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Research on the Configuration Scheme and Starting Method of Black Start and

Emergency Diesel Generator Unit in Gas Turbine Power Plant
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Abstract: [Introduction] In order to reduce the initial investment in the gas turbine power plant and ensure the safety of the unit, and
obtain the economic subsidy of Guangdong auxiliary services through the black start function, the configuration scheme of using multiple
diesel generator units is proposed when expanding the gas turbine, which are used as both the emergency shutdown power supply of 9F
unit, and the black start power supply of the original 9E unit. [Method] In order to achieve technical and economic optimization, a
reasonable configuration scheme was given through multi-scheme comparison and demonstration on the configuration of diesel generator
units and the auxiliary power wiring. The emergency shutdown control logic and black start control logic of the recommended scheme
were also explained. [Result] The results of the black start test show that all electrical quantities meet the requirements of the
specification, and the recommended scheme can meet the black start function and pass the verification of the Grid Company.
[Conclusion] Multiple diesel generator units are used for both black start and emergency functions in the scheme, which provides
reference for the future engineering design of black start and emergency power supply in gas turbine power plants.
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Tab. 1 Load calculation of the emergency power supply of unit 9F

EA BE A KW Hom Mg 17 TR IFR/AW
F iR 132 1, BE4E 132
AR LA 8.5 1, 4L 8.5
SCRA [ & H} [TCEMS/3Hrt 10 1, BE4E 10
S K IR M 15 2, L 30
B A R T A 3 1, #45E 3
B A i L AR 55 1, L 55
HKR G B A 35 1, #45E 35
FJ BHL4IDCSHLIE S FiAf 25 1, %8k 25
PEUPS HLIF /% 10 1, B4 10
P APSHLIE 10 1, %4k 10
PRI o AT L HL A 10 1, #4E 10
PN ER 14 1, %4k 14
SISHL AR 12 1, %2 12
FJHFBIRIMCC 47.56 1, #4E 4756
ML UPSHLIE(FHiA) 120 1, #4E 120
FHHSEUPSHLE(F4TA) 10 1, 8 10
HILZEL42 1 FH 3 3R G o FH L U 35 1, 4L 70
FHH S B R G s H B R 20 1, %4k 20
B 3 ) R R e FH LR 70 2, Lk 70
HLZH 38 it Fi, Y5 5 FH FL U 20 1, %4k 20
OEAS i 455 L IR 14 1, g 14
TR 4 7K SR AR AR = 95 L TR 20 1, %4 20
B AN AR HL TR 7 1, 4k 7
Filii 3 G538 T il By L U 2 1, %4 2
HAEHLG LI 25 1, 4k 25
Be3ih & HLAS Tl B HL IR AT A 3 1, %4 3
SEHLET L 13 1, B4k 13
6 THLE) L 13 1, #E4E 13
MU R BEEMCC 214.55 1, 4 ELIMALTAE B ek

T OFALZH (2 B JR AR 11 4y 818.88 kKVA (4=0.8) 5 OFHLAL 2 FEL IR IR 11 %6 704.23 kW (k=0.86); FLE 48 & AL ERT MW,
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Tab. 2 Load calculation of the emergency power supply after unit 9F shutdown

# R BIE 2 RLRW Hoim B g3 AR AW
F i 132 1, B4k 132
F) B ERIIMCC 47.56 1, %4 47.56
Fh b B 2R G % HI LR 20 1, %57 20
MU IRZ BEEMCC 140 1, %4 140
OF ML ASHILIG P22 o I3 B i — — 339.56
*3 9EHEERRHAFITE
Tab. 3 Load calculation of black start of unit 9E
2 WU A kW Hoht Kzt TR IFR/AW

RIKEE 75 1, #4E 75
HEZE KL 45 2, L 90
Tt 2R (i o) 15 1, 4 15
b AN 15 1, %2 15
IR (R 90 1, BE4E 90
RS =2 18.5 1, H8E 18.5
TR (7 2 15 1, %2 15
BRI 30 1, %4k 30
25 FRAIL 30 1, %8 30

Fufir ] XL 18.5 1, ZE4E 18.5
BRI 45 1, B4 45
FAMAR H 5747 (i N 2K 108 1, %% 108
M)A BhOEM ALK 1 i — — 550

TR R B AL 1450 1, BE4E 1450

M BhOEMLAL L fif — — 1450

X hb T IR 2, SK2/6K2 T 56 4b T 43 TR 25,
5KO0/6KO0 4bF43 AR o
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Tab. 4 Check calculation for type selection of diesel generator units
E2 FH— FE HER=
B By H A R 2 2 2
SRR BhS L 3 1 1
PR B S AW 3600 2 600 2 600
SEMPLAUE 75 L PES/KVA 4500 3250 3250
BB AT R/KVA, S=0.8*ZP 1920 1 440 1 440
BB B E T RFT/KW, P=0.86S, 1651 1238 1238
B E R — 5 L BIHLI, S0 & B G e I R[S +(1.25K -K)Pdm]/K oy, K=2, K=0.8, Ko =1.5 2413 2093 2093
SR FH 3 A5 A PRBE S AN ) AR v AR, XS Lag TR B 1E . P=aP, (a=0.92) 3312 2392 2392
SEUMBLIY E UM ZRBE RS R S LAY SEB% DA N TS0 iR i AR B3R 1290 1290 1290
P>2.5K, P",cos@ (k=5 cos@=0.4) P" ;=258 kW
ST A& L BRE B e 9.1% 12.2% 12.2%
6 KVHLZFERE 1.06% 1.25% 1.25%
SRIHL ML G R Sl L & Sl i Sl L i 83% 86.5% 86.5%

