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An evolutionary game study on power grid material procurement and

Supply COOperation
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(1 Material Branch, State Grid Hubei Electric Power Company, Wuhan 430014, China; 2 School of Economics and
Management, Wuhan University, Wuhan 430074, China)

Abstract With the intensification of competition in the power equipment market, supply chain management has placed
higher demands on the coordination capabilities between purchasers and suppliers. However, the decline in cooperation
among suppliers and the deterioration of product quality have become major challenges affecting supply chain performance.
An evolutionary inspection game model between a power equipment purchaser and multiple suppliers is constructed to
analyze the impacts of supplier cooperation intensity, product yield rate, production capacity, and purchaser pricing
strategies on overall supply chain performance. The results reveal three key findings: (1) supplier cooperation intensity and
product yield rate directly influence the overall efficiency of the supply chain; (2) purchasers can increase their profits by
appropriately expanding the number and capacity of suppliers, but excessive expansion leads to diminishing returns;
(3) suppliers need to strengthen cooperation in complex production tasks to maintain product quality. The study provides a
theoretical basis for optimizing supply chain management and improving overall performance.
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Fig. 2 Evolutionary trends of yield rate and cooperation intensity

S aR B R R R N R G R R R Y S
TR W T AT 4 7 T, >4 AR 7 7 S 1 I B 20 B, SR
WA R 2 3R 3 24 40 J7 1B, 22 5 Bl A L 7 s 50
HE— 2B, W25 2 W 1l Vg Ok T AR BRI R R
WA i D) 2 R R T R TR A, (R0 R Rk A 5 1
JnE] 45 B, B A Z9-2000 T B 2 -10000. 3% 2 B
bR 7T =2 T B4 5 4 i 5 S8 1 2 [ A BT P 4

S AN AT R 14 R i R it 3L I o A g 8 i
ST, AL AR A B 15 DL B, RAhR R
1.0, 2 WG R g 8] F) & 1 2 38 4R T 177 i o it 3t
O R 5 PR A A L e e SR ) 15 A Bl R R H
Wt P A SR W el o 4 46 10 i i ) A B
THI M RE T, AR AS R R AR , (Had 2 i BB iy 4
ST B A AR, S BOl R R TR R



428 LRIl NS TG E R AR 3P 45 4%
SR e 28 AE Ak AR S R AR
— RIS R — R AR
40000 i
35000
-4000
30000
-6000
25000
20000 5000
5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45
BN R AL PR AR SR AR I
1.00 1 — R fhR HAE R
0.95 Qulb
0.90 0.46
0.85 0.44
0.80
075 0.42
0.70 0.40

5 10 15 20 25 30 35 40 45

5 10 15 20 25 30 35 40 45

3 R

Fig. 3 Sensitivity analysis on the number of suppliers

KA, 558 4 BARBEAR TH 7™ i B i, {H i 5 4
R AR AT . DR, A8 B b SR e V7 4 R ol
CONAEESE S A R (H U P S DS
e A T A I B A RN e DO 7 R 3o A
& T il B[R] 7 3 4 rp OR A B M) i 2=
], LSBT 15 22 1 T 37 38 4 7 3 O {36 50 6 4 34
HR KRR R B R AR SRS R A3 T A4

SR T UL 25 AE
500000 — R
480000
460000
440000
L€l
= 420000
400000
380000
360000
200 400 600 300 1000
LR R~ 244 7= B
B B AL
— H %
0.835 R
0.830
§§ 0.825
™
0.820
0.815
200 400 600 300 1000
LR R~ 254 7= B
& 4

BERL T 3 & R A R ST

T 3k — AT AN R S 4 AR 5 RE T Xk R I
[BEVE NG INAE NS €N A RSN DL & A ]
VRS BE AR, AR SCHEAT T 05 E A, AR T
P 4 TS Y4528 18 4 o 1 BE A R0 R 1 2 2
FIE 77 B8, S A o R W AL (b R
En PN ISR e (Y R A S B

