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Abstract: A finite element simulation model of piston and components was established to study the influence of
piston pinhole profile and inner diameter on pinhole fatigue strength. The optimal matching scheme of pinhole
profile and piston pin, verified by engine bench test, was obtained by simulating and calculating how different
pinhole profiles and piston pin inner diameter can affect the pinhole pressure and fatigue strength. The results show
that the pinhole profiles do have greater influence on the contact pressure and fatigue strength in the pinhole; The
piston pin inner diameter mainly affects fatigue strength of pinhole and pin, as well as elliptical deformation of
piston pin rather than the contact pressure of piston pin. For every 1 mm increase in the inner diameter of piston pin,

the fatigue coefficient of pinhole will decrease by 6.2%~11.2%, the elliptical transformation of piston pin will
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increase by 10%~15%, and the fatigue coefficient of piston pin will decrease by,3%~10%.. Therefore, it can improve
the fatigue strength of pinholes and reduce the risk of pin hole cracking and failure effectively by adjusting the
hyperboloidal shrinkage of pinhole profile and decreasing the piston pin inner diameter. The study results can
provide theoretical and engineering application references for improving the reliability of internal combustion engine

pistons.

Keywords: internal combustion engine engineering; fatigue strength; diesel engine; piston; pinhole; finite element

simulation
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Tab.1 Main parameters of the engine

SELEAZ/mm TRHMmm BEIREKW  PUEREY/(rmint)  BOHIE/(N-m)  IEER R E Ji/bar Heschr
117 135 287 2100 400 203 [E5lay

%2 EEMAMHNHIEEMERK

Tab.2 Main structure parameters of the piston component

5 H A /mm T %€ 151 J% fmm T 2E 4 4 & /mm 5 ZE4H N 42/mm T2 K/mm

117 1255 52 25 93.3
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Fig.1 Piston CAD model
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Fig.2 Finite element mesh model
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Tab.3 Characteristic parameters of the piston body material at different temperature

W EEIC HFEZI(WI(m K)) % )%/ (kg/m3) B E/GPa LK R UK

20 122 2760 84 1.93x10°




100 124 2750 82 1.98x10

200 126 2730 7 2.08x10°
300 129 2690 72 2.13%10°
400 132 2660 67 2.18x10°

k4 RRUBRET & RMA A

Tab.4 Characteristic parameters of the piston pin material at different temperature

/T FH/(W {m/K)) % I (kg/m?®) FPEAER/GPa LAk A RUKL
20 46 7850 130 1.25x105
100 47 7830 128 1.28x105
150 48 7810 126 1.30>105
200 49 7790 122 1.32x10%
250 50 7770 120 1.35x10°

1.2.2 RAE

T FEH AR R TG AR L . TR SRR AL VR EM N R A B, B AT TR 4y
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N, TEZEMRTR AL IOER N R IRk T BT B RO AR, FrDAX G 26, 1R 2ERY. E
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Tab.5 The boundary condition of the temperature filed of piston

A EREE/C B RE/ (W (m2-C) )
e Rk e = 1000 600
K1 300 500
— IR T T 180 9000
SREEN L] 110 600
) 130 1200
ARESlii)id 120 2000
9L 150 1000

B 1 AT AL, I AR ISAT AR IS A NSRBI S R e SR U ST VR, T ZE T
KoK TTR — IR I i K% KR 7 20.3 MPa, 18t 3 7725 07 A RINGPAK BETHEAS 21288 — 3 5 ¥
T 7779 1.5 MPa. Bt Jsdid & SO FEEAT A, ARAE KBNS ZESH0 oHH IS ZE I INE B2y 4 215
052 mm?/s.

TEEEAE BN Egd B T EM S, TS FE TN T ORIIA TR Sy 27 A — AN 5] 43 J A R A
AR ELRE R A e, =AW J7, BT AR Z R EAF AN, S S E ) 23 R INBAS R BRI R e KA
N 285 L BTG ZE A AR IR AT e R, BT DA S SR SR FH i DR He IS 2 B 0 ) 9 4 s S 2% A AT Ik, 18
b THE AT AN ) /52K /N 15 238.25 N
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Fig.3 Arrangement of hardness plugs setting points and temperature field distribution of piston by finite element analysis
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Tab.6 Comparison of measured and simulated temperature

IR FEC
bIPES IR EIC AR %
24 44 6# PR
1 302 303 307 304.0 305.8 0.6
2 319 324 325 3227 320.9 0.5
5 322 324 323 323.0 326.2 1.0
6 320 323 322 321.7 325.6 1.2
9 325 329 331 328.3 326.0 0.7
10 300 299 301 300.0 301.0 0.3
11 304 306 307 305.7 302.3 11
12 216 219 220 2183 217.7 0.3
13 220 222 221 221.0 224.4 15
14 180 176 175 177.0 174.6 1.4
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Fig.4 Pinhole profile schemes
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Tab.7 The orthogonal matching scheme

PES AL I AR o/mm
1 s1 23
2 s1 24
3 s1 25
4 S2 23
5 S2 24
6 S2 25
7 S3 23
8 S3 24
9 S3 25

