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A. lecture with visual aids

MATERIALS

A. Overhead projector

B. Transparencies

C. White board with markers

EVALIATION

A. Written or oral exam in conjunction with other lesson plans

REMARKS

A. instructional unit (IU) is attached to the lesson

A performance-based

plan as a student handout. After the lecture, instruction should be
provided for the attached instructional unit. The instructor should
be available to answer any questions that ma arise conceming the
IU material. After instruction on the IU, student will perform,
simulate, aobserve or discuss (as identifieu on the Cluster signoff
criteria list) the task covered in the instructional unit in the
presence of an evaluator.

MASTER copy
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T TRIAOSE STATEMENT

FOLLOWING OUMPLETION OF THIS LESSON, THE STUDENT WILL POSSESS THOSE KNOWIEDGES
SYSTEMATICALLY 1DENTIFIED FOR THE PERFORMANCE OF DIESEL ENGINE CONTROL AND
PROTECTION SYSTEM TASKS A

IT. 7 1IST OF OBJECTIVES:

State the purpose of t)e generator.
State the basic function of the voltage regulator.

State the function of the Neutral Grourding Transformer.

State the function of current transformers on the generator
leads.

8. ftate the function of potential transformers on the generator
ead,

6. For the following controls on the generator cmtrci‘inml,
state the response of the diesel generator to the ection of
ucf‘\cgmitim, and state operating conditions in which that
selection would be made:

LOCAL/REMOTE switch
SPEED RAISE/IOWER switch

AUTO/MANUAL for vol ator
EXCITER BABLE switeh, .
FIELD FLASH

«  VOLTAGE L SWITCHES/RAISE/LOWER (Auto, and Man sw)
EXCITER SHUTDOWN pushbutton
UNTT PARALIEL switch

7. State permissives that must be rade to allow autamatic closure
of the Bmergency Diesel Genera‘or Output Breaker.

8. State the source of excitation voltage for the generator section
of the EDG.

9. State which 480V auxiliary systems of the diesel
generator are affected when the non-class Wm (INBO1 and
INB10) are not energized.

10. Describe the purpose for which 125VDC systems interface with
the emergency diesel generator system:

S W e
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FLANT VOGTLE PROCEDURES :
13145, DIESEL GENERATOR

TECHNICAL SPECIFICATIONS:

3.8.1 ELECTRICAL POWER SYSTEMS, AC SOURCES

13146, DIESEL GENLRATOR FUEL OIL TRANSFER SYSTEM
14980, DIESEL GENERATOR OPERABILITY TEST

13427, 4160 VAC 1E ELECTRICAL DISTRIBUTION SYSTEM
17035, ANNUNCIATOR RESPONSE PROCEIURES

17038, ANNUNCIATOR RESPONSE PROCEDURES

STANDBY (EMERGENCY) DIESEL GENERATOR, VOGTLE TRAINING TEXT

CHAPTER 16C, VEGP
PLANT MANUAL CHAPTER 23

P&IDS, LOGICS AND OTHER DRAWINGS:

PIPING AND INSTRIMENT DIAGRAMS:

1X4DB170~1
1X4DB170-2

VENDOR [RAWINGS:

AX4AK01-27 (LUBE OIL)
AX4AKO1~26 (JACKET WATER)
AX4AKO1~29 (STARTING AIR)
AX4AKD1~-28 (FUEL OIL)

CONTROL [OGIC DIAGRAMS:
1X5DN107-1 (DG FUEL OIL SYSTEM)
1XSON107~2 (DG UNIT ENGINE)
1X5IN107-3 (GENERATOR)

ELEMENTARY DIAGRAMS :
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10.

11.
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VENDOR MANUALS :

AXAAKD1-509

AX4AKD1~510

AX4AKO1~56)

F.8.AR.t 1.3, 9.5.4, 9.5.5, 9.5.6, 9.5.7, 9.5.8

QAP COMMITMENTS :

SOER 83,006 UNAVAILABILITY OF EMERGENCY FOWRR CAUSED BY
DIESEL AND EREAKER UNAVAILABILITY

SOER 83.001 DIESEL GENERATOR FAILUR®S

SOFR 84.042 SYSTEM INTERDEFPENDDNCY OVERSIGHTS RESULTS IN
LOGS OF REDUNDANT SAFEGUARDS FUNCTIONS

IEN 85,028 PARTIAL LOGS OF AC POWER AND DIESEL GENERATOR
DEGRADATION

IEN 84,069 OPERATION OF EMERGENCY DIESEL GENERATORS

MR 297 GRID HIGH VOLTAGE AND UNDERVOLTAGE TRIP RELAYS
CONTRIBUTE TO EDG QUTRUT LOCKOUT

AREAKER
NUREG 1216, 000 SAFETY EVALUATION REPORI-RELATED TO OPERABILITY
GENERATORS

DIFSEL
MANUFACTURED BY TRANSAMERICA DELAVAL, INCY
(NOT AN QAP ACTION ITEM, BUT A TRAINING COMMITMENT)

