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Analysis of thermal — mechanical coupling strength and fatigue life of cylinder head

ZHU Xiao-ping, LIU Zhen-tao, YU Xiao-li
( Department of Energy Engineering, Zhejiang University, Hangzhou 310027 , China)

Abstract: Aiming that the cylinder head is easy to form fatigue damage when under the alternating load, a rapid and effective method to cal-
culate the fatigue life of the cylinder head was introduced. Firstly, the FEM-model of the cylinder head was built by using Hypermesh soft-
ware with arranging different density of elements and the element quality was guaranteed with the mesh parameters. And the temperature
field, the steady-state stress field and the coupling stress field of the cylinder head were calculated by using Abaqus software. In the calcula-
tion of the temperature field, the combustion chamber firepower surface was divided into three areas to improve the calculation accuracy. In
the calculation of the steady-state stress, the accuracy and the efficiency of the subsequent fatigue analysis could be improved when the ther-
mal stress field was regarded as steady-state field. Finally, the fatigue life of the cylinder head was calculated by the fatigue analysis software
MSC-Fatigue. The results indicate that the fatigue damage is easily occurred on the side of the combustion chamber firepower surface, and
this should make an especially consideration for design.

Key words : cylinder head ; thermal-mechanical coupling; fatigue

0 51 5

UL 3t PR 3 UL A TR, 5 908 2 T A U P
RESLIRIZH 0 P AR BL R R B 2 1R o AT 3 1 25 e
WRIR, % IWARKR IR R Wk sh i ARE T 1 <
L T WA Y T X T R e ) e S ) AR
BRI BT o R, ST 5 45 50 20 ) i B AR A
753, B AT 5 AR A2 OO, T RS, T RAR R, ¢

s EHER:2011 -03 -09

ISR

LR, X ULt A T 5207 vk 3 B AT % 55 il 5
AT ERAIT . i T AL S AR BREBOR, % 55 1l
323 TR, RBERE U B LA R S HAE M 75 4, 11
PrFT I Z BRG] o PR A (7 BTSN R] A48
ST, T EL AT AR ST 28

2004 47 RIFRTIE N TR ST
UL S IR SR 7 5, R UL i At I PR A 7 i J3E

EB R AN (1987 - ) 55 T PURAM A, BN SREEH 8 57 PSR D7 T B9 FSE . E-mail : 2xp-693@ 163. com

BEBRARAN XRE, W, B Z0%, w44 F00. E-mail :liuzt@ zju. edu. cn


http://www.a-pdf.com/?product-split-demo

4510 1]

KA A A - HURB S 25 T UL 250 B S 55 A7 i 70 AT

< 1177 -

SIHT ST 5 OB A A B R A T B IR
i, 2007 4EFE A AT T 6200 B SE I HLTE S %
TR I B9 55 AR 3 20 A, o BT 35 B 55 422
S RBHAT THE Y . 2008 AEHE 7 S H
K 17 205 7 0 B S L ST 36 F 55 FT S e T T
T, 53 56 25 S HEAT T X HL . 2009 45 5% i 5] 45
b p LR L R HIK R R S
PEAT THB A LRI RS IR R T WU A 1 3
FANE S o XHEA RGAEARE TOUF AT, 150
T SEMLEL R TR IR 7 LA RS HOK R , 8
TR HIKHE B BGHE .

N NI B W ik 1) 2/ N L O S I A
RIS A B T . ST LR R, AT
TR T L 55 0 55 i B B i, X T
SR T T AT BT S 55 5 A

1 UL G 1A BROCARRE Y

AWFTER AT Hypermesh SRPEX TGLH BRI HEA T A
BROCRIME I o, a1 2 R UL 45 A R 2,
FHZSTAAR Sy 32 00 BATAE LS T AR /INES 4, DRGSR 10
TR PR TG, TR 2 A DU R A )
R T A ey ) AT AT g — 26 [ I A A Hy-
permesh FPf P BT A A5 Y 16 T, A6 42 il B0 1Y) S
i, Dm0 BT R AR R .

