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Finite Element Analysis for the Temperature and Thermal Stress

Distributions of a Cylinder Head

£ o8 @ o9 g
Sohn M.\W., Park J.
ABSTRACT

M.,

Epkk

The temperature and thermal stress fields of a cylinder head are computed by the finite
element method for an actual four-cylinder gasoline engine as a basic study of engine develop-
ment. By adopting simplified model of steady heat conduction and exploiting the geometri-
cal symmetry, computations are concentrated for one cylinder-bore’s worth of the head which
is approximated as combination of 434 three-dimensional finite elements with 910 nodes.
Cycle-averaged values are assigned to the heat transfer coefficients on the head surface in ac-
cordance with published results for the same model and operating conditions. The computed
fields are presented along the intake-exhaust port, for the bottom side and fire surface, which
indicate maximum temperature at the exahaust port inlet and maximum thermal stress in a part
of the exhaust port near the fire surface,

7 5 M o Ne @74 g9 %
(1) 2R ex g
of Bz} T 2=
L1 g T BANN Folnl ox
(B) :¥Red we Aeld A B T §A ex
(D) A WA WY U

E  F:EAF

(P :exge) 24 92
(K :wsael 24 9 (
(L) vl x99
V) EA R 9

Pexel g g
D71AIA F-stel o) gk zhe- wlE
PR R3] o g e iy

* pejdeta FANG A4S ng
w 8 Of gt Fabol ¥ Z]A Feie) w4
whk Soj o et Fo) e 7] A ek o) gy



(G A
E O g9AE AF
n; 2 S4F dEe] AR

g AAEI Tl vl mEw oda

{t}] Z9g A4
{u}) ¥ 9=
u; A Fojz] A
#,o,w: HY HEH|
%, ¥,z : A F3A (Global Coordinate)
2. ag}AEA
a AL
[ HA BA 39
Iy cex3e] zF HA 99
T, wwse) 7t 34 99
&;  Kronecker Delta
AT 1718 2xd g 2% g
or 2o HE
{ou) 714 23 W 94
THEE A
{e}) ¥y & 9H

A,z : Lamé 4

v :Poisson®]

&€ 134 AT A(Local Coordinate)
oy 8% EA

lo} &% 9H

{o,} &7 28 9H
Q  AdAA 94
3. 4 &7 A=A

e : -ﬁ—f}} [/4 ogg.]
T : Z X (Transpose)
1. M 2

T 1%

H8 & ¢ vk Sedd 424, ) F
71 £% 7130 BR IE FAE A &
Hol TE AEdgnY, 4 5y % 2w
o] T7hE Qe d¥y = Fol FAA
HEE 2 2%, 98 = 2303 o
A % SHY 2 SMeAE dEe oo

&

= BB TEEEE/ Vol. 10, No 1. 1988/43

A9y sz 944 ATl 3 71& A+
2%, Nome 570 td7Te] sxco] gt
£z YT A A2 FeE HdEsged,
Wus?ol 224 v wdl 2 A3l HA
AA % 34 ZFAE AAEH L, Limbert Y7}
32 (FDM) e 2 &, i 7] 71 Alole] &
= BEE A4 en, Bertodow? ol Flx
o BEEE 4AH 20 PEs Ao

1 ARE FE29 2 T2 5 5 UG

=
st A HH AAZHAE Fosich
27bssh Wikge] AAzAe 48 2 &
oM A& Abold Hitghg AMESKITD,
71er BEoME 8L Fzde] FY4 o
AE 2de 48 olze sB T4
AN FH = Wate] FFe| I HEA
e Aol Wste] WA ol Atz AT
AV 2AG Rold, o mEe T AH
2T X ANge A0 # ohish iz
Foye] tAgL olgstel @ 719 Aucl K
Fro #Ae YEdod & o ALe A
g TPsEA gl

AnH oz, Aol ALgH 3zl FF
&e P 434Ael dYeE 910M= #
ok A AL sz G, AAE w8E

of #g AA WATH dHTg AAZACN 3

to

Q
@ AT Aol HA HLw F AES 7
4 =gade Al Fasgch A

e 9 99 B2¥E 54 T B Foy

v



#“/wm X

g2 EAF], Fo

7 BAT FH A7 Fu A5z AN
st ot
2. 712 0|8

499 QB AN AUl o 2w T

of 3 AN d¥= AR, 7 89 [
Mo AAZzAL An FFEANA g g
7 g

kT, =} In 0 cerrerenenn (1)
T=T on I
_kT’i n;=gq, on 1—'2 ............... (2)

—kL;m=h(T—1.) on I3

A7 ke ARE AL, mE TaclAe)
a9l 5 We, To q& 47 2oy ex
2 ARYY, hE QAL Aold, T ok

(Summation Convention) e.2 F7]& Ao},

A=l 38 o9 W
S ATe) BAA L

g g Low 4

et
0= A0;; evact 2 preyg — (3A+2 ) a AT 5

A Al as AY 99F AS0)L, Lame
A5 A, pE T Hol R4 AL E Y
Foks v vE BAEC

™

—vE - E ...
A=aad—my ' FSaany W
4 @A T MY ANE A2 1)

3] (Column) 2.2 Ugsle Wy ez 57

st
Oxx Exx 1
Uyy EYY 1
COzz _ €zz EadT 1
g _I:Dj c _I_ZV 0 "(5)
xy Xy
Oy, Eyz 0
Ozx Ezx 0
T
(6} =D e} —{6,} --rererrermemremns (6)

