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Tab.2 The result of local stability analysis of equilibrium points in three cases

aAm < bC,(1 —a)Am < (1 =b)C

aAm < bC,(1 —a)Amw > (1 -b)C

aAm > bC,(1 —a)Am < (1 =b)C

A AT

S De(]) B55 T S REME Da()) BT () S KUEME Da()) 5 Tr()) B9 KUEtE:
0(0,0) + - ESS + - ESS + - ESS
4(0,1) - RiE - RisE B ¥ v REE
B(1,0) - R Bk " ¥ R - R W
c(1,1) + " R - R B - R W

B e 1R zs , o el DU, TG e 0 fh Ak
BT S BT AL B, RS8P SUT A
O, RV 3 Al A2 = 75 8 DL A Aol A 52
A —J7 BB £ /0 T H A 1R A 8P AR R R
W 5 — 2 = XU HA G A

C(L1) C(,1)

A(0,1) A(0,1)
y O y m

0(0,0) x B(1,0) 0(0,0) x B(1,0)
(a) aAzr<bCs (1 -a)Az <(1-b)C (b) aAz <bC > (1= a)Az > (1-b)C

(1,1 Y
A(0,1) (L1 A(0,1) cLb
v ,
/\\\\
0(0,0) x B(1,0) 000,00 * B(1,0)

(¢) ahr >bC s (—aAx <(1-b)C  (d) aAz >bC » (I—a)Az > (A -b)

Bl RBHEEHSELE
Fig.1 The dynamic phase diagram of the
evolutionary game

M aAm > bC,(1 —a)Aw > (1 -b)C, Bl
328 A0l FES =5 R B DR A A Ml R IO AR SR 4
FI AR AT ) AR 5 4 R T LA HE B A R AR B
A S AR, B AT SR R E A S A 4 AR L
% 3.

%®3 aAx>bC,(1-a)Am>(1-b)C HHEAH
BRREESITER

Tab.3 The result of local stability analysis of equilibrium

points when aA7>bC and (1 -a)A7>(1-b)C

A a5 Det(J) £F5 Tr(J) 5% R
0(0,0) + - ESS
A(0,1) + + A
B(1,0) + + ARE
c(1,1) + - ESS
D(m,n) A E 0 2 1

HI2E 3 AL, 0 O M CORARE B9, AR
FME, m AN B EATREM, 5 D . o AR

SE SO X R DR Al 5 55 = 05 R AR P AR Al
TR AR, FaE A C XN T
H1E.

Fr T P RE PRI AR Y R R A TR B
Pt Al 55 58 =05 B g PR AR Al 10 A TR 2R IR
T — B, B Oz B Be i gE i, R SR
FEAVE 5 ARG A6 15 Fh o w77 RS, f &0
Ak B WP B8 4885 R TR RS A2 . 2 aAmr
> bC, (1 —a)Am > (1 - b) C B ZE 3 &
S E 1(d) frs, AT E S A B Il & D %
FEMT A PT 2 FT0 S 20 S P A X 8. S 0] 1R IR
AT X3k OADB B, 2G0T 15 0, B st
Al 5555 =05 %8 filg DL A A ARk BN A A 2
WIEIRZS 67 F X 3% ADBC B}, 25 B WL T 45 C,
B vk PR A .

28 b, FAT P Ak A S =0 R R Dk A A
W5 A A RS 8K F H A E AR, REA
T RE T TR M BB R IR A 5 AT AT — Ty i R 8
#/NTHAVERAR, RER BT £ 0(0,0),
RO XU HASAAE.