BT A RS AR T TE AL

P2 AT AR AR A

SRS 1 TR

®1 SEAZHHRSE

FPEAR R/ GPa 70
EL/Nd 0.344
BERE/ (g - em ) 2.6
SREH/(W - (m-K)7") 150
A/ (1 - (kg - K)™) 880
NI 2B 2.38 x 107
Yiprsm e/ MPa 355

2 AL ERESRITE

UL TR B e R A2, R A
AR AL IR AT o (R s A A S 21 T
PEAAIET  SEBR G B2 BIR 2 IR 2, Jie
PATCIEAGHRSR o PUHESEPR TR AR 4 1
G TR P HR B AP A4 AR B, PR 0
RSB IEIGA G, f o bR R S i R R 22
FESCVFERPN R IR o 540, TR AL T A frp
AR P R AR R R A B TR A, R AR b A K
TIRMGA T2 AACBOR, i TR B 35
HREH 3 3 AN DX, a3 iR

B3 AL Kb Xk ml oy

PRAETBL T, UL o5 4% 2 1A A A A5 % Bl S A% 1

nF2 Wos,
R2 RESREEXEMOREYE
o R E R/

mW + mm?-+ K C
. X J,— 0.75 520
ﬁj’;é X3 0.70 490
X = 0. 65 460
22w 0.02 20
A TEFR 0.35 45
HES B i 0. 65 550
AT EE R T 0.35 45
HEST AR T 0. 50 550
HEFK A% 1 2.21 80
KA 18 2.00 80
A 1.50 70




<1178 - L G

r & 528 &

A 2 TN HGA AR AT TR A B U 5 Y i
JEGTE AR NIE 4 Fros. 4 aTLUE B PHES
Y22 P S B2 DXL EE 250 8, B il 9 180.3 °C

NT11

3 RELFFRS N IR A

3.1 RERN5S

1 T A S HLE AR =, m] DL A UL 2 i
JETE TR R P IR A LR B PR . UL
ARLE 37 m] AR B UL 3 AR 10 TSRS R AN
5 FRe HIES AL Y #hbe s A T KR HES
[ IR A3 AR 3 553t BE 3 A G R 45 RARW 45, ek
&} 224 MPa,

S, Mises
(Avg: 75%)
+2.240e+02

+1.121e+02
+9.342e+01

K5 AL 7R

3.2 KB AN

AU 8 2 RC AT L 355 T 0 A 5K g T e e
Ao 2 P Ay AR ] B AT o Pl TR
FIALIAHE o SRR HEA T i 4, T EEMLIAR AR L A A
JAE | S5 A AR AR A AR SRR ] © T o

M) AR R dle , B UL 5 A R A U
9 46. 67 kN, J] 32 R 3 e o 7 1 AR A R
HARAEFARTT 1 E 5500 0. 05 mm A10. 02 mm, 5
AFEAF PR AP S 1T A9 B A H o AR SEAE
Abaqus i B AR G BT3RS (45 B UL 75 1Y
YEWCR A1 ISR AN T R d 7 W

6 SRR ) it IR AR

DA H U T 5 DX 3l R /T S M vy X 3
FLEER , e KW IR 162. 3 MPa,

+1.355e+01
¥3216e-02

Bl 7 AL ) s B

3.3 MERTNNF

FH AL o I B S I RO RS, iR B e AR
R RRAS . R, AL 55 i AR A2 I AR A T A
FE ARG RN T o A SR AR O 1 7 i Sk itk |
BN EES , ih SR GRS ST A5 B <L SRR A
N 15 RS RANE 8 FiR. K 8 ATLIE W, Z
TREEG G, AR w2 A RE K T X S 0 7 oA e, el
SEHE AT e B X g, A I DXOR Y de KON T (B A
240.9 MPa,

B8 LG R A I s

3.4 BENANBHHE
LR AERUE T O T BRRZ AL S B Ah , i BR



55 10 101 FIANT 55 A~ HUR A A6 T SR 3 B B2 75 AT - 1179 -
7 8 5 S T ARG ER I A 1 S A8 41407 , BT LR SR 1A
TS ERIRIE S 16. 5 MPa, A5 FEFAA I 11 3
LR b, B KA AR, R A RS, &
B A5 3 AT 35 S R IR A R 135 A R SiEs
Wk 9 Frzs o SPOTTTTTT ~
= ™~
ot 1E2

