

WARNING: DO NOT USE FOR EMERGENCY SHUTDOWN.

THE PRIME MOVER SHOULD BE EQUIPPED WITH SEPERATE
OVERSPEED, OVERTEMPERATURE OR OVERPRESSURE SHUTDOWN
DEVICECS) TO PROTECT AGAINST RUNAWAY OR DAMAGE TO THE
PRIME MOVER WITH POSSIBLE PERSONAL INJURY OR LOSS OF LIFE.

[F METERS ARE NOT USED, JUMPERS MUST BE
INSTALLED IN PLACE OF METERS SHOWN.

INDICATES RELAY COIL OR LAMP, 200 mA MAXIMUM PER CHANNEL.

P66-074
OPTIONAL SEE BOM (9989-124/she)
2014-9-24

> >

Figure 2-2c¢. 2301E-ST Plant Wiring Diagram (notes)
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Electrical Connections

- =~ | Due to the hazardous location listings associated with this product,
A - J | proper wire type and wiring practices are critical to operation.

Do not connect any cable grounds to “instrument ground”, “control
NO TICE ground”, or any non-earth ground system. Make all required

electrical connections based on the wiring diagrams.

All inputs and outputs are made through screwless spring-actuated terminal blocks. For EMI reasons, it is
recommended that all low-current wires be separated from all high-current wire.

The spring clamp can be actuated using a standard 2.5 mm or 3/32 inch flat bladed screwdriver. The
terminal blocks accept wires from 0.08—4 mm? (27-12 AWG). Two 0.8 mm? (18 AWG) or three 0.5 mm?
(20 AWG) wires can be easily installed in each terminal. Wires for the fixed mounted power terminals
should be stripped 5—6 mm (0.22 inch) long.

It is recommended that stranded wire be used for connections to the
IMPORTANT terminal block. Do not tin (solder) the wires that terminate at the
terminal blocks. The spring-loaded terminal blocks are designed to

flatten stranded wire and if those strands are tinned together, the
connection loses surface area and is degraded.

Shields and Grounding

An individual shield termination is provided at the terminal block for each of the signals requiring
shielding. All these inputs should be wired using shielded, twisted-pair wiring. The exposed wire length
beyond the shield should be limited to one 25 mm (1 inch). Relay outputs, contact inputs and power
supply wiring do not normally require shielding, but can be shielded if desired.

The 2301E-ST is designed for shield termination to earth ground at the control. If intervening terminal
blocks are used in routing a signal, the shield should be continued through the terminal block. If shield
grounding is desired at the terminal block, it should be ac coupled to earth. All other shield terminations
except at the control should be ac coupled to earth through a capacitor. A 1000 pF, 500 V capacitor is
sufficient. The intent is to provide a low impedance path to earth for the shield at frequencies of 150 kHz
and up. Multiple direct connections of a shield to earth risk high levels of current to flow within the shield
(exception, see note below on cabinet installations).

Shields can be grounded at both ends (2301E-ST and load) if the cable length is sufficiently short (within
a cabinet) to prevent ground loop current in the shield.

Cabinet Installations: If the 2301E-ST is installed in a cabinet,

IMPORTANT shielded 1/O can be terminated directly to the cabinet (earth ground)
at the entry/exit of the cabinet, as well as at the control
(recommended).

For EMC reasons, it is recommended that all low-current wires be
separated from all high-current wires. Input Power ground terminal
should also be wired to earth ground.
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Figure 2-3. Installation of Wiring into Terminal

LED System Status Indicators
The LED located between terminals 30 and 31 is a two colored LED. The following provides the functions
of the LED status:

e LED Off = Power Off

e LED Green = System On

e LED Solid Red = I/O Lock

e LED Flashing Red = Fault

(This indicates a major problem and should be returned to Woodward for service.)

Power Supply Connections (Terminals 48-49)

The 2301E-ST requires a voltage source of 18 to 40 Vdc, with a current capacity of at least 900 mA for
operating power. If a battery is used for operating power, an alternator or other battery charging device is
necessary to maintain a stable supply voltage.

Connect 18—40 Vdc input power to terminals 48(+) and 49(-).
The 18—40 Vdc input power must be supplied from a power
IMPORTANT supply/battery charger certified to IEC standard with SELV (Safety

Extra Low Voltage) classified output. The installer should properly
size wiring and fusing for the input power and PT/CT circuits.

Potential Transformer Connections (Terminals 1-3)
The control’s potential transformer inputs accept line-to-line voltages of 90 to 240 Vac. Refer to plant
wiring diagram Figure 2-2. Connect the potential transformer secondary leads to the following terminals:
Phase A to Terminal 1
Phase B to Terminal 2
Phase C to Terminal 3

Current Transformer Connections (Terminals 4-9)
The control’s current transformer inputs accept a current range of 0 to 7.2 A. Refer to plant wiring diagram
Figure 2-2. Connect the current transformer leads to the following terminals:

Phase A to Terminals 4 & 5

Phase B to Terminals 6 & 7

Phase C to Terminals 8 & 9

Real Power Load Calculation

The control uses the equation Power = N3*py*[*PpF
Where:

V = Voltage

| = current

P.F. = Power Factor.

In the 2300E, the PT voltage part of the equation is deemed to be constant. Therefore, if the voltage on
the system changes, the calculated power will change a small amount.
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Load Sharing Lines Connections (Terminals 10-12)

The Load Sharing Lines provide an analog communication path between compatible controls. The
2301E-ST provides an internal relay for connecting the Load Sharing Signal to the internal circuitry at the
appropriate times. When the internal relay is closed, a green LED will illuminate between terminals 9 and
10. Because the load-sharing-line relay is contained in the control, no relay is required between the
control and the load-sharing-line bus. Use shielded cable and connect the load-sharing lines directly to
terminals 10(+) and 11(-). Connect the shield to terminal 12. When all controls in the system are 2301E-
STs, the shields may be connected continuously between controls. When load sharing with different
controls, do not connect the shields at the point where connections are made to the load-sharing-line bus.
The optional 52G (Generator Breaker) contact is used in conjunction with the control’s load sharing lines.
When isochronous control is selected via the 52G (Generator Breaker) input contact, the unit’s load
sharing lines are enabled.

Discrete Input Connections (Terminals 34-41)

In general, discrete inputs must change state for a minimum of 15 milliseconds for the control to sense
and register a change in state. All contact inputs accept dry contacts. Contact wetting voltage is available
through terminals 31 and 32. If desired, an external 18-40 Vdc power source can be used for the circuit
wetting voltage. In this case terminal 33 (contact input common) must be connected to the external power
source’s negative common to establish a common reference point. Each contact input pulls 3 mA when
closed and requires at least 14 Vdc to recognize a closure command. See Figure 2-2 for wiring
information and 2301E-ST Control Specification for input specifications.

A positive voltage on any discrete input terminal is sensed by the control as a closed contact or “TRUE”
state. With no voltage applied to a discrete input terminal the control senses an open contact or “False”
state.

For power loading reasons, it is recommended that the control’s internal 24 Vdc not be used to power
other external equipment.

Discrete inputs with cable lengths greater than 30 meters that are

IMPORTANT used for critical functions, such as emergency stop, should not be
floated in either an on or off state. These inputs should be switched
to +24 Vdc or ground.

External Shutdown Contact (Terminal 34)

Terminal 34 functions as the control’s External Shutdown contact input. Before the unit can be started,
this External Shutdown input command must be cleared. This input can be configured for open-to-
shutdown or close-to-shutdown functionality. The control will initiate an emergency shutdown any time a
shutdown command is given and will immediately step its actuator drive current to zero and, if so
configured, change the state of its shutdown output. This input is typically tied into the system’s trip string
to enable it to react to any system trip command.

Reset Contact (Terminal 35)

Terminal 35 functions as the control’s “Reset” contact input. The external Reset contact is used to reset
any latched alarms and/or shutdown conditions if the condition has been cleared. If the alarm or
shutdown condition has not been cleared the Reset command will not affect its status. To issue a reset,

the contact must be pulsed to close. No action is taken if contact is either left closed or open after pulse.

If the RUN and Start contact inputs are closed (activated), and the
IMPORTANT Reset contact input is pulsed closed to open, the turbine may start!
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Start/Unload Contact (Terminal 36)

Terminal 36 functions as the control’'s External Start/Unload contact input. When an external start
command is given (a closed contact state) and all shutdown conditions have been cleared, the control will
cycle through its configured start routine. If all shutdown conditions have not been cleared the unit will not
begin to cycle through its start routine.

The turbine can also be re-started as the turbine is coasting down in speed. There are two ways to start
the turbine in this manner:
1. The first method:
a. While the turbine is coasting down in speed, the Run / Shutdown contact must be in the
Run position and the Start/Unload contact must be in the Start position.

The Reset contact can then be toggled, to clear any shutdowns.

The speed reference will start increasing, and the valve ramp will also start increasing at the
specified ramp rates.

d. When the speed reference matches the actual turbine speed, the speed PID will take
control, and continue to ramp the speed up to the Rated Speed.

2. The second method:
a. While the turbine is coasting down in speed, the Run / Shutdown contact must be in the
Run position.
b. The Reset contact can then be toggled, to clear any shutdowns.
The Start / Unload contact should be toggled to Unload and back to Start.

d. The speed reference will instantly jump to the actual speed of the turbine, and start ramping
up to the Rated speed.

e. The valve ramp will also start opening at the Valve Ramp rate.

f.  When the speed reference matches the actual turbine speed, the speed PID will take
control, and continue to ramp the speed up to the Rated Speed.

g. The second method is the faster of the two methods, as the speed reference does not start
from zero.

This contact input also functions as an external unload command input, when the control is in the
isochronous load-sharing mode and this contact input is opened.

Raise Speed/Load Contact (Terminal 37)

Terminal 37 functions as a raise speed contact input when the unit's generator breaker contact is open,
and a raise load contact when the unit is in the droop mode. When the control is in the isochronous load-
sharing mode, this contact will increase the speed reference.

If both a Lower Speed contact and a Raise Speed contact are closed, the remote analog setpoint
(4-20 mA) mode is enabled, and the control’s internal speed/load setpoint will follow the respective analog
input signal.

Lower Speed/Load Contact (Terminal 38)

Terminal 38 functions as a lower speed contact input when the unit’'s generator breaker contact is open,
and a lower load contact when the unit is in the droop mode. When the control is in the isochronous load-
sharing mode, this contact will lower the speed reference.

If both a Lower Speed contact and a Raise Speed contact are closed, the remote analog setpoint
(4-20 mA) mode is enabled, and the control’s internal speed/load setpoint will follow the respective
analog input signal.

Woodward 23



Released

Manual 26694 2301E-ST

Contact Inputs (Terminal 39-41)
The 2301E-ST has three other discrete input channels that are available for use. These contacts are
configurable and can be programmed to perform one of the following functions:

e IDLE - RATED SPEED
When the state of this contact is open the speed reference moves toward the programmed IDLE
speed setpoint at its own configured rate set in service menus. When the state of this contact is
closed the speed reference moves toward the programmed RATED speed setpoint at its own
configured rate set in service menus.

¢ 52G BREAKER
The state of this input should directly reflect the state of the unit’'s generator breaker. This input
is used to activate the correct control mode. When this contact input is open, the droop is
enabled. When this contact input is closed the unit will be in the isochronous mode.

Typically, when used as the isoch/droop select contact, this contact is wired to directly reflect
the state of the system’s utility tie breaker, with a switch or relay wired in series with the tie
breaker aux contact to allow users to manually select the load mode the control operates in
when paralleled to the utility. The control is always set to droop mode by opening the 52G
BREAKER input.

This contact will also close internally the loadshare lines after softloading and minimal load is
reached, LS Window.

e OVERSPEED TEST ENABLE
When overspeed testing is performed, this contact is used. An overspeed test is allowed only
under the condition that the remote speed setpoint function must be disabled and the turbine
speed is within speed range. An overspeed test will allow the control’s speed setpoint to be
increased above the normal maximum limit. When this contact is closed, the control detects
overspeed and issues a trip. After overspeed testing ends, the contact should be opened.

¢ PROCESS CONTROL ENABLE
This contact is used to enable the process control logic when closed. In order for process
control to work correctly an external 4—20 mA signal needs to be setup on one of the analog
inputs to provide feedback for the process PID.

e SECOND DYNAMICS
If this option is enabled, the On-Line dynamic variables are available. With the contact open,
Off-Line dynamic variables are active, and with the contact closed, then the On-Line dynamic
variables are active.

Actuator Output (Terminals 13-15)

Connect the unit's actuator wires to the control’s actuator driver output on terminals 13(+), 14(-), and
15(shield). This output’s current range is software configurable and can be programmed to output a drive
current of 0—200 mA, 20—-200 mA, 4-20 mA, or 0—20 mA. Do not connect the shield wire to the actuator
or any other point. Verify that the output’s shield wire has continuity its entire distance to the actuator and
is insulated from all other conducting surfaces.

Analog Inputs (Terminals 19-24)
Connect input wiring to terminals 19(+), 20(-), and 21(shield) to use Analog Input #1 and connect input
wiring to terminals 22(+), 23(-), and 24(shield) to use Analog Input #2. These Analog Inputs are software
configurable to function as one of the following options:
e Remote Speed Setpoint
Monitor Signal
Synchronizer Bias Signal Input (-2.5 to +2.5 Vdc signal)
Process Setpoint
Process Signal
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The type of the analog input signals can also be chosen from one of the following options:
e 4-20 (mA)
e 0-5(V)
o 125 (V)
e 1-5(V)

Synchronizer Bias Signal Input is determined as £2.5 V that is
‘ IMPORTANT automatically set up by software. H

MPU Speed Sensor Inputs (Terminals 25-30)

The 2301E-ST accepts a signal from one (or optionally two) passive magnetic pickup unit (MPU) speed
sensors to sense turbine rotor speed. It is best if these MPU speed sensors are mounted off a gear
connected or coupled to the turbine’s rotor. Connect the MPU speed sensor #1 to terminals 25, 26, and
27(shield) as shown in Figure 2-2a. If a second optional MPU is utilized, connect it to terminals 28, 29,
and 30 (shield) as shown in Figure 2-2a. Note that the 2301E-ST controller’s software program must be
correctly configured to sense and use the second MPU input within its controller algorithms. If the 2301E-
ST controller is configured to sense two MPU speed sensors, it will utilize its high-signal-select (HSS)
voting logic to select a speed signal to control. With this logic, the speed signal with the higher calculated
speed level will be used by the internal Speed PID controller and by the controller’'s Overspeed Detection
logic.

These speed sensor inputs are limited to a frequency range of 100 to 24 950 Hz (90 to 20 000 rpm) and a
voltage range of 1.7-35 Vac (a voltage level above 2.7 Vac is required to sense frequencies above 13
000 Hz). For best electrical noise attenuation, it is recommended that that the speed sensor(s) shield wire
only be connected to the 2301E-ST controller, have continuity its entire length to as near the speed
sensor probe as possible, and be insulated from all other conducting surfaces.

With proper MPU, gear size and MPU-to-gear clearance, speed measurement should be capable down to
100 Hz. Check the speed sensor for visible damage. Standard MPU clearance is recommended to be
between 0.25 and 1.0 mm (0.010 and 0.040 inch) at the closest point. Make sure the gear has less than
0.5 mm (0.020 inch) diametric run out. See manual 82510, Magnetic Pickups and Proximity Switches for
Electronic Governors.

Relay Driver Outputs (Terminals 44-47)
The 2301E-ST has four discrete output driver channels. Terminals 44, 45, 46, and 47 are configurable
and can be programmed to perform one of the following functions:

¢ SHUTDOWN

e ALARM

e ELECTRICAL OVERSPEED TRIP TEST
e VALVE LIMITER IN CONTROL

e SPEED PID IN CONTROL

e VALVE LIMITER IN CONTROL

e MODBUS CONTROLLED RELAY #1

e MODBUS CONTROLLED RELAY #2

e MODBUS CONTROLLED RELAY #3

e MODBUS CONTROLLED RELAY #4

e LEVEL SWITCH

For fail-safe operation, the Shutdown relay should be energized
IMPORTANT during normal system operation and will de-energize when a

shutdown occurs.
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Any of the four relays can be programmed to function as a level switch. When programmed as a level
switch the relay will change state when the selected parameter reaches the programmed level (energizes
when value is higher the programmed level). The following is a list of the level switches:

e TURBINE SPEED

e TURBINE SPEED REFERENCE

e VALVE LIMITER REFERENCE

e ACTUATOR DEMAND

e GENERATOR OUTPUT

e SIGNAL MONITOR

These discrete outputs are low-side drivers with a maximum output current of 160 mA. The discrete
output drivers are isolated from the control’s internal power supply, but not from each other and are
powered by an external +12 Vdc or +24 Vdc source connected at terminals 42(+) and 43(-). Refer to
Figure 2-2 for plant wiring information.

Relay Driver Clarifications

1. SHUTDOWN
Each relay driver can be programmed to indicate a Shutdown Condition (energizes for a shutdown
condition) or a Trip Relay (de-energizes for a shutdown/trip).

2. ALARM
Each relay driver can be programmed to indicate a general Alarm Condition (energizes for an alarm
condition) or an Alarm Relay (de-energizes for an alarm).

3. ELECTRICAL OVERSPEED TEST
Each relay driver can be programmed to indicate that the electrical turbine overspeed was sensed.

4. VALVE LIMITER IN CONTROL
Each relay driver can be programmed to indicate the valve limiter controls the actuator/ valve.

5. SPEED PID IN CONTROL
Each relay driver can programmed to indicate the speed PID controls the actuator/valve.

6. MODBUS CONTROLLED RELAY #1
Each relay driver can be programmed to indicate the Modbus controlled relay #1 according to the
following function.

7. MODBUS CONTROLLED RELAY #2
Each relay driver can be programmed to indicate the Modbus controlled relay #2 according to the
following function.

8. MODBUS CONTROLLED RELAY #3
Each relay driver can be programmed to indicate the Modbus controlled relay #3 according to the
following function.

9. MODBUS CONTROLLED RELAY #4
Each relay driver can be programmed to indicate the Modbus controlled relay #4 according to the
following function.

10. LEVEL SWITCH
Each relay driver can be programmed to function as a level switch. If the level switch feature is
selected, its ON level and OFF level must also be configured.
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Level Switch Options
1. TURBINE SPEED

TURBINE SPEED REFERENCE
VALVE LIMITER REFERENCE
ACTUATOR DEMAND
GENERATOR OUTPUT
MONITOR SIGNAL

2

Analog Output (Terminals 16-18)
Connect readout wiring to terminals 16(+), 17(=), and 18(shield) to use the control’'s 4—20 mA Analog
Output. This Analog output is software configurable to function as one of the following readout options:
¢ TURBINE SPEED
e TURBINE SPEED REFERENCE
e VALVE LIMITER SETPOINT
¢ ACTUATOR DEMAND
e GENERATOR OUTPUT
e SIGNAL MONITOR

Verify that the output’s shielded wire has continuity its entire distance to the output device and is insulated
from all other conducting surfaces. This current driver based output is designed to drive into impedances
of up to 250 Q. This output is not isolated from the other control inputs and outputs; thus, an isolation
device may be required with this output if the device being interfaced to is not isolated.

This analog output’s 4-20 mA current drive signal is directly proportional to the programmed function
signal that it is configured to represent. Refer to Chapter 3 for output configuration instructions. Its
clarifications are the same as Level Switches.

Communication Port
The control’s two serial communication ports are used to configure and service the unit. These ports are
on a common return and are isolated ports.

The RS-232 serial communication service port communicates using either the 2301E-ST Toolkit Service
Tool or the Control Assistant software. Refer to Figure 2-2 for plant wiring information.

The RS-422 serial communication port communicates using a Modbus RTU protocol, functioning as a
Modbus Slave device, via a RS-422 driver. The 2301E-ST can be fully operated and many values
monitored via Modbus communications.

Alternatively, Modbus communications can be used to interface with a PLC or plant DCS. Refer to Figure
2-2 for plant wiring information.

The communication port must be connected with an approved
IMPORTANT jacketed serial communication cable. The connector must be

secured to the 2301E-ST to prevent contact with other circuits.
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RS-232

See Figure 2-4 for cable connection.

3 | TXD
DRXD 2 D
TXD RXD
4 B : <
5 5
RECOMMENDED MAX.
CABLE LENGTH
50 FEET

2301D-ST

Figure 2-4. RS-232 Pin assignments for Serial Communication Cable

RS-422

OTHER RS232
DEVICE

See Figure 2-5 for termination and cable connection example.
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Figure 2-5. Typical RS-422 Communications Connections
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Woodward

28



RS 422

Released

RS—422

IMPORTANT

NODE 1

f

NODE 2

+ — SG

RT

NODE 3

|

D

ha

ZQ\

>

SHIELD

TWISTED PAIR WIRING

SIGNAL GROUND

Figure 2-7. Preferred Multipoint Wiring Using Shielded Twisted-Pair Cable
with a Separate Signal Ground Wire
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SHIELD AND SIGNAL GROUND TWISTED PAIRWIRING

Figure 2-8. Alternate Multipoint Wiring Using Shielded Twisted-Pair Cable
without a Separate Signal Ground Wire

Installation Check-out Procedure

Once the 2301E-ST is installed, perform the following checkout procedure before beginning the start-up
adjustments in Chapter 4.

Visual Inspection

1. Check the linkage between the actuator and the valve on the steam turbine for looseness or
binding. Refer to the appropriate actuator manual and to manual 25070, Electronic Control
Installation Guide, for additional information on linkage.

‘ ~ | The actuator lever should be near but not at the minimum position
A when the steam rack is at the minimum position. If the actuator lever
gets to its minimum position before completely shutting off steam,

the control may not be able to shut down the prime mover, causing
damage to equipment or injury or death.

Check for correct wiring in accordance with the plant wiring diagram, Figure 2-2.
Check for broken terminals and loose terminal screws.
Check the speed sensor for visible damage.

Check the clearance of the magnetic pickup between the gear and the sensor and adjust if
necessary.
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Chapter 3.

Service and Configuration Procedures
|

Introduction

This chapter contains information on control configurations, setting adjustments and the use of
Woodward’s Control Assistant software tool. Because of the variety of installations, system and
component tolerances, the 2301E-ST must be tuned and configured for each system to obtain optimum
performance. Refer to Chapter 4 for start-up settings, adjustments, and instructions.

An improperly calibrated control could cause an overspeed or other
damage to the prime mover. To prevent possible serious injury from
an overspeeding prime mover, read this entire procedure before
starting the prime mover.

Control Assistant PC Interface

The connection of a computer is only required for calibration and setup of the 2301E control on a prime
mover. The computer and Control Assistant or 2301E Toolkit Service Tool software is not required, and
not necessary, for normal operation of the prime mover, unless Modbus is being used for monitoring.

Control Assistant is similar to the ServLink / Watch Window used on the 2301D-ST. It provides a means
of shutting down and placing the control in the I/O Lock mode for Configuration, saving values in the
control EEPROM, and resetting the control. Application tunable values can be uploaded, downloaded,
and saved to a file.

A “WinPanel” provides a window for real-time monitoring and editing of all control Configure and Service
Menu parameters and values. Tunable values can be adjusted in the WinPanel window. Control Assistant
communicates with the control through an RS-232 cable “null-modem” connection to the communication
port which is configured as a point-to-point only SOS ServLink OPC Server.

ZBOWEJ2COMM COMPUTER
1 1
RX 2 2 RX
TX 3 3 TX
4 4
COM 5 ) COM
6 6
/ /
8 8
9 S 260—046A
2014-5-23

Figure 3-1. Null Modem Cable
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Figure 3-1 shows the required connections in the null modem cable. These are the minimum connections,
some purchased null modem cables have more interconnects, which are not used by the control. The
connection on the control is a 9-pin female connector, so a gender changer on the null-modem cable
might be required.

The 2301E default baud rate is 115200, which can be entered in the SOS ServLink OPC Server window
or it will automatically detect the correct baud rate.

Follow these Steps to Communicate with the Control:

Step 1:

Download the Control Assistant software from www.woodward.com/software. Go to Start \ Programs \
Woodward \ Control Assistant \ Control Assistant. Figure 3-2 shows what the window should look like.

=lolx

icense  Options  Help

r L
BB &R B ([ TX (A, SE SN MO L |« 2 3|

S| 4

Woodward 4

Figure 3-2. Control Assistant Start Window

Step 2:
Click on icon shown below:

AR R I LY I
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Step 3:
An OPC connection will appear. Check the radio buttons as shown below and click on Connect.

2301E-ST

# Control Assistant - [WinPanel] Sl

o (=] 1)
&3 Fle Edt Wiew Contrsl Sheet Tramsfer Licsnss Options Window Help =1=x|
SHUH|BR(& R0 B (TH (A, LS A R OCODRL | en t *\E"‘
Sheet1 |
Cantral [ category [BlockName [ FieldName | [ Value [Units__[ Description [ Low H
xi

~OPC servertyp

& Servlink OPC server

 Embedded OPC server (an the cantrol ar NetSim)

~Connection typ

 Local Server Narme or IP address of server node

" Remote Server

Connect I Cancel | Help |

KT |
Woodward Line Number : [1 4
Figure 3-3. OPC Connection Window
Step 4:
An OPC connection will be made.
=lolx|
@ Fle Edt Wiew Control Sheet Transfer License Options ‘Window Help x|
SEH|sRB (5 an NBnS G| CThCEES| D EECOLS w41 8=
Sheet1 |
Cantral [ Category [ Block Name FieldName | [ Value [Unite_ [ Description Low [H
f‘nﬂ \Waiting for OPC senverto be ready
A5 Press the Abort button to stop attermpts.
Lol |
Woodward

-
Line Number : [T 4

Figure 3-4. OPC Connection in Progress Window

Woodward 33



Manual 26694

Released

2301E-ST

Step 5:

When the communication is complete, the window should look as follows:

Step 6:

Minimize the SOS ServLink OPC Server program (don’t close it down).

Step 7:

1, Control Assistant - [WinPanel [ Edit Disabled 1] i —iolx|
&3 File Edt View Control Sheet Transfer License Options Window Help =1=1x]
FRE| RS R0 AR (FE (AR A DA B (OO« 2 &\@"
Sheet1 |
5] SOS @LOCAL_HOST. Contral [ Categary [BlockName | FieldName || value [Units_[ Description [Low [H
Dfit Control ID

=lolx]

File Session Options Help

Port | Backup port | Controlld | Applicationld | Status | Backup status

COM1 Dfit Control ID 5418-6351 2014-04-15 14.20.41 Connected (at 115200 bps)

Ll El

Running (OPC security disabled) A

kI |

Woodward Line Number ¢ [1 4

Figure 3-5. Communication Complete Window

Click on the EY icon in the Main Window. This will open a WinPanel window, with all the Service and
Configure menu header tabs:

! Control Assistant - [WinPanel [ Edit Disabled 11

@oFle Edb View Control Sheet Transfer License Options Window Help

lslxl
—Isix|

FEH fRB|E(R2 NBES |FF( A SE
Configure: A“SPD-LOAD-STRT OPTIONS™ | Canfioure: E*DISCRETE IN OPTIONS* | Conficure: C*DISCRETE OUT OPTIONS™ | Confiaure: DANALOG INPUT OPTIONS™ | Confiours: EXACTUATOR OUT OPTIONS™ | Service: A= DISPLAY ANALOG INFO = | Sarvice: 41 *

EAmEcoLP ¢t ¢ |E |

E-SOS@LOCAL_HOST
Dfit Control ID

Contral [ Categary. [BlockNeme | FieldName | | Value [Units__| Deseription [ Low [ High [[Initial 1
Dit Control 1D Configure A=SPD-LOAD-S™ 01 Rated Setpoin * 3600.00 000 32000.00 3600.00
Dt Control 1D Configure A=SPD-LOAD-5" 02 Enter Rated/M * 1000 10 30000 1000
Dfit Control 1D Configure A=SPD-LOAD-5™ 03 GenFreqls50 *  False False
Dfit Control 1D Configure A=SPD-LOAD-5" 04 MPU Min Spd | * 250.00 000 2000.00 250.00
Diit Control 1D Configure ASSPD-LOAD-5" 05 Number of Gee * B0 16 500 B0

Dfit Control 1D Configure A=SPD-LOAD-5™ 06 Max Ovrspd Te * 4140.00 000 32000.00 4140.00
Diit Control 1D Configure ASSPD-LOAD-5™ 07 Use Self Powe *  False False
Dfit Control 1D Configure A=3SPD-LOAD-S™ 08 MPU Override * 20.00 100 100.00 2000
Diit Control D Corfigure: A=SPD-LOAD-E 09 Self Pord Time *  60.00 500 30000.00 £0.00
Dfit Control 1D Configure A=3SPD-LOAD-S™ 10 Gear RatioMF * 1.00 010 10,00 100
Dit Contiol D Corfigure: A“SPD-LOAD-E 11 Use Critical B *  False False
Dit Control 1D Configure ASSPD-LOAD-5™ 12 Crit Shtedn Tire * - 300.00 000 1200.00 300.00
Dit Control 1D Configure A=SPD-LOAD-5" 13 Use Manual St * False False
DiitControl D Corfigure: A“SPD-LOAD-E 14Use SemiAute * False False
Dit Control 1D Configure A=3SPD-LOAD-S" 15 Use Automatic * True True
Dit Control D Corfigure: A“SPD-LOAD-S 16 StriMode=  AUTOMATICSTAR

Dit Control 1D Configure ASSPO-LOAD-5" 17 Maw differsntin * 10000 000 1000.00 100.00
Dit Control 1D Configure A=SPD-LOAD-5" 16 Number of Gee * 60 16 500 B0

Diit Control D Corfigure: A“SPD-LOAD-E 19 Gear RatioMP *  1.00 010 10.00 100

Figure 3-6. WinPanel Window Showing Service and Configure Menu Tabs
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Step 8:
The Configure and Service Menu Tabs are located across the top, as shown below:

@ File Edit WView Contre Sheet Transfer Mindo "M{
CEH 2B SRR ([ TF A FCEAE(DN RS DOD
©¢ WinPanel [ Full Edit Enabled ]

o

Dfit Control ID figuve = 01 ENTER RATED

[+ DFflt Control

Configure ASPERR-CANTROL FUNCTIONS™ 02ENTER RATED
Config A=SPEED CONTROL FUNCTIONS™ 03 USE START SPE
Configure A=SPEED CONTROL FUNCTIONS™ 04 ENABLE 5 SLOF
PHITS Configure A“SPEED CONTROL FUNCTIONS™ 05 SEL GAIN FUNC
- | Dit Control ID Configure A“SPEED CONTROL FUNCTIONS™ 06 DISPLAY GAIN
Dfit Control ID Configure A*SPEED CONTROL FUNCTIONS™ 07 ENABLE IDLE D
Conﬁgure and Dfit Control ID Configure A*SPEED CONTROL FUNCTIONS™ 08 OVERSPEED SE
Service Menu's DFlt Control ID Configure A*SPEED CONTROL FUNCTIONS™ 03RST TO RATED
DFit Control ID Configure A=SPEED CONTROL FUNCTIONS™ 10RST TO RATED
DFit Control ID Configure A*SPEED CONTROL FUNCTIONS™ 11 ENABLE AUTO |
DFit Control ID Configure A*SPEED CONTROL FUNCTIONS™ 12 REMOTE SFD L

Figure 3-7. Configure and Service Menu Tabs

Step 9:
Scroll Arrows can be used to scroll left or right through the menus, as shown below:

Dlewt 3 |F|

ce: D™ ALARMS * | Service: E* DISPLAY DIGITAL 1/0 | Service: F** DISPLAY ANALOG 1/0

I I Value l UnitsJ Desctip...l Low
EED (B0HZ) IN RPM * 900 0
EED (50HZ) IN RPM * 750

D * False

GAIN MAP * False

ON (1.3) 1 . 5
INCTION Actuator (%) Scroll arrows

JopP * False

TING * 1035.00 0.00 4000.0C
T CB CLOSE " T

ISTANT A

LE/RATED " Falsa

TKIN 1 AST * Falea

Figure 3-8. Location of Scroll Arrows

Step 10:
This manual will explain each menu header and all the variable tunables. Start by going through the
Configure Menu headers then the Service Menu headers to complete the configuration of the control.

Step 11:
Uploading the final settings out of the control and writing them to another control is accomplished with the
Control Assistant software. To accomplish this, connect to the control and select the “Receive Quick

Service / Configure Tunable List” with this icon & . This will upload the settings and allow you to save
them on your computer as a file extension .tc. This also provides a digital copy of the settings in the
control if something were to happen.
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To download the settings file, Open Control Assistant software and connect. Put the control into 1/O lock
by selecting the Lock 1/O icon . This will cause an I/O lock and could shut down the engine. BE
CAREFUL! Answer Yes to Locking I/O question. Open the saved .tc settings file. Select the “Send

=]
Tunable List (IO Lock Required) icon -~ +. The settings file will be sent to the control.

Tuning a parameter, a popup appears:
x|

Flease enter password for Configure or Full Edit mode

Cancel | Help |

Standard password: 1112 for full editing mode.

Tuning a parameter is possible by typing or using the up and down arrows. The first arrow is a change of
1% and the other makes a change of 10%. During operation no larger change than 10% possible.