BRI L

332

—-1550 4
-1600
-1650
-1700 1
§_ -1750
1 —1800
-1850
-1900
~1950 — (R s
200 400 600 800 1000
LR 7 22 P R
PR R AR R AR AL
0445 — Bl
0.444
i
%ﬁ 0.443 1
e
& 0.442
0.441
0.440 1
200 400 600 800 1000
LR A P

PN P2 2 5 BE T SR B

Fig. 4 Sensitivity analysis of suppliers’ average production capacity



553 1)

TEJR A - LI BRI A VR AL R SR 5 429

ML 4 TR R] DU SR A T WA £ Bl 2 L 1 7
FHE R T A B T S B0 A S AT R R I A
%5 AT WA 19 249 48 J7 F B2 36 J7 , FHAE A P2 BE 13k
400 J5#a T FA2 X W1, A0 7T A= 77 BE 1 A 42 5
FEARFRLEAN R WA 7 A 25 38 0, 52 T 7E — R
BRI TR W R R WA . AR R A A DU A 7 R
713551400 Z i F I, Bl 21 49-1550, B s
PRIFANAR X R, HE R B A 7 e ) 1Y B 5 FE
REAS I I S 45, H 2 A8 ik 8] — @ K F e I e
AT Y AR Ak AR R i 5 B AR 7 B D
TR, N2 0.815 B F] 0.835 £5 47 , I AR R BE
4 T4 R e A AR . e R R A
V5 B Bt A= 7 BB 0 R 3G s L T, DR A A
fie 735 21 400 B 3 B KR BE B T, OB S PR 5
e . bR 7R 0 AR 7= RE 6T SR I R A WA 35 LR
Wi 0 SRR v A P BE A B TR TR B ) R AR
MG VR B (B IF AR R E 88 B R R 1l 25, &
A A6 H A = e R sl R B B R AR S, S BCR
WA R AL i T L DR, SR A S A R 3 AL 1 R N R 3

2%
N

YL

FIGTI 252
270000 — RS
365000
éi 360000 1
355000
350000
100 200 300 400 500
) T4 5 A
(LR RS BL A,
0.83
. 0.82
:[E
= 081
0.80 1
0.79

100 200 300 400 500
MU B A T P I AR

MOl A 7 BE D) 5 R N B R AR | R ah AR
fe A2 = RE 0 IR R R O AR R R I L SR TR AR
BE e 1A BT 4R e RS RN A e H 2 A
FERE IR B — B KIS AR 3 R Y 0 PR K £S B
55 . PR L, A R S 3 5 A B R A ET A A PE AL A
K FETETE Gy, MR — WGBSR A = 58 1 i 4T . ixX
SR HEL D A A N B A P A A R R R T
Ja R AR E AR 77 K SR I, 4l 75 R R
i KNG AF W 45 B PR IR RN, DL SE B AT R 22 1
iR i
333 W& T A AR R 5T

T BT H A A 7 ) 52 2 o AR i i R
45 7 RS AR SCREADL 1 FL i 2 A 7 2 A 4
JEE A AR SR W R W s AR O R £ AR R R
SRR 7 A VR 5 B2 A s, AR T R’ 5% B T
Wbt HlL S 7 1 A ™ A 4k B 1 A T e S e R 7 4 1
REEL TR bR , AT A L 7 5 SR ) L 1 i 7
AT S%

T R IR R AR
— PERI ek

-2000
-4000
-6000
-8000
© ~10000

~12000

~14000

100 200 300 400 500
HUT B A P AR

(RIS AR L
0455{ — AR

0450{
= \
= 0,445
L

4o
0.440

0.435

100 200 300 400 500
LI BER A T S A

5 MLy A 7 I A LU S

Fig. 5 Sensitivity analysis of power equipment production complexity

MIEL S ] LU L B e A AR
FR ST SR T AL i 2 R o P )R B A A, MY
37T BT MR 35T A R A S T
WP ANENIbE e nk - N R A T IV PN
LB A= 7 2 2% B 3G I AN B T B, A £4-2000 T 1%