+1.820e+02
+1.618e+02
+1.416e+02
+1.213e+02
+1.011e+02
+8.091e+01
+6.069e+01
+4.047e+01
+2.026e+01
+3.822e-02

B9 ARG I ) 5 B

HIPE O m] LA Y, SCRL s i W A 3 08 i B IX
SR HE T S 2 X R HE T A B DX, 45 AR S B
P, RN IT{E N 242. 6 MPa,

Hi 1] 8 AN 9 X LT L& B, Wi BT {7 A fRL 5
12 F3 5503 A U REA AR [R], U TR 8 T 7 L s A 1
1545 BN LI T Bl s RS B R S0 ) 7
AT, 2 WA BT 3 TR 2 1 A A Ay ( SR B BT )
RIS 228 R T 5 AR AR RL R RA U g 2 o

4 UL B 55 A5 A o b

RENHAE AR, SEL b A7 T8 9 A 045 R A%
BTy RS BC TN, 77 | T 38 P e T A
IR FIRLEE 1755 RS R BN g o R AR T LT
SPAEREBCTIUN. A3 Y e B 2 T T A4 DA 2 I
I3, HAEFGASI ST, 00 A QT 15 e ads , o ml 3z b
WNRRFSR o RS N ER A 2, I H2
SHASI AT , PRI T 2t ) 28y vl AR AR g LA e 17
WARGIE - INADSEE ZA N VAA I = i e SN (O VA S B BN
IO S AR AT o PRLIMG , 42 MR 55 o B2 B , B0 528
SHASBMTHEAT I IF T, A TR A Goodman [134
XL AT GRR A i Bt 55 A5 i A

AHIFFER A MSC-Fatigue #PF AT, UL 22
FPRE N ZALSITMgLA BB 22 B E 3 1 43 i o
Horp LS A2 g 355 MPa, SRR £ =70 000 MPa,
H G 2 AL AR S-V 2k, i 10 B

FEIRE 55 AT IR AE SCHP, ol T AT RS Bl AR 52
AR h AR AT , WE PP IR XA, I ORHAT FROTIYE 1 0
Bra i R L A 77 A anEl 11 Frs

AP LD ] LU 055 fa 16 X S AR DR FF7E o L )

1E0 1E1 1E2 1E2 1E4 1ES 1E6 1E7
Life/Cycles

K10 SUELHEASRI S-NV 4]

KL L% 57 A s

DX, RIFESRBE K 7 1 DI, e T TR T X
So X L6 DI B O, UG 55 50 5 . A STk
B SR Y 20 AN A5, 4 12 R

Node ‘ Damage | Life Cycles | Life Repeats ‘ Log life
968 9.882E-5 10119 1.0119E4 4.0051
969 9.882E-5 10119 1.0119E4 4.0051
1687 9.882E-5 10119 1.0119E4 4.0051
1688 9.882E-5 10119 1.0119€4 4.0051
577 6.125E-5 16326 1.6326E4 42129
967 6.125E-5 16326 1.6326E4 42129
970 6.125E-5 16326 1.6326E4 42129
1330 6.125E-5 16326 1.6326E4 42129
1331 6.125E-5 16326 1.6326E4 42129
1332 6.125E-5 16326 1.6326E4 42129
1333 B125E-5 16326 1.6326E4 42129
1686 6.125E-5 16326 1.6326E4 42129
1706 6.125E-5 16326 1.6326E4 42129
1707 B125E-5 16326 1.6326E4 42129
1708 B125E-5 16326 1.6326E4 42129
1775 6.125E-5 16326 1.6326E4 42129
2219 6.125E-5 16326 1.6326E4 42129
2257 B125E-5 16326 1.6326E4 42129
2258 B125E-5 16326 1.6326E4 42129
2647 6.125E-5 16326 1.6326E4 4.2129

12 UL G R 5 % 57 73 i s T

5 4ERiE

A X AL ST 5, R A FRIT 2, 0
VIR T AR 5 15 B TN 55 7w, B BRI N
mr.