x5 BAREEK

Tab.5 Technical comparison

E103 Ji%— Y S YE S
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A% A BLAVRRAUR, RIEEERIAIE L Pl e TSR, (X ioR LAl
s TR a i, Lo ST e, i s
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S, T G SEROFHLALEE ’ SHEPHLIR, FECSIOBNLTE 2h; (3 BLALR
LA, T AR, - BB B B — P, R A

AP,

. . (DHLH5E LML, iBA T8 BT (DFHLLEIY 1 A5 Sl & LA, [+]
e C MBI~ BHHCRR ST, B )
B ’ SR ()RR R LB A R

T5e—E, PB4 RE; (3)54mk
AL A AR, 4P AR,

(3) S A ML S AR B, HEd

PLH AR BOR, dEfuliA

JRAAR

HLMLAL 48 4, Seiih & H AL I 31 Bl 36 4 ) 30 52
Hag M a, e & pLa s dlAE A sh & H 1Ko &
i) 5 4>, S v & L HLZ M L OF ALAH 25 FH B 9E #1L
2H 400 V | B AF AR A kg

2)9E HLZH ) Shad FE (LIS 1 EHLLL A B, F#1,
#2 HLAL, #3, /44 [A)FE)

24 X 54 e B K T L ASE FL, OF/9R R MILAEHIL,
1EH A SR 3h#S | #6., #1 HLL S BL o 3] R 4%
ARG B EEAMAE R . 110 kV BE A E,
101, 102 FF KD 6 kV ] HH 61A01, 61B01 JF %
YIRbF 43 WA & . DCS B F-al G #5K6 M#6K6 1K,
DCS & i% B Ja sh I HLEE & 2 #1 S8l & AL, Yz
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Tab. 6 Economic comparison Tab. 7 Black start electrical data
e Wik ALY 3) SRR 5
Ee- 24 FE— KFEZ FE= — —
IEREEAENEEIO MY — o2 150 IRV el o2
RFEOE R S5 R L2 MW)  160%3 - - £ef5.98 Hefiks.97
e MU 244l & FLL2.6 MW) — — 550 HLI/A H:K349.66 fk364.74
i PR ST AL FL(2.6 MW) - 450 - R Bk 997 k2 189.7
MAATHETAEE.15 MVAYE) 28 - - TS5 /kvar k17439 FK1908.6
PRZ7AE(1.250 MVA) — — 12.5 _— _—
IR oA 30 12 12 JI%/Hz 3046 07!
AR B L (— ) 100 100 100 Ffik48.73 F{k48.81
Eay 638 842 824.5
i e e BB BLEELR R L I T 7, 5

A J5, e & AL R G 3 IT A 9E L4 2B A
sz 380/220 V BISEAL 3 6 4890 & L FFHLEE I
W1t OF ALH #5 B LA K AR i g JE sh#tl R B

P10 kV BERA B . A B#1 HLALAS Sl 101 2%,
BTN 110 kV BEZEAHFHE . m1#2 EA8 DL K# &) B 5
B, BIA# B AR IS AT IR A, w8 IR YIE 5
=, Uk 6 kV IA. 1B B, A 61A01. 61BO1 7

110kV 1M
110kV 2 M| |
L1 i ]
1A01 % 61A02 61B01,* 61B02
o1 102 /%ﬁ%—p}n_ 6kv & HB Y6k IA \6kv 1B)
I 2 s 60A05 \;1/&09
IR TR L
RS IN=E EERN
\ SK7
9E HLA 2 )5 BhE
SLRHAL %2 Rl } A Jj“‘
#5K6 *5K6 1K0
*6 LA TAEB B *6 Wﬂﬂ”ﬁ AEL *S LA TAE A BE *S ML TAE A B
1K64 1 *1 46% (9E) T(54 ] K53
*K64 *6K3 *5K5 *SKS *SK4 *§K3
\ *6 LI B \ S 400/230 VB *5 SEIHL 400/230 V Bi\ *5 HURZBE \
! X * X
\ *6K2 }*61(1 *6K0 #5K0 \ *5K 1 E #5K2
*6 48K (9F) *5 48k (9F)
1 ERmFEEELE

Fig. 1

Elementary wiring diagram of black start
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2 EEmhemLEIET 6 kV T ABEEITRER

Fig. 2 Recorded diagram of black start diesel generator units operating under 6 kV auxiliary power
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Fig. 3 Recorded diagram of black start diesel generator units operating with HV starter motor
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