#) Control Assistant - [WinPanel [ Full Edit Enabled 1] B =IOl x|
@ Fie Edt View Control Sheet Transfer License Options Window Help =151

[ SOS@LOCAL_HOST Control | Categary | Block MName | Field Name | [ value | Umls' Diescription | Lo | High | Initial
=-Dfit Control 10 DitControl ID Serdce  E™SPEED DYMAMICS ™ 01 Off Line Prop Gain * 151005 jj = 0.0 100.00 500

Dilt Control ID Service  E*SPEED DYMAMICS ™ 02 Off Line Int Gain * a0 0.01 50.00 1.50
Diit Control ID Senvice E* SPEED DYMAMICS * 03 Off Line Deriv Ratio * 20.00 0. 100.00 z0.00
Dilt Control ID Service  E*SPEEDDYMNAMICS ™ 04 Off Line Window Width * BO.00 1.00 200,00 B0.00
Dfit Cantral ID Service E* SPEED DYMAMICS* 05 Off Line Gain Ratio * 100 100 1000 100
Dilt Control ID Service E* SPEED DYMAMICS ™ 0B Use On Line Dynamics? *  Falze Falze
Diit Control ID Senvice E* SPEED DYMAMICS *™ 07 On Line Prop Gain * 500 0. 100.00 5.00
Dilt Control ID Service  E*SPEEDDYMAMICS ™ 08 OnLine IntGain * a0 0.01 50.00 1.50
Dfit Cantral ID Service E* SPEED DYMAMICS*™ 09 On Line Deriv Ratio *znon o001 1o0.00 20.00
Dilt Control ID Service  E*SPEEDDYMNAMICS ™ 10 On Line Window Width * BO.00 1.00 200,00 B0.00
Dfit Cantral ID Service E* SPEED DYMAMICS ™ 11 On Line Gain Ratio * 100 100 1000 100
Dilt Control ID Service E*SPEED DYMAMICS = 12 Using On Line Dynamics? False
Diit Control ID Senvice E*SPEED DYMAMICS *™ 13 Use Load Rejection? *  False False
Dilt Control ID Service  E*SPEEDDYMAMICS ™ 14 Ld Rej Spd Chg (RPM/SEC > 50.00 50.00 250,00 50.00
Diit Control ID Senvice E*SPEED DYMAMICS * 15 Ld Rej Percent Speed (%)  *  102.00 100.00 105.00 102.00
Dilt Control ID Service E* SPEED DYMAMICS = 1B Ld Rej Intergral gain * 100 oan 2000 1.00
KN M

Woodward

Line Number : [1 4

Figure 3-9. Parameter Tuning Window

After tuning a parameter, it is immediately used by the control, but still needs to be saved into non-
volatile memory.

||

Use to save tunables.
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|G E DN R SOD 2| e
>+ REMOTE SPEED CONTROL ** | Service: G*SPEED SE
ne | Field MName | | alu

JDYMNAMICS* 01 Off Line Prop Gain * 510
IDYMNAMICS ™ 02 Off Line Int Gain * 180
IDYMNAMICS*™ 03 Off Line Deriv Ratio * 20.00
I RLALAICS S A O] e Wi e Uil * RNAf
b Voodward C X
a1 - £
a1 ':0] Save tunables on contral to non-volatile memory ?

a1 —

a1 1]
I Yes | Mo | 0
a1

AT RLARAITS % 121 l=inm Mal ine Muenarmics? Falae

Figure 3-10. Saving Tunables to Non-Volatile Memory

You will be asked to confirm.

Description of Icons in the Control Assistant Software

Q- Allows for automatic generation of the WinPanel. Click on the Q icon (Quick Inspector) on the tool
bar. A Sheet will automatically be created for each Service and Configure Header programmed into the
control.

@ To enter the 1/0 Lock mode and enable a configure value to be entered, click on the 1/0O Lock icon
on the Tool Bar. Because the values set in Configure are critical to engine operation, it is not safe to
operate the prime mover while these parameters are being configured. In the Configure mode the control
outputs will be set to their off state, and the microprocessor will stop executing the application code. The
control will have to be Reset to continue operation.

0

1 The Reset icon allows the microprocessor to store the configure parameters, to return the outputs
to their active state, and to resume executing the application software.

Receive Quick Service/Configure Tunable List is selected to capture Quick Service/Configure tunables,
currently in the Control, into a tunable list window. After receiving the list, a tunable list window is
displayed and loaded with the received tunable list. The tunables are received according to the selections
in the Communications dialog.

Configure Menu Descriptions

The 2301E-ST has “5” Configure menus and “21” Service menus to simplify and protect control settings
and their adjustments. All menus appear as pages, are arranged alphabetically, and can be located by
using the inspector’s arrow buttons located above the pages to scroll to the desired menu.

The program’s Configure menu items are protected when the control is in operation and cannot be
changed. Before configuration values can be changed the control must be in its /O Lock mode. Service
menus are not protected and can be modified at any time.

To enter the I/0O Lock mode and enable configure changes, click on the = I/O Lock icon on the Tool Bar.
Because the values set in Configure are critical to turbine operation, it is not safe to operate the prime
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mover while these parameters are being configured. In the /0 Lock mode the control outputs will be set
to their off state and the microprocessor will stop executing the application code.

Once the configuration changes have been completed click on the ﬂ: Reset icon to allow the control to
store the configured parameters, return the outputs to their active state and resume executing the
application software.

CONFIGURE: A**SPD, LOAD, STRT OPTIONS**

(i Control Assistant - [WinPanel [ Full Edit Enabled ]] o i P - = | B ||
@7 File Edit View Control Sheet Transfer License Options Window Help NEE
(== == FERR R X e e [FE =R ] L
Configure: 4~SFD-LOAD-STRT OPTIONS™ | Confique: EDISCRETE IN OFTIONS™ | Configue: C=DISCRETE OUT OPTIONS= | Confiaue: D#NALOG INFUT OPTIONS™ | Confiawe, E=ACTUATOR OUT OFTIONS™ | Service: 4= DISPLAY ANALOG 4| »
=) SOS@LOCAL_HOST Contral [ Category [ Block Mame [ Field Mame [ [ value [ Units | Desciption | Law [ High [ Initial [T

.. Dflt Control ID Dfit Control ID0 - Configure ASPD-LOAD-STAT OPTIONS® (1 Rated Setpaint (FP) # 3600.00 000 32000.00 3600.00
Dilt Contiol ID Configure A~GFDLOAD-STRT OPTIONS™ 02 Enler Rated/Max LoadiKiw] = 1000 10 30000 1000
Dfit Control ID0 - Configure ASPO-LOAD-STAT OPTIONS® 03 Gen Freq |s S0Hz? * False False
Dfit Control ID0 - Configure ASPD-LOAD-STAT OPTIONS® 04 MPU Min Spd Level [RPM] # 25000 000 2000.00 250,00
Dilt Contiol ID Canfigure AGFDLOAD-STRT OPTIONS™ 05 Number of Gear Testh MFU1 = B0 16 500 &0
Dfit Control ID0 - Configure ASPO-LOAD-STAT OPTIONS™ 06 Max Ovrspd Test Lmt{RPM] = 4140.00 000 32000.00 4140.00
Dfit Control ID0 - Configure ASPD-LOAD-STAT OPTIONS™ 07 Use Self Powered Act? * False False
Dilt Contiol ID Canfigure A~GFDLOAD-STRT OPTIONS™ 08 MPU Ovenide % = 2000 1.00 100,00 2000
Dfit Control ID0 - Configure ASPO-LOAD-STRT OPTIONS™ 09 Self Pywd Time Dly (Sec) # B0.00 5.00 3000000 E0.00
Dit Control I Configurs A"GPDLOAD-STRT OPTIONS™ 10 Gear Fatio MPU1 =100 010 10.00 1.00
Dilt Contiol ID Canfigure A~GFDLOAD-STRT OPTIONS™ 11 Use Ciitioal Band? = False False
Dfit Control ID0 - Configure ASPO-LOAD-STAT OPTIONS® 12 Crit Shtdn Time Diy(sec] # 300.00 000 1200.00 300.00
Dilt Contiol ID - Canfigure AGFDLOAD-STRT OPTIONS™ 13 Use Manual Start ? = False False
Dilt Contiol ID Canfigure A~GFDLOAD-STRT OPTIONS™ 14 Use SemiAute Start 7 = False False
Dfit Control ID0 - Configure ASPD-LOAD-STAT OPTIONS™ 15 Use Automatic Start 2 ® Te Tiue
Dilt Contiol ID Canfigure A~GFDLOAD-STRT OPTIONS™ 16 Stan Mode = AUTOMATIC START MO
Dilt Contiol ID Canfigure A~SFDLOAD-STRT OPTIONS™ 17 Max different in Speed = 100.00 0.00 1000.00 100.00
Dfit Control ID0 - Configure ASPO-LOAD-STAT OPTIONS™ 18 Number of Gear Testh MPLIZ2 ® B0 16 500 E0
Dilt Contiol ID Canfigure A~SFDLOAD-STRT OPTIONS™ 19 Gear Ratio MFUZ = 100 010 10.00 1.00
< »

Woodward Line Number 1

Figure 3-11. Configure: A**SPD, LOAD, STRT OPTIONS** Menu
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Figure 3-12. Speed Relationships

01 RATED SETPOINT (RPM) dflt=3600.0 (0.0, 32000.0)
Set to the rated synchronous rpm of the turbine / generator. This value is used to set the 2301E speed
sensor hardware to software conversion.

02 ENTER RATED/MAX LOAD (KW) dflt=1000 (10, 30000)
This value sets the rated/maximum load of the generator.

03 GEN FREQ IS 50 HZ? dflt= FALSE(FALSE, TRUE)
This value sets the frequency of the generator. False equals 60 Hz., True equals 50 Hz. This value is
used for display purposes only.

04 MPU MIN SPD LEVEL (RPM) dfit= 250.0 (0.0, 2000)

Enter the minimum detectable speed level for the control. Below this level the MPU would be detected as
failed and a trip will be issued. The MPU input signal must be at least 1.0 Vrms at the minimum speed
level programmed.
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05 NUMBER OF GEAR TEETH MPU1 dflt=60 (16, 500)
Enter the number of teeth or holes of the gear that the magnetic pickup unit (MPU) is mounted to. This
value is used to determine the hertz-to-rpm relationship.

The maximum input frequency that can be measured by the speed
IMPORTANT sensing circuit is 25,000 Hz. Therefore, to allow for transient
conditions, the Number of Teeth times Rated RPM divided by 60

should be less than 19,000.

The number of gear teeth is used by the control to convert pulses
from the speed-sensing device to turbine rpm. To prevent possible
serious injury from an over speeding turbine, make sure the control
is properly programmed to convert the gear-tooth count into turbine
rpm. Improper conversion could cause turbine overspeed.

06 MAX OVERSPD TEST LMT (RPM) dflt=4140.0 (0.0, 32000)

Enter the maximum overspeed trip speed setting. This is the overspeed trip setpoint used to test the
mechanical overspeed shutdown device.

(Must be greater than or equal to the ELEC OVERSPEED TRIP SETPOINT).

07 USE SELF POWERED ACTUATOR? dfit=FALSE(FALSE, TRUE)

Set to true if the actuator gets its hydraulic power from the turbine. If this value is set TRUE, the shutdown
discrete output will still operate, but as the turbine slows down and reaches the MPU Override %, the
actuator will ramp open. If the MPU fails and a trip occurs, the SELF PWRED DELAY TIME (SEC) will be
used to ramp the valve open. If the turbine speed is decreased from an upstream valve such as the Trip
and Throttle Valve or a Control Valve, as the speed reaches the MPU Override % the magnetic pickup
failed signal will be overridden. The actuator will ramp open.

Using the SELF POWERED ACTUATOR option will disable the
internal shutdowns and on the event of a shutdown will cause the
actuator to ramp open. To prevent possible serious injury from an
overspeeding turbine, make sure the trip and throttle valve or control

valve will properly shut off steam to the turbine. Improper set-up
could cause turbine overspeed.

08 MPU OVERRIDE % dfit=20.0 (1.0, 100.0)

Enter the percent of actual speed that the magnetic pickup failed signal will be overridden, so that the
turbine can be controlled by an upstream valve. This option is used only with the USE SELF POWERED
ACTUATOR feature.

09 SELF PWRD TIME DLY (SEC) dflt=60.0 (5.0, 30000.0)
Enter the delay time in seconds that will open the actuator upon loss of the magnetic pickup. This option
is used only with the USE SELF POWERED ACTUATOR feature.

10 GEAR RATIO MPU1 dfit=1.0 (0.1, 10)

Enter the result of the (MPU gear speed) / (turbine shaft speed) speed ratio. This value is used to
determine the internal hertz-to-rpm relationship and is calculated by dividing the speed of the MPU gear
by the speed of the turbine shaft.

Using the wrong the gear teeth setting or the Speed Ratio Setting
could cause an overspeed condition, resulting in damage to

equipment, personal injury or death.
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11 USE CRITICAL BAND? dflt=FALSE (FALSE, TRUE)

Set to TRUE to use the critical speed avoidance logic. When the speed setpoint is within the band, the
speed setpoint cannot be stopped. This band is used to protect the turbine and driven device from speeds
that have inherently high vibration.

12 CRIT SHDN TIME DLY (SEC) dflt=300 (0.0, 1200)
When the speed is in the critical band for longer than the delay time a trip is initiated. The tunable 11 Use
Critical Band must be set to TRUE to activate this.

13 USE MANUAL START? dflt=FALSE (FALSE, TRUE)

Set to TRUE to enable manual start mode of operation. Using this feature will cause the actuator output
to ramp fully open. This allows the operator to manually control speed of the turbine until governor speed
is reached. Only select one of the three start modes.

14 USE SEMI-AUTO START? dflt=FALSE (FALSE, TRUE)

Set to TRUE to enable the semi-automatic mode of operation. Using this feature will allow the operator to
control the valve ramp using the discrete input raise and lower switches. Only select one of the three start
modes.

15 USE AUTOMATIC START? dfit=TRUE (FALSE, TRUE)
Set to TRUE to enable the automatic mode of operation. Using this feature will allow the operator to
automatically start the turbine. Only select one of the three start modes.

16 START MODE = Displays the current start mode of operation selected.
NO START MODE SELECTED

MANUAL START MODE

SEMI-AUTOMATIC START MODE

IN-CORRECT MODE SETUP

AUTOMATIC START MODE

17 MAX DIFFERENT IN SPEED dflt=100.0(0.0, 1000.0)
Defines an allowable difference error for signals MPU1 & MPU2.

18 NUMBER OF GEAR TEETH MPU2 dfit=60 (16, 500)
Enter the number of teeth or holes of the gear that the magnetic pickup unit (MPU) is mounted to. This
value is used to determine the hertz-to-rpm relationship.

The maximum input frequency that can be measured by the speed
IMPORTANT sensing circuit is 25,000 Hz. Therefore, to allow for transient
conditions, the Number of Teeth times Rated RPM divided by 60

should be less than 19,000.

The number of gear teeth is used by the control to convert pulses
from the speed-sensing device to turbine rom. To prevent possible
serious injury from an over speeding turbine, make sure the control
is properly programmed to convert the gear-tooth count into turbine
rpm. Improper conversion could cause turbine overspeed.
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19 GEAR RATIO MPU2 dfit=1.0 (0.1, 10)

Enter the result of the (MPU gear speed) / (turbine shaft speed) speed ratio. This value is used to
determine the internal hertz-to-rpm relationship and is calculated by dividing the speed of the MPU gear
by the speed of the turbine shaft.

Using the wrong the gear teeth setting, or the Speed Ratio Setting
could cause an overspeed condition, resulting in damage to

equipment, personal injury or death.

2301E-ST

CONFIGURE: B**DISCRETE IN OPTIONS**

'8 WinPanel [ Edit Disabled ]

(===

Confiqure: 45PDLOAD-STAT OPTIONS™  Configure: B*DISCRETE IN OFTIONS* l Confiqure: CDISCRETE OUT OPTIONS™ | Confiaure: D=ANALOG INPUT OPTIONS™ | Confiqure: E*ACTUATOR OUT OPTIONS™ | Servics: A= DI 4| *

- S0S@LOCAL_HOST Control | Category | Block Name | Field Name | [ vale | Units | De.. | Low | High | Initial
Dflt Control ID Dfit Control 1D Configure B**DISCRETE IM OPTIONS** 071 Configuration Eror ? False
Dflt Control 1D Configure BDISCRETE IN OPTIOMS™ 02 Sel DI F Function [1-5] w5 1 3 1
Dfit Contral 1D Configure B*DISCRETE IM OPTIONS** 032 Display O F Function DIHF Mot Used
Diflt Control 1D Configure BDISCRETE IMN OPTIONS (04 Sel DI G Function (1-6] 1 1 3 1
Dflt Control 1D Configure B=DISCRETE IM OFTIOMS™ 05 Display DI G Function DI#G Mot Used
Diflt Control 1D Configure E*DISCRETE IM OPTIOMS™ 08 Sel DI H Function (1-6] 1 1 3 1
Dt Contral ID - Configure B=DISCRETE IM OPTIOMS™ 07 Display D H Function DI#H Mot Used
Dt Control 1D Configure B**DISCRETE IN OPTIOMNS** 08 Enable R/L When LS? * False Falze
3

Figure 3-13. Configure: B**DISCRETE IN OPTIONS** Menu

01 CONFIGURATION ERROR? dflt=FALSE (FALSE, TRUE)
This value will show TRUE if you have selected two discrete inputs to perform the same function. This
value should never be true in normal operation.

02 SEL DI F FUNCTION (1-6) dfit=1 (1, 6)
Select one of the following parameters for Discrete Input F at terminal 39.

1=DI#F NOT USED

2=IDLE / RATED

3=52G (Gen Brkr) Isoch/Droop

4=0VERSPEED TEST

5= PROCESS CONTROL ENABLE

6=SECOND DYNAMICS

03 DISPLAY DI F FUNCTION displays the current Discrete Input F selected function.

04 SEL DI G FUNCTION (1-6) dfit=1 (1, 6)
Select one of the following parameters for Discrete Input G at terminal 40.
1=DI#G NOT USED

2=IDLE / RATED

3=52G (Gen Brkr) Isoch/Droop

4=0VERSPEED TEST 5= PROCESS CONTROL ENABLE

6=SECOND DYNAMICS

05 DISPLAY DI G FUNCTION displays the current Discrete Input G selected function.

06 SEL DI H FUNCTION (1-6) dfit=1 (1, 6)
Select one of the following parameters for Discrete Input H at terminal 41.

1= DI#H NOT USED

2=IDLE / RATED

3=52G (Gen Brkr) Isoch/Droop

4=0VERSPEED TEST 5= PROCESS CONTROL ENABLE

6=SECOND DYNAMICS
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07 DISPLAY DI H FUNCTION displays the current Discrete Input H selected function.

Each configurable discrete input option may be configured only
‘ IMPORTANT s H

08 ENABLE R/L WHEN LS dflt=FALSE (FALSE, TRUE)
Set to TRUE to use the Raise Speed/Load and Lower Speed/Load discrete inputs while in isochronous
load sharing. Typically, this is not used as the control will balance the loads automatically.

2301E-ST

CONFIGURE: C**DISCRETE OUT OPTIONS**

9 WinPanel [ Edit Disabled |

(E=E EE8 =)

Confiaure: A=5PD-LOAD-STRT OPTIONS™ | Corfiaue: B=DISCRETE IN OPTIONS™  Configue: C*DISCRETE OUT OPTIONS™ | Confiqure: D=ANALOG INPUT OPTIONS™ | Confiquie: E=ACTUATOR OUT OPTIONS™ | Service: 4 it | »

5 SOS@LOCAL_HOST Control [ categary

Block Mame

Field Narme

[T value

[ Urits[ De. [ Low

[ High

[ Initis!

- Dflt Control ID Dfit Control 1D Configurs
Dft Control ID Configurs
Dflt Control ID Configure
Dflt Control ID Configure
Dflt Contral 1D Configure
Dflt Contral ID Configure
Dft Contral 1D Configure
Dft Contral ID Configure
Dft Control ID Configurs
Dft Control ID Configurs
Dft Control ID Configurs

C*DISCRETE OUT OPTIONS™
C*DISCRETE OUT OPTIONS™
C=DISCRETE OUT OPTIONS
C=DISCRETE OUT OPTIONS
C=DISCRETE OUT OPTIONS
C=DISCRETE OUT OPTIONS
C=DISCRETE OUT OPTIONS™
C=DISCRETE OUT OPTIONS™
C*DISCRETE ODUT OPTIONS™
C*DISCRETE OUT OPTIONS™
C*DISCRETE OUT OPTIONS™

01 15 Trip Reelay NC?

02 15 Alarm Fislay NC?

03 Fielay 1 Energizes (112)
04 Fielay 1 Selected For

05 Ficlay 2 Energizes (112)
06 Fielay 2 Selected For

07 Rielay 3 Energizes (112)
08 Rielay 3 Selected For

09 Rielay 4 Erergizes (112)
10 Rielay 4 Selected For

11 Rreset Clears Trips?

* Tue
* Tre
=2
Shutdown
-3
Alam
Lok
Elec. Overspeed Trip Test
“
Speed PID in Contiol
* False

1
1
1
1

True
True

« »

Figure 3-14. Configure: C**DISCRETE OUT OPTIONS** Menu

The 2301E-ST has four discrete output driver channels. Terminals 44, 45, 46 and 47 are configurable and
can be programmed to perform one of several functions (listed below).

Any of the four relay drivers can also be programmed to function as a level switch. When programmed as
a level switch the relay will change state when the selected parameter reaches the programmed level
(energizes when value is higher the programmed level). Level Switch set up is in Menu “Q”.

01 1S TRIP RELAY NC? dfit=TRUE (FALSE, TRUE)
This option sets the logic of the Shutdown Relay. Set to TRUE if the Shutdown Relay output is normally
closed. Set to FALSE if the Shutdown Relay output is normally open.

02 IS ALARM RELAY NC? dfit=TRUE (FALSE, TRUE)
This option sets the logic of the Alarm Relay. Set to TRUE if the Alarm Relay output is normally closed.
Set to FALSE if the Alarm Relay output is normally open.

03 RELAY 1 ENERGIZES (1-12) dfit=2 (1, 12)
Select one of the following parameters for discrete output at terminals 44.
1=NOT USED

2=SHUTDOWN

3=ALARM

4=ELEC. OVERSPEED TRIP TEST

5=VALVE LIMITER IN CONTROL

6=SPEED PID IN CONTROL

7=MODBUS CONTROLLED RELAY #1

8=MODBUS CONTROLLED RELAY #2

9=MODBUS CONTROLLED RELAY #3

10=MODBUS CONTROLLED RELAY #4

11=LEVEL SWITCH

12=FORCE OUTPUT TEST

04 RELAY 1 SELECTED displays the relay function for terminal 44.
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05 RELAY 2 ENERGIZES (1-12) dfit=3 (1, 12)
Select one of the following parameters for discrete output at terminals 45.
1=NOT USED

2=SHUTDOWN

3=ALARM

4=ELEC. OVERSPEED TRIP TEST

5=VALVE LIMITER IN CONTROL

6=SPEED PID IN CONTROL

7=MODBUS CONTROLLED RELAY #1

8=MODBUS CONTROLLED RELAY #2

9=MODBUS CONTROLLED RELAY #3

10=MODBUS CONTROLLED RELAY #4

11=LEVEL SWITCH

12=FORCE OUTPUT TEST

06 RELAY 2 SELECTED displays the relay function for terminal 45.

07 RELAY 3 ENERGIZES (1-12) dfit=4 (1, 12)
Select one of the following parameters for discrete output at terminals 46.

1=NOT USED

2=SHUTDOWN

3=ALARM

4=ELEC. OVERSPEED TRIP TEST
5=VALVE LIMITER IN CONTROL
6=SPEED PID IN CONTROL
7=MODBUS CONTROLLED RELAY #1
8=MODBUS CONTROLLED RELAY #2
9=MODBUS CONTROLLED RELAY #3
10=MODBUS CONTROLLED RELAY #4
11=LEVEL SWITCH

12=FORCE OUTPUT TEST

08 RELAY 3 SELECTED displays the relay function for terminal 46.

09 RELAY 4 ENERGIZES (1-12) dfit=6 (1, 12)
Select one of the following parameters for discrete output at terminals 47.

1=NOT USED

2=SHUTDOWN

3=ALARM

4=ELEC. OVERSPEED TRIP TEST
5=VALVE LIMITER IN CONTROL
6=SPEED PID IN CONTROL
7=MODBUS CONTROLLED RELAY #1
8=MODBUS CONTROLLED RELAY #2
9=MODBUS CONTROLLED RELAY #3
10=MODBUS CONTROLLED RELAY #4
11=LEVEL SWITCH

12=FORCE OUTPUT TEST

10 RELAY 4 SELECTED displays the relay function for terminal 47.

11 RESET CLEARS TRIPS? dflt=FALSE (FALSE, TRUE)

If set TRUE, the Shutdown Relay will be reset when a Reset input or “C**SHUTDOWN** 12 Shutdown
Acknowledge” is given. If set FALSE, all shutdown conditions including the external Shutdown input must
be cleared before a Reset input will reset the Shutdown Relay.
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CONFIGURE: D**ANALOG INPUT OPTIONS
33 WinPanel [ Edit Disabled | =N o
Confiqure: C>DISCRETE OUT OPTIONS=  Configure: D=AMALOG INFUT OFTIONS= 1 Confique: E=CTUATOR OUT OPTIONS™ | Service: &+ DISPLAY ANALOG INFO ** | Service: B DISPLAY LOAD INFO * | Service: C* SHUTDOW 4L »
- SOS@LOCAL_ HOST Contol Category | Block Name Field Name [ [ Vale [ Urits| De_ ] Low | High [ Inital
- Dfit Control ID Dflt Contral ID° Configure D=ANALOG INPUT OPTIONS= 01 Configuration Erar ? False
Dflt Contral ID7 - Configure D=ANALOG INPUT OPTIONS= 02 5el &l #1 Function [1-5] L | 1 B 1
Dfit Control ID Configure: D*¥ANALOG INPUT OPTIDNS™ 03 Display A1 #1 Function INPUT #1 NOT USED
Dfit Control ID - Configure D*¥ANALOG INPUT OPTIDNS= 04 Sel &1 #1 Type [1-4] =1 1 4 1
Dft Control ID - Configure D=ANALOG INPUT OPTIONS™ 05 Display &1 #1 Type 420 [m&)
Dt Control ID - Configure D=aNaL0G INPUT OPTIONS® 06 Use Input #1 Fail Trip * False False
Dt Contral ID - Configure D=aNal0G INPUT OPTIONS™ 07 Sel &l #2 Function [1-6) I 3 ] 1
Dflt Control 1D Configure: D=aNALODG INPUT OPTIONS™ 08 Display Al #2 Function INPUT #2NOT USED
Dflt Control ID° - Configure: D=aNALOG INPUT OPTIONS™ 09 5el &l #2 Type (1-4) =1 1 4 1
Dflt Control 1D Configure: D=aNALOG INPUT OPTIONS™ 10 Display A1 #2 Type 4-20[ma)
Dflt Control ID° - Configure: D=aNALOG INPUT OPTIONS™ 11 Use Input #2 Fail Trip * False Fals

Figure 3-15. Configure: D**ANALOG INPUT OPTIONS** Menu

01 CONFIGURATION ERROR? dflt=FALSE (FALSE, TRUE)

Displays a TRUE if any of the two analog inputs are set the same. Not Used and Monitor Signal Input can

be set the same. Displays a FALSE if the analog input configuration is correct.

02 SEL Al #1 FUNCTION (1-6) dfit=1 (1, 6)
Select one of the following parameters for Analog Input #1 at terminal 19-21.
1=INPUT #1 NOT USED

2=REMOTE SPEED SETPOINT

3=MONITOR SIGNAL INPUT

4=SYNCHRONIZER BIAS SIGNAL

5=REMOTE PROCESS SETPOINT

6=PROCESS SIGNAL

03 DISPLAY Al #1 FUNCTION
Displays the function selected for Analog Input #1.

04 SEL Al #1 TYPE (1-4) dfit=1 (1, 4)
This value is used to set the Analog Input #1 type.

1=4-20(mA)

2=0-5()

3=+25 (V)

4=1-5(V)

05 DISPLAY Al #1 TYPE
Displays configured Analog Input #1 type.

06 USE INPUT #1 FAIL TRIP dflt=FALSE (FALSE, TRUE)
Set to TRUE to use the trip function that Analog Input #1 has failed.
Input Set For: Low Trip Point: High Trip Point:

4-20 mA 2.0mA 22.0 mA

0-5Vdc —-0.63 Vdc 5.63 Vdc

2.5 Vdc -3.13 Vdc +3.13 Vdc

1-5 Vdc 0.5Vdc 5.5Vdc

07 SEL Al #2 FUNCTION (1-6) dfit=1 (1, 6)

Select one of the following parameters for Analog Input #2 at terminal 22-23.
1=NOT USED

2=REMOTE SPEED SETPOINT

3=MONITOR SIGNAL INPUT

4=SYNCHRONIZER BIAS SIGNAL

5=REMOTE PROCESS SETPOINT

6=PROCESS SIGNAL

08 DISPLAY Al #2 FUNCTIONDisplays the function selected for Analog Input #2.
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09 SEL Al #2 TYPE (1-4) dfit=1 (1, 4)
This value is used to set the Analog Input #2 type.

1=4-20 (mA)

2=0-5(V)

3=12.5 (V)

4=1-5 (V)

10 DISPLAY Al #2 TYPE
Displays configured Analog Input #2 type.

11 USE INPUT #2 FAIL TRIP dflt=FALSE (FALSE, TRUE)
Set to TRUE to use the trip function that Analog Input #2 has failed.

Input Set For: Low Trip Point: High Trip Point:

4-20 mA 2.0 mA 22.0 mA

0-5 Vdc —0.63 Vdc 5.63 Vdc

2.5 Vdc -3.13 Vdc +3.13 Vdc

1-5Vdc 0.5 Vdc 5.5 Vdc

CONFIGURE: E**ACTUATOR OUT OPTIONS**

3 WinPanel [ Edit Disabled | o[
Confiqure: D*#NALOG IMPUT OPTIONS™=  Configure: E™ACTUATOR OUT OPTIONS™ I Service: A% DISPLAY ANALOG INFO “1 Service: B* DISPLAY LOAD INFO *’] Service: C™ SHUTDOWNS *’] Service: 0™ ALARMS "1 Service: | 11 ¥
=) SOS@LOCAL_HOST Control [ Category [ Block Mame [ Field Name [ [ walue [ units| De... | Low [ High [ Initial

Dflt Control ID DAt Control I Configure E*ACTUATOR OUT OPTIONS* 01 Actuator Out Type [1-4] 2 1 4 1
Dflt Contral I Configure E=-ACTUATOR OUT OPTIOMS™ 02 Display Actuatar Type 20- 200 )
Dl Contral I Configure E*sACTUATOR QUT OPTIOMS* 03 Irwvert Actuator Dutput? ® False Falze

Figure 3-16. Configure: E**ACTUATOR OUT OPTIONS** Menu

01 ACTUATOR OUT TYPE (1-4) dfit=1 (1, 4)
This value is used to set the actuator output type.

1 =20-200 (mA)

2 =0-200 (mA)

3 =4-20 (mA)

4 =0-20 (mA)

02 DISPLAY ACTUATOR TYPE displays the configured actuator output type.

03 INVERT DRIVER OUTPUT? dflt=FALSE (FALSE, TRUE)

Set to TRUE for reverse acting actuators and FALSE for forward acting actuators. Forward acting
actuators require increase current to increase speed/load. Reverse acting actuators require decrease
current to increase speed/load (reverse acting actuators should always incorporate a mechanical
ballhead backup governor).

Save and Reset 2301E-ST Control.

When the tuning or setting of parameters is complete, the values must be saved in the control’s non-

volatile memory. Go to the Tool Bar and click the # PROM icon for Save Values. The values will be
saved in non-volatile memory and will be unaffected by loss of power to the control.

Once the all configuration changes have been completed, click on the Watch Window program’s i
Reset icon to allow the control to store the configured parameters, return the outputs to their active state
and resume executing the application software.
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Service Menu Descriptions

OV File Edit Wiew Conkrol Sheet  Transfer License Ophions  indow

B BB E| R B | T

Caonfioure: D*ANALOG INPUT OFTIONS™  Configure: E*ACTL

- Dfit Control ID || contro
i CurrentAccessLevel
ToLocked Oiflt Co
Session Information Dt Co
System Parameters Dt Co
Configure: A¥*SPDLOAD-STRT OPTIONS = Diflt Co
Configure: E¥*DISCRETE IN OPTIONS ™= Dfft Co
Configure: C**DISCRETE OUT OPTIONS**
Configure: D**ANALOG INPUT OPTIONS™* Dt Co
Configure: E**ACTUATOR OUT OPTIONS™= Dflt Co
Service: A™* DISPLAY AMALOG INFO *= Dilt Ca
Service: B** DISPLAY LOAD INFOQ == Dt Ca
Service: ™ SHUTDOWNS ==
Service: D= ALARMS == — |DfitCa
Service: E** SPEED DYNAMICS *=* Dt Ca
Service: F** REMOTE SPEED CONTROL == Dilt Co
Service: G=*SPEED SETTING™* Dilt Ca
Service: H** PROCESS CONTROL ==
Service: I** OVERSPEED TEST *= Dt Co
Service: J**FAILED MPL OVERRIDE** Dilt Ca
Service: K** SYNCHRONIZER SETUP *=* Dilt Co
Service: L= VALVE LIMITER. SET *= Dilt Ca
Service: M** LOAD SENSR. AND DROQP *=
Service: N®* ACT LINEARIZATION == Dt Co
Service: O ACTUATOR CALIBRATION ==
Service: PFFANALOG IO SETTINGS **
Service: Q== DISCRETE OUT SETTINGS™*
Service: R** DISPLAY D_IjO STATUS™
Service: S¥*HARDWARE IN/QUTPUT TEST*
Service: T=5COMM PCRT (232)**
Service: U™ APPLICATION IMFO**
* Service: VFSCOMM PORT (MODBUS) ™™ LI 4 | I
Woodward
L} Lad
Figure 3-17. Watch Window Menu and Explorer (Service)
A** DISPLAY ANALOG INFO **

(3 WinPanel [ Edit Disabled ] ol B =]
Confiqure; E=ACTUATOR OUT OPTIONS®  Service: A DISPLAY ANALOG INFO ] Service: B* DISPLAY LOAD INFO ™| Service: T SHUTDOWNS * | Service: D™ ALARMS * | Sewicd |
B SOS@LOCAL_HOST Control | Category | Block Name | Field Name || value | Units

- Dftt Control ID Dflt Contral ID - Service A DISPLAY ANALOG INFO = 1 Speed Control Status = SHUTDOWN
Dflk Contral 1D Service A= DISPLAY ANALOG INFO = 02 Tuibine Speed [RPM] = 0.00
Dt Cantrol ID - Service A= DISPLAY ANALOG INFO == 03 Generatar Frequency [Hz] = 0.00
Diflt Cantral ID Service A= DISPLAY AMALOG INFO == 04 Speed Reference [RPM] = 10
Dt Cantral ID Service A DISPLAY AMALOG INFO == 05 Actuatar Signal (%] = 0.00
Dt Cantral ID Service A= DISPLAY ANALOG INFO == 0B Actuatar Current [ma] = 0.00
Dt Control ID Service A DISPLAY ANALOG INFO == 07 % abve Limiter [%] = 0.00
Dflt Contral ID - Service A DISPLAY ANALOG INFO = 08 Speed FID (%] = 1.59
Dt Control I Service A7 DISPLAY AMALOG INFO = 03 Critcal Speed Band? = Falze
Dt Contral ID Service A= DISPLAY AMALDG IMFO = 105peed Ref Bias (rpm] = 11.37
Dt Contral ID Service A== DISPLAY AMALDG IMFO = 11 Analog Input #1 = niz
Dflt Contral ID - Service A== DISPLAY AMALDG IMFO = 12 Analog Input #2 = 011
Dflk Contral ID Service A= DISPLAY ANALOG INFO = 13 Start Mode Selected AUTOMATIC START MODE
Dflk Contral 1D Service A= DISPLAY ANALOG INFO = T4 MPUT [RPM) 0.00
Dflt Contral ID - Service A== DISPLAY AMALDG INFO = 15 MPUZ [RPH) 0.00
4|

Figure 3-18. Service: A** DISPLAY ANALOG INFO ** Menu

This is a display group for general monitoring of the turbine.
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01 SPEED CONTROL STATUS displays the status of the speed control. Will display one of the following:
READY FOR RESET

READY TO START

VALVE LIMITER

SPEED PID RAMP

AT IDLE SPEED

AT MIN GOVERNOR SPEED
AT IDLE SPEED

AT RATED SPEED

AT MAX GOVERNOR SPEED
IN CRITICAL RAMP
SHUTDOWN

02 TURBINE SPEED (RPM) displays actual turbine speed in rpm.

03 GENERATOR FREQUENCY (HZ) displays the calculated generator frequency in hertz. This will
typically be a value from the following table:

Table 3-1. Calculated Generator Frequency Examples

Generator 60 Hz 50 Hz
Poles Generator Generator
2 3600 rpm 3000 rpm
4 1800 rpm 1500 rpm
6 1200 rpm 1000 rpm
8 900 rpm 750 rpm

If a rated speed other than the values listed here is entered, the calculated generator frequency shown
may not be correct.