(1) 7EiR B 7 i 1133 rh AR s 22 36 45 e PR L 5%
o FHRAREE KT R 53 A 3 AN DX, e 1A
[ e e M

(2) TEA TN T 5 By B, 6 S 3053 By HL
PREEFR A AT 1 IAS R 43, 308 3 it o 42 ik | A T K

(F#% 1198 )



- 1198 - I D 28 &
3 (2] Bt . PR AR EAR M. b AR AR T R
25 p—— T Jitt:,2006.
2 - (3] WIBOT RS0 AYBEREEI M. 2 . A R
S5k e R, 2000,
= | (4] RZH,BOmli . = SUTREE ST H AR IR SE 30 2R 40
o5 [J]. SEEHR 545 H,2003,20(5) :5-8.
(5] KW R, B . 28 SR 004 0 38 X g e 44 5
s h s 1 25 13 13s O[] SR 5, 2008,25(5) :50-55.
(P, G [6] Analog Devices Inc.. AD7792/AD7793 Data Sheet[ EB/
8 N,-(CP) iz OL]. [2009 - 09 - 09 ]. http://www. analog. com/static/
e S L L o S
ISR LB Rt , FAT S R Mg I RS B L 2 cale Inc. ,2006.
AETE S IEaL, 78 4 TR B B AR X S B R 1Y [8] HUDDLESTON J. Beginning C# 2005 Databases [ M]. Bei-
BB RS jing: Tsinghua University Press & Prentice Hall, 2006 ;247-
. 250.
SESR( References) (9] K% . CHITRIAG AL M. J3t b T T A,
(L] #libss, Mok . eI ML 4 b Jbat: Mo 30 R 2007.
#1:,2006. [10] TITUS T. C# Threading Handbook[ M ]. Beijing :Tsinghua
University Press & Prentice Hall,2004 :20-30.
(i ]
(L% 1179 ®)
NN TN AT AR AT 5 5Py, Wit T SEPEBINLI ] FRTKB0HL,2008 (BO6 ) :38-44.
BRI HER BRI N A A (6] BEWIE L, XILIME, SRIEDL . Se UL IA-GT -6 5218 K
(3) TEPE 25 A op ST S MR S-N i 2% RSO BT )] IR 3IHL,2009 (1) :31-
RS0 (LS e AR ) 4 B | |
BRI A 5 B 5 B B Ay 0 s 2 [7] LI Shi-xiong, szkOlen.—long, WANG Shu-mao. Cylinder
R N . . . head FEM analysis its improvement [ C]//Computer and
i B8 TR A TR BT R SR T T 8 computing technologies in agriculture. China: Wuyishan,
TR AL, T A T T — 5 7 1 5 oo 71768,
AR TR T (8] At SUBLACE R BRI ). SeatbLiz
%%iﬁk( References) : it 53 ,2006,14(2) :18-20.
(9] P& %, A, AR R A5 W AR UL s oL il
(1] Bt . ARPLBGTIM . dEst: O AU R, WFFEL)]. HLHB TR ,2011,40(1) :72-74.
1981. [10]  RiedF, ¥R, 4 . AP shdleE 7S 0 1ot
[2] SHOJAEFARD M H, GHAFFARPOUR M R, NOORPOOR [ J]. HLH TREH A ,2009,38(9) :76-78.
A R, et al. Thermo-mechanical analysis of an engine cylin- [11]  XEZs,BAEN]. BT ABAQUS i) =y E & £ 5 &
der head [ ] ]. Pro-Quest science Journals, 2006, 220 e . MLk, 2010,35(10) :27-28.
(5) :627-636. [12] AP, A E% . ABAQUS A7 FRIT /7 55 il A [ M ]
(3] BUHATFLL, Wi IR, 45 . SR L UL 75 19 = 4E A R b5 AUl 1 it ,2006.
SELERGBRRE T[] ]. Al ML ZE 4R, 2004,35 (3) :45-  [13] LEE C C, CHIANG K N, CHEN W K, et al. Design and

48.

(4] Fgdt il F7Ens AR, 25 . 6200 RYSEIM ML AT o 1 2
WA BRIT M [T ] AL HUAR ~# 41, 2007, 38 (1) + 205-
210.

(5] WiEs, PRSI, % . JESU L UL 3657 57 (1 n]

analysis of gasket sealing of cylinder head under engine op-

Finite Elements in Analysis and

[ 4% : % [ [ |

eration conditions|[ J].

Design, 2005(41) :1160-1174.



