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Fig.1 ASF model of offshore oilfield power system
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Fig.2 Frequency response curve after step disturbance
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Fig.3 Schematic diagram of PDF of

wind turbine output fluctuation

2 35 P B D RUES 2 5 I R ARBR 4 A
Fik

ST LR THER | R 4% RS U
25 Ly RORVET 25 W RARE 2070, $2 14 H L3 P o )
AU 55 3 T 3 B AT 7
2.1 EHEREARORRITE

¥ 3 A P 0 2 0/ ) R e, Bl R Ik
FRRUE L IE #2474 1 T A0 22 B 132
£0.5 Ha™ TEMCHERI 0k T3 W% (R 22 2o 0 16
3 AR XL, 53 0 i B3 2 2 o 60 ) 7
200 05 KR I o7 AR 5 S B S )
A TR, FUAE BT

AR 2 M LA KU LA 5 6
SR 3 TR 1) ASFR KL o XL L
AN P

2 VR DA 2 XU L2 1 B e XL
Ty BN RS AR | 5 PDF H8, IR KL
S A RO LR IHE IE 1, FIR,.

3) 3T ASFR AR U H ) e 3 A
b 191, 50 20 2 AP, B0 3 2 24 oK o 60 ]
Z IR IEE AP, . AP, T 7 4 S 3
Y2 5 R G5 A 0% 4R (LA V) S5 D
2 H LR 8 B 4 B S f
SRR b AH R, 2k (8) Bz

mﬁﬂwm

0 T<0
n,P\AP,,
= “T O0<T<AT
AP,={ PyAT (8)
n,PyAP,
: >
P, T=AT

4) AR5 (9) FAT W v, 0 T 7 A2 1Y) e XU H 3 3
xR RBUMER C,., ST AL ZR
Cpiu=P. (AP <fAP“ (x)<AP,,,. )=

[ ez ©)



(1] ® 0 & % L %

%43 %

AP () FRRMER ; B R BFUME R fe/IMEL, 38 5 B
$70.8", # C,...=0.8, MULEHTE 80 % K LA L 1% 5
TEOLT, H PR R A0 %6 22 0K

SIAWHE I XL A G5, EE ki,
i 2 0 FE 2R Al 22 240 SRS 1 XU R 253 T A BR
22 ZESMEREARNBRITE

BRIEH s AT RS W00 e 22 29 A, kR s
P, PO ) B S 3 R (R R i) 24 2 XU R 2 3 T SR Al
B AR ) R RoE THE R, I BRI &
WA T % RS R A 1) S (PR, Vi byl T
T HL P R SCEE ML A B 1) A 47 Hz, BRIV E ) 2
RAME AR 3 Hao HIL, X T 52 8 SRR e
LAy SRRV 3 EE R X R 5 3 T SR A B 1, LA
e E LB T HL ) e R AR AR 1 i R SR A
AT R A, BARD TR ATT

D)5 2.1 37 [RI B, B 2 R AL 45 A 5 B0,
FRIGIEA BB IE I ASFRIERI S50

2) Hffy 7 FE D) 5 )™ B I Bl S X R DR AP, X
TR AT (), AR R T A 7 A sl A D) 2R KO
B FLAR B M B AR O BN KR 2 ATAE b P
HL I 19 3 5, 1 b XU 3 TR 326 3R 9 il s AR DT o
AR e M B . A U XU B B2 A RS
ST R GGG LT, L AT e 2 AR A -
B T 0, T bk ad A2 sh A/ s el 4, w]
FHBY BR R A AR HA B 4 AP, R

ap,=!° r'<0 (10)
-n,Py/P, T>0

3) M AP, SR ICH XA e Ly AR i X (1) )

Wi i, D e R ATUR AR A, SR T I R
Afmax:maX‘Af(T)kAfs (11)

Ao A £ B AR AL SRR, Fi IR AR T R U
3 Hzo A7 FEL IO A2 0 000 e A oKk, D) 4 52 14
L HLAFE A 5L, B ZE IR AR IR e S5 )
TR

4) Fy i g AR , % AR R T V-1
WA S BRIEFR TR UE . XFF N-1 8%, il e B d K
ZE IR R AL DI S e 6 T A5 XL BL
A B BUT &5 B SRR bR X T PRI
IRAT IR, 7AYo AR A4 il IR 5 21 (A B 3%
B & B2 7R ), W BRI 45 37 AR, — T 5
U IR AL BR I 2815 BUE M -0.1~1.5 pou.™, 434
IR HLIR T R4 0.19 pou 2,
23 REBFENRERSFTAERERE

ZEA 2.1 2.2 BT T T Ly HERRE R ) XL
HL 2005 DR A BR A M R A0 81 4 7 o FERf e T
TH R R P AR S 850 45 (6 ASFR A5 280 1 XU L AL
NG EWME G | X0 3 25 29 AR R0 2800 %
FoE Y HAME T B 2838 D A BRAE AT 547 110 B