04 SPEED REFERENCE (RPM) displays turbine speed setpoint in rpm.

05 ACTUATOR SIGNAL (%) displays actuator demand percentage (0-100%).

06 ACTUATOR CURRENT (mA) displays the current output to the actuator in milliamps.
07 VALVE LIMITER (%) displays the valve limiter demand percentage (0-100%).

08 SPEED PID (%) displays the speed PID output percentage (0-100%).

09 CRITICAL SPEED BAND? displays a TRUE or a FALSE denoting that the speed reference is in the
critical band.

10 SPEED REF BIAS (RPM) displays the total speed bias into the summing junction.
11 ANALOG INPUT #1 displays analog input #1 value.
12 ANALOG INPUT #2 displays analog input #2 value.

13 START MODE SELECTED displays the START MODE selected. Will display one of the following:
NO START MODE SELECTED

MANUAL START MODE

SEMI-AUTOMATIC START MODE

AUTOMATIC START MODE

IN-CORRECT MODE SETUP

Woodward 47



Released

Manual 26694 2301E-ST
B** DISPLAY LOAD INFO **

3 WinPanel [ Edit Disabled ] o= s
Service: &7 DISPLAY ANALOG INFO == Service: B DISPLAY LOAD INFO ] Service; 0 SHUTDOWNS ** | Service: D™ ALARMS * | Service: E* SPEED DYNAMICS = | Service: F* HEL'_’
Bl SOS@LOCAL_HOST Contral Category | Black Name | Field Name | [ value | Urits

[- Dfit Contral ID Dflt Contral ID - Service B+ DISPLAY LOAD INFO = 01 Load Contral Status = Kwi DROOP
Dkt Control I Service B DISPLAY LOAD IMFO = 02 Load Senzor Input (K] = 5
Dt Control I Service B DISPLAY LOAD IMFO == 03 Load Sensor [%] = 0.49
Dt Control I Service B DISPLAY LOAD IMFO = 04 Load Sharing Biaz [RPM)= 1.37
Dt Control I Service B DISPLAY LOAD IMFO == 05 Load Signal Out [do)= 0.03
Dt Control I Service B DISPLAY LOAD IMFO = 06 System Load 0-3 [Vdo) = 0oz
Dt Control I Service B DISPLAY LOAD IMFO = 07 Load Sharing Biaz [%] = o

4 3

Figure 3-19. Service: B** DISPLAY LOAD INFO ** Menu
This menu is used for general monitoring of the generator information.

01 LOAD CONTROL STATUS displays generator load control mode. Will display one of the following:
NO LOAD CONTROL

KwW DROOP

SPEED DROOP

ISOCHRONOUS

UNLOADING

LOADING

02 LOAD SENSOR INPUT (KW) displays generator load in kilowatt. This value is calculated as the
current (1) multiplied by the phase angle between the voltage (V) and the current (1), (cos theta).

03 LOAD SENSOR PERCENTAGE displays the generator load in percentage (0-100%).
04 LOAD SHARING BIAS (RPM) displays the speed bias, in rpm, from the load sharing input.

05 LOAD SIGNAL OUT (VDC) indicates the generator KW in units of load Gain voltage. The value will
vary from 0.0 to 6.0 Vdc as the generator load varies from 0 to rated KW.

06 SYSTEM LOAD 0-3 (Vdc) displays the system load on the load sharing line as a function of the load
sharing lines. 0 equals zero percent load, 3 equals 100 percent load.

07 LOAD SHARING BIAS displays the speed bias percentage (0-100%).
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*% *%
C** SHUTDOWNS
r - —— e y
i Control Assistant - WinPanel [ Full Edit Enabled ]] ~ PE— - | S|
&% File Edit View Control Sheet Transfer License Options Window Help =& ®
S| S BOBRS | TFOVWL US| D t s
Service: B DISPLAY LOAD INFO = | THOTE: Senvine D7 ALARMS = | Service: £+ SPEED DYMAMICS = | Serdner P REMOTE SPEED CONTROL = | Senvice: G314 | ¥
= SOS@LOCAL_HOST Control | Category | Block Mame | Field M ame | ‘ Walue | Uiz |
- Dflt Centrol ID Dflt Cortral ID - Service O SHUTDOWHNS = 01 Shutdown Status Tiue
Dilt Cortrol ID Service O SHUTDOWHS = 02 First Shutdown POWER UP SHUTDOWN
Dfit Cartral ID0 - Service C= SHUTDDWHS = 03 Power Up Shutdawn [1] Tiue
il Difit Cartral ID0 - Service C= SHUTDOWHS = 04 Overspeed (2] False
Dflt Cortral ID - Service O SHUTDOWHNS = 05 BOTH MPU Failt (3) False
i Difit Cartral ID0 - Service C= SHUTDOWHS = 0B Analog [nput #1 Fail [4] False
Diflt Control I Service C= SHUTDDWMS = 07 Analog Input #2 Fail 5] False
Difit Cartral ID0 - Service C= SHUTDOWHS = 02 Modbus 1zsued Trip (B] False
Diflt Control I Service C= SHUTDDWMS = 09 Test Mode [7] False
Difit Cartral ID0 - Service C= SHUTDOWHS = 10 Extemnal Shutdown [8] False
Diflt Control I Service C= SHUTDDWMS = 11 Stuck in Critical (9] False
Difit Cartral ID0 - Service C= SHUTDOWHS = 12 Shutdown Acknowledge ® False
4 3
Woodward Line Number |2
L =
59 WinPanel [ Edit Disabled ] =N =
Service: B DISPLAY LOAD INFO = Service: T SHUTDOWNS = ] Service: D ALARMS = | Servioe: E* GPEED DYNAMICS | Service: F** REMOTE SPEED COMTROL * | Service: Ge 4L ¥
O SOS@LOCAL_HOST Contral Categary | Black Mame Field Mame | | alue | Urits
- Dflt Control ID Dflt Control I Service O SHUTDOWNS = 01 Shutdown Status True
Dflt Contral 1D Service = SHUTDOWNS = 02 First Shutdown POWER UP SHUTDOWMN
Dfit Contiol ID - Service C* SHUTDOWNS = 03 Power Up Shutdown [1] True
Dl Contral ID Service C* SHUTDOWNS == 04 Overspeed [2) False
Dilk Contral ID Service C* SHUTDOWNS = 05 BOTH MPU Fait [3) False
Dflt Contiol ID - Service C* SHUTDOWNS == 06 Analog Input #1 Fail (4] Falze
Dl Contral I Service C* SHUTDIOWNS == 07 Analog Input #2 Fail (5] Falze
Dl Contral ID Service C* SHUTDOWNS == 08 Modbus |ssued Trip (8] False
Dflt Contiol I Service C SHUTDOWMNS = 09 Test Mode [7) Falze
Dflt Contiol ID - Service C= SHUTDOWNS == 10 External Shutdown [8) True
Dl Contral ID Service C* SHUTDOWNS == 11 Stuck in Critical (9] False
Dl Contral ID Service C* SHUTDOWNS == 12 Shutdown Acknowledge * False
4 3

Figure 3-20. Service: C** SHUTDOWN ** Menu
This menu displays the status of the shutdown modes.

01 SHUTDOWN STATUS displays the shutdown condition. If the control has shutdowns, it displays
TRUE. If no shutdowns exist, it displays FALSE.

02 FIRST SHUTDOWN displays the cause of the first shutdown. If the control has a shutdown condition,
this menu item indicates the first shutdown:

NO SHUTDOWN

POWER UP SHUTDOWN

OVERSPEED

BOTH MPU FAIL

ANALOG INPUT #1 FAIL (if configured as such)
ANALOG INPUT #2 FAIL (if configured as such)
MODBUS ISSUED TRIP

TEST MODE

EXTERNAL SHUTDOWN

STUCK IN CRITICAL BAND

03 POWER UP SHUTDOWN (1) displays the status of power up shutdown. Shutdown is detected when
the power supply to the 2301E-ST is turned off.

04 OVERSPEED (2) displays the status of overspeed trip. Shutdown is detected when the turbine
reaches an overspeed.

05 BOTH MPU FAIL (3) displays the status of both MPU fail. Shutdown is detected if both MPU fails.
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06 ANALOG INPUT #1 FAIL (4) displays the status of Analog Input #1 (if configured). A failed input is detected
when the analog #1 exceeds the following ranges:

Input Set For: Low Trip Point High Trip Point
4-20 mA 2.0 mA 22.0 mA

0-5 Vdc —0.63 Vdc 5.63 Vdc
+2.5Vdc -3.13 Vdc +3.13 Vdc

1-5 Vdc 0.5 Vdc 5.5Vdc

07 ANALOG INPUT #2 FAIL (5) displays the status of Analog Input #2 (if configured). A failed input is detected
when the analog #2 exceeds the following ranges:
Input Set For: <Low Trip Point >High Trip Point

4-20 mA 2.0 mA 22.0 mA
0-5 Vdc —-0.63 Vdc 5.63 Vdc
+2.5Vdc -3.13 Vdc +3.13 Vdc
1-5 Vdc 0.5 Vdc 5.5 Vdc

08 MODBUS ISSUED TRIP (6) displays the status of the Modbus Issued Trip (if configured). A trip is
detected when an input from the Modbus controller has issued a trip command.

09 TEST MODE (7) displays the status of Test Mode input. A trip is detected when the Actuator
Calibration or the Enable Hardware Test is enabled.

10 EXTERNAL SHUTDOWN (8) displays the status of SHUTDOWN / RUN DISCRETE input. A shutdown is
detected when the discrete input on terminal 34 is FALSE.

11 STUCK IN CRITICAL (9) displays the status of a shutdown caused by a stuck in critical band failure.
12 SHUTDOWN ACKNOWLEDGE dflt=FALSE (FALSE, TRUE)

When set to TRUE will reset the SHUTDOWN RELAY discrete output. (See also description of RESET
CLEARS TRIPS in the configure menu C**DISCRETE OUT OPTIONS**.

D** ALARMS **
3 WinPanel [ Edit Disabled ] =8 E=R
Service: 0 SHUTDOWNS = Service: D™ ALARMS = ] Service: E** SPEED DYNAMICS ** | Service: F** REMOTE SPEED CONTROL ** | Service: G*SPEED SETTING* | Service: H* PHQ'_’
B SOS@LOCAL_HOST Contral | Category Block Name Field Mame | [ value | Urits
- Dfit Control ID Dt Contral I Service D= ALARMS = 01 Alaim Status False
Dflt Control ID7 Service D ALARMS = 02 First &larm MO ALARMS
Dflt Control I Service D= ALARMS = 03 Analog Input #1 Fail [1] Falze
Dt Control I Service D= ALARMS = 04 Analog Input #2 Fail [2] Falzse
Dt Contral I Service D= ALARMS = 05 Load Sengor Fail (3] False
Dt Control I Service D= ALARMS = 06 Load Share Line Fail (4] Falze
Dflt Control I Service D= ALARMS = 07 MPUT Fail (5] False
Dt Control I Service D= ALARMS = 03 MPUZ Fail (8] Falze
Dflt Control I Service D= ALARMS = 09 M DIFF MPU [7) Falze
Dt Contral I Service D= ALARMS = 10 Alam Acknowledge * False
] b

Figure 3-21. Service: D** ALARM ** Menu
This menu displays the status of the alarm modes.

01 ALARM STATUS gives the existing alarm conditions. If control has alarms, it displays TRUE. If no
alarms exist, it displays FALSE.
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02 FIRST ALARM displays the cause of the first alarm. If the control has an alarm condition, this menu
item indicates the first alarm:

NO ALARMS

ANALOG INPUT #1 FAIL

ANALOG INPUT #2 FAIL

LOAD SENSOR FAIL

LOAD SHARING LINE FAIL

MPU1 FAIL

MPU2 FAIL

MAX DIFF MPU

03 ANALOG INPUT #1 FAIL (1) displays the status of Analog Input #1 (if configured). A failed input is
detected when the analog #1 exceeds the following ranges:

Input Set For: Low Trip Point High Trip Point
4-20 mA 2.0 mA 22.0 mA
0-5Vdc —0.63 Vdc 5.63 Vdc

2.5 Vdc -3.13 Vdc +3.13 Vdc

1-5 Vdc 0.5 Vdc 5.5 Vdc

04 ANALOG INPUT #2 FAIL (2) displays the status of Analog Input #2 (if configured). A failed input is
detected when the analog #2 exceeds the following ranges:

Input Set For: Low Trip Point High Trip Point
4-20 mA 2.0 mA 22.0 mA

0-5 Vdc —-0.63 Vdc 5.63 Vdc

+2.5 Vdc -3.13 Vdc +3.13 Vdc

1-5 Vdc 0.5 Vvdc 5.5 Vdc

05 LOAD SENSOR FAIL (3) displays the status of load sensor inputs (if configured). A failed input is
detected when the CT input goes less then —150 mA.

06 LOAD SHARE LINE FAIL (4) displays the status of load sharing input. A failed input is detected when
the input goes less then —0.05 VDC.

07 MPU1 FAIL (5)
Displays the status of MPU1 fail. Alarm is detected if MPU fail.

08 MPU2 FAIL (6)
Display the status of MPU2 fail. Alarm is detected if MPU fail.

09 MAX DIFF MPU (7)
Alarm is detected if speed indication between MPU1 and MPU2 exceed, Max different in Speed from
A**SPD-LOAD-STRT OPTIONS**

10 ALARM ACKNOWLEDGE dflt=FALSE (FALSE, TRUE)
By setting this input to TRUE momentarily, the ALARM discrete output will be reset to a normal state.
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E** SPEED DYNAMICS **

59 WinPanel [ Edit Disabled ] [f=|l-=- ]
Service: D™ ALARMS =  Service: £~ SFEED DYNAMICS = 1 Service: F** REMOTE SPEED CONTROL = | Service: G=GPEED SETTING | Service: H= PROCESS CONTROL | Service: I OVERSPEED TEST = | Service: J*FAILED MpAl
5 SOS®LOCAL_HOST Control [ Category [ Block Mame [ Field ame [ [ Value [ nits [ De... | Low [ High | Initiat

.. Dflt Control ID Diit Contral ID Service E**SPEED DYMAMICS ** 071 Off Line Prop Gain * 500 om 100.00 500
Dilt Control ID Service E=* SPEED DYMAMICS = 02 Off Line Int Gain * 180 om 50.00 180
Dilt Control ID Service E=* SPEED DYMAMICS = 03 Off Line Deriv Ratio * 2000 om 100.00 20.00
Dilt Control I Service E=* SPEED DYMAMICS == (04 Dff Line Window Width * 6000 1.00 200,00 60.00
Dilt Control ID Service E** SPEED DYMAMICS 05 Off Line Gain Ratio * 1.0 1.00 10.00 1.00
Difit Contiol ID Service E** SPEED DYMAMICS == 06 Use On Line Dynamics? * False False
Difit Contiol ID - Service E** SPEED DYMAMICS == 07 On Line Prop Gain * B.00 0m 100,00 500
Diit Contral ID Service E** SPEED DYMAMICS ** 08 Or Line Int Gain * 180 om 50.00 1.80
Dilt Contral ID Service E=* SPEED DYMAMICS = 09 On Line Deriv Ratio * 2000 om 100.00 20.00
Dilt Control ID Service E=* SPEED DYMAMICS = 10 On Line Window Width * B000 1.00 200.00 60.00
Dilt Control ID Service E=* SPEED DYMAMICS == 11 On Line Gain Ratio * 1.0 1.00 10.00 1.00
Dilt Contral ID - Service E= SPEED DYMAMICS == 12 Using On Line Dynamics? False
Dilt Contral ID Service E® SPEED DYMAMICS = 13 Uze Load Rejection? * False False
Diit Control ID Service E** SPEED DYMAMICS = 14 Ld Rej Spd Chg [RPM/SEC) ® E0O0 60.00 280,00 50.00
Dilt Contral ID Service E** SPEED DYMAMICS ** 15 Ld Rej Percent Speed (%) * 10200 100.00 105.00 10200
Diit Control ID Service E** SPEED DYMAMICS ** 1E Ld Rej Intergral gain * .00 oo 20.00 1.00
1] 3

Figure 3-22. Service: E** SPEED DYNAMICS ** Menu

This menu gives the operator the ability to tune the dynamic adjustments. Dynamic adjustments are
settings that affect the stability and transient performance of the turbine. There are two sets of dynamics
provided. The 52G GENERATOR BREAKER contact input selects the Dynamics being used for control.

If the “Select Modbus Speed PID” is set to TRUE from Modbus, Dynamics switching from Modbus will
take priority over the operation of the dynamics switching. By setting the “Select Speed PID Dynamic
Settings #1” to TRUE momentarily from Modbus, OFF LINE Dynamic Settings are used in the control.
Otherwise, by setting the “Select Speed PID Dynamic Settings #2” to TRUE momentarily from Modbus,
ON LINE Dynamic Settings are used in the control.

01 OFF LINE PROP GAIN dflt=5.0 (0.01, 100.0)
Determines how fast the control responds to an error in turbine speed from the speed-reference setting.
The Proportional Gain is used to provide stable control of the turbine in an unloaded condition.

02 OFF LINE INT GAIN dflt=1.8 (0.01, 50.0)

Compensates for the lag time of the turbine. It adjusts the time required for the control to return the speed
to zero error after a disturbance. The Integral Gain is adjusted to prevent slow hunting and to minimize
speed overshoot after a load disturbance in an unloaded condition.

03 OFF LINE DERIV RATIO dfit=20.0 (0.01, 100.0)
Compensates for the actuator system time constant. Increasing the value makes the actuator transient
performance increase in an unloaded condition.

04 OFF LINE WINDOW WIDTH 1 (RPM) dfit=60.0 (1.00, 200.0)

The magnitude (in rpm) of speed error at which the control automatically switches to fast response. The
control uses the absolute value of speed error to make this switch. The absolute value is the difference
between the speed reference and the speed. A Window Width too narrow will result in cycling that always
factors in the Gain Ratio (see Figure 3-23).

05 OFF LINE GAIN RATIO dflt=1.0 (1.00, 10.0)

The ratio of the Gain setting at steady state to the Gain setting during transient conditions. The Gain Ratio
operates in conjunction with the Window Width and Gain adjustments by multiplying the Gain set point by
the Gain Ratio when the speed error is greater than the Window Width. This makes the control dynamics
fast enough to minimize engine-speed overshoot on start-up and to reduce the magnitude of speed error
when loads are changing. This allows a lower gain at steady state for better stability and reduced steady-
state actuator linkage movement (see Figure 3-23).
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DUAL GAIN DYNAMICS
SPEED CONTROL

CONTROL
GAIN
i
HIGH GAIN REGION ~a——— — HIGH GAIN REGION
GAIN X GAIN RATIO
— l«—— + WINDOW WIDTH
— WINDOW WIDTH — ——= r-—
—~— CAIN
LOW GAIN| REGION

0.0
SPEED ERROR (RPM) 851-003

97-08-22

Figure 3-23. Control Gain as a Function of Speed Error
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RESULTS — GAIN AND RESET ADJUSTMENTS

START
LOAD

LOAD
ON

RINGING

Gain is too high and reset too low. There are secondary
SPEED :
overshoots on transients and large overshoots on starts.

A

—

SPEED Gain is slightly high and reset is slightly too low. Optimum
performance on load transients with slight overshoot on starts.

VJLWR_

Gain is slightly too low and reset is slightly high.
Optimum performance on start with slight time
extension of load transients.

e,
v

SPEED Gain is too low and reset is too high.
Takes a long time to settle to rated speed.

IDEAL LOAD STEP RESPONSE

LOAD LOAD
OFF OFF
SPEED U“"Fk" ﬁ\
LOAD LOAD LOAD
ON ON ON

RESULTS — COMPENSATION ADJUSTMENT

NOTE:  Increased actuator line width
indicating a more active
linkage as compensation

ACTUATOR is increased.

VOLTAGE

V COMPENSATION COMPENSATION COMPENSATION
0.1 SEC 0.2 SEC 0.4 SEC

S Do DRSS b WY o NS

Use compensation to achieve most stable engine speed.
851-004c
97-12-19 skw

Figure 3-24 Typical Transient Response Curves

06 USE ON LINE DYNAMICS? dflt=FALSE (FALSE, TRUE)
Set to TRUE when selecting the ON LINE dynamics feature when the 52G GENERATOR BREAKER
contact input is closed.
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07 ON LINE PROP GAIN dflt=5.0 (0.01, 100.0)
Determines how fast the control responds to an error in turbine speed from the speed-reference setting.
The Proportional Gain is used to provide stable control of the turbine in a loaded condition.

08 ON LINE INT GAIN dflt=1.8 (0.01, 50.0)

Compensates for the lag time of the turbine. It adjusts the time required for the control to return the speed
to zero error after a disturbance. The Integral Gain is adjusted to prevent slow hunting and to minimize
speed overshoot after a load disturbance in a loaded condition.

09 ON LINE DERIV RATIO dflt=20.0 (0.01, 100.0)
Compensates for the actuator system time constant. Increasing the value makes the actuator transient
performance increase in a loaded condition.

10 ON LINE WINDOW WIDTH 1 (RPM) dfit=60.0 (1.00, 200.0)

The magnitude (in rpm) of speed error at which the control automatically switches to fast response. The
control uses the absolute value of speed error to make this switch. The absolute value is the difference
between the speed reference and the speed. A Window Width too narrow will result in cycling that always
factors in the Gain Ratio (see Figure 3-23).

11 ON LINE GAIN RATIO dflt=1.0 (1.00, 10.0)

The ratio of the Gain setting at steady state to the Gain setting during transient conditions. The Gain Ratio
operates in conjunction with the Window Width and Gain adjustments by multiplying the Gain set point by
the Gain Ratio when the speed error is greater than the Window Width. This makes the control dynamics
fast enough to minimize engine-speed overshoot on start-up and to reduce the magnitude of speed error
when loads are changing. This allows a lower gain at steady state for better stability and reduced steady-
state actuator linkage movement (see Figure 3-23).

12 USING ON LINE DYNAMICS?
Displays TRUE when ON LINE Dynamic Settings are being used in the control. Displays FALSE when the
OFF LINE dynamics are being used in the control.

13 USE LOAD REJECTION? dflt=FALSE (FALSE, TRUE)

Load Rejection is used when the possibility of large load transients could trip the turbine out on
overspeed. For example, when a generator breaker opens, while load is on the turbine. This logic, when
set to True, will sample the fuel demand setting at the time the breaker is closed, will limit the Maximum
PID output to this value, and will pulse the Integral Gain value of the PID, if the speed changes faster then
the values listed: LD REJ SPD CHG, and LD REJ PERCENT SPEED).

14 LD REJ SPD CHG (RPM/SEC) dflt=50.0 (50.0, 250.0)
This value when exceeded, and the USE LOAD REJECTION? Value is true, and the LD REJ PERCENT
SPEED (%) is exceeded, will enable the load rejection logic.

15 LD REJ PERCENT SPEED (%) dfit=102.0 (100.00, 105.0)
This value of the rated speed when exceeded, and the USE LOAD REJECTION? Value is true, and the
LD REJ SPD CHG (RPM/SEC) is exceeded, will enable the load rejection logic.
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F* REMOTE SPEED CONTROL **

(i Control Assistant - [WinPanel [ Full Edit Enabled ]] N G=RE T X
@3 File Edit View Control Sheet Transfer License Options Window Help NEE
Eadd $BE CERA-NIESN i B & e Rt [ =R ]

Service: E* SPEED DYNAMICS = Service: F** REMOTE SPEED CONTROL ™ | Senvice: G*SPEED SETTING™ | Service: H= PROCESS CONTROL = | Service: | IVERSPEED TEST ** | Service: J*FAILED MPU OVERRIDE™ | Service: k» 41+
= 50SBLOCAL_HOST Control | cateqon [ Black Mame | Field Mame [ [ vake [ units | De... [ Low High [ Initial
Ditt Control ID Dfit Control ID Service F*REMOTE SPEED CONTROL ™ 01 Remote Contiol Mode ANALOG INPUT REMOTE
Dilt Contiol ID - Service: F=REMOTE SPEED CONTROL = 02 Rmt/Proc Sk RateAPM/5) = 500 0.00 1000.00 5.00
Dilt Control D Service: F~REMOTE SPEED CONTROL = 03 Rmt Stpt Dieadband (RFM) < 200 000 100.00 200
Dilt Contiol ID Service F*REMOTE SPEED CONTROL ™ 04 Rmt Stpt Fst RatelRPM/S) 1000 000 100000 1000
Dilt Contiol ID~ Service F=REMOTE SPEED CONTROL ™ 05 Rmt 2nd Deadband (RPM) +10.00 0.0 100.00 10.00
Dl Contral ID Service F=REMOTE SPEED CONTROL = 08 Speed Reference (RPM) /A
Dilt Contiol ID -~ Service F=REMOTE SPEED CONTROL = 07 Fimt Speed Setpt [FiPM) 37295
I
q v
| Woodward Line Number |1

33 WinPanel [ Edit Disabled ] = ]
Service: E SPEED DYMAMICS = Service: P REMOTE SPEED CONTROL = | Service: GSPEED SETTING™ | Service: H= PROCESS CONTROL ™ | Service: I DVERSPEED TEST ** | Service: J*FAILED MPU DVERRIDE™ | Service: 4|+

B SOS@LOCAL_HOST Control [ Category [ Block Name | Field Name [ [value [ nits| De.. | Low [ High [ Initial

Dfft Control 1D Dt Control I Service F* REMOTE SPEED CONTROL * 01 Remote Contral Mads HOT IN REMOTE CONTROL
DIl Contrel 1D Service F* REMOTE SPEED CONTROL = 02 Rmt/Proc Shw RatelRPM/S) = 500 0.00 1000.00 500
DIkt Contrel 1D Service F* REMOTE SPEED COMTROL® 02 Rmt Stpt Deadband [RPM) = 200 000 100.00 200
DIkt Control ID~ Service F*REMOTE SPEED CONTROL ™ 04 Rt Stpt Fst RatelRPM/S) = 1000 000 1000.00 1000
Dilt Control I~ Service F=REMOTE SPEED COMTROL = 05 Rimt 2nd Deadband (RFM) = 1000 0.00 100.00 10.00
Dilt Control I~ Service F~REMOTE SPEED COMTROL = 06 Speed Reference [RPM) 10
Dt Contrel I Servics F* REMOTE SPEED CONTROL = 07 Rmt Speed Setpt (RPM) 0.00
4 [ (3

Figure 3-25. Service: F** REMOTE SPEED CONTROL** Menu

THIS MENU IS USED FOR THE REMOTE SPEED CONTROL LOGIC. The operation of two kinds of
remote speed setting is possible for the control. One is the control by the analog input. Another is the
control from Modbus. These two cannot be performed simultaneously. Priority is given to an analog input
over Modbus input.

01 REMOTE CONTROL MODE displays the status of remote control speed operation. Will display one of
the following:

NOT IN REMOTE CONTROL

MODBUS REMOTE

ANALOG INPUT REMOTE

02 RMT/PROC SLW RATE (RPM/S) dfit=5.0 (0.0, 1000.0)
Enter the speed remote / process control rate (rpm/second). This is the rate of speed change for remote

or process operation if using an analog input or a Modbus Entered Speed Setpoint to set the Speed/Load
Setpoint.

03 RMT SETPT DEADBAND (RPM) dflt=2.0 (0.0, 100.0)
Enter the dead band of remote speed setpoint operation. When the difference between the control’s

speed setpoint and the remote speed setpoint is equal to or less than the dead band window size, the
control will not take any action.

04 RMT STPT FST RATE (RPM/S) dfit=10.0 (0.0, 1000.0)
Enter the speed setpoint remote control rate (rpm/second). This is the rate of speed change for remote
operation if using an analog input or a Modbus Entered Speed Setpoint to set the Speed/Load Setpoint.

05 RMT 2ND DEADBAND (RPM) dfit=10.0 (0.0, 100.0)
Enter the second dead band for the remote speed setpoint operation. When the difference between the

control’s speed setpoint and the remote speed setpoint is equal to or greater than the dead band window
size, the control will change at the RMT STPT FST RATE.

06 SPEED REFERENCE (RPM) displays the speed setpoint in rpm.

07 REMOTE SPEED SETPT (RPM) displays the remote speed setpoint in rpm.
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G** SPEED SETTING **
{33 WinPanel [ Edit Disabled | o o)==
Service: F** REMOTE SPEED CONTROL = Servioe: GSPEED SETTING™ | Service: H** PROCESS CONTROL = | Service: 1= OVERSPEED TEST = | Service: J=FAILED MPU OYERRIDE*" | Service: k> SYNCHRONIZER SETUP *< et | *
E-SOS@LOCAL_HOST Contral Category | Block Name | Field Name [ [ vake [ units| De.. [ Low [ High [ nital
Dfit Control ID Dfit Contral D Service G=SPEED SETTING™ 07 Idie Spd Setpoint [RFM) = 100000 000 3200000 100000
Dfit Conrol I~ Service G=SPEED SETTING™ 02 Idie to lated (RPM/SEC) = 2500 0,00 OO0 2500
Dfit Control I Service G=SPEED SETTING™ 03 Rated ta Idle (RPM/SEC) = 2500 0,00 200000 2500
DfitCanval D Service GwSPEED SETTING™ 04 Min Gov Setpoirt [APM) - 300 0.0n 00000 355000
DfitCantral D Serviee GSPEED SETTING™ 05 Max Gov Setpaint (RPM] * 384300 0.0 00000 IMIM
Dfit Conrol ID Service GSFEED SETTING™ 05 Lower Slow Rale [RPM/S] * 1000 000 1000.00 1000
DfitControl D~ Service G=SFEED SETTING™ 07 Lower Fast Riate [RPM/S) = 2500 000 1000.00 2500
Dfit Conrol ID~ Service G=SPEED SETTING™ 08 Raise Slow Flats (APM/5) = 1000 0,00 1000.00 1000
Dfit Conrol I~ Service G=SPEED SETTING™ 05 Raise Fast Rate (APM/S) = 2500 0,00 1000.00 2500
DfitCanwal D Service GwSPEED SETTING™ 10R /L Time Delay (Sec] = Em 050 30.00 500
DfitCantral D Service G@SPEED SETTING™ 11 Critical Low Paint [RPM) * 250000 0.oo 00000 250000
Dfit Control D Service GSPEED SETTING™ 12 Ciical Hi Foint [RPM) * 300000 000 00000 300000
DfitControl D Service GTSFEED SETTING™ 13 Ciical Fiate (RPM/SEC) = 10000 000 00000 100.00
Dfit Conrol I Service G=SPEED SETTING™ 14 Use Set Point SetBack? * False False

Figure 3-26. Service: G** SPEED SETTING ** Menu

ZERO IDLE RATED OVERSPEED
SPEED SPEED TEST
LIMIT
CRITICAL
SPEED

BAND ELECTRICAL

OVERSPEED

OPERATING TRIP LEVEL

RANGE
MINIMUM MAXIMUM
GOVERNOR GOVERNOR

Figure 3-27. Speed Relationships
This menu is used for setting up the speed set points of the turbine.

01 IDLE SPD SETPOINT (RPM) dflt=1000 (0.0, 32000)
Enter the idle speed setting. This is the speed setting when using the optional IDLE / RATED discrete
input.

02 IDLE TO RATED (RPM/SEC) dflt=25.0 (0.0, 32000)
Enter the idle to rated rate (rpm/second). This is the rate at which the speed setpoint moves to the Rated
speed setpoint when using the optional Idle / Rated discrete input.

03 RATED TO IDLE (RPM/SEC) dflt=25.0 (0.0, 32000)
Enter the rated to idle rate (rpm/second). This is the rate the speed setpoint moves to the Idle speed
setpoint when using the optional Idle / Rated discrete input.

04 MIN GOV SETPOINT (RPM) dfit=3550.0 (0.0, 32000)
Enter the minimum governor speed setting. This is the normal operation lower limit. (Must be greater then
or equal to the IDLE SPEED SETPOINT and less than or equal to the RATED SPEED SETPOINT).