IEAZ VG e 45 F il 1 A BR oo 07 SOrH 545 2 M8 FLEAd S 0 ABS FLI5 57 RECR AN . el 5 DB/ INvBRsF, 9%
75 ZHOBONSE . PR A R WA 5. K 6 PR,

110 ws1

ms2
ms3

105 |
10235

101.28

100.65

$HTLIER EH/MPa

023 024 @23
HILE 1 mm

K5 FERMILIEMES

Fig.5 Contact pressures of piston pinhole
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Fig.6 Fatigue factors of pinhole
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Tab.8 Comparison of piston pin elliptic deformations

THIERA L AT B mm Ui I AE F B /mm
o/mm sz Wiz hME Wiz
23 0.061 493 0.058 227 0.079 832 0.060 746
24 0.067 716 0.065 376 0.091 454 0.069 591

25 0.075 488 0.073 440 0.102 124 0.078 363
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Fig.7 Fatigue factors of piston pin
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Tab.9 Parameters of the engine test

BUEIRIKW - BUE S/ (/min) - HLIMEJ)/MPa HLIMIRE/C BEIKIREIC HKIELEE/C HE R/ C MBI C

353 1900 0.43 40.02 115 %5 80 +3 90 +5 600 20 25

RIGFEATE] 400 h iy, HIHEE SR B8, RIIWTE &S, PGS RIS 6 GLiG%E 5 5L
W, w8 bR, 2. 4 GVEEHMAREEMRLG; 1. 3. 5 GEEWIER, WK 8a)fir.

a) 55 1 B 28 b) % 6 L% %E
B8 X & E RN

Fig.8 The macroscopic appearance of pistons after test
1T SR 6L ZE T R ™ H, I LA S5 6HLIE ZEHEAT R A M. 18 PR FH GRS 17 28 SR BT AL HO AL B
SIREATREIN, ZERWBIOFTR, MRS E S BT A, AP EK.
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Tab.10 Chemical composition of aluminum alloy piston(mass fraction)

% palza Si Cu Mg Ni Mn Fe Ti Zn Al
br Uk 11.0~13.0 3.3~43 0.6~1.3 1.75~25 0.1~0.3 0.2~05 0.07~0.15 <0.1 rest
KA 11.51 3.63 0.82 2.29 0.19 0.44 0.103 0.008 rest

R R A0 2 e i FE R ST T HEAT R b, el 9 @) . RS AR ST AL IR 2 2
REUAHALIT AT ) B R IR, il MR AR i 99 A B I Ry R =, B TR be E % AL

M A A RIS M, SR 9 b)FR, A AT A), AR GAAHANA T E o-Al
VAR R ARIC AR LR A SR A BT SR A . REUIER WA ISR, AT LT ZE 8 FLTRA 2
Prig SR EL.
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Fig.9 Crack morphology and metallographic structure of failure piston
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MIBHAT, T52E A BALIBALR /) 2-80.35MPa, 1% %E B J9y-100.52MPa; [ 2.1 #5415 45 R el k1i% 28 A Fl B
BALERAL R 7 28709 1.34 F1 1.03. AHXS TIEZE B, WHZE A BFLIIN I3 K T 25%. 957 RS T
23%, ZEMJIREEWIE TR, SR, B FLARALI R ER S ) 4R h o S BOE 2 FLANE ZE B AR TE A, Bk
PR 22 [ BT e kg B i, ELAERS AL 57 5 B A g5 B 0 R AR 5 KA R A PR TR ZE SR 4
FLRIY B R B A7 B Kt /N 57 ZR 800 B 4 [k v 28 (RGO BARWI &, RIFESE 1 A7 BRTe 0y EiH FORS B2
Al R TR A .
B-E
251 /MPa:
| -180.000

-168.889
-157.77
-146.667
-135.556
-124.444
-113.333
-102.222
-91.111
-80.000

@

b)iEEB
H10 FEMILFE=L )
Fig.10 The third principal stress of pistons pinhole



A PR Te 0 FAT S IR IS IEAR S A 10T i, XA RV FL A 2 S AN R] A AR 37 24 DG BC HEAT 3 LE 73
s WEFC T HRHE ZE A AL 57 L IR, BB SRR

1) WS ZEH AR, R B AL LR, e ] (i s T BRI 7.2%, %57 R AR 8.7%. FTLLE
PR ALY 2T R FLE S /T L SR e B AL AR AL A S H 5 L

2) EFEH AR ROT X B FLER AL Bt IS T R B/, (RN A ALR 57 S B RO o A AL RIS, 3
FEFNAREHE R 1 mm, A FLEROL IR 57 R ECT B 6.2%~11.2%.

3) AR AR RT B2 2 i i ZE A (0 25 0 R B, T B AR BRI R 1 mm, MR AZ B B 1K
10%~15%- 557 R FEAIC 3%~10%. HAEIASHE R AR L M2 Ak E28 b, KINEIEAT)E, ZfEd L
ESm RN B, SRR i AR 2 B EORIATIR T, N 284 AR e v iis 2E A AL 57 5
FERIA RT

AR TE T A FLAL LA ZE B A AR ZEAH S 57 i BE s, (RS S T, K S TR JE A AR A
He) s WRIGE 2 P 1A o T 45 4 A5 JEL Al RT3 AH AR 45 i ZE A LI 57 9 RIS
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