F-14, 000 A= A7, Sl B iR 9 A R AR 2% B G n
TR R AR T AR, R 4 T A R Y 2R 2 T
HERY B 0 R A R BE AR A A B A B
R, N2 0.84 [ 25 0.79, 156 BH A= 7= 42 2% i 1) 2 7B
K T RN R AR 7 e R P A B RE . B Ak, (R R



430 g RO 4l CFL ARl

5 45 &

Z ) A AR B B A A 7 O 2 B B N e 2R
F%, M 0.455 TR 2 0.435 Ko 47, R FE & 4 2L 7= 50
Berp (R g 22 (B A EME S, T RE R T A
ARMEFE TN B A RO L A e A
B B TH 38 T AR R B AR AR, FE R AR T R
bR B R BB ), 3K B e B R 1 R 1
K LA R W 7 A Wi 25 . TR I8, SR A s 7 e 26 3t
IO R B VAR VA 7 Y A R 2 IR AU
F 1B 45 19 SR ) B AR 5 JHCmT Y ok i) B 404 . [
B, AL R R TR AT 5 52 2% B A I 58 o B AR
PR B AR SO R 5 A AR R G R DA X B 2

R A
370000 { —
368000

366000 -

j\

éi 364000
362000
360000

358000

4000 5000 6000 7000 8000 9000 10000

WIBERIE T T
PRI R R AR

0.8375
0.8350
0.8325
0.8300

3% 08275

2 0.8250
0.8225
0.8200
08175

— RE

4000 5000 6000 7000 8000 9000 10000

PER PR A BRZ T8 b G S B AR AR 7 2 B
A 7= R A B TR R, B i ss L OF
s R A IR I X (B E SN [T R R i)
BRI,
3.3.4 MR W TR AR AT

R T RV B R I U R W R A RS R R
SRS AR R R R R DA R N R AR B Y R
e, A SCHEAT T RSB, AR BT AL 6 i s A 45
B 6 JBIR TANFRRIE A ACE R RIW R 54t
N7 T 22 R] 1) S B AR e ARk R e, SR SR A SR W R ARG AL
SR B AE PRER AL TR Sy

AN AR AR

-1650
~1700

o _

é 1750

= 1800

-1850

— PR
4000 5000 6000 7000 8000 9000 10000
DB i T
PR A 3 AR

N (s

-1900

0.4500
0.4475
= 0.4450
ﬁ 0.4425
<1 0.4400
0.4375
0.4350

4000 5000 6000 7000 8000 9000 10000

6 BRI BB S A

Fig. 6 Sensitivity analysis of material procurement budget

M 6 ] LLFE 1, Bl P 58 R T g 38
SR T W 25 M B ) 0 24 37 7 % T B 1 24 35.8
J7, HAE WA 2 5000 J5 4 T 5 . X e B, SR il
TR B 38 0 S A AR S B R R A R MRS L BT AT R
TR A T OIS T R AR R 25 A
TN 4000 54411 2] 5000 A T, 355 251650
BIK - , 205 RS U6 BA 416 10 75 RE A% 7 — 22 1
TR PRl P 3 o 5 G AR A B 2 g L (R i e —
TRV JE Wi g5 8 T e . R R 7 1 B A R Bl o T
R R 2 0.8375 T [ 5124 0.8175, F BB %5 R
WA G R 1, A 07 R i 4 1 7 ot B i T RE T R
] RS2 B TN B A AR R R R TR R AR
FERRUE AL R 0 AR5 B R B 2R LAY T R