05 MAX GOV SETPOINT (RPM) dflt=3843.0 (0.0, 32000)

Enter the maximum speed setting. This is the normal operation upper limit. (Must be greater than or equal
to the RATED SPEED SETPOINT and less than or equal to the ELECTRICAL OVERSPEED TRIP
SETPOINT).

06 LOWER SLOW RATE (RPM/S) dflt=10.0 (0.0, 1000)

Enter the lower speed slow rate (rpm/second). This is the rate the speed setpoint moves when using the
LOWER SPEED / LOAD discrete input until the Raise / Lower Time Delay has expired. At this time the
Lower Fast Rate takes over.

07 LOWER FAST RATE (RPM/S) dfit=25.0 (0.0, 1000)
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Enter the lower speed rate (rpm/second). This is the rate the speed setpoint moves when using the
LOWER SPEED / LOAD discrete input after the Raise / Lower Time Delay has expired.
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08 RAISE SLOW RATE (RPM/S) dflt=10.0 (0.0, 1000)

Enter the raise speed rate (rpm/second). This is the rate the speed setpoint moves when using the RAISE
SPEED / LOAD discrete input until the Raise / Lower Time Delay has expired. At this time the Raise Fast
Rate takes over.

09 RAISE FAST RATE (RPM/S) dflt=25.0 (0.0, 1000)
Enter the raise speed rate (rpm/second). This is the rate the speed setpoint moves when using the RAISE
SPEED / LOAD discrete input.

10 R/L TIME DELAY (SEC) dflt=5.0 (0.5, 30.0)
Enter the time in seconds that the Raise or Lower Slow Rates has control of the speed setpoint. After this
time has expired, the Raise or Lower Fast Rate has control of the speed setpoint.

11 CRITICAL LOW POINT (RPM) dflt=2500.0 (0.0, 32000)
Enter the lower limit of the critical speed avoidance band.
(Must be less than the CRITICAL HI POINT and greater than IDLE SPEED SETPOINT)

12 CRITICAL HI POINT (RPM) dflt=3000.0 (0.0, 32000)
Enter the upper limit of the critical speed avoidance band.
(Must be greater than the CRITICAL LOW POINT must be less than the MIN GOV SETPOINT).

13 CRITICAL RATE (RPM/SEC) dflt=100.0 (0.0, 32000)
Enter the rate that the speed setpoint will move through the critical speed avoidance range (in
rpm/second).

14 USE SET POINT SET-BACK? dflt=FALSE (FALSE, TRUE)

Set this value to TRUE to use the SET POINT SET-BACK feature. This feature will instantly reset the
speed setpoint to the actual running speed of the turbine when the RAISE SPEED / LOAD or LOWER
SPEED / LOAD discrete inputs are switched. During a ramp, this input can be used to stop the ramp from
changing the speed set point. Set this value to FALSE to disable this feature.

(This feature must be left FALSE when using this control for generator applications)!

H** PROCESS CONTROL **

3 WinPanel [ Edit Disabled | =R
Service: G**SPEED SETTING™  Service: H™ PROCESS CONTROL ™ ] Service: I OVERSPEED TEST *’] Service: J*FAILED MPL DVEHFHDE"I Service: K** SYNCHROMIZER SETUP “1 Service: L*VALVE LIMITER SET ”I Service: Ivl‘_’
B 505@LOCAL_HOST Cantral [ categon [ Block Name [ Field Name [ [ vale [ Units| De... ] Low [ High [ Initial

Dflit Control ID Dfit Contral 1D Service H* PROCESS CONTROL * 01 Process Control Enabled False
Dft Contral 1D Service H* PROCESS CONTROL * 02 Use Process Control 7 ® Fake False
Dflt Control 1D Service H** PROCESS COMTROL ** 03 Inwert Process 7 * False False
Dflt Control 1D Service H**PROCESS COMTROL = 04 Min Proc Setpt [Units) = 000 -32000.00 32000.00 0.00
Dilt Contral ID - Service H PROCESS COMTROL 05 Max Proc Setpt (Urits) = 000 -32000.00 32000.00 0.00
Dflt Contral ID Service H* PROCESS COMTROL ™ 06 Proc Setpt RtUnts /Sec] * 500 0. 1000.00 5.00
Dt Contral ID - Service H* PROCESS COMTROL = 07 Use Setpaint Tracking? ® Fale Fal:e
Dfit Contral ID - Service H** PROCESS COMTROL ** 02 Setpt Init Value [Urits] ®o000 320000 3200000 0.00
Dflt Control 1D Service H** PROCESS COMTROL ** 09 5pd Setpt Low Lt [RPH] * 0o ooo 32000.00 0.00
Dflt Control 1D Service H*PROCESS COMTROL = 10 5pd Setpt High Lmt (RPM) = 000 ooo 32000.00 0.00
Dflt Control 1D Service H=*PROCESS COMTROL = 11 Process PID Prop Gain =100 ooo 100,00 1.00
Dt Contral ID - Service H*PROCESS COMTROL = 12 Pracess PID Integ Gain = 030 0.0m 50.00 0.30
Dt Contral D Service H+*PROCESS CONTROL = 13 Process Derivative Ratio * 100,00 0.m 100,00 100.00
Dfit Contral 1D Service H* PROCESS CONTROL * 14 Process Cntrl Deadband = 0m 0o 5.00 om
Dfit Contral I Service H#** PROCESS COMTROL = 15 Use Remote Proc Setting? * False Falze
Dflt Control 1D Service H** PROCESS COMTROL ** 16 Remote Proc Max Rate * hO0 am 1000.00 5.00
Dflt Control 1D Service H**PROCESS COMTROL = 17 Analog Input #1 = o1
Dt Contral ID Service H=PROCESS COMTROL = 18 Analog Input #2 = 1IN0}
Dt Contral ID - Service H*PROCESS COMTROL ** 19 Pracess Setpoint [Urits) oo
Dt Contral ID - Service H* PROCESS COMTROL = 20 Pracess Actual (Units) noa
] r

Figure 3-28. Service: H** PROCESS CONTROL ** Menu
THIS MENU IS USED FOR THE PROCESS CONTROL OF THE TURBINE.
01 PROCESS CONTROL ENABLED

Displays the state of the process control. TRUE means the Process Control is enabled, FALSE means it
is disabled.
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02 USE PROCESS CONTROL? dfit=FALSE(FALSE, TRUE)

The Process control can be configured to control any system process, related to or affected by turbine
speed or load. Typically, this controller is configured and used as a turbine inlet or exhaust pressure
controller. When this value is set TRUE, the Process PID can move the speed setpoint at a variable rate
up to the REMOTE PROC MAX RATE setting. If the USE PROCESS CONTROL is FALSE, the inputs will
have no effect on the control.

03 INVERT PROCESS? dflt= FALSE(FALSE, TRUE)

Select TRUE if the process control will be reverse acting. If FALSE is selected, the control will be forward
acting. Typically, this will be set to FALSE, the only time the input would be inverted is if the valve needs

to open when the input exceeds the setpoint. An example where the invert would be TRUE is for turbine

inlet pressure control.

04 MIN PROC SETPT (UNITS) dflt=0.0 (-32000.0, 32000.0)

This value is the minimum setpoint value that the process setpoint can be decreased/lowered to (lower
limit of process setpoint). This value should set to the same value as the INPUT#X MIN VALUE (UNITS)
under the Configure menu D**ANALOG INPUT OPTIONS**.

05 MAX PROC SETPT (UNITS) dfit=0.0 (-32000.0, 32000.0)

This value is the maximum setpoint value that the process setpoint can be increased/raised to (upper limit
of process setpoint). This value should set to the same value as the INPUT#X MAX VALUE (UNITS)
under the Configure menu D**ANALOG INPUT OPTIONS**.

(Must be greater than the ‘Min Proc Setpt’ Setting)

06 PROC SETPT RT (UNITS/SEC) dflt=5.00 (0.01, 1000.00)
This value is the rate (in units per second) at which process setpoint moves when adjusted.

07 USE SETPOINT TRACKING? dflt= FALSE(FALSE, TRUE)
If TRUE, the process setpoint tracks the process input to provide bumpless transfer to process control
when it is enabled. If FALSE, the process setpoint remains at the last position except on power-up.

08 SETPT INIT VALUE (UNITS) dfit=0.0 (-32000.0, 32000.0)

When not using the Setpoint Tracking function, this is the value that the process setpoint initializes to
upon power-up.

(Must be less than or equal to the ‘Max Process Setpt’ Setting)

09 SPD SETPT LOW LMT (RPM) dflt=0.0 (0.0, 32000.0)

Set the minimum speed setpoint that the process controller can lower the speed setpoint to. To protect
the unit, this value should be at or above rated speed if the unit is a generator. (Must be greater than or
equal to the ‘Minimum Governor Speed Setpt’ Setting)

10 SPD SETPT HIGH LMT (RPM) dfit=0.0 (0.0, 32000.0)
Set the maximum speed setpoint that process controller can raise the speed setpoint to.
(Must be less than or equal to the ‘Maximum Governor Speed Setpt’ Setting)

11 PROCESS PID PROP GAIN dflt=1.0 (0.0, 100)
Enter the process PID proportional gain value. This value is used to set process control response.

12 PROCESS PID INTEG GAIN dflt=0.3 (0.001, 50.0)
Enter the process PID integral gain value. This value is used to set process control response.

13 PROCESS DERIVATIVE RATIO dfit=100.0 (0.01, 100.0)
Enter the process PID derivative ratio value. This value is used to set process control response.

14 PROCESS CNTRL DEADBAND dflt=0.01 (0.01, 5.0)
Enter the process control deadband value. This value is used to set the deadband the process control will
respond to.
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15 USE REMOTE PROC SETTING? dflt= FALSE(FALSE, TRUE)
Set to TRUE to allow the Process setpoint to be adjusted from an analog input.
(Must program a ‘Remote Process Setpoint’ analog input.)

16 REMOTE PROC MAX RATE dfit=5.0 (0.01, 1000.0)
Enter the maximum rate at which the remote input will move the process setpoint.

17 ANALOG INPUT #1
Displays the input of analog input #1.

18 ANALOG INPUT #2
Displays the input of analog input #2.

19 PROCESS SETPOINT (UNITS)
Displays the process setpoint in engineering units.

20 PROCESS ACTUAL (UNITS)
Displays the process control variable in engineering units.

I OVERSPEED TEST **

9 WinPanel [ Edit Disabled | ===
Service: H= FROCESS CONTROL = Service: I OVERSPEED TEST = | Service, J*FAILED MPU OVERRIDE™ | Service: K** SYNCHRONIZER SETUF = | Service: L WALVE LIMITER SET = | Service: M LOAD SENSF AND DROOP =+ | »
B SOS@LOCAL_HOST Contial [ Categor [ Block Hame [ Field Mame [ [vae [ Units| De... | Low [ High [ Iritial

Dflt Control ID Dfft Control ID Service = OVERSPEED TEST 01 Civerspeed Test Status Overspeed Trip Test In-active
Dfft Control ID Service = OVERSPEED TEST 02 Oiverspeed Test Enable * False False

It Contrl 1D Service

fl
Dl = OVERSPEED TEST 03 Elec Dwrspeed Trip Setpt * 403200 0.00 32000.00 4032.00
Dflt Contral ID - Service
Df
Df

= OVERSPEED TEST == 04 Elec Overspd Trip Test False
= OWERSPEED TEST == 08 Turbine Speed [RPM) a
= OVERSPEED TEST = 0E Speed Ref [RPM)] 10

It Control ID - Service
It Control ID - Service

Figure 3-29. Service: I"* OVERSPEED TEST ** Menu
01 OVERSPEED TEST STATUS displays the state of the overspeed test function.

02 OVERSPEED TEST ENABLE dflt=FALSE (FALSE, TRUE)

Set the overspeed test discrete input TRUE when this optional test is performed. An overspeed test is
allowed only under the condition that the remote speed setpoint function is disabled, load rejection
function is disabled and the 52G generator breaker is open. An overspeed test will allow the control’s
speed setpoint to be increased above the normal maximum limit. When the actual speed reaches the
ELEC OVRSPEED TRIP SETPT, the ELECT OVERSPD TRIP TEST will switch from FALSE to TRUE.
When this input is FALSE, the control will detect an over speed and will issue a trip. After overspeed
testing ends, manually lower the turbine speed below the ELEC OVRSPD TRIP SETPT or else the
turbine will trip. When testing is done, return the input to FALSE.

03 ELEC OVRSPEED TRIP SETPT dflt=4032.0 (0.0, 32000)
Enter the electrical overspeed trip speed setting in rpm. This is the controls electrical overspeed trip
setpoint only and should not be used as the ultimate overspeed protection.

(Must be greater than or equal to the MAX GOVERNOR SETPOINT and less than the Configure: A** 06
Max Ovrspd Test Lmt (RPM)).

04 ELEC OVERSPD TRIP TEST displays the status of the electrical overspeed trip set point latch. When
testing the overspeed function, this value will go true when the actual speed reaches the ELEC
OVRSPEED TRIP SETPT.

05 TURBINE SPEED (RPM) displays actual turbine speed in rpm.

06 SPEED REF (RPM) displays turbine speed setpoint in rpm.
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J** FAILED MPU OVERRIDE **

3 WinPanel [ Edit Disabled ] =N EoR =<
Service: ™ OVERSPEED TEST = Service: J*FAILED MPL OVERRIDE™ | Senvice: K»* SYNCHRONIZER SETUP * | Service: L™ WALVE LIMITER SET ** | Service: M™ LOAD SENSR AND DROOP = | Service: = ACT LINEARIZATION = 4| ¥
- SOS@LOCAL_HOST Coniral [ Category [ Block Name [ Field Name [ [vahe [ Units] De.. | Low [ High [ Iritial

Dftt Control ID Dilt Contral D~ Service J*FAILED MPU OVERRIDE* 0 Auto-Owid Off Speed = 450.00 0.00 2000.00 450.00
Dilt Contral D Service J*FAILED MPU OVERRIDE* 02 Auto-Ovid On Speed * E50.00 0.00 2000.00 £50.00
Dilt Contrel 1D Service JFAILED MPU OVERRIDE* 03 Auto-Owid On Delay (Sec] = 500 0.00 100.00 500
Dilt Contrel 1D Servics JFAILED MPU OVERRIDE* 04 Use MPU Dvrd Timer? * Fakse Falss
Dilt Contrel 1D~ Servics J=FAILED MPU OVERRIDE™ 05 Use Fiolldown Ouvrd? = Fake False
Dl Contral D Gervics J*FAILED MPU OVERRIDE™ 06 Max Starting Time (SEC) = 60.00 0.00 3000.00 60.00
« v

Figure 3-30. Service: J** FAILED MPU OVERRIDE** Menu
THIS MENU IS USED FOR SETTING THE MPU OVERRIDE LOGIC.

01 AUTO-OVRD OFF SPEED dflt=450.0 (0.0, 2000.0)

This is the setpoint at which the auto MPU override goes off. Once the MPU speed is greater than this
value, the MPU override will go off. If the speed drops below the MPU MIN SPD LEVEL (RPM) (see
Configure Menu — A**SPEED AND STRT OPTIONS**) after the override goes off, the turbine will trip on
loss of speed.

02 AUTO-OVRD ON SPEED dfit=650.0 (0.0, 2000.0)
This is the setpoint where the rolldown override will start if Use Rolldown Override is set to TRUE. When
the speed drops below this low-speed setting for the delay time, the override is turned on.

03 AUTO-OVRD ON DELAY (SEC) dfit=5.00 (0.0, 100.0)

This is the delay time before the MPU override goes TRUE. It is used with the Rolldown Override option -
the delay time associated with turning on the override. If the speed drops below the Minimum Speed
Level setting before the time expires, the unit will trip on loss of MPU signal and reset the speed set-point
to minimum.

04 USE MPU OVRD TIMER? dflt=FALSE (FALSE, TRUE)
If the override timer is to be used, this should be set to TRUE. This option will limit the amount of time
allowed to get to minimum speed (set in Configure mode).

05 USE ROLLDOWN OVERRIDE? dflit=FALSE (FALSE, TRUE)

Set this to TRUE to enable the rolldown MPU override. This option turns on the Failed MPU Override if
the speed is being slowly reduced by closing the Trip-and-Throttle valve or stop valve — this override is
turned on after the speed drops below the AUTO-OVRD ON SPEED setting for the AUTO-OVRD ON
DELAY time.

06 MAX STARTING TIME dfit=60.0 (0.0, 3000.0)

Maximum time required to start; if this time expires the MPU will no longer be overridden. If the turbine
has not reached the MPU MIN SPD LEVEL before this time expires, the turbine will trip on loss of speed
K** SYNCHRONIZER SETUP **

&9 WinPanel [ Edit Disabled ] E’E@

Sewice: JFAILED MPU OVERRIDE™  Service: K= SYNCHRONIZER SETUP ™ | Gervice: L VALVE LIMITER SET = | Service: M LOAD SENSR AND DROOF ™= | Service: N ACT LINEARIZATION = | Service: 0= ACTUATOR caLre | b
- SOS@LOCAL_HOST Control | Category | Block Name | Field Name | [ alue | Units| De._ | Low | High | Initial
- Dfit Control 1D Dt Control ID Service K= SYNCHROMIZER SETUP = 01 Enable Sync Input False
Dilt Contrel I~ Service K= SYNCHROMIZER SETUP = 02 Syne Input Soale (%) = 07 0.10 5.00 070
Dilt Contral I Service K= SYMCHROMIZER SETUP = 03 Sync Bias Speed (RPM) 11.37
Dt Contral ID - Service K= SYNCHROMIZER SETUP = 04 Turbine Speed (RPM) a
Difit Contral ID - Service K= SYNCHROMIZER SETUP = 05 Speed Aeference [APM) 10
« v

Figure 3-31. Service: K** SYNCHRONIZER SETUP** Menu
THIS MENU IS USED TO SETUP THE SYNCHRONIZER LOGIC.

01 ENBL SYNC INPUT displays whether the sync input is being used. If it is TRUE, the SYNC INPUT
can be used. This should be activated in menu: Configure D** ANALOG INPUT OPTIONS
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02 SYNC INPUT SCALE (%/V) dfit=0.7 (0.1, 5.0)
Should be set to the Analog Input sync input scale.

03 SYNC BIAS SPD (RPM) displays the value of sync bias speed.
04 TURBINE SPEED (RPM) displays actual turbine rpm.
05 SPD REF (RPM) displays turbine speed setpoint rpm.

L* VALVE LIMITER SET **

&9 WinPanel [ Edit Disabled | (=N e
Sewvice: K SYNCHRONIZER SETUP == Service: L™ VALVE LIMITER SET = I Service: WM™ LOAD SENSR AND DROOP “I Service: N** ACT LINEARIZATION “I Service: 07 ACTUATOR CALIBRATION “1 Service: P=ANALOG /D SET 41 *
= SOS®LOCAL_HOST Cantral Category [ Block Mame [ Field Mame [ [ vale [ Units | De... | Low | High [ Initial

Dflt Control ID Dfit Contral ID - Service L*WaLVE LIMITER SET ** 01 Enable Manual Cntil Ramp * False False
Dflt Control 1D Service L= WALVE LIMITER SET ** 02 Manual Ramp Status "MANUAL RAMP OFF "
Dflt Control 1D Service L= WALVE LIMITER SET == 03 Manual Cnitd Ramp Setpnt = 100.00 0.00 100,00 100,00
Dt Contral ID - Service L=WALVE LIMITER SET = 04 Display Actuator % 0.00
Dt Contral ID - Service Le=4alWE LIMITER SET = 05 Actual Valve Ramp % 0.00
Dflt Control ID Service L= WALVE LIMITER SET = 0E Man Start Rate [%/Sec) o0 0.00 100.00 10,00
Dflt Control 1D Service L** WALVE LIMITER SET ** 07 Auta Start Rate (%/sec) * 200 0.00 100.00 2.00
Dflt Control 1D Service L= WALVE LIMITER SET == 08 Manfuto PID Ramp Rate = 2000 1.00 1000.00 20.00
3

Figure 3-32. Service: L* VALVE LIMITER SET ** Menu
THIS MENU IS USED TO SET UP THE VALVE LIMITER CONTROL.

01 ENABLE MANUAL CNTRL RAMP dfit=FALSE (FALSE,TRUE)

Set this value to TRUE to manually control the valve ramp. MANUAL CNTRL RAMP SETPNT is used
manually lower the ramp. This value is low signal selected (LSS) with the turbine speed control. If
manually lowered below the speed control PID value, the valve ramp will take control.

02 MANUAL RAMP STATUS displays the status of the MANUAL CONTROL RAMP.
03 MANUAL CNTRL RAMP SETPNT dfit=100.0 (0.0, 100.0)

Set this value to manually control the valve ramp. This value is low signal selected (LSS) with the turbine
speed control.

- If manually lowered below the speed control PID value, the valve
A = J | ramp will take control. This could cause serious consequences,
overspeed, or shutdown.

04 DISPLAY ACTUATOR % displays the actual actuator output percentage.
05 ACTUAL VALVE RAMP % displays the actual valve ramp output percentage.

06 MAN START RATE (%/SEC) dflt=10.0 (0.0, 100.0)
If configured for MANUAL START, this value sets the valve ramp start rate in percent per second.

07 AUTO START RATE (%/SEC) dflt=2 (0.0, 100.0)
If configured for a SEMI-AUTOMATIC START, this value sets the valve ramp start rate in percent per
second.

08 MAN/AUTO PID RAMP RATE dflt=20.0 (1.0, 100.0)
If configured for a MANUAL START OR AUTOMATIC START MODE, this value sets the PID ramp that
sets the PID controller out of the way. This value is set in percent per second.
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M** LOAD SENSOR AND DROOP **
{8 WinPanel [ Edit Disabled ] E‘@

Service: K SYNCHRONIZER SETUP ** | Service: L™ YALYE LIMITER SET = Service: M= LOAD SEMSR AND DROOP = 1 Service: N** ACT LINEARIZATION = | Service: 0= ACTUATOR CALIBRATION = | Service: PANALOG 120 SET" 41

E- S0S@LOCAL_HOST Control [ Categoy [ Block Name | Field Name [ [ Value [ Units [ De. | Law | High [ Initial
Dfit Control ID Dflt Control ID - Service M= LOAD SEMSR AND DROOP = 01 Use Load Sensor? * False False

Dl Contral ID - Service M= LOAD SEMSR AND DROOP ™= 02 Use Act Pos Draop? “ False False
Dt Contral ID Service b= LOAD SEMSR AND DROOP ** 03 Droop Percentage (%] = 500 oo 12.00 5.00
Dflt Control ID - Service M LOAD SENSR AND DROOP ** D4 &ct % @ Mo Ld [POS DRP) 2000 0.oo 100,00 20000
Dflt Control 1D Service MW* LOAD SEMSR AND DROOP ™ 06 Act % @ Full LA[POS DRP) 80,00 0oo 100.00 80.00
Dflt Control 1D Service M= LOAD SEMSR AND DROOP = 06 Enter Rated Load [Kiw)] 1000 10 30000 1000
Dilt Contral ID - Service M= LOAD SEMSR AND DROOP ™ 07 Load Gain Yoltage £.00 010 a.00 6.00
Dflt Contral ID - Service = LOAD SEMSR AND DROOP = 08 KM Calibration Zero 0.00 -20.00 20,00 0.00
Dfit Contral 1D Service M= LOAD SENSR AND DROOP ** 09 KW Calibration Gain 1000 5.00 40.00 10.00
Dflt Control ID - Service MW* LOAD SEMSR AND DROOP ** 10 Load Time [KWw/Sec) 2000 1.00 600,00 20000
Dflt Control 1D Service M= LOAD SEMSR AND DROOP = 11 Enable Fast Load Rate False False
Dilt Contral ID - Service = LOAD SEMSR AND DROOP ** 12 Fast Load Time [KW/Sec] £0.00 1.00 600.00 60.00
Dilt Contral ID Service = LOAD SEMSR AND DROOP ** 13 Fast Ramp Load (%] q0.00 1.00 110,00 60.00
Dflt Control ID Service M LOAD SEMSR AND DROOP ** 14 Load Share Gain 020 om 10,00 0.20
Dflt Control 1D Service M* LOAD SEMSR AND DROOP ** 16 Unload Time (KW /Sec) 2000 1.00 B00.00 2000
Dflt Control 1D Service M= LOAD SEMSR AND DROOP ™ 16 Gen Output K] 5
Dilt Contral ID - Service M= LOAD SEMSR AND DROOP ** 17 Load Signal Out (YDC) 0.02
] b

Figure 3-33. Service: M** LOAD SENSOR AND DROOP ** Menu
THIS MENU IS USED TO SET UP THE GENERATOR LOAD CONTROL PARAMETERS.

01 USE LOAD SENSOR? dflt=FALSE (FALSE, TRUE)
Set to TRUE to use the built in generator load sensor for generator applications or FALSE when using
control for pump, blower, or compressor applications.

02 USE ACT POS DROOP? dflt=FALSE (FALSE, TRUE)

Set to TRUE to use internal LSS demand/actuator position to calculate a droop percentage. When this
setting is TRUE, actuator position feedback is used as the controlling parameter for stability when the unit
is on-line. Droop percentage is set up in Service Menu “M” below. Actuator position levels in Service
Menu “M”, below, must be set properly when this value is set to TRUE. If these values are not set
properly, the droop percentage will be off. When this setting is FALSE, Actuator Position Droop will not be
used. Note: Do not set this value to True if applying the Potential Transformer and Current
Transformer inputs to calculate the true KW load value.

03 DROOP PERCENTAGE (%) dflt=5.0 (0.00, 12.0)
This value is the percentage of rated speed the speed reference will droop when the generator load is
increased to maximum load. This value is used for KW Droop and Actuator Position Droop.

04 ACT % @ NO LD (POS DRP) dflt=20.0 (0.0, 100.0)

This value is the percentage of actuator output used to calibrate the actuator position droop feedback at
no load. If actuator position feedback droop is used, this value must match the actuator output position at
no load.

05 ACT % @ FULL LD (POS DRP) dflt=80.0 (0.0, 100.0)

This value is the percentage of actuator output used to calibrate the actuator position droop feedback at
full load. If actuator position feedback droop is used, this value must match the actuator output position at
full load.

06 ENTER RATED LOAD (KW) dflt = 1000 (10, 30000)
This value should be set to the generator full load (100%) in kW.

07 LOAD GAIN VOLTAGE dflt=6.00 (0.1, 9.0)

Enter the load gain desired at 100% load. The software will use the Rated KW value above and this Load
Gain voltage value to scale the analog output to the load sharing circuitry to perform load sharing with
other controls in the system. A value of 6.0 is usually sufficient to allow load sharing with other units
utilizing 0-3 Vdc analog load sharing lines. This value must be common with all other controls connected
to the common Load Sharing Signal lines.

08 KW CALIBRATION ZERO dflt=0.00 (-20.00, 20.00)
Adjust until the KW reading is zero when the generator output is zero.
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09 KW CALIBRATION GAIN dfit=10.0 (5.0, 40.0)
Adjust until the KW reading for the load sensor output matches the external instrumentation readings.

10 LOAD TIME (KW/SEC) dflt=20.0 (1.0, 600.0)
Set this value for loading rate. This sets the rate at which the Load Ramp will increase for soft loading.

11 ENABLE FAST LOAD RATE dflt=FALSE (FALSE, TRUE)
Set to TRUE if the function to activate a faster loading ramp rate than the LOAD TIME entered above
when the system load level is high.

12 FAST LOAD TIME (KW/SEC) dflt=60.0 (1.0, 600.0)
Enter the loading rate at which the load will increase when the system load is above the percentage
entered for the FAST RAMP LOAD (%).

13 FAST RAMP LOAD (%) dflt=80.0 (1.0, 110.0)

When the system load, as measured through the load sharing lines, is determined to be above this
percentage the soft load ramp rate will switch to a faster rate to allow this oncoming unit to pick up it
share of the load faster.

14 Load Share Gain dflt=0.20 (0.01, 10.0)
Sets the load sharing gain too-high will result in unstable load sharing
between the units.

15 UNLOAD TIME (KW/SEC) dflt=20.0 (1.0, 600.0)
Set this value for loading rate. This sets the rate at which the Load Ramp will increase for soft loading.

16 GEN OUTPUT (KW) is the output of the generator sensed load and should match external
instrumentation

17 LOAD SIGNAL OUT (VDC) converts the generator kW into the load Gain voltage value.

N** ACT LINEARIZATION **

<9 WinPanel [ Edit Disabled | =N R
Service: M LOAD SENSR AND DROOP **  Service: N~ ACT LINEARIZATION ** | Service: 0 ACTUATOR CALIBRATION ™| Service: PP4NALDG 1/0 SETTINGS™ | Service: 0 DISCRETE OUT SETTINGS™ | Service: A= DISPLAY D 14|
B- SOS@LOCAL_HOST Contral [ Category [ Block Name [ Field Name [ [vaue [ Units[ De... [ Low [ High [ Iniial

G1- Dfit Control ID Dft Continl 1D Service N ACT LINEARIZATION = 011 Yalue: = om 10.00 110.00 00
Dfit Conal 1D Servi N~ ACT LINEARIZATION 02%:2Vale - 1000 10,00 10.00 1000
Dt Cantral 1D~ N= ACT LINEARIZATION 037-2Vale = 1000 000 110.00 1000
Dt Cantral 1D S N ACT LINEARIZATION = 04 X3 Value * 2000 10.00 110.00 000
Dft Control 1D 5 N ACT LINEARIZATION = 05 -3 Value = 2000 10.00 110.00 2000
Dfit Control 1D 5 N ACT LINEARIZATION ** 084 Value * 3000 10,00 11000 000
Dt Cantral 1D N ACT LINEARIZATION = 07 -4 Value * 3000 1000 110.00 000
Dt Control 1D S N ACT LINEARIZATION 0835 Value = 4000 10,00 110.00 4000
Dft Control 1D 5 N ACT LINEARIZATION = 085 Value = 4000 10.00 10.00 4000
Dfit Control 1D 5 N ACT LINEARIZATION ** 108 Vale * 5000 10,00 11000 5000
Dt Cantral 1D N ACT LINEARIZATION = 116 Value * 5000 000 110.00 s0.00
Dft Control 1D S N ACT LINEARIZATION = 1257 Vale = B000 10,00 110.00 000
Dft Control 1D S N~ ACT LINEARIZATION 137 Value * E0OD 10.00 10.00 E0.00
Dfit Control 1D 5 ™ ACT LINEARIZATION ** 148 Vale * 7000 1000 11000 7000
Dt Cantral 1D S N ACT LINEARIZATION = 158 Value * 7000 10,00 110.00 7000
Dt Control 1D S N ACT LINEARIZATION 169 Value = 8000 10.00 110.00 000
Dft Control 1D 5 N~ ACT LINEARIZATION = 17 Y-8 Value - ano0 10.00 10.00 000
Dfit Contral 1D 5 ™ ACT LINEARIZATION ** 1810 Vale * 9000 1000 11000 5000
Dt Cantral 1D N ACT LINEARIZATION = 1910 Value * G000 10.00 110.00 s0.00
Dft Control 1D S N ACT LINEARIZATION = 20411 Value = 10000 10,00 110.00 100.00
Dfit Conal 1D 5 N~ ACT LINEARIZATION = 10000 10,00 110.00 100.00
Dt Control I3 e N ACT LINEARIZATION 00
Dft Cantral 1D Senvi N ACT LINEARIZATION = 00

Figure 3-34. Service: N** ACT LINEARIZATION ** Menu
THIS MENU IS USED TO LINEARIZE THE ACTUATOR / VALVE.

01 Y-1 VALUE dfit=0.0 (-10.0,110.0)
Output point #1 of actuator linearization curve, in percentage.

02 X-2 VALUE dfit=10.0 (-10.0,110.0)
Input point #2 of actuator linearization curve, in percentage.
(Must be less than the ‘X-3 Value’)
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03 Y-2 VALUE dflt=10.0 (-10.0,110.0)
Output point #2 of actuator linearization curve, in percentage.

04 X-3 VALUE dflt=20.0 (-10.0,110.0)
Input point #3 of actuator linearization curve, in percentage.

(Must be less than the ‘X-4 Value’)

05 Y-3 VALUE dfit=20.0 (-10.0,110.0)
Output point #3 of actuator linearization curve, in percentage.

06 X-4 VALUE dfit=30.0 (-10.0,110.0)
Input point #4 of actuator linearization curve, in percentage.

(Must be less than the X-5 Value’)

07 Y-4 VALUE dflt=30.0 (-10.0,110.0)
Output point #4 of actuator linearization curve, in percentage.

08 X-5 VALUE dfit=40.0 (-10.0,110.0)
Input point #5 of actuator linearization curve, in percentage.

(Must be less than the X-6 Value’)

09 Y-5 VALUE dfit=40.0 (-10.0,110.0)
Output point #5 of actuator linearization curve, in percentage.

10 X-6 VALUE dflt=50.0 (-10.0,110.0)
Input point #6 of actuator linearization curve, in percentage.

(Must be less than the ‘X-7 Value’)

11Y-6 VALUE dflt=50.0 (-10.0,110.0)
Output point #6 of actuator linearization curve, in percentage.

12 X-7 VALUE dfit=60.0 (-10.0,110.0)
Input point #7 of actuator linearization curve, in percentage.

(Must be less than the “X-8 Value’)

13 Y-7 VALUE dflt=60.0 (-10.0,110.0)
Output point #7 of actuator linearization curve, in percentage.

14 X-8 VALUE dflt=70.0 (-10.0,110.0)
Input point #8 of actuator linearization curve, in percentage.

(Must be less than the X-9 Value’)

15Y-8 VALUE dfit=70.0 (-10.0,110.0)
Output point #8 of actuator linearization curve, in percentage.

16 X-9 VALUE dfit=80.0 (-10.0,110.0)
Input point #9 of actuator linearization curve, in percentage.

(Must be less than the X-10 Value’)

17 Y-9 VALUE dflt=80.0 (-10.0,110.0)
Output point #9 of actuator linearization curve, in percentage.

18 X-10 VALUE dfit=90.0 (-10.0,110.0)
Input point #10 of actuator linearization curve, in percentage.

(Must be less than the X-11 Value’)

19 Y-10 VALUE dfit=90.0 (-10.0,110.0)
Output point #10 of actuator linearization curve, in percentage.
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20 X-11 VALUE dflt=100.0 (-10.0,110.0)
Input point #11 of actuator linearization curve, in percentage.