INSTRUCTIONAL UNITS:

NL~TU=11205~C~001 PREPARE EMFRGENCY DIFSEL GENERATOR FOR STARIUP
NL~IU=11205~C~002 MANUALLY START THE DIESEL GENERATOR LOCALLY
NL~IU=11205-C~003 EMERUENCY START THE EMERGENCY DIESEL GENERATOR
NL~IU~11205-C~004 MANUALLY STOP THE EMERGENCY DIESEL GENERATOR LOCALLY
NI~TU=11205-C~005 m EMERGENCY DIESEL GENERATOR OPERABILITY

NL~IU=11208=C~006 mmmmm LOCALLY
NL~TU=11205~C~007 RESKND TG [MERGENCY DIESEL GENERATOR “DISABLED

ALARMS
NL~TU=11205~C~008 RESFOND TO EMERGENCY DIESEL GENFRATOR
"GENERATOR" ALARMS

NL~TU=11205~C~009 RESPOND TO EMERGENCY DIESEL GENERATOR
"MISCELLANEOUS" ALARMS

NL~TP-11205-001  LESSON OBJECTIVE
NL~TP-11205~002  TYPICAL SCHEMATIC ~ EXCTVER
NL~TP-11205-003 VOLTAGE REGULATOR BLOCK DIAGRAM
NL~TP-11205-004  SOLID STATE VULTAGE REXGULATOR
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I. INTRODUCTION
A. This lesson describes the tor ard r-uwr-
relatad controls of the imarily at the local

11.

station. Included will be a g;iot overview of the

remote station (QEAB), and same of the permissives/
interlocks irvolving the output breaker, located in
the Control Buildimng

B. This is the fimal lesson in the diesel generator

series
C. Present lesson cbjectives
PRES"NTATION
A.  Purpose

1. Gerw ' or

The autput of tho mt.or provides 4160VAC

for the purpose gunr
r-quim of th- uwtelﬁm us when
needed (if Preferred Power Sourou is lost)

2. Generator Controls

Provides means for controlling the electrical
of the generator, and provides generator

P ion
B. Function
1. Voltage regulation and excitation
a. Provides OC power for the enerator

field under all corditions of
loading while maintaining voltage at a

proper level
b, Sourmes of wxcitation

1) 125VIC initially, from DG ciscuits
A& B, 125V

2) Selt-excited once the 125VIC has
excitad the field to a certain
minimm voltage

2. DG Breaker (overview)

a. When closed, connects generator autput to
its 4160V hus, Closes autamatically on

‘A

e

NL~TP=11205-001

jective 1

Objective 2

Objective §

" 50 - 60%
normal voltage
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C.

JQ

b,

undervoltages on bus

Opens in response to ramial or automatic
trip signals

Safeguards Sequencer (overview)

bl

Respords to:

1) 1F bus undervoltage (V)

2) Bafety Injection signal
Initiates the following:

1) Start energercy diesels

¢) Stop any sequencer test in progress
3) Strip 1E bus of loads (UV only)

4) Jhut DG breazer

5) Emergize iate ESF loads as
W B; t:itintim signal (S1

Camponent Description
Generator

1.

b.
C.
d.
e.
f.
.
h.
i.
j,
K.

Single~bear insulated sleeve-type
pmnl m‘ﬁré) )

AC Synchror, s

7000 KW

Suitable for 10% overload for 2 hrs/24 hrs
8750 KVA

4160v

1214.4 amps
Three-phase (six leads out, wye connectad)
60 Hz

Power factor 0.8

16 Poles

NS
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T 1ESEoN OUTLINE Y T
8) Var meter
9) Reverse power relay (132)
10) loss of field relay (140)
11) Negative phase seguence relay (146)
12) Underfrequency relay (181)
13) Overcurrent relay for phases (ha
an irverse voluq- irput) (151V)
to~secondary w ratios
cht’.:ﬁm the voltage MUW the secordary,
with a imzj voluqn
i.e., 4 oo 20
g. Generator Protective relays - when they
m‘uwmmmm ™e 1 of 187
means 4160V
1) 187: Differential
Looks for phase-to-phase faults in
the area between CTs See also
LXID~-AA-DOZB
t.tmtp 186A lockout relay (LOR) to