3 ZESENRMEARSH

Hy b 3R 23 B Al R Al A =5 R RE R
3B A M B A 4 R AL A 1 R T A AR A I
HACRE R A WA (B, 516 5 (Ra1E,
AGAE) . R 1Al X5 A A Al Al A Al A A
KA, B LA Sz 3 7, XT38 A Bl ak A 45
PERESR A B M 4 09 e KA. T & 48 1 T8 Ak i 8
B AT AL A R S TR U7 B0 R RS SR
W 4 AR 56 2 506 %

HE LCd) ar g, Rgem (B4, & 1F) 5 (R
BAE,AEAE) PR R E B AL B B R 23 0l
KT WiHE OADB 5 ADBC iy #1, By LA n] il i
ST VU 2 AR B4 5 DR 3R Ok O3 BT 45 2 O &
e Ak 1 Ko A g S s ARE 1 (d)
LG



84 BN K 27 2 4R (T 22 f)

2017 4

Supse = Sawwc + Sasco

1-b)C  bC
_2((1 —a))A7T_2(lA’7T‘ (9)

518 1 PR i Al A0 EE =7 8 B PR A Al
PR G VRIS S A C /N, 8 SRR
K.

SEB 1% S, SR T C H— B

95 1psc 1 -0 b
= - - < 0. (10
oC 2(1 —a)Awm 2aAw (10)

FIRLA, S ippe A2 C Y BTE IS eREL, BT £
VRS AT H 10 AR € /N, H1 2k 1 K 3 ADBC
{0 T B K, R GBI T AR A C R R
R, BB 2R LA VR 5 s 11 M 238 K

Z538 2 Pk Aol A AR = 5 A BB DL AR Al
BRI S A 8K, 35 R IUE VR 3RS 1Y
RS PN

MERA 2:%F S, e SRETF Am (19— B I T

98 e _
Duwe L =0)C 0C Lo (1)
0AT 2(1 —a) 2al Ax

L, S ppe 2 A B BRI IE R, Aar 8K, 37
2 L7 X ADBC W BUBR , R GRSk TR
SC IR SRR A, B XU SR BOCA 1R 5 s A HE R
K.

8598 3.7 7E — A f A Y B I 2% 43 T L 451
a, AR XI5 R BG5S s B K

TERA 3:%F S, KKET a 9 — i 5 :

=1

S.one _
99 4pge _ C y [i B 1 -5 . (12)
da 2A7 a (1-a)’
EX‘_JL SADB(I :k?é:J: a E/‘J:m{}ﬁg
S _ C T 26 2(1 -b)
- -2 <0. (13
da’ 2Am a’ (1 —a)s] (13)

M AT, R XA (0,1) FAAE—A a il S,
AR KA, BIFAAE — 1 o [ RGNS T Ha 8 1
C AR K.

el S o | AT Ry I = 4V NS | SR | 4
Xof R L i 1Y) 53 T H 491 5 0 B VR AR 1 AR HH E 4]
TEAH OGBS 2R A 1 R s A ABE 38 31 K

IERR 4: %) S, KT b H—Bir i 5 -

S ipsc C 1 1
Tab E( *)
S \pse
§a<l—aﬁ;3;*<mwsmw5bﬁﬁ
K BITLA, 2 b MR, S e W/, RGEWECT 51 C
(R ARE Bl /I 100 T 224 P ash s Ml R A5 ) A U 25 1
D T8 =07 8 AR PR g AR Al I, PR Al K

(14)

l-a a

THAY G A B, P Ak 2 i e S 4, S 1
TR T b /NS e 38K, D6 4 Rk £
MV AR AT Y R A A 0 /0 T8 =5 R R DR AR A
b R 3 Al AR B A AR AR D ) R
(FLVES DN

Ma>1-a B, S, e 5 b IEMHKE, b K
S, e B, RGNS L C BYBEFRIE A, Ui
PR3 A Ml R AT Y R AR A 1 A 2 T A =T R e
PR32k A Al R b R B PR 3 A b R A Y B 1 AR
AT, PR Al AR 25 WA S A BT AT 2338 B
k.

g5 b, PRk Al 5 5 =07 B AR DR AR Al
X A A 1) 23 TG LG 49155 45 A A 1 7R L L 9] 1
ORI, U7 A SR, RGEA R 23 AL 0
HAFRE.