(LRt Sk N EMNITE RN E DR VN G FN
JRUR o R BRI 45 2R

IHh

B A L ORR S A FL LA
HHLA | S 2RO B

]
[ Wtz 9 ASFR R S5 |
[ e A AL A B B |

(B ASFR B H, FIR S K]
[

f i
B L b i W R E | | KU P
T4 i PDF T K L AP, EIN
AL HLAL ! ! F
A | [IRMARE] SRR |
ZH KB AP, B AL
B 1 !
4
HILAP,, X Y
CURCE Yol N
Y N-1i#% 5
@N B ER 1 B iE
i
58 UL 2 i 5 UL 25
Sy bl R IE
[ ]
!
[ P55 i M |
i

B AT A R AL A4 S
L Do JXL P %5715 L A R

B4 KEZFEXRFRIFREER

Fig.4 Flowchart of solving wind power

penetration limit
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Table 1 Actual working status of oilfield power system

T FH1 52 F53 &4 B/
U (24.09 MW) (28.77 MW) (10 MW) 25 MW 19.5 MW MW
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constraint of frequency deviation
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Fig.5 Relationship between minimum frequency and

number of wind turbines under most serious fault
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Table 3 Calculated results under constraints of

frequency deviation and transient frequency stability
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Equivalent frequency response model-based analysis of wind power
penetration limit in offshore oilfield power systems
SU Kaiyuan',QIU Yinfeng®, XIE Xiaorong',LI Guoxiang’, DONG Wenkai',CHE Jiuwei’
(1. State Key Laboratory of Power System Operation and Control, Tsinghua University, Beijing 100084, China;
2. CNOOC Research Institute Ltd.,Beijing 100028, China)

Abstract: A method based on an equivalent frequency response model for analyzing the wind power pene-
tration limit(WPPL) in offshore oilfield power systems is proposed. The average system frequency response
(ASFR) equivalent model of offshore oilfield power systems is developed. The parameters of prime mover
and governor are determined based on the single- and twin-shaft gas turbine. The probability model of wind
power fluctuation is established according to the differential transformation and ¢ location-scale distribution.
Then, based on the indicator of allowing cumulative probability of wind power fluctuation and the indicator
of maximum frequency variation after the most serious fault,the WPPL analyzing method considering fre-
quency deviation constraints and transient frequency stability constraints is proposed. The accuracy and effec-
tiveness of the proposed method are verified using the actual offshore oilfield power systems,and the results
demonstrate that the response speed of prime mover and governor and the transient frequency stability con-
straints have critical impacts on the WPPL in offshore oilfield power systems.
Key words: wind power penetration limit;offshore oilfield power systems; ASFR equivalent model; frequency

deviation ;transient frequency stability
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Table A1 Influence parameters and typical values of gas turbine frequency response speed

ZH ZHUHE ZH ZHUH
Rs 0.05 Ry 0.05
Xs 0.60 Ker 0.40
Ys 0.05 Ker 2.00
Zs 1.00 Ter 0.40
Tes 0.40 Teor 0.05

Teos 0.20 Topr 1.00
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Fig.B1 ASFR model of offshore oilfield power systems
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Fig.B2 Schematic diagram of fuel limits
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Fig.C1 Structure of an actual offshore oilfield power systems

KL FMwW

0 500 1000 1500 2000 2500 3000 3500
t/s

Bl C2 JhEEEFER IS XA 4 ) ok 2
Fig.C2 Wind power output data of oilfield power systems
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Fig.C3 Relationship between Cgeis and number of wind turbines as well as wind power fluctuations
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*Cl hARFEMBMMSIEN ASFR ZESH
Table C1 Parameters of ASFR model for single-shaft gas turbine in oilfield group grid
M4l Hs Ds Rs Xs  Teos Tes
G: 250 080 004 060 020 0.60
G, 250 080 004 060 020 0.60
Gs 200 050 004 065 0.10 0.30
Gs 250 060 004 055 0.10 0.40

F* C2 MHEBRIHMBRSEN ASFR EESH
Table C2 Parameters of ASFR model for twin-shaft gas turbine in oilfield group grid
*J LA H+r D Ry Ker Kir Ter Tt
G; 400 100 005 040 100 030 1.20
G, 400 100 005 040 100 030 1.20
Gs 300 080 005 050 100 020 1.00
G; 300 080 005 050 100 020 1.0

< C3 HHARFEN ASFR REMKEFESH
Table C3 Equivalent parameters of ASFR model for oilfield power system

ZHUE

ZH
T 1 T2
Heys 3.037 2.885
Diys 0.845 0.791
R 0.046 0.044
X 0523 0541
K 1.000 1.000
T 0.221 0.195

T, 0.868 0.724
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