2)

3)

4)

5)

Trips DG, and breaker (and lLocks out)
regardless of how started

151V: Phase Overcurrent (each phase)
Looks for nigh current in each phase
Tripe 1868 lockout relay

151N - Neutral Overcurrent Relay
Looks for high current returning to
Phase to gromd faudt) | o
Trips 1868 lockout relay

140 Loss of Field Relay

Indicates collapse of rotat pe
field ing

Trips 1868 - Lockout Relay
186B Lockmut Relay
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6)

7)

8)

9)

10)

Tripe OC breaker and shuts
down G unit (except 51 cord.)

thm reclosure of breakers or
restart (except S1)

132 ~ Reverse Fower Relay

Detects if DG is being carried by
grid

Trips 186C L.O.R.

146 ~ Negative Phase Sequence Relay
Detects phase imbalance

Trips 186C L.O.R.

186C L.O.R.

M‘?l?im iy w{ﬁ ith
Bk operating Plnl w
181 Underfrequercy Relay

Trips G breaker if paralleled

160 relay (for PT failure)

Detects difference in vol fram
the PIs on generator leads (normally
identical voltages)

Blocks functioning of certain relays,
since the 160 has detected PT failure

5. How Generator and Exciter Operate

4160VAC curclucted to DG output breaker
leads (three phases) o

Rotor of generator driven by engine

Rotor has DC field, sinilar to a spinning
electramagnet (N & S poles)

b.

C.

1)

Field's lines of forve cut stator
wirdings

NOTES ™ =

Can see on
1X3D~BA-102D

At one time,

imuac

to dinct trip to
breaker

NL~TP=-11205-002
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2) Produce voltage acroes jeads
of stator (stationery w )

J) Beeitation provided to rotating field
through slipring and brushes

d. Self-exciting (once started)
1) One three-phase power transformer
2) Linear reactors (3) shift current

Eranatormars, so that urrertsags

voltage

3) With load, curreit flows through
primaries of power CTs

4) Qurents in secondariss of CTe in
phase with load currents

5) With Inductive load, CT secondary
lags gen voltage

@. Rectifier Bridges AXID~BH-GOIH
1) Semicunductors

2) OQutput is (+, =) to generator via
brushes, sliprings

3) Imput to bri is vector sum of
aurent fram T-1 and from CTs

4) Two bridges, one on standby, ane in
’ntviau

5) Bridge transfer switch in POGl/3 -
)hxwwitm” v

6) Tramsfer instructions in 13148.1
6. Regulator
a. Contrels output of exciter

NL~TP-11205-003
b. Solid state

.AA
——
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b. Speed RAISE/LOWER switch

If in LOCAL, will increase/decrease G

speex] (and frequency)

AUTO/MANUAL pushbuttons for voltage

regulators
In Local,

one or the other selects

MAN or ator. White light
illuninates above selected mode

tor vol

In Marual, the genera
be sensed for feedback to

d. EXCITER ENABLE switch

1)
?)

3)

Manually enables exciter

would not
ator

Exciter normally enabled when DG not
tripped, and field not being flashed

After Emergency Exciter shutdown,
press

reset by

e. FIELD FLASH pushbutton
Provides DC for marual flashing of

1)

2)
3)

field
Normally not needed

Procedures allow manual field flashing

ing EXCITER ENABLE

dur loss of offsite power after
br& transfer or transfer to manual

voltage regulator

f. Voltage Control Switches

1)

2)

3)

9. EXCITER SHUTDOWN pushbutton

1)

Auto - RAISE/OFF/LOWER handswitch for

sett the reference voltage of the
Mtautgwlator (if in Local)

MAN ~ RAISE/OFF/LOWER handswitch
for setting manual requlator voltage

(if in Local)

Mov handswitch changes power -
drig potentiometer settings

Shutsdown exciter, allowing generator

voltage to go to zero, even with

14

NOTES

Objective €b

Objective &6¢

Objective 64

Gbjective 6e

13145~1

Objective 6f

Objective &g
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NOTES
a. Breakers on LAAO2/1BA03, campt 17, in *Commi tment:
Control Building SOFR 83,006
LX3D=-BA-DO2D
b. Undervoltage (Auto) bjective 7

1) No bus faults (no lockouts o
preferred breakers)