21Y-11 VALUE dflt=100.0 (-10.0,110.0)
Output point #11 of actuator linearization curve, in percentage.

22 ACTUATOR DEMAND (%) displays the actuator demand before the linearization curve, in
percentage.

23 ACTUATOR OUT (MA) displays the actuator demand after the linearization curve, in milliamps.
O** ACTUATOR CALIBRATION **

9 WinPanel [ Edit Disabled | [E=8 BoR =

Service: M™ LOAD SEMSR AND DROOP ** | Service: N* ACT LINEARIZATION = Service: 0% ACTUATOR CALIBRATION ** | Gervice: P=AMALORG 140 SETTINGS™ | Serviee: 0 DISCRETE OUT SETTINGS™ | Service: R DISPLAY D ElE
- SOS@LOCAL_ HOST Control [ Category [ Block Name [ Field Mame [ Tvalue [ Urits[ De..| Low [ High [ Iniial
Dflt Control ID Diit Control ID Service 0= ACTUATOR CALIBRATION = 01 Calibration Enable * False False
DAt Contral [0 Service 0% ACTUATOR CALIBRATION * 02 Calibration Status "'Calibrate Mot Enabled™
Dfit Control D Service 0% ACTUATOR CALIBRATION * 03 Dummy Drive Signal (%) =0 0 100 il
Dilt Contiol D Service 0 ACTUATOR CALIBRATION = 04 Driver Dffset < 000 -100.00 100.00 000
Dilt Control 1D Serviee 0+ ACTUATOR CALIBRATION = 05 Driver Gain = 100 0.00 10,00 1.00
Dilt Contrel 1D Service 0+ ACTUATOR CALIBRATION = 06 Actuator Dither (ma) + 000 0.00 10,00 000
Dt Control ID - Service 0 ACTUATOR CALIBRATION = 07 Actuator Out [ma)] 0.oo
13

Figure 3-35. Service: O** ACTUATOR CALIBRATION ** Menu

Before initial operation or after a turbine overhaul where any actuator or valve travel may have been
affected, the below Valve Calibration procedure will allow the 2301E-ST to be calibrated to the valve.

01 CALIBRATION ENABLE dflt=FALSE (FALSE, TRUE)
Set to TRUE to calibrate the actuator or valve. Will not be enabled unless Shutdown is active, and speed
is zero. If calibration is completed, it should be set to FALSE.

02 CALIBRATION STATUS
Displays the status of the CALIBRATION ENABLE input.

03 DUMMY DRIVE SIGNAL (%) dflt=0 (0,100)
Set the valve’s output percentage between 0-100%. This allows both the actuator and valve to be tested
for binding, play, resolution, linearity, and repeatability.

04 DRIVER OFFSET dfit=0.0 (-100.0,100.0)
Adjust the valve’s output current for a minimum stop.

05 DRIVER GAIN dflt=1.0 (0.0,10.0)
Adjust the valve’s output current for a maximum stop.

06 ACTUATOR DITHER (MA) dfit=0.0 (0.0, 10.0)
Enter the dither, in milliamps. Enter 0.0 if no dither is required. Woodward TM-type actuators typically
require dither.

07 ACTUATOR OUT (MA) displays the actuator output, in milliamps.
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P** ANALOG I/O SETTINGS **

&9 WinPanel [ Edit Disabled | (=N e
Sewvice: 0% ACTUATOR CALIBRATION = Service: PANALOG /0 SETTINGS™ 1 Service: @ DISCRETE OUT SETT\NES"I Service: R DISPLAY D 140 STATLIS"I Service: S*HARDWARE IN/OUTPUT TEST“} Service: T=COMM F 41>
= SOS@LOCAL_HOST Cantrol [ categony [ Block Mame [ Field Mame [ [vale [ Units | De... [ Low [ High [ Initial

.. Dflt Control ID Dflt Control 1D Service P=aMALDG 1/0 SETTINGS™ 01 Display Al #1 Function INPUT #1 NOT USED
Dflt Control 1D Service P=ANALOG 1/0 SETTINGS ™ 02 Input1 kin Walue (unit] * 000 -32000.00 32000.00 0.00
DAt Contral 1D Service P=aNALOG /0 SETTINGS™ 03 Inputi#! Max Walue unit) * 100,00 -32000.00 32000.00 100,00
Dfit Contral ID - Service PeanNaLOG [/0 SETTINGS 04 Analag In #1 Units 000
Dfit Control 1D Service P=aMALDG 1/0 SETTINGS™ 05 Display Al #2 Function INPUT #2 NOT USED
DAt Contral 1D Service P=ANALOG /0 SETTINGS™ 06 Inputi2 Min Yalue (Lnit] ) -32000.00 32000.00 0.00
DAt Contral 1D Service P=aNALOG /0 SETTINGS ™ 07 Input#2 Max ¥alue [unit) * 100,00 -32000.00 32000.00 100,00
Dfit Contral ID Service PeanNalLOG [/0 SETTINGS 08 Analag In #2 Units 000
Dflt Control 1D Service P=ANALDG 1/0 SETTINGS™ 09 &nalog Output Sel [1-7] 81 1 7 1
Dt Contral ID Service PrANALDG 1/0 SETTINGS ™ 10 Analog Dutput Selected NOT USED
DAt Contral 1D Service P=aNALOG /0 SETTINGS™ 11 Anout Min Value [units) ) -32000.00 32000.00 0.00
Dfit Control 1D Service PaMALDG 1/0 SETTINGS™ 12 Anout Max Value [urits] * 10000 -32000.00 32000.00 100.00
Dflt Control 1D Service P=ANALOG 1/0 SETTINGS ™ 13 Analog Out [ma] 400

v

Figure 3-36. Service: P** ANALOG I/O SETTINGS ** Menu

This section calibrates the analog inputs and selects the parameter to be sent to the analog output driver
and the desired scaling of the output.

01 DISPLAY Al #1 FUNCTION displays the programmed function of analog input #1.
INPUT #1 NOT USED

REMOTE SPEED SETPOINT

MONITOR SIGNAL INPUT

SYNCHRONIZER BIAS SIGNAL

REMOTE PROCESS SETPOINT

PROCESS SIGNAL

02 INPUT #1 MIN VALUE (UNIT) dflt=0.0 (-32000.0, 32000.0)
Set the value (in engineering units) that corresponds to the minimum range on Analog Input #1.

03 INPUT #1 MAX VALUE (UNIT) dflt=100.0 (-32000.0, 32000.0)
Set the value (in engineering units) that corresponds to the maximum range on Analog Input #1.

When setting the Min and Max Values for Analog Input #1 or #2, the
NO TICE following equation must be followed:
[(Max Value) — (Min Value) * 16] < 32000

04 ANALOG IN #1 UNITS displays the conversion of the analog input to engineering units.

05 DISPLAY Al #2 FUNCTION displays the programmed function of analog input #2.

INPUT #1 NOT USED

REMOTE SPEED SETPOINT
MONITOR SIGNAL INPUT
SYNCHRONIZER BIAS SIGNAL
REMOTE PROCESS SETPOINT
PROCESS SIGNAL

06 INPUT #2 MIN VALUE (UNIT) dflt=0.0 (-32000.0, 32000.0)
Set the value (in engineering units) that corresponds to the minimum range on Analog Input #2.

07 INPUT #1 MAX VALUE (UNIT) dflt=100.0 (-32000.0, 32000.0)
Set the value (in engineering units) that corresponds to the maximum range on Analog Input #2.

When setting the Min and Max Values for Analog Input #1 or #2, the
NO TICE following equation must be followed:
[(Max Value) — (Min Value) * 16] < 32000
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08 ANALOG IN #2 UNITS displays the conversion of the analog input to engineering units.

09 ANALOG OUTPUT SEL (1-7) dfit=1 (1, 7)
Select one of the following parameters for 4—20 mA output at terminals 16,17 and 18.
1=NOT USED

2=ACTUAL SPEED (RPM)

3=SPEED SETPOINT (RPM)

4=VALVE LIMITER SETPOINT (%)

5=ACTUATOR DEMAND (%)

6=GENERATOR OUTPUT (kW)

7=MONITOR SIGNAL (Units)

10 ANALOG OUTPUT SELECTED displays the item name of analog output.

11 ANOUT MINIMUM VALUE (UNIT) dflt=0.0 (-32000.0, 32000.0)
Adjust for the value of the displayed parameter in engineering units when the analog output is at 4 mA.

12 ANOUT MAXIMUM VALUE (UNIT) dflt=100.0 (-32000.0, 32000.0)
Adjust for the value of the displayed parameter in engineering units when the analog output is 20 mA.

13 ANALOG OUT (MA) displays the analog output, in milliamps.

Q** DISCRETE OUT SETTINGS **

9 WinPanel [ Edit Disabled ] E@@

Service: PANALOG 110 SETTINGS™ Servics: 0 DISCRETE OUT SETTINGS™ | Gervice: A DISPLAY D 10 STATUS™ | Service: S=HARDMWARE IN/OUTPUT TEST™ | Service: TCOMM PORT (2321 | Service: LIAPPLICATION INL|»
- SOS@LOCAL_HOST Control [ Categoy [ Block Name [ Field Name [ [vale [ units| De... [ Low [ High [ Inital
Dt Control ID Dt Control I Service 0 DISCRETE OUT SETTINGS™ 01 Relay 1 Selected As Shutdown

Dt Control I Service 0 DISCRETE OUT SETTINGS™ 02 Relay 1 Level Sw(1-7) "1 1 7 1
Dilt Contial D Service 0 DISCRETE OUT SETTINGS™ 03 Relay! Level Select For NOT USED
Dt Contial D Service 0 DISCRETE OUT SETTINGS™ D4 Fielay 1 ON Level = 00 200000 300000 000
Dl Contiol I~ Service 0 DISCRETE OUT SETTINGS™ 05 Relay 1 OFF Level = * 00 3200000 300000 000
Dilt Control ID~ Service 0 DISCRETE OUT SETTINGS™ 0 Relay 2 Seleoted As Alam
Dilt Control I~ Service 0 DISCRETE OUT SETTINGS™ 07 Relay 2 Level Sw [17) i 1 7 1
Dilt Control I~ Service 0% DISCRETE OUT SETTINGS™ 08 RelayH2 Level Select For NOT USED
Dilt Control I Service 0 DISCRETE OUT SETTINGS™ 09 Fielay 20N Level = * 0m 200000 3200000 000
Dt Control I Service 0 DISCRETE QUT SETTINGS™ 10 Felay 2 OFF Level = *0m RWOOL0 00000 000
Dilt Contial D Service 0 DISCRETE OUT SETTINGS™ 11 Relay 3 Selected As Elec. Dverspeed Trip Test
DAl Conbial I~ Service 0 DISCRETE OUT SETTINGS™ 12 Relay 2 Level Sw(1-7) 1 1 7 1
Dilt Control ID~ Service 0 DISCRETE OUT SETTINGS™ 13 Relayht3 Level Select For NOT USED
Dilt Control [0~ Service 0 DISCRETE OUT SETTINGS™ 14 Relay 30N Level = 0o 3200000 300000 000
Dilt Control I~ Service 0 DISCRETE OUT SETTINGS™ 15 Relay 3 OFF Level = * 00 3200000 3200000 000
Dl Control I~ Service 0 DISCRETE OUT SETTINGS™ 16 Relay 4 Selected As Speed PID in Control
Dl Control I~ Service 0 DISCRETE OUT SETTINGS™ 17 Relay 4 Level Sw(1-7) 1 1 7 1
Dt Contial D Service 0 DISCRETE OUT SETTINGS™ 18 Relayti4 Level Select For NOT USED
Dilt Contiel D Service 0 DISCRETE OUT SETTINGS™ 19 Fielay 4 ON Level = 00 200000 300000 000
Dl Contiol I~ Service @ DISCRETE OUT SETTINGS™ 20 Relay 4 OFF Level = * 00 200000 300000 000

Figure 3-37. Service: Q** DISCRETE OUT SETTINGS ** Menu

The 2301E-ST has four discrete output driver channels. Terminals 44, 45, 46 and 47 are configurable and
can be programmed to perform one of the following functions.

And any of the four relay drivers can also be programmed to function as a level switch. When
programmed as a level switch the relay will change state when the selected parameter reaches the
programmed level (energizes when value is higher the programmed level).

01 RELAY 1 SELECTED AS displays the function selected for terminal 44. This relay is selected in the
configure menu - C**DISCRETE OUT OPTIONS**

02 RELAY 1 LEVEL SW (1-7) dfit=1 (1, 7)

Select one of the following parameters for discrete output at terminals 44 when it was selected as a level
switch.

1=NOT USED

2=ACTUAL SPEED

3=SPEED SETPOINT

4=VALVE LIMITER SETPOINT

5=ACTUATOR DEMAND

6=GENERATOR OUTPUT (LOAD SENSOR)

7= MONITOR SIGNAL
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03 RELAY 1 LEVEL SELECT FOR displays the level function selected for terminal 44.

04 RELAY 1 ON LEVEL dfit=0.0 (-32000.0, 32000.0)
Enter the level switch ON setting in engineering units. There is an ON and an OFF setting for each level
switch option. This allows the user to program the desired hysteresis for the function selected.

05 RELAY 1 OFF LEVEL dfit=0.0 (-32000.0, 32000.0)
Enter the level switch OFF setting in engineering units.
(Must be less than the ‘Relay On Level’)

06 RELAY 2 SELECTED AS displays the function selected for terminal 45. This relay is selected in the
configure menu - C**DISCRETE OUT OPTIONS**

07 RELAY 2 LEVEL SW (1-7) dfit=1 (1, 7)

Select one of the following parameters for discrete output at terminals 45 when it was selected as a level
switch.

1=NOT USED

2=ACTUAL SPEED

3=SPEED SETPOINT

4=VALVE LIMITER SETPOINT

5=ACTUATOR DEMAND

6=GENERATOR OUTPUT (LOAD SENSOR)

7=MONITOR SIGNAL

08 RELAY 2 LEVEL SELECT FOR displays the level function selected for terminal 45.

09 RELAY 2 ON LEVEL dflt=0.0 (-32000.0, 32000.0)
Enter the level switch ON setting in engineering units. There is an ON and an OFF setting for each level
switch option. This allows the user to program the desired hysteresis for the function selected.

10 RELAY 2 OFF LEVEL dfit=0.0 (-32000.0, 32000.0)
Enter the level switch OFF setting in engineering units.
(Must be less than the ‘Relay On Level’).

11 RELAY 3 SELECTED AS displays the function selected for terminal 46. This relay is selected in the
configure menu - C**DISCRETE OUT OPTIONS**

12 RELAY 3 LEVEL SW (1-7) dfit=1 (1, 7)

Select one of the following parameters for discrete output at terminals 46 when it was selected as a level
switch.

1=NOT USED

2=ACTUAL SPEED

3=SPEED SETPOINT

4=VALVE LIMITER SETPOINT

5=ACTUATOR DEMAND

6=GENERATOR OUTPUT (LOAD SENSOR)

7=MONITOR SIGNAL

13 RELAY 3 LEVEL SELECT FOR displays the level function selected for terminal 46.

14 RELAY 3 ON LEVEL dfit=0.0 (-32000.0, 32000.0)
Enter the level switch ON setting in engineering units. There is an ON and an OFF setting for each level
switch option. This allows the user to program the desired hysteresis for the function selected.

15 RELAY 3 OFF LEVEL dflt=0.0 (-32000.0, 32000.0)
Enter the level switch OFF setting in engineering units.
(Must be less than the ‘Relay On Level’)
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16 RELAY 4 SELECTED AS displays the function selected for terminal 47. This relay is selected in the
configure menu - C**DISCRETE OUT OPTIONS**

17 RELAY 4 LEVEL SW (1-7) dfit=1 (1, 7)

Select one of the following parameters for discrete output at terminals 47 when it was selected as a level
switch.

1=NOT USED

2=ACTUAL SPEED

3=SPEED SETPOINT

4=VALVE LIMITER SETPOINT

5=ACTUATOR DEMAND

6=GENERATOR OUTPUT (LOAD SENSOR)

7=MONITOR SIGNAL

18 RELAY 4 LEVEL SELECT FOR displays the level function selected for terminal 47.

19 RELAY 4 ON LEVEL dfit=0.0 (-32000.0, 32000.0)

Enter the level switch ON setting in engineering units. There is an ON and an OFF setting for each level
switch option. This allows the user to program the desired hysteresis for the function selected.

20 RELAY 4 OFF LEVEL dfit=0.0 (-32000.0, 32000.0)

Enter the level switch OFF setting in engineering units.
(Must be less than the ‘Relay On Level’).

- =~ | The Discrete outputs can be changed for other functions when the
A - J | turbine is running. Therefore, do not change the Configured

Shutdown Relay when the turbine is running.

R** DISPLAY D_I/O STATUS **

3 WinPanel [ Edit Disabled | [E=n R
Service: 0 DISCRETE DUT SETTINGS™  Service: R™ DISPLAY D_I/D STATUS™ I Service: S*HARDWARE INAOUTPUT TEST“} Service: T*COMM PORT IZEZI"} Service: U*APPLICATION \NFD*’] Service: V*COMM PORT (MODBLY L *
- SOS@LOCAL_ HOST Control [ Category [ Block Name [ Field Name [ Tvale [ Urits[ De.. | Low [ High [ Initial

Dflt Control ID Dilt Contral 1D Service A DISPLAY D_I/0 STATUS ™ (1 DI Extemal Shutdawn Open
Dflt Contral ID Service R DISPLAY D_I/0 STATUS 02 Ol Reset Open
Dfit Contral ID Service R DISPLAY D_1A0 STATUS™ 03 DI Start/Unload Open
Dfit Contral ID Service R DISPLAY D_|/0 STATUS™ 04 DI Raise Speed Open
Dfit Control 1D Service R** DISPLAY D_I/0 STATUS* 05 DI Lower Speed Open
Dflt Control 1D Service R** DISPLAY D_I/0 STATUS* 0E Discrete Input F Open
Dflt Control 1D Service R DISPLAY D_I/0 STATUS 07 Discrete Input G Open
Dflt Control 1D Service R DISPLAY D_I/0 STATUS 08 Discrete Input H Open
Dflt Control 1D Service R DISPLAY D_I/0 STATUS 09 Discrete Output #1 De-energized
Dt Contral ID Service R DISPLAY D_I/0 STATUS ™ 10 Discrete Output #2 Energized
Dt Contral I Service R DISPLAY D_I/0 STATUS™ 11 Discrete Qutput #3 De-energized
Dflt Contral ID - Service R DISPLAY D_I/0 STATUS 12 Discrete Qutput H4 Energized
Dflt Contral ID Service R DISPLAY D_I/0 STATUS 13 Internal L/S Relayp K1 De-energized

3

Figure 3-38. Service: R** DISPLAY D_I/O STATUS ** Menu

This section has no adjustments to set, it is used only for display status of discrete inputs and the status
of the discrete outputs.

01 DI EXTERNAL SHUTDOWN indicates status of discrete input A.
02 DI RESET indicates status of discrete input B.

03 DI START / UNLOAD indicates status of discrete input C.

04 DI RAISE SPEED indicates status of discrete input D.

05 DI LOWER SPEED indicates status of discrete input E.

06 DISCRETE INPUT F indicates status of discrete input F.
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07 DISCRETE INPUT G indicates status of discrete input G.

08 DISCRETE INPUT H indicates status of discrete input H.

09 DISCRETE OUTPUT #1 indicates status of discrete output #1.

10 DISCRETE OUTPUT #2 indicates status of discrete output #2.

11 DISCRETE OUTPUT #3 indicates status of discrete output #3.

12 DISCRETE OUTPUT #4 indicates status of discrete output #4.

13 INTERNAL L/S RELAY K1 indicates status of discrete output driving the internal load-sharing relay.

S$** HARDWARE OUTPUT TEST **

“#9 WinPanel [ Edit Dissbled ] felfe =]
Service: B DISPLAY D 140 STATUS™  Service: S™HARDWARE IN/OUTPUT TEST* ] Service: T*COMM PORT IZEZI“W Service: U=APPLICATION \NFD“] Service: V=COMM PORT IMDDBUSW“] L‘_’
B 505@LOCAL_HOST Cantral [ categon [ Block Name [ Field Name [ [ vake [ Units[ De... | Low [ High [ Initial

Dftt Control ID Dft Contral 1D Service S*HARDWARE INJOUTPUT TEST 01 Enable Hardware Test * False False
Dft Contral 1D Service S*HARDWARE INJOUTPUT TEST 02 Hardware Test Mode: Test OK
Dflt Control 1D Service S™HARDWARE INJOUTPUT TEST 03 A0 Force Value [4-20ma) * 4 4 20 4
Dflt Control ID - Service S™HARDWARE INJOUTPUT TEST D4 Analog Out [ma) 4.00
Dflt Control 1D Service S=HARDWARE INOUTPUT TEST 05 dnout, 4 mé Offset = 000 -100.00 10000 0.00
Dflt Contral ID Service S=HARDWARE INOUTPUT TEST 06 Anout, 20mA Gain =100 0.oo 10.00 1.00
Dt Contral I Service S*HARDWARE INOUTPUT TEST 07 Tum On DO-1 * Fake False
Dt Contral ID - Service S=HARDWARE INJOUTPUT TEST 08 Discrete Output #1 De-energized
Dt Contral I Service S*HARDWARE INOUTPUT TEST 09 Tum On DO-2 * Fake False
Dfit Contral I Service S*HARDWARE INJOUTPUT TEST 10 Discrete Output §2 Energized
Dft Contral 1D Service S*HARDWARE INJOUTPUT TEST 11 Tun On DO-3 ® Fake False
Dflt Control ID - Service S™HARDWARE INJOUTPUT TEST 12 Discrete Output #3 De-energized
Dflt Control 1D Service S=HARDWARE INOUTPUT TEST 13 Tun On DO-4 * False False
Dflt Control 1D Service S=HARDWARE INOUTPUT TEST 14 Discrete Output 4 Erergized
Dt Contral ID - Service S=HARDWARE INJOUTPUT TEST 15 Tun On L/S Line Relay “ False False
Dt Contral ID - Service S=HARDWARE INJOUTPUT TEST 16 Load Share Relay De-energized
Dflt Contral ID Service S=HARDWARE INJOUTPUT TEST 17 Analog Inputd! 4 mé Offset * 000 -100.00 100,00 0.00
Dflt Control ID Service S*™HARDWARE INOUTPUT TEST 18 Analog Inputil 20 ma Gain oo 0.oo 10,00 1.00
Dflt Contral ID Service S*HARDWARE INOUTPUT TEST 19 Analog Input2 4 mé Offset 0o -100.00 100,00 0.00
Dflt Control ID - Service S™HARDWARE INJOUTPUT TEST 20 Analog Input#! 20 mé& Gain * o0 0oo 10.00 1.00
] v

Figure 3-39. Service: S** HARDWARE OUTPUT TEST ** Menu

This section allows the operator to test the analog output and the relay driver outputs by artificially forcing
the signals. This test can only be performed in the shutdown state.

01 ENABLE HARDWARE TEST dflt=FALSE (FALSE, TRUE)
Set to TRUE to test the hardware output. When test is finished, it should set to FALSE.

02 HARDWARE TEST MODE displays the status of the HARDWARE TEST mode.

03 AO FORCE VALUE (4-20 MA) dfit=4 (4, 20)
Set this value to the desired value, to test the analog output on terminals 16, 17.

04 ANALOG OUT (mA) displays the actual current output in milliamps.

05 ANOUT, 4 MA OFFSET dfit=0.0 (-100.0,100.0)
Adjusts the analog output current to a specified offset.

06 ANOUT, 20 MA GAIN dfit=1.0 (0.0,10.0)
Adjusts the analog output current to a specified gain or level.

07 TURN ON DO-1 dflt=FALSE (FALSE, TRUE)
Set to TRUE to turn ON the relay driver output #1. If test is finished, it should set to FALSE.

08 DISCRETE OUTPUT #1 displays the state of discrete output #1.

09 TURN ON DO-2 dfit=FALSE (FALSE, TRUE)
Set to TRUE to turn ON the relay driver output #2. If test is finished, it should set to FALSE.
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10 DISCRETE OUTPUT #2 displays the state of discrete output #2.

11 TURN ON DO-3 dflt=FALSE (FALSE, TRUE)
Set to TRUE to turn ON the relay driver output #3. If test is finished, it should set to FALSE.

12 DISCRETE OUTPUT #3 displays the state of discrete output #3.

13 TURN ON DO-4 dflt=FALSE (FALSE, TRUE)
Set to TRUE to turn ON the relay driver output #4. If test is finished, it should set to FALSE.

14 DISCRETE OUTPUT #4 displays the state of discrete output #4.

15 TURN ON LS LINE RELAY dflt=FALSE (FALSE, TRUE)
Set to TRUE to turn ON the internal load-sharing relay, observe the green LED between terminal 9 and
10. If test is finished, it should set to FALSE.

16 LOAD SHARE RELAY displays the state of the load sharing relay.

17 Analog INPUT#1, Offset dflt = 0.00 (-100.00, 100.00)
Sets the offset of analog input 1.

18 Analog INPUT#1, Gain dflt = 1.00 (0.00, 10.00)
Sets the gain for analog input 1.

19 Analog INPUT#2, Offset dflt = 0.00 (-100.00, 100.00)
Sets the offset of analog input 2.

20 Analog INPUT#2, Gain dfit = 1.00 (0.00, 10.00)
Sets the gain for analog input 2.

T COMM PORT (232) **

(7 WinPanel [ Edit Disabled ] | -= ]
Service: A DISPLAY D 1/0 STATUS™ | Service: S"HARDWARE IN/OUTPUT TEST= Service: T=COMM PORT (2321 | Service: UAPPLICATION INFO™ | Service: V="COMM PORT IMODBUS= | Al
= SOS@LOCAL_HOST Control | Categary | Block Name | Field Name [ [ vale [ nits [ De | Law [ High [ Initial
- Dfit Control 1D DAt Control ID Service T=COMM PORT (232F" 01 FORT FAIL Falss
Dft Control ID Service TCOMM PORT (2325 02 BAUD RATE =12 ] 12 12
DAt Control D Service TCOMM PORT (2321 03BAUD RATE I5 SET FOR 115200
Dfk Control D Service TCOMM PORT (2321 04 DATA BITS "2 1 2 2
Dft Control ID~ Service TCOMM PORT (2325 05 DATA BITS ARE SET FOR" 8
Dft Control ID~ Service T=COMM PORT (2325~ 06 STOFBITS =1 1 3 1
Dft Control ID - Service T=COMM PORT (2328 07 STOP BITS 4RE SET FOR 1
DFt Cantrol D~ Service TCOMM PORT (2321 08 PARITY H 1 ] 1
DAt Control D Service T*COMM PORT (2325 03 FARITY 1S SET FOR OFF
Dft Control ID Service T=COMM PORT (2325~ 10DRIVER IS SET FOR RS 232
4 »

Figure 3-40. Service: T** COMM PORT (232) ** Menu
The menu is used to setup the serial port for Control Assistant and/or Toolkit use.
01 PORT FAIL indicates a hardware fault of RS-232 communication port.

02 LINK ERROR indicates Link Error sets TRUE when the slave fails to answer a data request in
specified number of time-out seconds.

03 ERROR PERCENT

Error Percent outputs reflects communication quality as a percentage by dividing the number of exception
errors detected by the total number of communication transactions. This essentially gives the number of
message/packet errors detected.

04 ERROR NUMBER
Error Number outputs the code number of the communication/exception error that occurred.
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Table 3-2. Communication Error Code

Code Name Meaning
00 NO ERROR Error free
The following are returned to the master.
01 ILLEGAL Message function received is not an allowable action for addressed slave.
FUNCTION (Unsupported or illegal function code).
02 ILLEGAL DATA Address referenced in data field is not an allowable address for the
ADDRESS addressed slave location. (Master requested data, which is not configured
from slave).
03 ILLEGAL DATA Amount of data requested from slave was too large for slave to return in a
VALUE single response. Woodward maximum is 118 registers
The following are displayed only.
09 CHECKSUM Error in the checksum. Can indicate link quality and/or noise problems.
ERROR
10 GARBLED Data received by the slave, but it is too short to be a valid Modbus
MESSAGE message/command.
02 BAUD RATE dfit=12 (8, 12)
Set the Baud rate, which defines the transfer rate for port communications.
8=9600 9=19200
10=38400 11=57600
12=115200

03 BAUD RATE IS SET FOR
Shows the selected Baud rate.

04 DATA BITS dfit=2 (1, 2)

Set the Data bits input defines the protocol for the number of data bits in the data packets.
1=7

2=8

05 DATA BITS ARE SET FOR
Shows the selected data bits.

06 STOP BITS dflt=1 (1, 3)

Set the Stop bits, which defines the number of stop bits for the communications protocol. Stop bits specify
the time that elapses between transmitted characters.

1=1 stop bit

2=2 stop bits

3=1.5 stop bits

07 STOP BITS ARE SET FOR
Shows the selected stop bits setting.

08 PARITY dflt=1 (1, 3)

Set the Parity input defines protocol for the parity. If you selected 8 data bits select '1' for none.
1=0OFF (none)

2=0DD

3=EVEN

09 PARITY IS SET FOR
Shows the parity setting.

10 DRIVER IS SET FOR
RS 232
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15 TIME OUT (SEC) dflt=4.0 (0.0, 100.0)
Set the Time-out Number of Seconds input defines the Modbus link dead time allowed before a link error
occurs.

2301E-ST

16 NETWORK ADDRESS dfit=1 (1, 247)
Set the Network Address input defines the slave block address on the Modbus network. The network
address may depend on master device allowable addresses.

17 ENABLE MODBUS CONTROL dflt=FALSE (FALSE, TRUE)
When set TRUE you are able to control using Modbus.

U** APPLICATION INFO **

&7 WinPanel [ Edit Disabled ] =@
Service: R™ DISPLAY D 1/0 STATUS“] Service: S*HARDWARE IN/OUTPUT TEST“] Service: T#COMM PORT (2321  Service: U™APPLICATION INFO= I Service: v COMM PORT IMDDBUSW] o e
5 SOS@LOCAL_HOST Control | Category [ Block Mame [ Field Name [ [ Valus [ Units [ De | Law [ High | Initial

-- Dftt Control ID Dilt Control ID' Service U=APPLICATION INFO= 01 APP Software Number 5418-6351
Dilt Control ID' Service U=APPLICATION INFO= 02 APP Software Revision MEW
Dilk Contral ID Service L=#PPLICATION INFO= 03 Application Mame 2301E STEAM TURBINE COM
Dilt Contral ID - Service L=APPLICATION INFO= 04 Supply Yoltage DC 2522
Dilk Control ID Service Li=aPPLICATION INFO= 05 Hardware P/M 827317
Dflt Contral ID Service U=aPPLICATION INFO= 0B Hardware 5/M 19180287
. ;
Figure 3-41. Service: U** APPLICATION INFO ** Menu
This section shows the application software information.
01 APP Software Number indicates the software part number.
02 APP Software Revision indicates the status of the application software revision.
03 Application Name indicates the application name.
Shows the power supply voltage level.
Indicates the hardware part number
Indicates the hardware series number
v** COMM PORT (MODBUS) **

'3 WinPanel [ Edit Disabled ] [E=m e
Sewvice: B™ DISPLAY D 1/0 STATUS“} Sewice: SHARDWERE INJOUTPUT TEST”] Service: TCOMM PORT [232]"] Service: =APPLICATION INFO=  Service: V=COMM PORT [MODBUS ™ } bl 4
- SOS@LOCAL_HOST Coniral [ Category [ Block Name [ Field Name [ [ Value [ Units[ De_. | Low [ High [ Initial

Dflt Centrol ID Dfit Contral D Service ‘= COMM PORT [MODEUS]™ 01 PORT FaIL False
Dflt Contral ID - Service Y*COMM PORT [MODBUS)™ 02 LINK. ERROR Trie
Dflt Contral ID - Service W*COMM PORT [MODBUS)™ 02ERROR PERCENT 100.00
Dflt Control ID - Service W*COMM PORT [MODBUS )™ 04 ERROR MUMBER 1)
Dflt Control ID - Service W*COMM PORT [MODBUS)™ 05 BALD RATE * 10 8 12 10
Dflt Control ID - Service W=COMM PORT (MODBUS) 06 BALUD RATE IS SET FOR 38400
Dflt Control ID - Service W=COMM PORT (MODBUS)™ 07 DATABITS 2 1 2 z
Dflt Contral ID - Service Y=COMM PORT (MODBUS)™ 08 DATABITS ARE SET FOR )
Dflt Contral 1D Service W=COMM PORT (MODBUS)™ 035TOPBITS % 1 1 3 1
Dflt Contral ID - Service W= COMM PORT (MODBUS )™ 105TOPEBITS ARE SET FOR 1
Dfit Contral ID - Service W*COMM PORT [MODBUS)™ 11 PARITY 1 1 3 1
Dflt Contral ID - Service W*COMM PORT [MODBUS)™ 12 PARITY IS SET FOR OFF
Dflt Control ID - Service W*COMM PORT [MODBUS)™ 13DRIVER IS SET FOR R5422
Dflt Control ID - Service W*COMM PORT [MODBUS )™ 14 TIME OUT [SEC) * 400 0.00 100,00 4.00
Dflt Control ID - Service W=COMM PORT (MODBUS)™ 15 METWORK ADDRESS | 1 247 1
Dflt Control ID - Service W=COMM PORT (MODBUS) 16 ENABLE MODEUS CONTROL * False False
Dflt Contral ID - Service Y=COMM PORT (MODBUS)™ 17 PORT 2 TOTAL EXCEP ERRORS 0.00
Dflt Contral ID - Service W= COMM PORT (MODBUS )™ 18 PORT 2 EXCEPTION ERROR False
g g

Figure 3-42. Service: V** COMM PORT (MODBUS) ** Menu
The menu is used to setup the serial port for MODBUS use.
Woodward 75



Released

Manual 26694 2301E-ST
01 PORT FAIL indicates a hardware fault of RS-422 communication port.