4 BOISH

AR [ P S oy 0 DR A 1Y S B 32 5 R
DL, 855 B B BB 2 A, B s Aol 5 55 =07
AE PRI AL AL ) S AERLA € e [1500,3 000] 75
T, WA HARL b e [0.1,0.9], &R AL
#i A e [5 000,10 000 ] J7 7T , #4045 14 70 BE 5
$a e [0.1,0.9].

HBZHHLGENHCSEBMEMT: € =
2000 76,0 =0.3,A7 =8000 7 7C,a =0.4. &
Wi bR SR U, 38 F Matlab 2Cf 38 17 53] 43
B RS A AT
41 AYEMA R BRI 2T A (R R N

B AR € e [1500,3 000 776, A
%5 A7 e [5 000,10 000 ] J37G , HoAth Z B8 (A i |
SCHT  WEFE IS S, e BIZEAL R, TN 2 7R

3000 S 10 000
N
. ("X:J.Su)m'm%qa]
_A”HS11>fiz'm%uﬁ
2500 - N
-8 000
© 4
2000
-6 000
1500 ) . | L
0.60 0.65 0.70 0.75 0.80

B2 CHMA7NEEREHRW
Fig.2 The effect of C and Az on cooperation
probability

HIIET 2 AT, S, BE A 5 1R A C 938 K
W/ R B R Al 5 5 0 R R T AR A



%530

FER, G RS =B e

PR3 A 5 AR BIL ) A9 3 AL T 2% 2 A 85

b BB A AR R, 4 XU R, — S AR
Ui 7 A VE R M (75 5 VR 9 BE R 08008 5 S B
HRBAI RS A B 3G OB K, B A A 1 88 A1
f R, AT B AR R R Bl T 4 2R S
g5 1 f2 —3.
4.2 FBEYE 5 B bk B K R 2 4> 48 LE B 3t & 1E
B % i

Wae [0.1,0.9],b 4% HEL0.2.0.4.0.6,
0. 8, HAth Z B HUE I b SCRT b BFFE LT S, 0 B
Ak R, s 3 TR,

0.8

0.6

04F

S ADBC

02F

0.0

0.0 0.2 0.4 0.6 0.8 1.0
a

3 a0 XEEBERRME

Fig.3 The effect of « and b on cooperation probability

FTIEL 3 AT, 76 BAS 73 15 25 b 114 4 AN [7) i
fHF,Sippe KT o MBS EBfE UR",
BIVH A 2 BB — I BB o (AR, S, e
KRS R B — KRR S SCZ . &
W] AL R — 5 N AP AE— A a {8, 75 S,pme
BUAHAS RAEL, RIVAF A — 4> 5 £ 9  0AC 4 2 I5C L
), i % A R R B R IR BB M 4 R S 4
i3 —2

M3 AT, 2 a < 0.5 1, S, BB b A3
R8I, 1 B 25 B aed A ol ) o A i 4 5 2, 7R
{14 5 A B AR AR R B A B U5 5 A £ MR 3K
Ha >0.50F,S,,,c B b ARG K, Ui 4
PR Al 19 8 AL £ R 22, R A ) AR AR i A
IO 22 I, X7 5 1 BB BOR. B2, PR
Aol 555 =75 I DR i 4l X AL i 114 53
LB 5 %0 5V A B4 R 48 LU A9 TE AH SG IR, X7 45
PERIAE AR L BUE T 4 R 5 2538 4 — 2L

5 #ig

ST AL R B P Al S 5 =T B R IR
AR AL 8] S VENLR BEAT B9, A3 B A0 R 45 Y
LRl € ni N Rk (o' N e 2 e S A B e (U
AE , ELA VR A /1 G AL 4 B A, DU Ay )
B AV AR Ee R B AT o3 BC L], (A5 —
ERER Rl RS TN ik T R A 1 RS R (S
AR B ERAH LU E A OGN, B VERE AR K.

SE

(1] i NRFEFEERG R, e NRIEHE 2016
FERST M S RREITAHRINTG &0 H i,
2017 =03 -01(005).

(2] #kJ7, £l BRE Db Al Y & J& X558 BE 5
[J]. B ,2011,30(2) :71 - 76.