M 0.450 TR 0.435, 18 B 7 79 18 i i) 1 1
T R B 22 A A RN D R RE R PR R SE A 0
FECT A VER 510 . RN R AE ) R W B B R
EOF A H A S5 U8R 1906 R Lok i i TR T R — a2 B
R Z a5 L ST AT g PR OR 45 B RS 3G o o
AR TS T R ECR W R £ N B . [RIE A R AE
T T 35 i1 ) SR I TR B, B SR B R A BT AR T L (H
o A A YRR B A R FER ], o EE R T s 4 vl g
1) 555 A48 N7 B v ) B VR 0N AL BT L R, A
J2 IV AR A R W FRURL N, 2% G 2 Y 5 4 A LA
B PR N 7 B 8 7 B AL g o ot 7™ i A TR B, A
VEFNBIHT A BB L 3 A L ) 18 28 SR I FNARE 7 7 48
BRI TN S .



553 1)

TEJR A - LI BRI A VR AL R SR 5 431

4 Z5iE

W& 4= BT 3 5 4 R AN A2 AT 55 1 S %
o, B BE A BE AR AN BRI RE 10 Aol ) 58 4 )
FEAR T ORI R A R IR A R W A A 7 A 3
JO7 TR PR B A 23R 8 B SR ) T 114 7 S g 25 5%
B A 2 AL 0 6 S GRS A B E MR L AR B
R R S R A 7 5 2 B G, e DGk 6
i, R THIE I BE BB RSICRE , WA T Al R SR il
TEH TR R

N T PR — AL, AR SO T — Ay LA
B B2 1 BERE R SR W R Z 1 BB R AR
JEHSGTE T HER AT S MRS | R AR AR R ) R
M2t 58 PR 20 (38 L B 5 R0 PR R D e o R I T
PRI R AL L 0 A A o 2 AR A O AU
7R T IX LR AN R 25 F R AA AR LD,
DE A HE R B4 A T BRI AR YR il AL B
ARG T LAT =5 EE50 : (D HEN Y& 1E 2%
JE5 R RO 0 B SR 2 O T« AL T R 1 A A
i JEE RIT IR i 3 52 M L 17 B AR AR S A0 S B Bt
A VESR B R F, (IR0 R R A A A 3, I 3t
JOL B P8 DM D 25 S BUTCRE T R, 2 1T )55 14
bR s TS A A e I LU RS K (P ae i £ B
JRCRE A9 A 7 R B, R AR AR BN M2 B 3L Ty
TR A AR (2) 2R W R A 2 52 A3 107 o A A
FE R D R MR S SR A R T e 3 > 0 P R A
ERA P RE ST, AT DA E—E R PR TR AR,
Y R R A 7 BE ) e SR I R A AR 2
DRI AEF LA 2% P 1 B 081 S A 1) 394 o T T
1M, R e o A 3 N7 A L v R R B A A R
VA PR RE ST, DA R R AR O i I I R B SAS
(3) H4 17 7 7 1 W 52 2% 2 7 AT 55 I M 5 454
B A 7 S 2 L SN, L R 9 B A AR5 A iR
JE N M X SR WIAE AR IR IR T B Ry
Z 1] (i DMVE FNEOR 3 22 AR g il
VR BERE R AT LAR T I X 2 2% A AT 55 B RE T, i
e T R R T 7550 4 1155

Shy i e A4 IO R )R AR, 3E L A L T
SR I AL BN R Z A AR SR IR T Al
PRI 5 R IR) AR, AR 3 e A v v MO 2% 7 i
AR AT R OREAT Bl T 4 sl A3 10 6 ) fk
K i - (1) S LR R 22 18] BB AR A1 - BURFRAT LK
Pibx T LA 2 S ML A 3 sl 3L R R 22 ] A HR &