02 LINK ERROR indicates Link Error sets TRUE when the slave fails to answer a data request in
specified number of time-out seconds.

03 ERROR PERCENT

Error Percent outputs reflects communication quality as a percentage by dividing the number of exception
errors detected by the total number of communication transactions. This essentially gives the number of
message/packet errors detected.

04 ERROR NUMBER
Error Number outputs the code number of the communication/exception error that occurred.

Table 3-3. Communication Error Code

Code Name Meaning
00 NO ERROR Error free
The following are returned to the master.
01 ILLEGAL Message function received is not an allowable action for addressed slave.
FUNCTION (Unsupported or illegal function code).
02 ILLEGAL DATA Address referenced in data field is not an allowable address for the
ADDRESS addressed slave location. (Master requested data, which is not configured
from slave).
03 ILLEGAL DATA Amount of data requested from slave was too large for slave to return in a
VALUE single response. Woodward maximum is 118 registers.
The following are displayed only.
09 CHECKSUM Error in the checksum. Can indicate link quality and/or noise problems.
ERROR
10 GARBLED Data received by the slave, but it is too short to be a valid Modbus
MESSAGE message/command.
05 BAUD RATE dfit=10 (7, 12)
Set the Baud rate, which defines the transfer rate for port communications.
8=9600
9=19200 10=38400
11=57600 12=115200

06 BAUD RATE IS SET FOR
Shows the selected Baud rate.

07 DATA BITS dfit=2 (1, 2)

Set the Data bits input defines the protocol for the number of data bits in the data packets.
1=7

2=8

08 DATA BITS ARE SET FOR
Shows the selected data bits.

09 STOP BITS dfit=1 (1, 3)

Set the Stop bits, which defines the number of stop bits for the communications protocol. Stop bits specify
the time that elapses between transmitted characters.

1=1 stop bit

2=2 stop bits

3=1.5 stop bits

10 STOP BITS ARE SET FOR
Shows the selected stop bits setting.
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11 PARITY dflt=1 (1, 3)

Set the Parity input defines protocol for the parity. If you selected 8 data bits select '1' for none.
1=0OFF (none)

2=0DD

3=EVEN

12 PARITY IS SET FOR
Shows the parity setting.

13 DRIVER IS SET FOR
RS 422

14 TIME OUT (SEC) dflt=4.0 (0.0, 100.0)
Set the Time-out Number of Seconds input defines the Modbus link dead time allowed before a link error
occurs.

15 NETWORK ADDRESS dfit=1 (1, 247)
Set the Network Address input defines the slave block address on the Modbus network. The network
address may depend on master device allowable addresses.

16 ENABLE MODBUS CONTROL dflt=FALSE (FALSE, TRUE)
When set TRUE you are able to control using Modbus.

17 PORT 2 TOTAL EXCEP ERRORS
Amount of errors

18 PORT 2 EXCEPTION ERROR
Reset of error counts
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Chapter 4.
Description of Operation

This chapter provides an overview of the features and operation of the 2301E-ST Load Sharing and
Speed Control.

The 2301E-ST Load Sharing and Speed Control uses a 32 bit microprocessor for all control functions. All
control adjustments are made with an external computer that communicates with the control via a serial
RS-232 port. The external computer can be disconnected from the control during normal operation, to
provide security against tampering.

When power is applied, the 2301E-ST performs internal memory tests to ‘boot-up’ the processor. This
takes approximately 30 seconds to complete. The CPU Status LED between terminals 30 and 31 remains
on during this boot-up. The control will remain in /O lock and will not provide control to the prime mover
until the boot-up is complete. For systems requiring fast start functions, it is necessary to continuously
power the 2301E-ST.

DO NOT attempt to start the prime mover while the CPU Status LED
is ON.

DO NOT apply power to the control at this time. Applying power
before a control is completely connected may damage the control.

The 2301E-ST’s normal operating architecture is divided into two sections: The Service Mode and the
Configuration Mode. The Configuration Mode is used to configure the 2301E-ST for the specific
application and to set all operating parameters (see Chapter 5). The Service Mode is the normal turbine
operation mode and is used to view operating parameters and run the turbine.

The 2301E-ST is controllable from the Discrete Inputs or Modbus commands. The following processes
are explained by using the Discrete Inputs. These Discrete Inputs currently used here exist in the
commands (Boolean Writes) of Modbus. They can be operated similarly through the Modbus
communication.
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| APPLY POWER |

v

| SELF TEST |

[

| RUN 2301D-ST |

!

| START watch Window |

Coinfigure
Mode?

| oPEN "Configure” Menu |

OPEN "Service" Menu I I 1/0 LOCK I

Service Mode Configure Mode

RESET Control

Figure 4-1. Basic Operational Architecture

Automatic Start-Up Procedure

Step1.
INITIAL — ALL DISCRETE INPUTS ARE OFF. SHUTDOWN INPUT IS IN THE SHUTDOWN STATE
Initial Settings:

e Speed reference is set to 0%.
Valve limiter is 0%.
Actuator Output (Terminal 13-14) will be at 0 mA.
Shutdown Relay (Terminal 44) will be Shutdown condition.
The turbine should be stopped, the speed signals (Terminal 25-26 and/or 28-29) is minimum.
Analog Input 1 and 2, Load sharing line and PTs, CTs are normal range based on their
configurations.

Step 2.
SHUTDOWN / RUN DISCRETE INPUT
o Discrete Input- A (Terminal 34) should be set to the RUN (Closed) position to start and run the
turbine, and Shutdown (Open) to shut down the actuator output.
e Set the Modbus Controlled Shutdown from the Modbus controller to True to run the turbine, and
to False to shut down the, if used.

Step 3.
RESET ALL ALARMS AND SHUTDOWN LATCHES
o Discrete Input- B (Terminal 35) should be toggled to reset all alarms and shutdown latches. This
will affect the initial speed setpoint only after all trip conditions are cleared. The actuator or valve
does not open by the reset input.
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Step 4a.
START / UNLOAD
o The Discrete Input-C (Terminal 36) Start / Unload should be toggled to start the turbine. If this
input is being used as a Load / Unload contact, do not toggle this input to start the turbine. By
closing this contact, will start the turbine and if this a generator application will also soft load the
generator from an isolated bus.

e The start mode of operations determines what the actuator will do when a start condition is given.
The open of valve limiter may be aborted at any time by issuing valve limiter raise or lower
commands, or an emergency shutdown.

Step 4b.
AUTOMATIC START
e The Valve Ramp Limiter will ramp up to its maximum limit after the Start Command is issued. The
speed reference increases to the rated speed by the programmed sequence. Once the turbine
speed reaches the speed reference, the valve ramp limiter goes out of the way (100%), and the
speed is controlled by the PID. The speed will continue to ramp to rated speed.

e Figure 4-2 is an example of an automatic start sequence.

o Close the Run / Shutdown discrete input, toggle the Reset discrete input, and close the

Start / Unload contact.

The speed reference ramps up by the programmed rate.

As the turbine speed increases, the PID controller will take over control, and the valve
ramp jumps to 100%, which is out of the way.

o The speed PID controller then ramps the speed reference at a controlled rate to the rated
speed setpoint. At any time, momentarily closing the Speed Raise or Speed Lower
discrete input will stop the turbine from ramping. This allows the operator to heat soak the
turbine at various speeds. To continue the ramp, manually close the Speed Raise
Contact.

o If for some reason the turbine shuts down, due to a 2301E-ST shutdown, and the Run
and Start contact inputs are closed, a toggle on the Reset contact will initiate the start
sequence.

| I e

e Degen Logong ek

0000 - - —~ - — — — - — — — MO0 Tubee
1667 dchastr Domared

30000 Heeer
10000 Vabve Refeserce

3ve Ramg

Acta N8 Cornad 001 - Detast Logarg e nacvs

Figure 4-2. Automatic Start-Up
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Step 4c.
SEMI-AUTOMATIC START
e The Valve Ramp Limiter will ramp up to its maximum limit after the Start Command is issued. The
speed reference increases to the rated speed by the programmed sequence. Once the turbine
speed reaches the speed reference, the valve ramp limiter goes out of the way (100%), and the
speed is controlled by the PID. The speed will continue to ramp to rated speed.

e Figure 4-3 is an example of a semi-automatic start sequence.

o Close the Run / Shutdown discrete input, toggle the Reset discrete input, and close the
Start / Unload contact.

The speed reference ramps up to by the programmed rate to the rated speed reference.

o By closing the raise speed contact, the valve ramp reference will start increasing, thus
increasing the turbine speed. The operator has control over where the valve ramp
reference is set at by using the raise speed and lower speed discrete inputs. This allows
the operator to heat soak the turbine at different speed levels.

o Continuing to raise the valve ramp reference will cause the speed to increase until the
speed matches the speed reference. The PID controller will then take over control. The
valve ramp reference will quickly ramp out of the way (100%).

o The operator can then control the speed of the turbine with the raise and lower speed
discrete inputs.

IS Trend Tool 1.06 i =l0lx

Setup Triggers Logging Help
4000004 100,004 —

3200004 80.00

2400004 60.004

Turbine Speed ~__

1600004  40.004 /
"~ Speed Reference

Valve Reference

Heat Soak S ; \

80000 2000 / Valve Reference and

Actuator Demand W—1

Actuator Demand

133857 133302 133307 133912 133317 133322 133927 133932 133337 133942 133947 133362 10
[T 0|
Active. stNET(Dfit Control ID0) - Defauit Logging s Inactive.

iHstart| | [Dirb... Foer... | owet.[[iETre.. | EANEEEX QBB o T P RQUUSILIVDEM  1siem 0

000+ 000+

Figure 4-3. Semi-Automatic Start-Up

Step 4d.
MANUAL START
o The Speed Reference will increase up to the rated speed reference after the Start Command is
issued. The speed of the turbine is controlled by the trip and throttle valve or control valve until
turbine speed reaches speed reference.

e Figure 4-4 is an example of a manual start sequence.
o Close the Run / Shutdown discrete input, toggle the Reset discrete input, and close the
Start / Unload contact.
o The speed reference, the valve ramp reference, and the actuator demand ramp up by the
programmed rate to the rated speed reference.
o By opening the trip and throttle valve or control valve the turbine speed will increase. The
operator has control over where the speed of the turbine is at by using the trip and
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Step 5.

throttle valve. This gives the operator a chance to heat soak the turbine at different speed
levels.

Continuing to open the trip and throttle valve will cause the speed to increase until the
speed matches the speed reference. The PID controller will then take over control.

The operator can then control the speed of the turbine with the raise and lower speed
discrete inputs.

~iolx

Setup Triggers Logging Help
100,00

4000.00+

3599.92 Turbine Speed
\ 21.85 Actuator Demand
\ 3600.00 Speed Reference
A 100.00 Valve Reference

3200.004

_Valve Ramp

~~ Actuator Demand —— Actuator

[ Demand

“Z \Heat Soak
“‘ Areas
| /
|
J

2400004 60.004

1600.004  40.00

800.004

/
/
/ ~ Turbine Speed

{

il 1307:38  1307:39 130744 1307:43 1&0754 130759 130804 130803 130814 130813 130824 130829
Il | 2

Active. Net3(Dfit Control ID0) - Default

Logging i Inactive.

Figure 4-4. Manual Start-Up

ROLLING TURBINE START

¢ In Automatic Start mode, the turbine may be re-started, even though the turbine is still rolling. If a
re-start is needed, the only requirement is that the Run contact is closed, the Reset contact is
toggled off to on and the Start contact is toggled off to on. When the Start contact is set to the
Start position, the speed reference will immediately jump to the actual speed of the turbine. The
governor valve will start opening. The speed of the turbine will start increasing back to Rated
Speed. The speed reference will not jump higher than the Rated Speed value. If the Start contact
is not toggled, and the Reset contact is the only input that is toggled, the turbine will go through a
normal start sequence with the speed reference slowly ramping up, and the governor valve
opening on the valve limiter.

Step 6.

RAISE - LOWER SPEED / LOAD
o The speed PID’s reference may be adjusted from the external contacts or Modbus commands.

o The speed reference moves in the range of minimum governor speed to maximum governor

speed.

¢ If the application is power generation and the generator is in Droop against a utility bus, Raise /
Lower contacts will raise and lower the load setting.

e If Process Control is selected, the Raise / Lower contacts will raise and lower the process
setpoint.
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Step 7.
REMOTE SPEED CONTROL

Closing both the Raise and Lower speed discrete inputs will put the control into Remote Speed
control. The speed setpoint can be positioned remotely through an analog signal by the
configured Remote Speed Input or through a Modbus directly entered value. This allows the
Speed setpoint to be set remotely by a process control or distributed plant control system. The
speed reference moves in the range of minimum governor speed to maximum governor speed.

Remote Speed example:

o Notin overspeed test mode, Raise Speed discrete input is closed, Lower Speed discrete
input is closed, Run discrete input is closed.

o If remote is selected, and the turbine is started, the speed reference will ramp at the
Remote Setpoint Fast Rate.

If remote is not selected, the speed reference will ramp at the Idle to Rated Rate.
If the turbine is running, and Remote Control is selected, the speed reference will ramp to
the Remote Speed Setpoint. Found in F**Remote Speed Control.

o As the analog input, remote speed input is changed, the speed reference will ramp up or
down at the Remote Setpoint Slow Rate unless the difference between the setpoint and
the actual speed is greater than the Remote 2nd Deadband. At this point the ramp will
change to the Remote Setpoint Fast Rate until the deadband is met.

o Ifthe analog input USE INPUT #X FAIL TRIP is set TRUE and if the input goes less than
2 mA or greater the 22 mA, the control will shut down.

Step 8.
OVER SPEED TEST FUNCTION

The 2301E-ST’s Over Speed Test function allows an operator to increase turbine speed above its
rated operating range to periodically test turbine electrical and/or mechanical over speed
protection logic and circuitry. The Over Speed Test will allow the control’s speed setpoint to be
increased above the normal maximum limit. This test can be performed from the Service Mode of
Control Assistant software, through external commands or via the Modbus commands.
Overspeed Test Procedure:

o Close the Overspeed Test Enable discrete input (if configured) or the Overspeed Test
Enable in the service menu I**Overspeed Test**.

o The Overspeed Test Status menu item in service menu I**Overspeed Test** should
switch from Overspeed Trip Test In-active to Overspeed Trip Test Active.

o The Speed Raise contact can now be closed, to allow the speed setpoint to be set above
rated speed range.

o When the turbine speed reaches the Electrical Overspeed Trip Setpoint, the Electrical
Overspeed Trip Test discrete output will activate (if configured). This indicates that the
Electrical Overspeed Trip Setpoint was reached. No shutdowns will occur.

o Continuing to close the Speed Raise contact will increase the turbine speed up to the
MAX OVRSPD TEST LIMIT. At this point, the mechanical overspeed trip should have
occurred. If not, the MAX OVRSPD TEST LIMIT will have to be raised.

. =~ | To prevent possible serious injury from an overspeeding turbine,
A : make sure the turbine is equipped with another shutdown device(s)

that operate totally independently of the control to protect against
runaway or damage to the turbine.
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Step 9.
SPM-A SYNCHRONIZER

To use a synchronizer to synchronize a generator, Analog Input #1 or #2 must be configured as
Synchronizer Bias Signal Input.

The synchronizer input is used to match the prime movers speed and generator phase with bus
that it is being paralleled to. Analog Input #1 at terminals 19, 20, and 21 (or Analog Input #2 at
terminals 22, 23, and 24) can be used as the synchronizer input. The sensitivity of the
synchronizer can be adjusted.

Step 10.
KW DROOP / ACTUATOR POSITION DROOP OPERATION

KW Droop or Actuator Position Droop mode

The 2301E-ST should be connected to the generator through the internal load sensor using the
PTs and CTs. When using the optional 52G BREAKER discrete input is open, Droop will be the
control mode. In the Droop mode, the load sensor provides feedback to the speed control to
decrease the speed reference based on load. Raise or Lower discrete inputs can be used to
control the amount of load on the generator, when tied to the utility bus. The controls power
sensor output can be monitored via serial communication or through the control’s analog readout.
If required, any of the control’s four relay outputs can be configured as power level switches to
drive auxiliary devices or indicators.

Step 11.
ISOCHRONOUS LOAD CONTROL OPERATION

Isochronous mode

The operator can control the speed reference with the Raise or Lower discrete inputs. In this
mode, the 2301E-ST will operate in isochronous operation or in isochronous load sharing
operation.

The 2301E-ST includes an analog load sharing network input, which is compatible with
Woodward's 2301A line of controls. The control’s soft load / unload transfer function can also be
configured to rate limit unit loading and unloading.

Step 12.
CRITICAL SPEED

Critical Speed Avoidance

In many turbines, it is desirable to avoid certain speeds or speed ranges (or pass through them
as quickly as possible) due to excessive turbine vibration or other factors. During programming,
one critical speed avoidance band may be selected. This band may be any speed range that is
less than the minimum governor speed setting. Within a critical speed range, the 2301E-ST
moves the speed setpoint at the critical speed rate programmed and does not allow the speed
setpoint to stop within the critical speed avoidance band. If the turbine is accelerating through a
critical avoidance band and excessively high vibrations are experienced, selecting the speed
setpoint lower command will bring the unit back to the lower limit of the band. Refer to Figure 4-5
for an example of the critical speed avoidance.
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Figure 4-5. Critical Speed Avoidance Band

Step 13.
PROCESS CONTROL

e The process control can be configured to control any system process, related to or affected by
turbine speed or load. Typically, this controller is used as a turbine inlet or exhaust pressure
controller. The process control is a PID controller that compares a 4-20 mA process signal with
the process setpoint. The PID controller sets the speed controller setpoint until the process signal
and the setpoint match. The process setpoint is adjustable with raise or lower contact inputs, or
the communication links. In addition, a remote process setpoint analog input can be programmed
to remotely position the cascade setpoint.

e Process Control Example:

o Let’s take for example that we want to control the turbine exhaust pressure with a
transducer range of 0—100 psi (0—690 kPa).

o The generator is tied to the utility bus in droop, so as the process changes, the load will
change.

o Here are the variables that need to be set:

1. Under the Service menu P**ANALOG I/O SETTINGS**.
= 02 INPUT #1 MIN VALUE (UNITS) = 0 psi (0 kPa)
= 03 INPUT #1 MAX VALUE (UNITS) = 100 psi (690 kPa)
2. Under the Service menu H**PROCESS CONTROL**:
= 05 MIN PROC SETPNT (UNITS) = 0 psi (0 kPa)
= 06 MAX PROC SETPNT (UNITS) = 100 psi (690 kPa)
= 08 SETPT INIT VALUE (UNITS) = 60 psi (414 kPa)
= 09 SPEED SETPT LOW LIMIT = 3610 rpm
= 10 SPEED SETPT HIGH LIMIT = 3780 rpm
3. Under the Service menu F**REMOTE SPEED CONTROL **;
= 02 RMT/PROC CNTRL SLOW RATE (RPM/S) =5
4. Under the Configure menu D**ANALOG INPUT OPTIONS**;
= 02 SEL AI#1 FUNCTION (1-7) = 7 (Process Signal)
= 03 SEL Al#1 TYPE (1-4) =1 (4—20 mA)
= 08 USE INPUT #1 FAIL TRIP = Optional
5. Under the Configure menu C**DISCRETE INPUT OPTIONS**;
= 02 SEL DI F FUNCTION (1-6) = 6 (Process Enable)
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o This is just a partial list of the variables needed to run the turbine. The variables listed in
the example pertain just to the Process Control.

o  With the turbine running at synchronous speed and the breaker closed to the utility bus in
droop mode, enable the process control. The load will change to control the exhaust
pressure at 60 psi (414 kPa).

o Adjust the ramp rates, deadband, and PID Dynamic adjustments for the proper operation
and stability of the turbine and process.

Step 14.
POWER SYSTEM MANAGEMENT CONCEPTS

This section provides a summary review of droop, isochronous, droop/isochronous, and isochronous load
sharing operating concepts. These concepts provide an understanding for power management.

Paralleling

There are two basic methods used for paralleling: droop, where speed decreases with load increase and
isochronous, where speed remains constant with load increase. The paralleling system shown in Figure
4-6 consists of a load matching circuit and kW sensor circuitry.

r 2301D-ST |
| 7 ;
| LOAD VALVE DEMAND
KW SENSOR SPEED I
MATCHING | | KWSENSOR | SFEES 1 fememmm et -
| CIRCUIT CIRCUIT REFERENCE | E
H
INLET
| £ T v X
I | O | A
Turbine Generator 8
c
LOAD SHARING LINE
STEAM
CB AUX CONTACTS TURBINE
A
EXHAUST
LOAD SIGNAL

Figure 4-6. Paralleling System

An auxiliary contact on the generator breaker connected to the discrete input is used to select
speed and load control operation. When the input to the 52G BREAKER contact is open, the
control is in droop speed control. When the 52G BREAKER contact is closed, the control is in
isochronous load control or droop control.

The Load sensor computes the load carried by each phase of the generator. The current load on
each phase is multiplied by the cosine of the phase difference between the current and the
voltage and the three phases are added to determine the total load.

The output of the load amplifier is adjusted by the load gain set point. By setting the load gain
voltage on each unit to the same level at full load, proportional load sharing is achieved.
Regardless of differences in generator set capacities in the system, each generator set is loaded
to the same percentage of its capacity. A final adjustment of the individual load gain adjustment
will compensate for minor differences in the generator sets.

Droop mode allows operation of a generator on an infinite bus or in parallel with other turbine
generator units using hydro mechanical governors. In droop, speed changes as the load on the
generator changes. An increase in load results in a decrease in speed. The amount of speed
change or droop is expressed in percent (of rated speed) and is set by the load droop set point.
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DROOP MODE

Droop is a decrease in speed or frequency, proportional to load. That is, as the load increases,
the speed or frequency decreases, as illustrated in Figure 4-7. This reduction in speed is
accomplished with negative feedback. The feedback increases as the system is loaded.

Droop is the speed reduction, expressed in percentage that occurs when the generator is fully
loaded. With a given droop setting, a generator set will always produce the same power output at
a particular speed or frequency. Droop is sometimes called the percent speed regulation. If all
generator sets in a droop system have the same droop setting, they will each share load
proportionally. The amount of load will depend on their speed settings. If the system load
changes, the system frequency will also change. A change in speed setting will then be required
to offset the change in feedback and return the system to its original speed or frequency. For
each generator set in the system to maintain the same proportion of the shared load, each
generator will require the same change in speed setting.

63—
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Figure 4-7. Droop Mode

ISOCHRONOUS MODE

A generator set operating in the isochronous mode will operate at the same set frequency
regardless of the load it is supplying, up to the full load capability of the generator set (see Figure
4-8). This mode can be used on one generator set running by itself in an isolated system.

The isochronous mode can also be used on a generator set connected in parallel with other
generator sets. If two generator sets operating in the isochronous mode without load sharing
controls are tied together to the same load, one of the units will try to carry the entire load and the
other will shed all its load. To share load with other units, some additional means must be used to
keep each generator set from either trying to take all the load or from motoring.

63

60

574

BUS FREQUENCY (Hz)

T !
50 100

GENERATOR LOAD (%)

Figure 4-8. Isochronous Mode
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Droop/lsochronous Load Sharing on an Isolated Bus

Droop/isochronous load sharing combines the first two modes. All generator sets in the system,
except one, are operated in the droop mode. The one unit not in droop is operated in the
isochronous mode. It is known as the swing machine. In this mode, the droop machines will run at
the frequency of the isochronous unit. The droop and speed settings of each droop unit are
adjusted so that each generates a fixed amount of power (see Figure 4-9). The output power of
the swing machine will change to follow changes in the load demand. Maximum load for this type
of system is limited to the combined output of the swing machine and the total set power of the
droop machines. The minimum system load cannot be allowed to decrease below the output set
for the droop machines. If it does, the system frequency will change and the swing machine can
be motored. The machine with the highest output capacity should be operated as the swing
machine, so that the system will accept the largest load changes within its capacity.
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Figure 4-9. Droop/Isochronous Load Sharing

Isochronous Load Sharing on an Isolated Bus

Isochronous load sharing operates all generator sets in a system in the isochronous mode. Load
sharing is accomplished by adding a load sensor to each electric isochronous control system.
The load sensors are interconnected by the load sharing lines. Any imbalance in load between
units will cause a change to the regulating circuit in each control system. While each unit
continues to run at isochronous speed, these changes force each machine to supply a
proportional share of power to meet the total load demand on the system (see Figure 4-10).
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Figure 4-10. Isochronous Load Sharing
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Chapter 5.
Pre-Start and Start-up Procedures

Introduction

This chapter provides an overview of the start-up procedures and operation of the 2301E-ST Load
Sharing and Speed Control.

‘_ Read this entire procedure before starting the prime mover. H

Start-up Adjustments

1. Complete the Installation Procedure in Chapter 2 and the Service and Configuration Procedures in
Chapter 3.

Be sure the Start Mode is set correctly for your application.
NOTICE

Be sure the Rated Speed and Number of Teeth are set correctly for
your application as described earlier in this chapter.

2. Apply input power to the control.

3. Check the speed-reading.
When using a signal generator to verify the proper configuration setting: set the signal generator for
the frequency of the speed sensor at rated speed and connect it to terminals 25 and 26 or 28 and
29. (The rated speed frequency in Hz equals the rated turbine speed in rpm times the number of
teeth on the speed sensing gear divided by 60.)

Open the Service Menu A** DISPLAY ANALOG INFO **: 02 TURBINE SPEED (RPM), the value
should be a same number as RATED Speed (rpm). If the Monitor value is different, need to check
the configuration parameters, Number of Gear teeth, etc.

4. Check the speed sensor.
Minimum voltage required from the speed sensor to operate the electronic control is 1.0 Vrms,
measured at the lowest controlling speed. The Loss of Speed shutdown is not recognized until the
turbine speed exceeds the override setpoint.

Be prepared to make an emergency shutdown when starting the
engine, turbine, or other type of prime mover, to protect against
runaway or overspeed with possible personal injury, loss of life, or
property damage.
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Actuator Calibration

The actuator output from the control can be stroked (or calibrated) from the Service Menu O**
ACTUATOR CALIBRATION **. Set TRUE the CALIBRATION ENABLE to calibrate the actuator or valve.
Adjust 0% position related to the OFFSET, and 100% position related to the GAIN by moving the DUMMY
SIGNAL.

When the valve position (%) is equal to 0%, the actuator should be below minimum. This is important.
The actuator must have sufficient under-travel at the minimum stop to ensure that the actuator can fully
close the steam valve completely. When the valve position (%) is 100%, the actuator should be at
maximum to ensure full load can be attained. This process of going between minimum and maximum will
have to be repeated several times before the initial start to ensure the actuator and linkages are properly
set up.

STEAM TO THE TURBINE MUST BE SHUT OFF BY OTHER MEANS
DURING THIS PROCESS. Overspeeding the turbine will cause
damage to the turbine and can cause personnel injury or death to
personnel.

Check Discrete Inputs/Outputs

Open the Service Menu R** DISPLAY D_I/O STATUS ** window, operation of programmed input
switches or relay outputs will be checked. Even if the control plans to use Modbus communication, while
performing configuration or I/O test or calibration, don't turn ON the assigned Modbus switch.

Check Analog Inputs

When using a signal generator to verify the proper configuration setting: set the signal generator for the
value of analog input and connect it to each terminal. Open the Service Menu A** DISPLAY ANALOG
INFO **: 10, 11 if the readings are correct as the signals are applied.

Dynamic Adjustment

The object of the PROPORTIONAL GAIN and INTEGRAL GAIN adjustment is to obtain the optimum, or
desired, stable prime mover speed response. Connect a dc analog voltmeter to terminals 13(+) and 14(-)
to monitor the actuator voltage.

Increasing the setting of the PROPORTIONAL GAIN to provide faster transient response (decreases the
magnitude of the speed change from a sudden change in load). To achieve optimum response, slowly
increase the PROPORTIONAL GAIN until the voltage on the voltmeter becomes slightly unstable, then
slowly lower the PROPORTIONAL GAIN as necessary to stabilize the meter reading. Step load the
generator, bump the actuator terminal shaft, to make sure that the prime mover returns to the proper
speed with little overshoot or undershoot of the speed setting. To reduce overshoot, decrease the
INTEGRAL GAIN. When the INTEGRAL GAIN is in the lower part of its adjustment (0 to 10 ), by
decreasing the INTEGRAL GAIN, you may need to decrease the P_GAIN to maintain stable operation. If
the prime mover is slow in returning to the proper speed, increase the INTEGRAL GAIN.

Speed Sensor Check

The 2301E-ST accepts a signal from one (or optionally two) passive magnetic pickup unit (MPU) speed
sensors to sense turbine rotor speed. These speed sensor inputs are limited to a frequency range of
100 to 24 950 Hz (90 to 20000 rpm) and a voltage range of 1.7-35 Vac (a voltage level above 2.7 Vac is
required to sense frequencies above 13000 Hz). A multifunction voltmeter with a high impedance input
can be used across the MPU Speed Input terminals to sense both input signal level voltage level and
frequency.
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With proper MPU, gear size and MPU-to-gear clearance, speed measurement should be capable down to
100 Hz. Check the speed sensor for visible damage. Standard MPU clearance is recommended to be
between 0.25 and 1.0 mm (0.010 and 0.040 inch) at the closest point. Make sure that the gear has less
than 0.5 mm (0.020 inch) diametric run out. See manual 82510, Magnetic Pickups and Proximity
Switches for Electronic Governors.

Current Transformer (CT) Phasing Check

This control contains internal current transformers. Due to their low
IMPORTANT impedance, shorting their inputs is not effective. The current input

must be removed from the control and shorted externally.

- HIGH VOLTAGE—Never disconnect any wire attached to load sensor

A - J | terminals 4 through 9 when the prime mover is running unless
temporary 0.5 Q, 20 W resistors are installed as shown in Figure 5-1
and all load is removed. The current transformers can develop
dangerously high voltages when open circuited while the prime
mover is running.

1.  Go to the B** DISPLAY LOAD INFO ** service menu and observe 02 LD SENSOR INPUT (KW) and
05 LOAD SIGNAL OUT (VDC) to measure the load sensor output. The displayed values are not yet
calibrated to read Kilowatts but are used here for indication.

2. Start the prime mover. With the generator operating in the isochronous mode and not in parallel,
load the generator to as near full load as possible.

3. Use a clamp-on ammeter and measure the per phase current of the Current transformer output.
Check that current in each of the three CTs is equal. In a balanced three-phase system the Load
Signal Out reading will be approximately:

Load Signal Out = kW Input Calibration Gain X 0.1 X AMPs (rms reading of one phase).

The kW Input Calibration Gain setting is in Service Menu M**LOAD SENSR AND DROOP**.

A clamp-on ammeter is recommended to eliminate the need to open CT wiring to insert an ammeter
in series with the CT output.

4. |If the Load Signal Out Reading is within 10% of the above calculation, the PT/CT phasing is correct.
If the phasing is incorrect, proceed to the Phase Correction Procedure. If the phasing appears
correct, skip the Phase Correction Procedure and go to the Load Calibration Adjustment procedure.

If after completing the LOAD SENSOR CALIBRATION and DROOP

IMPORTANT adjustments, the control loading is extremely sensitive to changes in
the power factor when operating in parallel, complete the phase
correction procedure.

The most accurate calibration is made at full load. However, if it is
not possible to run the generator set at full load, run it at less than
full load and reduce the voltage reading given in this calibration
procedure proportionally. For example: run a 200 kW generator set at
100 kW and divide all voltages given in this calibration procedure by
2. If you reduce the load in this manner, be sure to reduce it by the
same amount throughout the calibration procedure.
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Phase Correction Procedure

This procedure requires a minimum power factor of (.9). If a .9 power
IMPORTANT factor cannot be obtained, tracing through the wiring is the only

means of correcting the current transformer phasing.

The highest positive reading of kW or Load Signal Out will be obtained when the CTs are correctly
matched to the load sensor terminals in both phase and polarity. The following procedure will assure the
correct connection of the current transformers. It is required only if the phasing check indicates incorrect
phasing, or loading stability is extremely sensitive to the power factor.

Make trial connections of the first CT to all three load sensor inputs, polarized both ways (a total of six
connections). Record the Load Signal Out reading for each connection. Connect the first CT to the
terminals that produce the highest positive reading and with the polarity that produces the highest positive
voltage. The displayed Load Gain reading is limited to about 0.2, therefore a negative reading indicates a
phasing or polarity error.

Try the second CT on each of the remaining two CT input terminals, in each polarity and record the Load
Signal Out reading. Connect the second CT to the terminals that produce (and with the polarity that
produces) the highest positive reading.

Try the last CT on the remaining input terminals, polarized both ways and record the voltage. Connect the
last CT in the polarity that produces the highest Load Signal Out reading.

The Phase Correction Procedure requires that the prime mover be shut down many times to disconnect
the current transformers. For convenience, a temporary method of connecting the current transformers
shown in Figure 5-1 is recommended. Connecting a 0.5 Q, 20 W burden resistor across each current
transformer allows the current transformers to be disconnected from the terminal strip with the prime
mover running, after removing all load.

HIGH VOLTAGE—The current transformers can develop dangerously

A ' J | high voltages. Do not disconnect a current transformer while the
prime mover is running unless temporary 0.5 Q, 20 W resistors are
installed as shown in Figure 5-1 and all load is removed.

If the temporary burden resistors described above are not used, the prime mover MUST be shut down in
addition to removing the load in the following procedure.

Monitor the load sensor output in this procedure by connecting an external computer and entering the
Watch Window sheet for B** DISPLAY LOAD INFO ** sheet and observe 02 LOAD SENSOR INPUT
(KW) Load Sensor calibration and monitoring. Since the kW calibration cannot be completed until the
phasing is correct, the value shown is for reference only. The Load Sensor of the 2301E-ST will only read
a small negative value.
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Figure 5-1. Temporary Wiring for Transformer Phase Correction

Phase Correction Procedure

1.

Shut down the prime mover.