(3] XUBT, 47 8% 0] DR 9 3 A b 48 T+ 20 1 I 3 B2 F 5
[J]. R g 59 BT ,2015(9) 272 - 75.

(4] Wi, KM, R . B B AR Al 5% 4 0 WF 5%
~ ST HIBE S (], Gt 5 P, 2015 (13) 1179
- 181.

(5] XIscAe. BRePaB AR [ BY Mz 55 09 B T L & e Oy 1)
(1. Wi TR 55 #8,2015,37(8) ;54 - 55.

(6] #LZRET, Brlw+E. 2 B8 A 4% 4575 iy 41 DX H 9 W]
Ao dr (] Wi R 42,2015(1) 1133 - 134,

(7] FRE. T R 75 5K A0 HE AL 19 25 0 I 0 o £ R 19 4%
P[] M R i (L4 R ) ,2014,35(4) ;92
-95.

(8] WHRT. &P (5 =m0 [M]. L. &2 B
H AL ,2007 019 -37.

[9] SEIFERT R W, ZEQUEIRA R I, LIAO S. A three-
echelon supply chain with price-only contracts and
sub-supply chain coordination[ J]. International jour-
nal of production economics, 2012, 138 (2): 345
-353.

(107 FRERL,J5 0, v I 3% . 35k T VA 1 2 1 48 7 46 1 97
BLEI A3 M7 [T ] Geit 5 Pe3i,2015(15) 245 - 49.

(11] Bt 3k T i 1k 1 2% i (4t 137 5% B3 I5] 7 5t 0T 5 1
PLEIAF 5 [T]. b E & B AL %, 2010, 18 (6) : 155
-162.

(F#e45 96 )



96 MR R (L R 2017 4

Fatigue Failure Analysis of the Driving Shaft of Amusement Equipment

LIU Zhihua, LIU Bojian, XU Weichao, ZHANG Yinxia, TAO Degang

(College of Mechanical Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract; In the running process of amusement equipment, equipment accidents and other problems have
been arising—caused by high cycle fatigue of drive shaft. In this paper, the research on the fatigue simulation
of the drive shaft inside the flying saucer amusement equipment is done using the finite element analysis theory
and NCODE fatigue analysis software. Firstly, the amusement equipment is simplified and modeled according
to the equipment working condition. Then, the ADAMS finite element analysis software is used to analyze the
dynamics. As a result, the topological configuration of the multi-body system is presented and the load time
history of the drive shaft is obtained. Next, by using NCODE fatigue analysis software, fatigue reliability anal-
ysis of the drive shaft is made, the nephograms of the fatigue results of the drive shaft and the fatigue life of
each node are obtained, from which the location and fatigue life of the drive shaft easily destroyed are also con-
firmed.

Key words: drive shaft; NCODE ; ADAMS ; kinetic analysis ;fatigue failure
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Evolutionary Game Analysis on Cooperation Mechanism of Express Enterprises and

Third-party Smart Express Cabinet Enterprises

LI Yumin, YANG Lu, WANG Xinlu

(School of Management Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract; The smart express cabinets could solve terminal distribution problems to some extent. Based on the
view of evolutionary game theory, an evolutionary game model of express enterprises and third-party smart ex-
press cabinet enterprises was established in this paper. Meanwhile, the dynamic evolutionary process and fac-
tors influencing the establishment of cooperative relationship were analyzed by this model. Finally, numerical
cases were conducted with Matlab simulation software. The results showed that: (a) Only the excess income
was more than the cost, probably the cooperation could be achieved. (b)Probability of this cooperation had a
positive correlation with the excess income, while inversely with the cost. (c¢) There existed an optimal propor-
tion of excess income correlation, which could maximize the probability of cooperation. (d) Reasonable income
distribution mechanism and cost sharing mechanism were conducive to the establishment of the cooperative re-
lationship.

Key words: terminal logistics; cooperation mechanism ;evolutionary game ;smart express cabinets;express en-

terprises