2ro U 434 A3

R 2elA {g,) = AT 218 7] S8
sisie 74 W 49 (ple oga g
=3

£
D) =A1 0y 0=5

0
Exx P 0 0
0
Eyy 0 a—y 0
P u
Erz 0 0 Tz
= v - (8)
[Tl 18
xy 28y 20x w
19 148
vz 0 25 29
19, 12
Sax 2z 2 0x
'CE.E’
{E}ZELJ[M} ................................. (9)
A=e gn BY 24D WY @ ¥w
Y AAzde A7 ogn go
O-u’jzo On L) rrrrereiiieiieciine (10)
uiz';_[i on 171 ........ e eeeaanmnanrraren (11)
Uijnj:ti on 1—'2 ........................... V5

o Aol Abg-gk f3F a4E AW A
% S/l (lsoparametric) QA2A, I g4
Hel 2% 2 s 87 Aol 2x¢ W
A=A thEd gl ZAHeE AAIWY

T=N Ty (a1, 2,e0reer L 8) eeeemeneeeeens (1)
u=Ny tha, v=Ny va, w=Nywa(a:1 2:-+, 8)



ol N EitInterpolation) &2
A ad] T4 AR Loy oy LB 2T #H
o] Tttt

No= 5 (1+£aE)(1+7an) (14+E0)

(a;L Dy aeeney 8) ..................... 1s) -

A Bl e dddom 3 Ffe AHast
A ekert,

2 g Y AR FABH,

u MO 0O e Ng 0 0O 1y

0y

v =10 Nl 0 revees 0 -[VB O :

Vg

w 0 0 M """ 0 0 N Wy
.......................................... (16)

T,

{u] :[Nj {U} ................................. )

whebd 4 @) Al (o) 27 WY We o
8 Uz 249 # A

lo}=(D)e}—{a,} =(DILI{u}—{a,}
=ICLINIU}—{o,} =PI (B}
_{0} .................................... (18)

le}=[L]{u}=TLINI{U} = [BI{U}---19)

g AR 9RA e Pl exigel
ME ST E BHT A A4 G0Nz

j‘Q[—CkT. WD 0T dQ =0 +roeeeeminnn (20

ol A% & HEHT Gauss 4UE H§
2,
j\QkT,i aT,; dQ:L‘., k'j;i n, 8T dI” --- (1)

A xx (2% xrt #AH" AAE T
H T ME oT7r YEg uEshE Y
e g gol At

jQ kT,iﬁT.; dﬂz—j‘f'z qs oT d.[.'

3 r-[u:

~Sp B T=T) dl" - @)

E#ET&EGEE/ Vol 10, N I, 1988/45

Q HolM Tt oTE A W e 2AH
FHeg gAlste] A g Ak
Ne
oTe X, (Sge #Ness Nov i 42 +j,ge ANy Nj
dl") Ty
Ne .
=—0T, 5 (fj, 4 N dl—§p o WTa Nedl")

B SIOEE R
gsieig,

0Tyl thated 3 A

Ne
pX jﬂe ENqy; N i dnﬂ}, o BN Ny d") Ty

= z( J}equ d1+j,,eh:/ Nedl)
e 04
2 g rdsA A,

[th {T} = {fh} .............................. 25)

4 sl W ool 99 R 2 e
(fule Z 84 ddelMy 38 [(Kp 29
B (o B BAZ B

(K)h=%, (K,

2 AelA BE KIE R HE () o AR
e A7 den 2o,

{fh}:;f‘){fh}e ...... 26)

K3p= Jye kNus Npsi dQ+ fpe hNeNp al”

&, 984 m&‘} 214 108 7}
), 19), (18), WS

S Aol dejel sk gy Ae (U}l
wete] F4 dydtnz o 4o f=Edd.

[K:]m {fj} — (fM} <+ {fT} .................. 30)



46/ 3 =

S A AL 4 @eF} vl 2 o 3

Ho] B Fo,

Ne Ne
EK:lm:E EK]m fM] :El {fM]er

\fr) = E {Frke P

2 enel (K=,
27} thes g,

(K2 = [ (BIT(DI(B) dQ
}ezyfv;e[NjT {t) ar
{frle=Joe (BT 0,} 4Q

2 pgel g 9 4 699 (1} e = R
A 3 gl FoiAA ot WA dodel g
27t 2 B ARz A e} 2@y
g hld e dl= Bh9 AA=Awo
2 AR,

o dFoAE NAS 8083 #Felo] A4 &
FE Hdg FE357] gsle, H=8 43470
9 848 B@std AASE 91077 =Y
ok whEkA dlzel 2k B3 910xkel WE
T2, ¥9= 7 d4do] 3A48Tolmg 2730
24 e (T8 24 AGS 53 skel o)

3. e FRsY

o] AT AMg" AT Fal 47T 44}
ol AFAE 7Hed Nelm Table 13} 2
of 712 AL Ady el

el AE2 4

{fM}e! {fT

Al &

"Table 1. Specification of the Englne
Item ' Specification
Type 4—CYL-IL
LINE-QHC
Water Cooled
Piston Displacement, cc -~ 1238
Bore x Stroke, mm 78 % 74.

Connecting Rod Length, mm| 153.7
Compression Ratio 9.0
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Max. Torque, N. m(rpm) 105. 8 (4000)

Toble 2. Material Properties (AC4B)

Young's Modulus , GPa 72.4
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Fig.1 Bottom View of the Cylinder Head
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Fig.5 Temperature Distribution on Bottom and

Fire Surfaces, K
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Fig.8 Thermal Stress of Elements along Intake—
Exhaust Ports, o3 (Unit : MPa)
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