HIGH VOLTAGE—The current transformers can develop dangerously
high voltages. Do not disconnect a current transformer while the

prime mover is running unless temporary 0.5 Q, 20 W resistors are
installed as shown in Figure 5-1 and all load is removed.

10.
11.
12.
13.

14.
15.
16.
17.

Label each CT wire with the phase and polarity that you think it should be. Even though this
identification may prove to be incorrect, this step is necessary so that the individual wires can be
identified during the description of the procedure.

Disconnect the phase B CT wires from terminals 6 and 7. Connect these two wires together using a
small screw and nut and tape the connection.

Disconnect the phase C CT wires from terminals 8 and 9. Connect and tape these two wires together
as in Step 3.

Connect the two wires from the phase A CT to the phase A input terminals 4 and 5.

Start the prime mover, apply full load and monitor the load sensor output. Start a list and record this
value.

Unload the system and reverse the phase A CT wires on terminals 4 and 5.*
Apply full load, monitor the load sensor and record this value.

Unload the system, remove phase A CT wires from terminals 4 and 5 and connect them to phase B
input terminals 6 and 7.*

Apply full load, monitor the load sensor and record this value.
Unload the system and reverse the phase A CT wires on terminals 6 and 7.*
Apply full load, monitor the load signal and record this value.

Unload the system, remove phase A CT wires from terminals 6 and 7 and connect them to phase C
input terminals 8 and 9.*

Apply full load, monitor the load sensor and record this value.

Unload the system and reverse the phase A CT wires on terminals 8 and 9.*
Apply full load, measure the load signal and record this reading.

Unload the system and compare the six readings taken.*
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18. Remove the phase A CT wires from terminal 8 and 9 and connect the phase A wires to the pair of
terminals that produced the highest positive load value and in the polarity that produced the highest
positive load value.

19. Remove tape and disconnect the phase B CT wires. Connect the phase B CT wires to one pair of
the two remaining pairs of CT input terminals on the load sensor.

20. Apply full load and measure the load signal. Start a new list and record this reading.

21. Unload the system and reverse the phase B CT wires on the same terminals.*

22. Apply full load, measure the load signal and record this reading.

23. Unload the system, remove phase B CT wires and connect them to the other pair of terminals.*
24. Apply full load, measure the load signal and record this reading.

25. Unload the system and reverse phase B CT wires on the same terminals.*

26. Apply full load and measure the load signal. Record this reading and compare the four readings on
the list.

27. Unload the system. Remove the phase B CT wires and connect them to the pair of CT input
terminals that produced the highest positive load signal reading and with the polarity that produced
the highest positive load signal reading.*

28. Remove tape and disconnect the phase C CT wires. Connect these two wires to the remaining pair
of CT input terminals.

29. Apply full load, measure the load signal and record this reading.

30. Unload the system and reverse the phase C CT wires on the same terminals.*

NO TICE (*) If values at full load (or a lower reading proportional to a load less
than 100%) cannot be obtained and the phasing has been checked
and is correct, the current transformers are probably the wrong size.

The current-transformer output must be from 3 to 7 A (5 A nominal)
at full load.

31. Apply full load, measure the load signal and record this reading.
32. Unload and shut down the system. Compare the two readings.*

33. Connect the phase C CT wires to the same pair of CT input terminals, but in the polarity that
produced the highest positive load signal reading.

34. Re-label each wire with the phase designation of the terminal that it is now connected to.
35. Remove the burden resistors and terminal block.

Load Calibration Adjustment
For this procedure, the generator must be running isochronously and not paralleled.

Start the prime mover and apply full load. With the Watch Window at the B** DISPLAY LOAD INFO **
sheet and observe 02 LOAD SENSOR INPUT (KW). If this reading does not match external
instrumentation, adjust calibration gain and offset under the Service Menu M**LOAD SENSR AND
DROOP** until Watch Window value matches metering. The values should match at all intermediate
points.

When in parallel operation in isochronous mode or on an isolated bus, generator speeds must be the
same. If they are not equal, load sharing will not remain proportional as the load varies. Any difference in
loads between the units can be corrected by adjusting the Load Gain. Increasing the LOAD GAIN will
cause that generator to carry less load. If stability problems occur when in parallel operation at a
particular load signal reading, reduce the reading by reducing the LOAD GAIN and reduce the load signal
reading setting of all other generators in the system to the same reading. When the load signal readings
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of all generators in a system are reduced, the load sharing gain will be reduced, and this may result in
some loss of load sharing sensitivity.

It may be necessary to reduce the load signal reading of each unit in the system to as low as 3 volts in
cases of extremely poor system dynamics. If your system requires a load signal reading as low as 3 volts,
consult Woodward for suggestions for possible remedies.

Droop Adjustment

Because of the calculation available in the control, the droop percentage entered will result in the correct
speed change if the KW sensor is properly calibrated. The droop percent is automatically corrected for
load gain voltage values. The speed trim range can be configured to stop the speed reference at 100%
load, or if a remote reference source is used its range can be set to give no load to full load limits.

ISOCHRONOUS o ?O Hz

100% 00%
(MAX) 5% D °
ROOP _ 5
f 95%
SPEED
50% 100%

LOAD 823-038

Figure 5-2. Droop Adjustment
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Chapter 6.

Troubleshooting
|

Introduction

The following troubleshooting guide is an aid in isolating trouble to the control box, actuator, plant wiring,
or elsewhere. Troubleshooting beyond this level is recommended ONLY when a complete facility for
control testing is available.

Incorrect voltage can damage the control. When replacing a control,
NO TICE check the power supply, battery, etc., for the correct voltage.

Troubleshooting Procedure

This chapter is a general guide for isolating system problems. The guide assumes that the system wiring,
soldering connections, switch and relay contacts and input and output connections are correct and
function properly. Make the checks in sequence. Various system checks assume that the prior checks
have been done correctly.

Be prepared to make an emergency shutdown when starting the
engine, turbine, or other type of prime mover, to protect against
runaway or overspeed with possible personal injury, loss of life, or

property damage.

Control Start-up

When the control is powered on, the CPU begins execution of a section of the software program known
as the boot code. This code performs hardware diagnostics and checks that a valid application program
has been installed. During this period all control outputs will remain disabled. The boot code takes
approximately 1.5 seconds to execute. During this period the red status LED should be red. When
execution of the boot code has completed, control will be transferred to the application program. When
the application program begins, the control outputs will be enabled, and system control will begin. At that
point the red status LED will be turned green and should remain on as long as the control is running.

If the control fails its self-test diagnostics during boot, fails its on-line self-tests while running the

application program, or fails in any other way that it can detect, then the CPU will blink the red status LED
to indicate the failure. If the CPU LED is blinking, the unit has failed and needs to be returned.

To prevent damage to the prime mover, the prime mover must be
NO TICE shut down for all system checks.
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Control Test and Calibration

General
Conduct the following checks on the 2301E-ST. Then verify the functioning of set points and adjustments.

1. Connect a computer to the communication port. Start the Control Assistant software in accordance
with the instructions in Chapter 3. Verify correct voltage and polarity on the power supply input of the
control.

2. Verify the controller ID on the 2301E-ST in menu U**APPLICATION INFO**. The Application ID
message “5418-6351" with the revision level (new, A, etc) should appear.

3. Select the Configure and Service Menu. Verify that all set points are as recorded during installation.
Repeat for the other menus. If any differences are found, change the set point(s) to the correct
value. Click the “SAVE VALUES” icon on the tool bar. Remove power from the control for at least 10
seconds. Verify correct values were retained during power down. Failure indicates the control has
failed and should be replaced.

Discrete Inputs
Run the following test to verify the function of the discrete inputs. DO NOT PERFORM THIS TEST WITH
THE TURBINE RUNNING!

Repeat this step for all discrete inputs. Close the appropriate input. The status in the Service Menu R**
DISPLAY D_l/O STATUS** should switch from OPEN to CLOSED. If the value does not change when the
contact is closed, the control has failed and should be replaced.

Discrete Outputs
Verify operation of the Discrete Outputs, by referring to the Service Menu S**"HARDWARE OUTPUT
TEST** sheet.

With the turbine shut down, enable the manual relay driver test. Open another inspector sheet, select
Service R**DISPLAY D_1/O STATUS** and monitor the discrete outputs. From the relay test procedure,
each discrete output may be activated, and its operation verified. If the output is activated, the voltage
measured between terminal 42 and the appropriate output terminal (44—47) should equal input voltage at
terminal 42 and 41. Testing can be monitored visually by observation of the green LED near terminal 9
and 10, or by listening for an audible ‘click’. The manual relay test must be disabled (status “FALSE”) or
the control will hold the actuator current to minimum.
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Symptom

Troubleshooting Chart

Table 6-1. Troubleshooting Guide

Cause

Solution

Prime mover will not start.
Actuator not moving to start
steam position.

IMPORTANT

If the actuator moves to
start position, a problem
with the prime mover
steam supply is
indicated.

Supply voltage polarity reversed
(dc only), or no supply voltage.

On power up the CPU status LED should come on
for 30 seconds.

Check for proper voltage from terminals 48(+) to
49(-). Reverse leads if polarity is incorrect.

Actuator not responding to input
signal from control.

IMPORTANT

The hydraulic actuator must
have oil pressure and gear
rotation to operate (respond).

If there is a voltage output at control terminals
13(+) and 14(-), but the actuator does not move,
the wiring to the actuator should be checked for
opens or shorts. With the EG3P actuator,
remember that terminals C and D of the mating
plug should be jumpered.

Make resistance checks at the actuator. Coil
resistance on Woodward actuators is
approximately 35 Q. (Read with leads at terminals
13 and 14 disconnected.)

Shutdown cause.

Check Shutdown status in the Service Menu C**
SHUTDOWN** #01. If the status is TRUE, check
all Shutdown causes; release each cause one by
one. (See Chapter 3)

Actuator or linkage.

Check actuator or linkage for proper installation
and operation. Problems may be oil supply,
direction of rotation, insufficient drainage, linkage,
worn actuator components, or improper
adjustment.

No actuator voltage at terminals
13 and 14.

Check for shorted or grounded actuator leads by
removing wires to terminals 13 and 14. Stop prime
mover. Check for 18 to 24 V at terminals 13 and
14.

Check that A**DISPLAY ANALOG INFO** Menu
is reading the turbine speed during spinning. If no
speed-reading, check the MPU.
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Symptom

Table 6-1. Troubleshooting Guide (cont’d.)

Cause

Solution

Prime mover will not start.
Actuator not moving to start
steam position
(continued).

Speed sensor signal not
clearing failed speed signal
circuit.

Check for at least 1 Vrms at terminals 25 and 26
or 28 and 29, and at least 5% of the minimum
rated speed frequency range.

Check wiring for proper connection. Check shields
for proper installation.

Check the A**DISPLAY ANALOG INFO** Menu
for Turbine Speed reading.

Speed sensor not spaced properly—check for at
least 1.0 Vrms at terminals 25 and 26 or 28 and
29 during cranking. If less than 1.0 Vrms,
magnetic pickup may be spaced too far from gear.
Make sure there are no metal chips on end of
pickup.

If no voltage is present, magnetic pickup may be

open-circuited or shorted. Make resistance check
with the leads disconnected from control. Should

be about 100 to 300 Q.

Be prepared to make an emergency shutdown
when starting the engine, turbine, or other
type of prime mover, to protect against
runaway or overspeed with possible personal
injury, loss of life, or property damage.

Faulty 2301E-ST control.

Replace.

Prime mover will not start.

Check for Actuator Demand % after Start
command is issued.

Prime mover overspeeds
only on starts.

Ramp adjustment.

Increase RAMP TIME. This decreases
acceleration rate.

Wrong SPEED settings.

Check that SPEED settings are entered as
described in Chapter 3. Verify the Actuator
Demand % drops to minimum (0%) when turbine
speed is greater than speed reference.

Dynamics adjustment.

Dynamics may be adjusted for sluggish operation,
causing overspeed on start. Adjust GAIN for
fastest stable response. RESET may be adjusted
too low. Increase RESET setting.

Prime mover overspeeds
after operating at rated
speed for some time.

Prime mover.

Check for proper operation of prime mover steam
system. If actuator moves toward minimum steam
during overspeed, problem is in steam system.

Magnetic pickup and 2301E-
ST control.

Check the magnetic pickup output voltage at
speeds above idle—at least 1.0 Vrms. If magnetic
pickup should fail and the override failed speed
signal circuit is disabled, the 2301E-ST will call for
maximum steam.
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Table 6-1. Troubleshooting Guide (cont’d.)

Symptom Cause Solution
Prime mover overspeeds  2301E-ST control. Control the prime mover manually at rated speed.
after operating at rated If the Turbine Speed reading in the Display Menu
speed for some time does not match external indicators, the control is
(continued). not configured properly. When the turbine speed

value is greater than the speed reference value,
the output voltage should be zero. If speed range
is correct for the application, replace the control.

Prime mover will not 2301E-ST control. Adjust PROP GAIN, INTEGRAL GAIN and
stabilize at rated no load DERIVATIVE RATIO as described in “Adjust for
speed. The instability may Stable Operation” and “Dynamic Adjustment” in
occur at no load, or it may Chapter 3.
vary with load. Speed reference controls. Check display menu. The speed reference value
Control may be erratic. should be constant. If speed reference is erratic,

check remote input (if used), intermittent
raise/lower contact inputs. The speed bias sum at
no load should be constant.

Improper linkage adjustment. Make sure that actuator moves approximately 2/3
of its travel from no load to full load. Be sure
linkage is linear on turbine, diesel and steam-
injected prime movers. Be sure linkage is non-
linear on carbureted prime movers. Refer to
actuator manual for proper installation.

Necessary external wires not The following tests will isolate noise and

properly shielded. interference.

Electrical noise, caused by NOTICE
wiring carrying an ac voltage,
stray magnetic fields from
transformers, etc., can be
picked up by improperly
shielded wire. Noise will cause
instability if picked up by lines
associated with the amplifier
summing point such as
external speed trim, paralleling
lines, droop contact, magnetic
pickup lines and synchronizer
input.

Do not perform these tests in other than
single-unit operating configuration.

Verify that the switchgear frame, governor chassis
and prime mover have a common ground
connection. Temporarily remove the battery
charger cables from the control battery system.

If the prime mover operation is significantly
improved by these modifications, replace the
wiring one at a time to locate the source of the
trouble.

External wiring may require additional shielding or
rerouting from high-current lines or components.

If the problem cannot be resolved by these
checks, it will be necessary to remove the 2301E-
ST from the switchgear. Temporarily mount it next
to the prime mover and connect only a battery,
magnetic pickup and actuator to the control (use a
separate battery placed next to the prime mover).
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Symptom

Table 6-1. Troubleshooting Guide (cont’d.)

Cause

Solution

Prime mover will not
stabilize at rated no load
speed. The instability may
occur at no load, or it may
vary with load.
Control may be erratic
(continued).

Necessary external wires not
properly shielded (continued).

If stability occurs when the control is mounted
next to the prime mover, return the control to the
switchgear. Run new magnetic pickup, actuator,
and battery power lines. Shield all wires to the
control. Route all wires through conduit or an
outer shield. Tie the outer shield to system ground
at end opposite of the control.

Prime mover may not be
receiving steam as called for
by the actuator voltage.

Check actuator linkage to steam controlling
mechanism for any lost motion, binding, or
excessive loading. Verify a steady steam pressure
of proper value.

Check actuator per appropriate actuator manual.

Prime mover not operating
properly.

Prime mover may be causing speed variations.
Control turbine manually to determine if instability
is in prime mover or governor control. Verify
proper adjustment of steam control linkage.

Input voltage low.

Check supply voltage. It should be at least 18
Vdc.

Prime mover does not

share load with other units.

Prime mover not receiving
steam as called for by the
governor.

If voltage to actuator is maximum, visually
determine if actuator shaft is at maximum
position. If it is not, an actuator problem is
indicated, or the linkage or steam system is
restricted.

Unequal speed settings.

Be sure that speed settings of all units at no load
are identical.

Unequal load gain voltages.

With the prime mover operating in single unit
configuration, LOAD GAIN must be set at 6.0 Vdc.
See LOAD GAIN ADJUSTMENT in Chapter 3.

Improper load sensing

Perform phasing procedure in

phasing. Chapter 3.
Circulating currents between Refer to appropriate voltage regulator manual.
generators.
Prime mover does not Actuator. If actuator has a ballhead backup, verify that its
maintain constant speed hydraulic governor section, speed setting, and
(isochronous). speed droop adjustments are properly set (see
the applicable governor manual).
Prime mover. If the droop occurs near the full-load point only, it

is possible the prime mover is not producing the

horsepower called for by the steam control or is

being overloaded. Either is indicated if the steam
control is at maximum position.
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Chapter 7.

Communications
]

Modbus Communication

The 2301E-ST control can communicate with plant distributed control systems or CRT based operator
control panels through one Modbus communication port. The communication port supports RS-422
communications using RTU MODBUS transmission protocols. Modbus utilizes a master/slave protocol.

This protocol determines how a communication network’s master and slave devices establish and break
contact, how a sender is identified, how messages are exchanged, and how errors are detected.

Monitor Only

The Modbus communication port, as defaulted from the factory, is not programmed. Although this port is
not programmed it continue to update all information to all registers. This allows the 2301E-ST to be
monitored but not controlled from an external device. By simply connecting a monitoring device,
configured to communicate through Modbus, and to the 2301E-ST’s defaulted protocol settings (parity,
stop bits, etc.), this device can be used to monitor all the 2301E-ST’s controlling parameters, modes, etc.
without effecting control. To use a 2301E-ST port it must be configured properly.

Monitor And Control

Once a Modbus port is activated by the Modbus selector command, the

2301E-ST will accept an external network master device. This allows a Modbus compatible device to
monitor and perform all 2301E-ST mode parameters and commands to use a 2301E-ST port it must be
configured properly.

Modbus Communication Mode

The 2301E-ST control supports two Modbus transmission modes. A mode defines the individual units of
information within a message and the numbering system used to transmit the data. Only one mode per
Modbus network is allowed. The supported RTU (Remote Terminal Unit). These modes are defined in the
following table.

Table 7-1. RTU Modbus

Characteristic RTU
Coding System 8-bit Binary
Start Bit 1
Data Bits per Character 8
Parity None
Stop Bits 1
Baud Rate 9600, 19200, 38400, 57600 or 115200
Error Checking CRC (Cyclical Redundancy Check)

In the RTU mode, data is sent in 8-bit binary characters and transmitted in a continuous stream.
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The Modbus protocol allows one master and up to 247 slaves on a common network. Each slave is
assigned a fixed, unique device address in the range of 1 to 247. With the Modbus protocol, only the
network master can initiate a transaction. A transaction consists of a request from the master to a slave
unit and the slave’s response. The protocol and Modbus device number are set in the Program Mode and
can be adjusted in the Service Mode, if required.

The 2301E-ST control is programmed to function as a slave unit only. As a slave unit, the 2301E-ST wiill
only respond to a transaction request by a master device. The 2301E-ST can directly communicate with a
DCS or other Modbus supporting device on a single communications link, or through a multi-dropped
network. If multi-dropping is used, up to 246 devices (2301E-STs or other customer devices) can be
connected to one Master device on a single network. The control address is programmed under the
2301E-ST’'s communications block

Each message to or from a master has a defined structure called the message “frame”. A frame consists
of the slave device address, a code defining the requested data and error checking information (see
Table 7-2).

Table 7-2. Modbus Frame Definition

. . Error
Mode Beginning Slave Function Data Check End of
of Frame Address Code Code Frame
RTU 3-Char 1 Char 1 Char 8 bits per 1 Char 3-Char
Dead Time 8 bits 8 bits Char 8 bits Dead Time

The Modbus function code tells the addressed slaves what function to perform. The following table lists
the function codes supported by this control.

Modbus Function Codes

Table 7-3. Modbus Function Codes

I Reference
Code Definition Address
01 Read Digital Outputs OXXXX
(Raise/Lower and Enable/Disable Commands)
02 Read Digital Inputs (Status Indications / Alarms and Trips) IXXXX
03 Read Analog Outputs 4XXXX
04 Read Analog Inputs (Speed, Setpt, etc.) IXXXX
05 Write Single Discrete Output 0XXXX
(Raise/Lower and Enable/Disable Commands)
08 Loopback Diagnostic Test (Subfunction 0 only) N/A
15 Write Digital Outputs OXXXX
16 Write Analog Outputs 4XXXX

When a Modbus message is received, it is checked for any errors or invalid data. If there is invalid data in
the message, an error code is sent back to the master and the control issues an alarm message. The
error codes are defined in the following table. The exception error status and respective error codes can
be viewed in the Service mode under V**COM PORT (MODBUS)**.

If the control has not received a message for the configured time-out period, the control will alarm with an
error message, but no message is sent to the master. This time-out is defaulted to 4 seconds and only
applies to units using both monitor and control (adjustable in the Service Mode).
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Port Adjustments

Before the 2301E-ST will communicate with the master device, the communication parameters must be
verified. These values are set from the Service Mode.

Table 7-4. Port Adjustments

Parameter  Port Adjustment Range
Baud Rate 9600 to 115200
DataBits 7 or8
Stop Bits  1,2,0r1.5
Parity NONE, ODD, or EVEN
Receive Mode Line or Character
Flow OFF, XON/XOFF or CTR-RTS
Auto Echo  OFF or ON
End Line LF, CR, or CRLF
Ignore  OFF or ON
Driver RS-422

2301E-ST Control Modbus Addresses

The Modbus communication ports in the 2301E-ST are programmed for unique Modbus addresses. A
complete listing of these addresses for your application is located at the end of this section in the manual.
The Modbus address listing consists of Boolean Writes, Boolean Reads, Analog Reads and Analog
Writes. The Boolean reads and writes are also referred to as input and holding coils. The analog reads
and writes are also referred to as input registers and holding registers. All values that can be addressed
by Modbus are considered to be discrete and numeric. The discrete values are a 1 bit binary, on or off
value and the numerics are 16 bit values. Discrete values are sometimes referred to as coils or digitals
and numerics are referred to as registers or analogs. All read/write registers are interpreted by the 2301E-
ST as signed 16 bit integer values. Since Modbus can only handle integers, values that require a decimal
point in the Modbus Master Device are multiplied by a scaling constant before being sent by 2301E-ST.
See Appendix B for defaulted communication constants and ranges.

Boolean Writes

Boolean Writes are logic signals that are writeable to the 2301E-ST control. An example of a Boolean
write value would be raise or lower commands. A logical true denoted by the value 1 will cause the
command listed in the description to be executed.

If a start (address 0.0005) command is given it will be latched. To reset the latch, remove the start
command and give a command to unload (address 0.0006). This is applicable for the following
commands:

0.0005 Start (latch)

0.0006 Unload

0.0009 Rated (latch)

0.0010 Idle

0.0017 Isoch (CB close 52G) (latch)

0.0018 Droop

Boolean Reads

Boolean Reads are logic signals that are readable from, but not writeable to, the 2301E-ST. An example
of a Boolean read value would be a turbine trip status indication. The logic true will have the value 1 if the
statement in the description column is true and a 0 if false. The ‘1:’ term in the address identifies a logic
true. The 2301E-ST supports Modbus function code 2, which involves reading selected logic signals.
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Analog Reads

Input registers are analog values that are readable from, but not writeable to, the 2301E-ST. Turbine
speed is an example of an analog read value. The values of the input registers are stored internally to the
control as floating point numbers representing engineering units (kPa or rpm). The values that are
transmitted are integers ranging from —32767 to +32767. Since Modbus can only handle integers, values
that have a decimal point are multiplied by a constant before being sent by Modbus. For example, these
input registers may be listed as the Modbus value "x100’ or "x10’ under the description heading to denote
the value is multiplied by a scaling constant. This will allow transmission of decimal parts of a unit if this is
necessary for better resolution.

See the 2301E-ST Service mode for defaulted communication constants and ranges. The 2301E-ST
supports Modbus function code 4, which involves reading selected input registers.

Analog Writes

Holding registers are analog values that are writeable to the 2301E-ST. These values can also be read by
a device performing an error check. An example of an analog write value would be a direct speed setpoint
as opposed to raise and lower commands. The values of the holding registers are also stored in the
control as numbers representing engineering units (kPa or rpm). The 2301E-ST supports Modbus
function codes 3, 6, and 16. These correspond to reading selected holding registers, writing to a single
holding register and writing to multiple holding registers, respectively. The following tables give the
address and description of all Boolean and analog reads and writes:

Modbus Scale Factors
Modbus has two limitations:
e only integers can be sent across
. the value is limited between —32767 and +32767

These limitations can be overcome by scaling the value before it is sent across the Modbus. The default
scale factor for the analog values is 1. The scale factor can be changed in the Control Assistant
(PORT_2.COM.AR_M_X) between 1 and 1000. These scaled parameters and their scale factor are
available through the Modbus. Values that require a decimal point must be multiplied by the scale factor
(10, 100 or 1000) prior to being sent across the Modbus. The value sent is then divided by the scale
factor in the Master. The Scale Factor adjusts all associated analog reads accordingly. The Multiplier
(sale factor) can be changed in the Control Assistant.

Shutdown Command through Modbus

Two different types of shutdown commands (emergency and controlled) can be issued through Modbus.
The Emergency Shutdown command instantly takes the speed setpoint, valve limiter and actuator current
to zero. The Controlled Shutdown function is used to stop the turbine in a controlled manner, as opposed
to an Emergency Trip. When a STOP command (controlled shutdown) is issued the Speed Setpoint is
ramped to zero at the optional rate. After the Speed Setpoint reaches zero, the valve limiter is instantly
stepped to zero.

The Emergency Shutdown and Controlled Shutdown commands do not influence operation of Trip Relay.

By setting the Shutdown Acknowledge BW to TRUE (one) momentarily, the Trip Relay output can be
forcedly returned to a normal state. But its trip condition is not canceled.
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Start Command through Modbus

The start-up of a turbine is possible by the command through Modbus. The Open/Close of Contact inputs
(RUN/SHUTDOWN etc.) serve as the independent command in Modbus BW. These commands operate
in a momentary input.

For More Modbus Information

Detailed information on the Modbus protocol is presented in “Reference Guide

PI-MBUS-300" published by AEC Corp./Modicon Inc., formerly Gould Inc. To implement your own source
code, you must register with Modicon. Registration includes purchasing document PI-MBUS-303 and
signing a non-disclosure agreement. You can register to use Modbus at your nearest Modicon field office.
To find the office nearest you, contact Modicon Technical Support at

1-800-468-5342.
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Chapter 8.
Product Support and Service Options
|

Product Support Options

If you are experiencing problems with the installation, or unsatisfactory performance of a Woodward

product, the following options are available:

e  Consult the troubleshooting guide in the manual.

e  Contact the manufacturer or packager of your system.

e  Contact the Woodward Full Service Distributor serving your area.

e Contact Woodward technical assistance (see “How to Contact Woodward” later in this chapter) and
discuss your problem. In many cases, your problem can be resolved over the phone. If not, you can
select which course of action to pursue based on the available services listed in this chapter.

OEM or Packager Support: Many Woodward controls and control devices are installed into the equipment
system and programmed by an Original Equipment Manufacturer (OEM) or Equipment Packager at their
factory. In some cases, the programming is password-protected by the OEM or packager, and they are the
best source for product service and support. Warranty service for Woodward products shipped with an
equipment system should also be handled through the OEM or Packager. Please review your equipment
system documentation for details.

Woodward Business Partner Support: Woodward works with and supports a global network of
independent business partners whose mission is to serve the users of Woodward controls, as described
here:

e A Full Service Distributor has the primary responsibility for sales, service, system integration
solutions, technical desk support, and aftermarket marketing of standard Woodward products within
a specific geographic area and market segment.

e An Authorized Independent Service Facility (AISF) provides authorized service that includes repairs,
repair parts, and warranty service on Woodward's behalf. Service (not new unit sales) is an AISF's
primary mission.

A current list of Woodward Business Partners is available at www.woodward.com/local-partner.

Product Service Options

The following factory options for servicing Woodward products are available through your local Full-
Service Distributor or the OEM or Packager of the equipment system, based on the standard Woodward
Product and Service Warranty (5-01-1205) that is in effect at the time the product is originally shipped
from Woodward or a service is performed:

e Replacement/Exchange (24-hour service)

¢ Flat Rate Repair

¢ Flat Rate Remanufacture
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Replacement/Exchange: Replacement/Exchange is a premium program designed for the user who is in
need of immediate service. It allows you to request and receive a like-new replacement unit in minimum
time (usually within 24 hours of the request), providing a suitable unit is available at the time of the
request, thereby minimizing costly downtime. This is a flat-rate program and includes the full standard
Woodward product warranty (Woodward Product and Service Warranty 5-01-1205).

This option allows you to call your Full-Service Distributor in the event of an unexpected outage, or in
advance of a scheduled outage, to request a replacement control unit. If the unit is available at the time of
the call, it can usually be shipped out within 24 hours. You replace your field control unit with the like-new
replacement and return the field unit to the Full-Service Distributor.

Charges for the Replacement/Exchange service are based on a flat rate plus shipping expenses. You are
invoiced the flat rate replacement/exchange charge plus a core charge at the time the replacement unit is
shipped. If the core (field unit) is returned within 60 days, a credit for the core charge will be issued.

Flat Rate Repair: Flat Rate Repair is available for the majority of standard products in the field. This
program offers you repair service for your products with the advantage of knowing in advance what the
cost will be. All repair work carries the standard Woodward service warranty (Woodward Product and
Service Warranty 5-01-1205) on replaced parts and labor.

Flat Rate Remanufacture: Flat Rate Remanufacture is very similar to the Flat Rate Repair option with
the exception that the unit will be returned to you in “like-new” condition and carry with it the full standard
Woodward product warranty (Woodward Product and Service Warranty 5-01-1205). This option is
applicable to mechanical products only.

Returning Equipment for Repair

If a control (or any part of an electronic control) is to be returned for repair, please contact your Full-
Service Distributor in advance to obtain Return Authorization and shipping instructions.

When shipping the item(s), attach a tag with the following information:
Return authorization number

Name and location where the control is installed

Name and phone number of contact person

Complete Woodward part number(s) and serial number(s)
Description of the problem

Instructions describing the desired type of repair

Packing a Control

Use the following materials when returning a complete control:

Protective caps on any connectors

Antistatic protective bags on all electronic modules

Packing materials that will not damage the surface of the unit

At least 100 mm (4 inches) of tightly packed, industry-approved packing material
A packing carton with double walls

A strong tape around the outside of the carton for increased strength

To prevent damage to electronic components caused by improper

NO TICE handling, read and observe the precautions in Woodward manual
82715, Guide for Handling and Protection of Electronic Controls,
Printed Circuit Boards, and Modules.
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Replacement Parts

When ordering replacement parts for controls, include the following information:
e  The part number(s) (XXXX-XXXX) that is on the enclosure nameplate
e  The unit serial number, which is also on the nameplate

Engineering Services

Woodward offers various Engineering Services for our products. For these services, you can contact us by
telephone, by email, or through the Woodward website.

e  Technical Support
e  Product Training
e Field Service

Technical Support is available from your equipment system supplier, your local Full-Service Distributor, or
from many of Woodward’s worldwide locations, depending upon the product and application. This service can
assist you with technical questions or problem solving during the normal business hours of the Woodward
location you contact. Emergency assistance is also available during non-business hours by phoning
Woodward and stating the urgency of your problem.

Product Training is available as standard classes at many of our worldwide locations. We also offer
customized classes, which can be tailored to your needs and can be held at one of our locations or at
your site. This training, conducted by experienced personnel, will assure that you will be able to maintain

system reliability and availability.

Field Service engineering on-site support is available, depending on the product and location, from many
of our worldwide locations or from one of our Full-Service Distributors. The field engineers are
experienced both on Woodward products as well as on much of the non-Woodward equipment with which

our products interface.

For information on these services, please contact one of the Full-Service Distributors listed at

www.woodward.com/local-partner.

Contacting Woodward’s Support Organization

For the name of your nearest Woodward Full-Service Distributor or service facility, please consult our
worldwide directory at www.woodward.com/support, where you may also find the most current product

support and contact information.

You can also contact the Woodward Customer Service Department at one of the following Woodward
facilities to obtain the address and phone number of the nearest facility at which you can obtain

information and service.

Products Used in
Electrical Power Systems

Products Used in
Engine Systems

Products Used in Industrial
Turbomachinery Systems

Facility -------=-=-=--- Phone Number Facility ------=-=------ Phone Number Facility ------=-=------ Phone Number
Brazil ----------—--- +55 (19) 3708 4800 Brazil ------------- +55 (19) 3708 4800 Brazil ------------- +55 (19) 3708 4800
China----------- +86 (512) 8818 5515 China--------—--- +86 (512) 8818 5515 China--------—--- +86 (512) 8818 5515
Germany:------- +49 (711) 78954-510 Germany ------ +49 (711) 78954-510  India --------------- +91 (124) 4399500
Indig --------------- +91 (124) 4399500 India --------------- +91 (124) 4399500 Japan--------------- +81 (43) 213-2191
Japan--------------- +81 (43) 213-2191  Japan--------------- +81 (43) 213-2191  Korea-------------- + 82 (32) 422-5551
Korea--------------- +82 (32) 422-5551 Korea-------------- + 82 (32) 422-5551  The Netherlands--+31 (23) 5661111
Poland ------------ +48 (12) 29513 00 The Netherlands--+31 (23) 5661111  Poland ------------ +48 (12) 295 13 00

United States-----+1 (970) 482-5811

United States-----+1 (970) 482-5811

United States-----+1 (970) 482-5811

Woodward

110



Released

Manual 26694 2301E-ST

Technical Assistance
If you need to contact technical assistance, you will need to provide the following information. Please write
it down here before contacting the Engine OEM, the Packager, a Woodward Business Partner, or the
Woodward factory:

General
Your Name

Site Location
Phone Number

Fax Number

Prime Mover Information

Manufacturer

Turbine Model Number

Type of Fuel (gas, steam, etc.)

Power Output Rating

Application (power generation, marine,
etc.)

Control/Governor Information

Control/Governor #1

Woodward Part Number & Rev. Letter

Control Description or Governor Type

Serial Number

Control/Governor #2

Woodward Part Number & Rev. Letter

Control Description or Governor Type

Serial Number

Control/Governor #3

Woodward Part Number & Rev. Letter

Control Description or Governor Type

Serial Number

Symptoms

Description

If you have an electronic or programmable control, please have the adjustment setting positions or the menu
settings written down and with you at the time of the call.
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Appendix A.