2) Preferred breakers open
3) No G lockouts (186A, B, C)

4) "Close Permissive from
(indicates load shed carplete)

5) DG voltage » 90%
6) UG spead > 440 rpm
7) DG breaker closes approx. 9.5 sec.

after W initiating signal from
sequencer

8) Sequencer bei to sequence loads
back on, at;ml:oaum

€. Mamal Close Sequance (QEAB)
1) Mamual or Auto sync selected
2) Sync scope on

3) "t'!-nuu;muzitm on switchgear in

| 4) Auto sync permissive if in Auto Sync
f d. Marmal Close Sequenver (lLocal, at SWGR)
1) Incoming breakers open
2) IRS in local
J) ‘swwmally close
Test Close Sequence
1) Breaker in "TEST" position
2) T.S. to CLOSE
7. DG Breaker Trips
a. 186A Trip/lockout
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Alarm on QEAB

5) < 88.5% voltage, 2/4 bistables for
> 20 sec -~ degraded voltage

Sequencer operates on WV

6) < 70% voltage, 2/4 bistables (.8 sec)
W due to loss of voltage

Sequencer operates due to UV

b. Sequencer operation on W

1) t =0 DG Stait signal generated
= only the DC whose bus had UV

2) t= " .2 sec Trips preferred normal
(or alt.) feeder breaker to 1E bus

Safety and non-saf loads shed
(except load centar formers)

J) t = approx 9.5 sec
G breaker closes

4) t = breaker close plus .5 sec.
First major load , OCP

5) Other major loads sequence on at 5 sec
intervals

€. Sequencer on SI signal

1) Emergerx: start of both DGs, but they
nmmlozd-d, since RATS are energized

Start signal from SSPS relays;
directly and through sequencer

¢) RATS power safeguard loads, which
start sequencing

d. loss of Puwer menitor
- g R e R T
in a 5 a
third one occurs in that smpgo hour
window, DG starts but will not load
Prevents excess starting duty of loads
9. EDG functions not available while INBO1/INB10O,
non Class 1E, is de-eneryized:

18
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(list 480V locads)
a. De-energized in 818 AXID-AA-F401A
b. Air compressors and aftercoolers (480V)

O

JW keepwarm pump and heater (480V)

d. lube oil keepwarm pump and heater (480V)
e. Gen space heater (480V)
f. OC fans 120V
g. Gen cont. panel sync voltage 120V
h. Air dryers 120V
10. Interfaces, general uses
a. 125vDc Objective 10

1) 1E = Circuit A control power starting
and gen anmunciators

¢) 1E - Circuit B control power starting,
and stopping

3) Non=1E circuit C control power:

POG2/4 light indicators, annunciator
control power

4) 125VDC for breaker control in
1AAD2 (or 1BAO3) bus at uimu

5) 125VIX for field flashing, protection
relay control power, and hauhtor 1X3D~BH-G035

= 1E DIST Panel 1AD11 (1A)
= 1E DIST Panel 1BDi1 (1B)

Via breaker inside generator control
m.l for each (PDG~1, PDG~3) right
bay
11, Autcmatic Fleld Flashing

a. When DG reaches 200 rpm, or after cne OGbjective 8
second, from start initiation signal

b. Source of 125 VDC, 1E Dist Panel 1AD11,
1BD11 (see above) for 1A and 1B diesel
generators

19
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E.

C. Braaker inside right-hand bay of generator
control panel

d. 125V Control power for starting:

1) A' Circuit 125V, on engine control
panel (from LE source)

2) B' Circuit 125V, on emyine control
panel (fram 1E source)

J) Solenoids 202-5A and ~5B reposition
air valves, amd ly contreol air
to PS 30A & B, which, in turn, close
contacts, E:v:e;ﬁ the cu'wit of
125VDC to ator chassis for
field flashing

Operations

1.

Normal Plant Operations

a. Both DGs in standby, to Auto Start on SI,
ard to start and power 1E bus if preferred
power is lost

b. Be periodically tested

Loss of Offsite Power

a. One or both offsite sources not available

b. niu:h on de-energized systaem(s) shed from

c. DG starts, and eneigizes bus

d. loads sequenced on in pre-programmed order
by sequencer

Accident Conditions (LOCA)

a. mm-mn,uumammeoumy
respective trains

b. NOT connected if preferred offsite power
available

Generator Local Limits
a. Normal full load 7000 KW continuocus NUREG 1216
b. Maximm during overload:

7700 KW for two hours out of 24 hours

20
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