((SSEL &5 Bugc A (HEE NN R Y Eis
[G] $2 TH 7 iy o, 90 A 7 R A B AR S X AN
A BT 5 e B A R AR RE A B T i T Y
Tha AR R s g . (2) Pt R W R i 5
A5 PR T A0 SR < SR A T O L o) (36 o
AR RE T, O bl T i 2 A R S B A A
PR A BT o W LR B S L] SR
e AT AT DR B B M) 45 00 [ I, A DR AR R 20
TR A0 25 ), DA T8 Dl 146 97 1 A BB 1 7 i Jo
HEGHTRE ST . (3) SCRFHERL RTH A BT FRE T 42 7T«
ST IS S5 Sl AR I RN R B AR BT B 3 a7 2
EER T T A = B T, e R A TN B 2% A
FEAL S5 e EAR BT A AL, S0 R RE S
P B R B o AR LN BE P g se 4, LB
VUEIESES 9 98

SRR, P N B 5t SN (SR T 4% 5 ) Al
SEIB AR SRS IR - R A R 22 (8] B 5 VR
At i A4 L R 5 A DDA SR W SR, O S
BOARBHT , IR B B A A5 6 15 DL T, S B
R T s 4 ) Sl RS AR

Z % x #t

(1] KGR, KRR, 2280, 55 IR I EAsta i — &1k
)] P TR S, 2022, 44(10): 145-150.

(2] b, HAEE, BI5 6 i R 5% T e Al A s v
P IR R BT ], PB4 TR, 2018(22): 28-29.

[3] YANG L, FANJ, LIU Y, et al. A review on state-of-the-
art power line inspection techniques[J]. IEEE Transactions
on Instrumentation and Measurement, 2020, 69 (12) :
9350-9365.

(4] EARET, A%, K. GG —AL” PR A sk
G 75 1 K A S A Be g IR SE [ ). o I e TR
2020(10): 172-174.

(5] Z=0, BRWI, s, 55 Y5 oui B 22 ALl i oK
WA ()], P T B, 2021(36) : 44-45.

[6] T, AR, DRZE, 55 S THOBE O R ECHL A2
JE g Al 52 46 2 RERBOPAE DR ST [0 ). R HL AR, 2023,
59(5): 216-220.

[7] HSIEHCC, LIUYT. Quality investment and inspection
policy in a supplier-manufacturer supply chain[ ] ]. European
Journal of Operational Research, 2010, 202 (3) :
717-729.

[8] Resle, sy, MR# . BT DX U iYL Ry £ 4% (0 R 1)
HALTZEOTEL D], 2RS40, 2023(12) 2 79-86.

(9] SR, (54 €. v I 5% (48 107 Ry 200 A L 5 g B 5
BRRTHBESEL) ] RIS, 2024(4): 121-124.



432

R B R 24l (AR B2

545 4

[10]

[11]

[12]

[13]

YOUSEFI S, JAHANGOSHAI
SOLIMANPUR M.

REZAEE M,

Supplier selection and order
allocation using two-stage hybrid supply chain model
and game-based order price [1]. Operational Research,
2021, 21(1): 553-588.

TIPSR, TR HER IR ASER M5 Al BER R
B— R T RHEBEAA ] 20 E 8, 2024,
46(9): 49-68.

XUTF . P £ 8K Bl T A0 7 5 R SR R S
ST——R TR ] BB, 2021(19)
29-31.

RS, BRyal, #ve, . H IR A IR N Ry

[14]

[15]

[16]

N7 WA R B e AT A (D). B ZE S A B, 2024,
33(5): 98-104.

B, Al BT ISR G S ) 2 W v N
RE N TRSFATZELT ] A S SRR, 2024(9) : 5-9.
BOGAR, MK, BT, 55 BT RO i i I 1
AL B IR BN A R OFFELI/OL]. A S kR
58 A, 2024: 1-5. (2024-10-21). https://kns. cnki.
net/kems/detail/23.1474.TP.20241018.1022.032.html.
B, X4, FERET, 55 SR T % A [F) f fef
SR 14 A S AR B X BB SR RS [J/OL ). R TR
IG5 SRR, 2025: 1-18. (2025-08-22). https: //kns.
cnki.net/kems/detail/11.2267.N.20250821.1621.010.html.

(EHR&KXT

Tx)