Service/Configuration Menus
|

Table A-1. Configure Menus

Configure Menu Programmed  Default Tl_mable Range
Value Value Min. Max.
A**SPD LOAD STRT OPTIONS**
01 Rated Speed (RPM) 3600.0 0.0 32000.0
02 Enter Rated/Max Load (KW) 1000 10 30000
03 Gen Freq lis 50 Hz? FALSE | FALSE TRUE
04 MPU Min Spd Level (RPM) 250.0 0.0 2000.0
05 Number of Gear Teeth MPU1 60 16 500
06 Max Overspeed Test Lmt (RPM) 4140 0.0 32000
07 Use Self Powered Act? FALSE FALSE TRUE
08 MPU Override % 20.0 1.0 100.0
09 Self Pwrd Time Dly (Sec) 60.0 5.0 30000.0
10 Gear Ratio MPU1 1.0 0.1 10.0
11 Use Critical Band? FALSE | FALSE TRUE
12 Crit Shtdn Time Dly (Sec) 300 0.0 1200.00
13 Use Manual Start? FALSE | FALSE TRUE
14 Use Semi-Auto Start? FALSE | FALSE TRUE
15 Use Automatic Start? TRUE FALSE TRUE
16 Start Mode = Monitor
17 Max different in Speed 100.00 0.00 1000.00
18 Number of Gear Teeth MPU2 60 16 500
19 Gear ratio MPU2 1.00 0.10 10.00
B**DISCRETE IN OPTIONS**
01 Configuration Error Monitor
02 Sel DI F Function (1-6) 1 1 6
03 Display DI F Function Monitor
04 Sel DI G Function (1-6) 1 1 6
05 Display DI G Function Monitor
06 Sel DI H Function (1-6) 1 1 6
07 Display DI H Function Monitor
08 Enable R/L When LS FALSE | FALSE TRUE
C**DISCRETE OUT OPTIONS**

01 Is Trip Relay NC? TRUE FALSE TRUE
02 Is Alarm Relay NC? TRUE FALSE TRUE
03 Relay 1 Energizes (1-12) 2 1 12
04 Relay 1 Selected For Monitor
05 Relay 2 Energizes (1-12) 3 1 12
06 Relay 2 Selected For Monitor
07 Relay 3 Energizes (1-12) 4 1 12
08 Relay 3 Selected For Monitor
09 Relay 4 Energizes (1-12) 6 1 12
10 Relay 4 Selected For Monitor
11 Reset Clears Trips? FALSE FALSE TRUE
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Table A-1. Configure Menus (cont'd.)

Configure Menu Programmed  Default Tunable Range
Value Value Min. Max.
D**ANALOG INPUT OPTIONS**
01 Configuration Error? Monitor
02 Sel Al #1 Function (1-6) 1 1 6
03 Display Al #1 Function Monitor
04 Sel Al #1 Type (1-4) 1 1 4
05 Display Al #1 Type Monitor
06 Use Input #1 Fail Trip FALSE FALSE TRUE
07 Sel Al #2 Function (1-6) 1 1 6
08 Display Al #2 Function Monitor
09 Sel Al #2 Type (1-4) 1 1 4
10 Display Al #2 Type Monitor
11 Use Input #2 Fail Trip FALSE FALSE TRUE
E*ACTUATOR OUT OPTIONS**
01 Actuator Out Type (1-4) 1 1 4
02 Display Actuator Type Monitor
03 Invert Driver Output? FALSE FALSE TRUE

Table A-2. Service Menus

Service Menu Pro%rammed Default Value M
alue Min. Max.
A** DISPLAY ANALOG INFO **
01 Speed Control Status = Monitor
02 Turbine Speed (RPM) = Monitor
03 Generator Frequency (HZ) = Monitor
04 Speed Reference (RPM) = Monitor
05 Actuator Signal (%) = Monitor
06 Actuator Current (mA) = Monitor
07 Valve Limiter (%) = Monitor
08 Speed PID (%) = Monitor
09 Critical Speed Band? = Monitor
10 Speed Ref Bias (rpm) = Monitor
11 Analog Input #1 = Monitor
12 Analog Input #2 = Monitor
13 Start Mode Selected = Monitor
14 MPU1 (RPM) Monitor
15 MPU2 (RPM) Monitor
B** DISPLAY LOAD INFO **
01 Load Control Status = Monitor
02 Load Sensor Input (KW) = Monitor
03 Load Sensor (%) = Monitor
04 Load Sharing Bias (RPM) Monitor
05 Load Signal Out (Vdc) = Monitor
06 System Load 0-3(Vdc) = Monitor
07 Load Sharing Bias (%) = Monitor
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Table A-2. Service Menus (cont'd.)

Service Menu Programmed Default Tunable Range
Value Value Min. Max.
C** SHUTDOWNS **
01 Shutdown Status Monitor
02 First Shutdown Monitor
03 Power Up Shutdown (1) Monitor
04 Overspeed (2) Monitor
05 MPU Fail (3) Monitor
06 Analog Input#1 Fail (4) Monitor
07 Analog Input#2 Fail (5) Monitor
08 Modbus Issued Trip (6) Monitor
09 Test Mode (7) Monitor
10 External Shutdown (8) Monitor
11 Stuck in Critical (9) Monitor
12 Shutdown Acknowledge FALSE FALSE TRUE
D** ALARMS **
01 Alarm Status Monitor - - -
02 First Alarm Monitor - - -
03 Analog Input#1 Fail (1) Monitor - - -
04 Analog Input#2 Fail (2) Monitor - - -
05 Load Sensor Fail (3) Monitor
06 Load Share Line Fail (4) Monitor
07 MPU1 Fail (5) Monitor
08 MPU2 Fail (6) Monitor
09 MAX DIFF MPU (7) Monitor
10 Alarm Acknowledge FALSE FALSE TRUE
E** SPEED DYNAMICS **

01 Off Line Prop Gain 5.0 0.01 100.0
02 Off Line Int Gain 1.8 0.01 50.0
03 Off Line Deriv Ratio 20 0.01 100.0
04 Off Line Window Width 60.0 1.0 200.0
05 Off Line Gain Ratio 1.0 1.0 10.0
06 Use On Line Dynamics? FALSE FALSE TRUE
07 On Line Prop Gain 5.0 0.01 100.0
08 On Line Int Gain 1.8 0.01 50.0
09 On Line Deriv Ratio 20.0 0.01 100.0
10 On Line Window Width 60.0 1.0 200.0
11 On Line Gain Ratio 1.0 1.0 10.0
12 Using On Line Dynamics? Monitor
13 Use Load Rejection? False True False
14 Ld Rej Spd Chg (RPM/SEC) 50.0 50.0 250.0
15 Ld Rej Percent Speed (%) 102.0 100.0 105.0
16 Ld Rej Intergral Gain 1.00 0.10 20.00
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Table A-2. Service Menus (cont'd.)

Service Menu Programmed Default Tunable Range
Value Value Min. Max.
F** REMOTE SPEED CONTROL **
01 Remote Control Mode Monitor
02 Rmt/Proc Slw Rate (RPM/S) 5.0 0.0 1000.0
03 Rmt Stpt Deadband (RPM) 2.0 0.0 100.0
04 Rmt Stpt Fst Rate (RPM/S) 10.0 0.0 1000.0
05 Rmt 2nd Deadband (RPM) 10.0 0.0 100.0
06 Speed Reference (Rpm) Monitor - - -
07 Rmt Speed Setpt (Rpm) Monitor - - -
G**SPEED SETTING**
01 Idle Spd Setpoint 1000.00 0.0 32000.00
02 Idle to Rated (RPM/SEC) 25.0 0.0 32000.0
03 Rated to Idle Rate (RPM/SEC) 25.0 0.0 32000.0
04 Min Gov Setpoint (RPM) 3550.00 0.0 32000.00
05 Max Gov Setpoint (RPM) 3843.00 0.0 32000.00
06 Lower Slow Rate (RPM/S) 10.00 0.00 1000.00
07 Lower Fast Rate (RPM/S) 25.00 0.00 1000.00
08 Raise Slow Rate (RPM/S) 10.00 0.00 1000.00
09 Raise Fast Rate (RPM/S) 25.00 0.00 1000.00
10 R/ L Time Delay (Sec) 5.0 0.5 30.0
11 Critical Low Point (RPM) 2500.00 0.00 32000.00
12 Critical Hi Point (RPM) 3000.00 0.00 32000.00
13 Critical Rate (RPM/SEC) 100.00 0.00 32000.00
14 Use Set Point Set-Back? FALSE FALSE TRUE
H** PROCESS CONTROL **

01 Process Control Enabled Monitor
02 Use Process Control? FALSE FALSE TRUE
03 Invert Process? FALSE FALSE TRUE
04 Min Proc Setpt (Units) 0.00 -32000.00 32000.00
05 Max Proc Setpt (Units) 0 -32000.00 32000.00
06 Proc Setpt Rt (Units / Sec) 5.00 0.01 1000.00
07 Use Setpoint Tracking? FALSE FALSE TRUE
08 Setpt Init Value (Units) 0 -32000.00 32000.00
09 Spd Setpt Low Lmt (RPM) 0.00 -0 32000.00
10 Spd Setpt High Lmt (RPM) 0.00 -0 32000.00
11 Process PID Prop Gain 1.0 0.00 100.00
12 Process PID Integ Gain 0.3 0.001 50.0
13 Process Derivative Ratio 100.00 0.01 100.00
14 Process Cntrl Deadband 0.01 0.01 5.0
15 Use Remote Proc Setting? FALSE FALSE TRUE
16 Remote Proc Max Rate 5.00 0.01 1000.00
17 Analog Input #1 Monitor
18 Analog Input #2 Monitor
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Table A-2. Service Menus (cont'd.)

Service Menu Programmed Default Tunable Range
Value Value Min. Max.
19 Process Setpoint (Units) Monitor
20 Process Actual (Units) Monitor
I** OVERSPEED TEST **
01 Overspeed Test Status Monitor
02 Overspeed Test Enable FALSE FALSE TRUE
03 Elec Overspeed Trip Setpt 4032.00 0.00 32000.00
04 Elec Overspd Trip Test Monitor
05 Turbine Speed(Rpm) Monitor
06 Speed Ref(Rpm) Monitor
J** FAILED MPU OVERRIDE **
01 Auto-Ovrd Off Speed 450.00 0.00 2000.00
02 Auto-Ovrd On Speed 650.00 0.00 2000.00
03 Auto-Ovrd On Delay (Sec) 5.00 0.00 100.00
04 Use MPU Ovrd Timer? FALSE FALSE TRUE
05 Use Rolldown Ovrd? FALSE FALSE TRUE
06 Max Starting Time (SEC) 60.00 0.00 3000.00
K** SYNCHRONIZER SETUP **
01 ENABLE SYNC INPUT Monitor - - -
02 SYNC INPUT SCALE(%/V) 0.7 0.1 5.0
03 SYNC BIAS SPD(rpm) Monitor - - -
04 TURBINE SPEED(rpm) Monitor - - -
05 SPEED REF(rpm) Monitor - - -
L** VALVE LIMITER SET **
01 Enable Manual Cntrl Ramp FALSE FALSE TRUE
02 Manual Ramp Status Monitor
03 Manual Cntrl Ramp Setpnt 100.00 0.00 100.00
04 Display Actuator % Monitor
05 Actual Valve Ramp % Monitor
06 Man Start Rate (%/SEC) 10.00 0.00 100.00
07 Auto Strt Rate (%/SEC) 2.00 0.0 100.0
08 Man/Auto PID Ramp Rate 20.00 1.00 1000.00
M** LOAD SENSR AND DROOP **

01 Use Load Sensor? FALSE FALSE TRUE
02 Use Act Pos Droop? FALSE FALSE TRUE
03 Droop Percentage (%) 5.0 0.0 12.0
04 Act % @ No Ld (POS DRP) 20.00 0.00 100.00
05 Act % @ Full Ld (POS DRP) 80.00 0.00 100.00
06 Enter Rated Load (KW) 1000 10 30000
07 Load Gain Voltage 6.00 0.10 9.00
08 KW Calibration Zero 0.00 -20.00 20.00
09 KW Calibration Gain 10.00 5.00 40.00
10 Load Time (KW/SEC) 20.00 1.00 600.00
11 Enable Fast Load Rate FALSE FALSE TRUE
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Table A-2. Service Menus (cont'd.)

Service Menu Programmed Default Tunable Range
Value Value Min. Max.
112 Fast Load Time (KW/SEC) 60.00 1.00 600.00
13 Fast Ramp Load (%) 80.00 1.00 110.00
14 Load Sharing Gain 0.20 0.01 10.00
115 Unload Time (KW/SEC) 20.00 1.00 600.00
16 Gen Output (KW) Monitor
17 Load Signal Out (Vdc) Monitor
N** ACT LINEARIZATION **
01 Y-1 Value 0.0 -10.0 110.0
02 X-2 Value 10.0 -10.0 110.0
03 Y-2 Value 10.0 -10.0 110.0
04 X-3 Value 20.0 -10.0 110.0
05 Y-3 Value 20.0 -10.0 110.0
06 X-4 Value 30.0 -10.0 110.0
07 Y-4 Value 30.0 -10.0 110.0
08 X-5 Value 40.0 -10.0 110.0
09 Y-5 Value 40.0 -10.0 110.0
10 X-6 Value 50.0 -10.0 110.0
11 Y-6 Value 50.0 -10.0 110.0
12 X-7 Value 60.0 -10.0 110.0
13 Y-7 Value 60.0 -10.0 110.0
14 X-8 Value 70.0 -10.0 110.0
15 Y-8 Value 70.0 -10.0 110.0
16 X-9 Value 80.0 -10.0 110.0
17 Y-9 Value 80.0 -10.0 110.0
18 X-10 Value 90.0 -10.0 110.0
19 Y-10 Value 90.0 -10.0 110.0
20 X-11 Value 100.0 -10.0 110.0
21 Y-11 Value 100.0 -10.0 110.0
22 Actuator Demand (%) Monitor - - -
23 Actuator Out (mA) Monitor - - -
O** ACTUATOR CALIBRATION **
01 Calibration Enable FALSE FALSE TRUE
02 Calibration Status Monitor
03 Dummy Drive Signal (%) 0 0 100
04 Driver Offset 0.0 -100.0 100.0
05 Driver Gain 1.0 0.0 10.0
06 Actuator Dither (mA) 0.0 0.0 10.0
07 Actuator Out (mA) Monitor
P**ANALOG I/O SETTINGS**

01 Display Al #1 Function Monitor
02 Input #1 Min Value (Unit) 0.00 -32000.0 32000.0
03 Input #1 Max Value (Unit) 100.00 -32000.0 32000.0
04 Analog In #1 Units Monitor
05 Display Al #2 Function Monitor
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Table A-2. Service Menus (cont'd.)

Service Menu Programmed Default Tunable Range
Value Value Min. Max.
06 Input #2 Min Value (Unit) 0.00 -32000.0 32000.0
07 Input #2 Max Value (Unit) 100.00 -32000.0 32000.0
08 Analog In #2 Units Monitor
09 Analog Output Sel (1-7) 1 1 7
10 Analog Output Selected Monitor
11 Anout Min Val (Unit) 0.0 -32000.0 32000.0
12 Anout Max Val (Unit) 100.0 -32000.0  32000.0
13 Analog Out (mA) Monitor
Q**DISCRETE OUT SETTINGS**
01 Relay 1 Selected As Monitor
02 Relay 1 Level Sw (1-7) 1 1 7
03 Relay#1 Level Select For Monitor
04 Relay 1 ON Level = 0.0 -32000.0 32000.0
05 Relay 1 OFF Level = 0.0 -32000.0 32000.0
06 Relay 2 Selected As Monitor
07 Relay 21 Level Sw (1-7) 1 1 7
08 Relay#2 Level Select For Monitor
09 Relay 2 ON Level = 0.0 -32000.0 32000.0
10 Relay 2 OFF Level = 0.0 -32000.0 32000.0
11 Relay 3 Selected As Monitor
12 Relay 3 Level Sw (1-7) 1 1 7
13 Relay#3 Level Select For Monitor
14 Relay 3 ON Level = 0.0 -32000.0 32000.0
15 Relay 3 OFF Level = 0.0 -32000.0  32000.0
16 Relay 4 Selected As Monitor
17 Relay 4 Level Sw (1-7) 1 1 7
18 Relay#4 Level Select For Monitor
19 Relay 4 ON Level = 0.0 -32000.0 32000.0
20 Relay 4 OFF Level = 0.0 -32000.0 32000.0
R** DISPLAY D_I/O STATUS**

01 DI External Shutdown Monitor
02 DI Reset Monitor
03 DI Start / Unload Monitor
04 DI Raise Speed Monitor
05 DI Lower Speed Monitor
06 Discrete Input F Monitor
07 Discrete Input G Monitor
08 Discrete Input H Monitor
09 Discrete Output #1 Monitor
10 Discrete Output #2 Monitor
11 Discrete Output #3 Monitor
12 Discrete Output #4 Monitor
13 Internal L/S Relay K1 Monitor
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Table A-2. Service Menus (cont'd.)

Service Menu Programmed Default Tunable Range
Value Value Min. Max.
S**HARDWARE OUTPUT TEST**
01 Enable Hardware Test FALSE FALSE TRUE
02 Hardware Test Mode Monitor
03 AO Force Value (4—20 mA) 4 4 20
04 Analog Out (mA) Monitor
05 Anout, 4 mA Offset 0.0 -100.0 100.0
06 Anout, 20 mA Gain 1.0 0.0 10.0
07 Turn On Do-1 FALSE FALSE TRUE
08 Discrete Output #1 Monitor
09 Turn On Do-2 FALSE FALSE TRUE
10 Discrete Output #2 Monitor
11 Turn On Do-3 FALSE FALSE TRUE
12 Discrete Output #3 Monitor
13 Turn On Do-4 FALSE FALSE TRUE
14 Discrete Output #4 Monitor
15 Turn On L/S Line Relay FALSE FALSE TRUE
16 Load Share Relay Monitor
17 Analog Input#1 4 mA Offset 0.00 -100.00 100.00
18 Analog Input#1 20 mA Gain 1.00 0.00 10.00
19 Analog Input#2 4 mA Offset 0.00 -100.00 100.00
10 Analog Input#2 20 mA Gain 1.00 0.00 10.00
T**COM PORT (232)**

01 PORT FAIL Monitor - - -
02 BAUD RATE 12 8 12
03 BAUD RATE IS SET FOR Monitor
04 DATA BITS 2 1 2
05 DATA BITS ARE SET FOR Monitor
06 STOP BITS 1 1 3
07 STOP BITS ARE SET FOR Monitor
08 PARITY 1 1 3
09 PARITY IS SET FOR Monitor
10 DRIVER IS SET FOR Monitor
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Table A-2. Service Menus (cont'd.)

Service Menu Programmed Default Tunable Range
Value Value Min. Max.
U*APPLICATION ID**

01 APP Software Number Monitor - - -
02 APP Software Revision Monitor - - -
03 Application Name Monitor - - -
04 Supply Voltage DC Monitor - - -
05 hardware P/N Monitor - - -
06 Hardware S/n Monitor - - -
T**COM PORT (MODBUS)**
01 PORT FAIL Monitor - - -
02 LINK ERROR Monitor - - -
03 Error Percent Monitor - - -
04 Error Number Monitor - - -
05 BAUD RATE 10 8 12
06 BAUD RATE IS SET FOR Monitor
07 DATA BITS 2 1 2
08 DATA BITS ARE SET FOR Monitor
09 STOP BITS 1 1 3
10 STOP BITS ARE SET FOR Monitor
11 PARITY 1 1 3
12 PARITY IS SET FOR Monitor
13 DRIVER IS SET FOR Monitor
14 TIME OUT (sec) 4.0 0.0 100.0
15 Network Address 1 1 247
16 ENABLE MODBUS CONTROL FALSE FALSE TRUE
17 PORT 2 TOTAL EXCEP ERRORS Monitor - - -
18 PORT 2 EXCEPTION ERROR Monitor - - -
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Appendix B.

Modbus Communication List

This Modbus Communication List is applicable for software revision 5418-6351.

Boolean Writes

Address

Table B-1. Boolean Writes

Description

0:0001

Modbus Controlled Shutdown

0:0002

Modbus Alarm Acknowledge

0:0003

Modbus Shutdown Acknowledge

0:0004

Modbus Reset

0:0005

Modbus Start Mode

0:0006

Modbus Unload Mode

0:0007

Modbus Raise

0:0008

Modbus Lower

0:0009

Modbus Rated

0:0010

Modbus Idle

0:0011

Modbus Enable Process Control

0:0012

Modbus Disable Process Control

0:0013

Modbus Speed PID Dynamic Enable

0:0014

Modbus Speed PID Dynamic Disable

0:0015

Modbus Select Speed PID Dynamic #1

0:0016

Modbus Select Speed PID Dynamic #2

0:0017

Modbus Isochronus Mode

0:0018

Modbus Droop Mode

0:0019

Modbus Enable Overspeed Test

0:0020

Modbus Disable Overspeed Test

0:0021

Modbus Energize Modbus Relay #1

0:0022

Modbus De-energize Modbus Relay #1

0:0023

Modbus Energize Modbus Relay #2

0:0024

Modbus De-energize Modbus Relay #2

0:0025

Modbus Energize Modbus Relay #3

0:0026

Modbus De-energize Modbus Relay #3

0:0027

Modbus Energize Modbus Relay #4

0:0028

Modbus De-energize Modbus Relay #4

0:0029

Modbus EnableRemote Control

0:0030

Modbus Disable Remote Control
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Boolean Reads

Address

Table B-2. Boolean Reads

Description

1:0001

Shutdown Status

1:0002

Alarm Status

1:0003

External Shutdown

1:0004

Overspeed Trip Alarm

1:0005

Modbus Issued Trip

1:0006

MPU Fail Trip

1:0007

Analog Input #1 Trip (if configured)

1:0008

Analog Input #2 Trip (if configured)

1:0009

Analog Input #1 Failed

1:0010

Analog Input #2 Failed

1:0011

Load Sensor Failed

1:0012

Load Share Line Failed

1:0013

Speed PID In-Control

1:0014

Remote Speed Setpoint Enabled

1:0015

Speed Reference Lower Limit

1:0016

Speed Reference Raise Limit

1:0017

Load Sharing Enabled

1:0018

Overspeed Test Enabled

1:0019

Level SW#1 ON

1:0020

Level SW#2 ON

1:0021

Level SW#3 ON

1:0022

Level SW#4 ON

1:0023

Discrete Input A State

1:0024

Discrete Input B State

1:0025

Discrete Input C State

1:0026

Discrete Input D State

1:0027

Discrete Input E State

1:0028

Discrete Input F State

1:0029

Discrete Input G State

1:0030

Discrete Input H State

1:0031

Relay Output #1 State

1:0032

Relay Output #2 State

1:0033

Relay Output #3 State

1:0034

Relay Output #4 State

1:0035

In Critical Band

1:0036

Stuck In Critical Band Trip

1:0037

SPEED PID SELECT ENABLED

1:0038

DYNAMIC SETTING #2

1:0039

MPU1 FAIL

1:0040

MPU2 FAIL

1:0041

MAX DIFF MPU
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Analog Reads

Table B-3. Analog Reads

Address Description Multiplier
3:0001 Trip First Out Indication 1
3:0002 Alarm First Out Indication 1
3:0003 Turbine Speed (RPM) 1
3:0004 Speed Reference (RPM) 1
3:0005 Turbine Load (KW) *1.0 (0.0, 1000.0)
3:0006 Actuator Output (%) *10.0 (0.0, 1000.0)
3:0007 Speed PID Output (%) *10.0 (0.0, 1000.0)
3:0008 Analog Input #1 *10.0 (0.0, 1000.0)
3:0009 Analog Input #2 *10.0 (0.0, 1000.0)
3:0010 Valve Limiter Position (%) *10.0 (0.0, 1000.0)
3:0011 MPU 1 (RPM) 1
3:0012 MPU 2 (RPM) 1

Analog Writes
Table B-4. Analog Writes

Address Description Multiplier
4:0001 Modbus Remote Speed Setpoint 1.0

First Out Trip Indication
The integer loaded into the 2301E-ST’s “Trip First Out” indication register 3:0001 indicates the first event
sensed which caused the controller to shut down. Refer to Table B-5 for integer-to-event relationship.

Table B-5. Trip First Out Indication

Power up Shutdown
Overspeed Shutdown
Both Speed Probes Failed
Analog Input #1 Failed
Analog Input #2 Failed
Modbus Issued Shutdown

o |9 a|w|N|=a

First Out Alarm Indication

The integer loaded into the 2301E-ST’s “Alarm First Out” indication register 3:0002 indicates the first
Alarm event sensed since a “Reset” command was given. Refer to Table B-6 for integer to event
relationship.

Table B-6. Alarm First Out Indication

Analog Input #1 Failed

Analog Input #2 Failed

Internal Load Sensor Failed

Loadshare Analog Line Failed

Speed Senor #1 Failed

Speed Sensor #2 Failed

> Max Difference Between Speed Sensors

N[OOI~ WIN|—~
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Appendix C.
2301E-ST Control Specifications

8273-1013

Table C-1. Control Part Numbers

2301 ST Load Sharing & Speed Control for Small Steam Turbines,
Ordinary Locations

8273-1014

2301 ST Load Sharing & Speed Control for Small Steam Turbines,
Hazardous Locations

8928-5014

Power Supply Rating

Control Assistant

Table C-2. Electrical Specifications

18-36 Vdc (SELV)

Power Consumption

Less than or equal to 20 W nominal

Input Supply Voltage:
18V

24 V (nominal)

32V

Input Supply Current:
589 mA

431 mA

319.6mA

Inrush Current

7 A for 0.1 ms (low-voltage model)

Steady State Speed Band

10.25% of rated speed

Magnetic Pickup

100-24 950 Hz (900-20000 rpm)

Discrete Inputs (8)

3 mA at 24 Vdc, impedance approximately 5.2 kQ

Analog Input #1, #2

4-20 mA, 0-5 Vdc, +2.5 Vdc

Synchronizer Bias Signal Input

+2.5 Vdc, externally powered

Analog Output #1

4-20 or 20—200 mA to actuator, software configurable

Analog Output #2

4-20 mA to monitor, internally powered

Discrete Outputs (4)

Configured to provide various level switches or conditions, power
by external +12 Vdc or +24 Vdc source, max output current 200 mA

Discrete Output Ratings

Low-side drivers with overvoltage protection, 200 mA maximum

Communication Ports (J2)

RS-232, RS-422, 9-pin connector, 9600 to 115 200 baud, full
duplex

Woodward
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Table C-3. Environmental Specifications

Ambient Operating Temperature

—40 to +70 °C (=40 to +158 °F)

Storage Temperature

—40 to +105 °C (=40 to +221 °F)

Humidity

95% at +20 to +55 °C (+68 to +131 °F) Lloyd’s Register of Shipping
Test Specification No. 1, 1996, Humidity Test 1

Mechanical Shock

US MIL-STD 810C, Method 516.2, Procedure | (basic design test),
Procedure Il (transit drop test, packaged), Procedure V (bench
handling)

Weight

1.75 kg / 3.86 Ib.

Equipment Classification

Class 1 (grounded equipment)

EMC Immunity Environment:

Marine Type Tests & EN 61000-6-2

IEC 61000-4-2, ESD %6 kV/+8 kV

IEC 61000-4-3, RS 10 V/m + AM 80-3000 MHz
IEC 61000-4-4, EFT +2 kV Power & I/O

IEC 61000-4-5, Surge +1 kV 1/0 CM, +£0.5/+1.0 kV dc power DM/CM,
and +1.0/+2.0 kV ac power DM/CM

IEC 61000-4-6, CRF 10 VRMS + AM 0.150-80 MHz.
Marine Type Test CLFI 3.6 VRMS or 2 W, 50 Hz to 20 kHz.

WWD (Marine) CLFI 3.6-0.36 VRMS or 2.0-0.2 W,
20 kHz to 150 kHz.

EMC Emissions Environment

Marine Type Tests & EN 61000-6-4
Marine General Distribution Zone per CISPR 16
EC EN 61000-6-4 Industrial Limits (Class A)
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Revision History
|

Changes in Revision D—

o Updated Regulatory Compliance section and added United Kingdom Compliance for UKCA Marking
e Updated Declarations and added UKCA Conformity Declarations

o Edit made to Table C-2

Changes in Revision C—

e Lockout/Tagout Warning added to Warnings section

Marine Compliance added to Regulatory Compliance section

Low Voltage Directive, ATEX, and EMC Directives updated in Regulatory Compliance section
T3 and T4 specifications added to Regulatory Compliance section

Replaced DoC in Declarations section.

Changes in Revision B—
e  Added new Declaration of Conformity

Changes in Revision A—

Updated Figure 1-1 to show second MPU & Modbus RS-442 port.
Updated Figure 2-1a to show 2301E-ST.

Added outline drawing of hazardous locations model (Figure 2-1b).
Enlarged/clarified Figures 2-2a/b/c.

Updated/expanded MPU Speed Sensor Inputs description.
Updated/expanded Speed Sensor Check description.

Added First Out information to Appendix B.
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Declarations

EU DECLARATION OF CONFORMITY

EU DoC No.:
Manufacturer’'s Name:

Manufacturer's Contact Address:

Model Name(s)/Number(s):

The object of the declaration described
above is in conformity with the
following relevant Union harmonization
legislation:

Markings in addition to CE marking:
Applicable Standards:

ATEX:

EMC:

LVD:

00448-04-EU-02-01
WOODWARD INC.

1041 Woodward Way
Fort Collins, CO 80524 USA

2300E, 2301E

Directive 2014/34/EU of the European Parliament and of the Council of 26 February
2014 on the harmonization of the laws of the Member States relating to equipment
and protective systems intended for use in potentially explosive atmospheres

Directive 2014/30/EU of the European Parliament and of the Council of 26 February
2014 on the harmonization of the laws of the Member States relating to
electromagnetic compatibility (EMC)

Directive 2014/35/EU of the European Parliament and of the Council of 26 February
2014 on the harmonization of the laws of the Member States relating to the making
available on the market of electrical equipment designed for use within certain
voltage limits

@H3G,Exe¢HCT3Gc
II3G.ExecllC T4 Ge

EN IEC 60079-0, 2018: Explosive Atmospheres - Part 0: Equipment — General
requirements

EN 60079-7:2015, EN IEC 60079-7-:2015/A1:2018: Explosive Atmospheres - Part
7: Equipment protection by type of protection “ec”

EN 61000-6-2:2005, EN61000-6-2:2005/AC: 2005: EMC Part 6-2: Generic
Standards - Immunity for Industrial Environments

EN 61000-6-4:2007, EN 61000-6-4:2007/A1:2011: EMC Part 6-4: Generic
Standards - Emissions for Industrial Environments

EN 61010-1:2010, EN 61010-1:2010/A1:2019/AC-2019-04, EN 61010-
1:2010/A1:2019 - Electrical Equipment for measurement. control, and laboratory
use — Part 1: General requirements

This declaration of conformity is issued under the sole responsibility of the manufacturer
We, the undersigned, hereby declare that the equipment specified above conforms to the above Directive(s).

MANUFACTURER

Signature

Mﬁc‘fcyﬁ.a&

Annette Lvnch

Full Name

Engineering Manager

Position

Woodward, Fort Collins, CO, USA

Place

07 July 2023

Date

5-09-1183 Rev 39

Page 1 of 1
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| UKCA DECLARATION OF CONFORMITY |

TECA DoC No.: 0044804 UKCA-02-01
Manufacturer’s Name: WOODWAERD INC.

Manufacturer’s Contact Address: 1041 Woodward Way
Fort Collins, CO 803524 USA

Model Name(s)/Number(s): 2300E, 2301E

@IIE G,ExecIIC T3 Ge
I13G.ExeclIC T4 Ge

Markings in addition to CE marking:

The object of this Declaration is in full conformity with the following UK Statutory Instruments (and their amendments):

S.1.2016 No. 1107 | Equipment and Protective Systems Intended for use in Potentially Explosive Atmospheres Regulations 2016
S1.2016 No. 1091 | Electromagnetic Compatibility Regulations 2016
S5.I.2016 No. 1101 | Electrical Equipment (Safety) Regulations 2016

The Object of this Declaration is in conformity with the applicable requirements of the following designated standards and
technical specifications.

ENIEC 60079-0:2018 Explosive Atmospheres - Part 0: Equipment — General requirements

EN 60079-7:2015, EN IEC 60079- Explosive Atmospheres - Part 7: Equipment protection by type of protection “ec”
T:2015/A1:2018

EN 61000-6-2:2003, EMC Part 6-2: Generic Standards - Immunity for Industrial Environments

EN 61000-6-2:2005/AC:2005

EN 61000-6-4:2007, EMC Part 6-4: Generic Standards - Emissions for Industrial Environments

EN 61000-6-4:2007/A1:2011

EN 61010-1:2010, Electrical Equipment for measurement. control. and laboratory use — Part 1: General
EN 61010-1-2010/A1:2019/AC:2019-04, | requirements

EN 61010-1:2010/A1:2019

This declaration of conformity is issued under the sole responsibility of the manufacturer
We, the undersigned, hereby declare that the equipment specified above conforms to the above Regulation(s).

MANUFACTURER

M%ﬂquﬁ,

Signature

Annette Lvnch
Full Name

Engineering Manager
Position
Woodward, Fort Collins, CO, USA

Place

07 July 2023
Date

Page 1 of 1
5-09-1183 Rev 39
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We appreciate your comments about the content of our publications.

Send comments to: industrial.support@woodward.com

Please reference publication 26694.

B26694:D

\..WOODWARD

PO Box 1519, Fort Collins CO 80522-1519, USA
1041 Woodward Way, Fort Collins CO 80524, USA
Phone +1 (970) 482-5811

Email and Website—www.woodward.com

Woodward has company-owned plants, subsidiaries, and branches, as well as
authorized distributors and other authorized service and sales facilities throughout the world.

Complete address / phone / fax / email information for all locations is available on our website.






