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Fatigue Life Analysis and Cooling Conditions Evaluation of a
Piston for Large LPLi Bus Engines

Boo-Youn Leet - Gyeung-Ho Choi*

Abstract : Fatigue life of a piston for large liquid petroleum liquid injection(LPLi) bus
engines is analyzed considering effects of cooling condition parameters: temperature of
cooling water, and heat transfer coefficients at oil gallery and bottom surface of piston
head. Temperature of the piston is analyzed with varying cooling conditions. Stresses of
the piston from two load cases of pressure loading, and pressure and thermal loading
are analyzed. Fatigue life under repeated peak pressure and thermal cycle is analyzed
by the strain-life theory. For the two load cases, required loading cycles for engine life
are defined, and loading cycles to failure and partial damages are calculated. Based on
the resulting accumulated fatigue usage factors, endurance of the piston is evaluated
and effects of varying cooling condition parameters are discussed.

Key words : LPLi(LPG 94A¥A, Piston(32&), Thermal stress(€53), Fatigue life(3 2

1), Cooling condition(¥Z%74).

1M = Azste]  LPG  HARAHLPLIC  Liquid
petroleum liquid injection) ¥49 AXL 7)

A dxe 7HEY AR vE] gago] =3 dats Ao gEg Aot
Av)7E Fasht H7] 7}*E HEEs A4 & LPLi A3 A Ald] A& 7bA~9] 32, I
A3 Ai AFE] 7] 299 FLo YUl E shzol 9% A F2 FF AU IEH A=
2-g3t itk ole) wat 2ol Eof AR AH Zrdo) 3 AES 27T g AL LPLJ
o] AHEREQ LPG QEE AHLTSEZN 7 2 ARz NFE A LPG 729 &S v s}
S Fol7] 9 A7rt 8] AYHL Yo o ME A mdel ta ARt daa 3o
W, B A7 2242 dE WAL dd AL zseel sla ol2 9std WAE 8 =(Piston

T AYAA(AEASE 71 AASHFER), E-mail : bylee@kmu.ac. kr, T : 053)580-5922
* AR Y 7| AR5 A T

(762)



head)¥] & JlvlEl(Cavity)E 7I&st= R

LPG 4AEA g #2g A7 H2E

278 o2 Qsted Fig. 1o] e el 2
o] LPLi 44 M2Ee St A7 g4 AR
SAERT A 9 A7 AFA B2E)
= dx shzel O gakvel £E Has Ak
7Rz SYEel o8] Sl wAyEe, Aol A
N7 Bt o] HEFEl WHALE AHALZ

g% 2= #HAg da 7bA ¢g¥ol LPLI A%

e

727 5~

=~

r
ofl,
2
»
i)
ooy 1
e

stolwy) ol

(a) Diesel engine piston

Insert ring

Qil galles

(¢) LPLi engine piston

= H329 2x
ZE) 9% A7t A
4 dysz Ads wzs

=

c

fo
1o,
o A

il
Y
~O|L
i =
R S = - = T U R o

(b) Cut-out of head

Cavity

Fig. 1 Diesel and LPLi engine pistons

2 ATl E

Fig. 1(c)ol Yvebd g v

% LPLi 91 H2ES o2 sof g¥ate]

93 N2iue

3 7}

FAEE

B 7}y R}

(763)

o A=y #4342 Bt 9

gk, TRy WHoEE HIE-FTH o2
(Strain-life theory)*®'< 4%3}‘11' A}e ol
+3 ¥ (Operation life) 77+ yrEH o2 7}
A= LFHEE(Pressure loading) ¥ &3
¥ 315 (Pressure and thermal loading)®
7t 3 A (Load case)E  I#HEL
Miner's ruleg& AME3lY  wHIAZALLE
(Accumulated fatigue usage factor)E 7}
stz vk oW, Yaxzel IAEY RS

= rlr

“ﬂoﬂ e FEE BAEY] Hstd Yas &

C HAE FHo FRd dAEgAS, od A
E](Oll gallery)®l EHEAFE Y24 ¥MF
2 AAST o] A 7t W Wt gAE
9o &Ry 942y HAE2LYo A 4TS

LPLi 48 5282 A7 7HEA 3129 &
Zhesh Wb, Y Fol
Ro] &5 Hxr} BAHA o) P

& A7) 8 AL s4o) B
Ao HAES LERTE W
Hq Z2I9< ANSYSGE A48t

= SIEEET
o SZES WAL = ARUe Ax8 A3
AMulEle) Z4lo] HAE W(Pin)o Aolwd )
ArolA BAE AR 9 2

JAES Ausde W §71023(Intake

< 99 tﬂ’é“ﬁé 71202 daste ezl
B EZg w7 EEZ FHE PAe] ME 2
Mo Awk Bdg ALY F RAE 7‘2%
2 A3k s st

Zdo 3349 #3424 FAL Fig 29 7101
H2aE EAd(Main body)% J2E A, AdH
(Insert ring)S ANSYS9 1034 Quadratic
Tetrahedron £4¢ SOLID87 8£4& AH&3}



Fig. 2 Finite element model of the LPLi engine piston
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Table 3 Summary of results of thermal analyses(Unit: C)
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case 1o Min. Max. Temperature Min. Max. Temperature
" | temperature |temperature| difference temperature | temperature difference
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AC4 116.5 318.1 201.6 119.9 305.7 185.8
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ACT 110.8 306.0 195.2 113.7 292.0 178.3
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Table 4 Summary of results of stress analyses under pressure and thermal loading(Exhaust side)

Pin hole Cavity Insert ring

Analysis | von Mises Total von Mises Total von Mises Total
case no. stress effective stress effective stress effective

(MPa) strain {(MPa) strain (MPa) strain
ACl 109.96 0.002142 85.12 0.002030 209.00 0.002264
AC2 111.45 0.002178 83.43 0.002013 205.48 0.002226
AC3 108.33 0.002107 81.47 0.001998 202.05 0.002189
AC4 108.16 0.002148 83.29 0.002066 213.44 0.002312
ACH 102.13 0.001997 84.22 0.001990 199.01 0.002156
AC6 107.37 0.002126 80.35 0.002026 209.62 0.002271
ACT 102.61 0.002010 84.99 0.002010 201.74 0.002186
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Table 5 Partial damage of insert ring under
pressure and thermal loading(Exhaust

side)
Loading cycles to |Partial damage
Analysis failure (N2) (n2/N2)
case no.
200°C 300°C 200°C | 300°C
AC1 |1.09E+06|3.80E+05] 0.0550| 0.1579
AC2 |1.20E+06|4.20E+05|0.0500| 0.1429
AC3 |1.40E+06|4.80E+05|0.0429| 0.1250
AC4 |9.80E+05|3.30E+05|0.0612| 0.1818
AC5 |1.55E+06|5.30E+05}0.0387| 0.1132
AC6 |1.08E+06|3.70E+05| 0.0556 | 0.1622
AC7 |1.40E+06|4.80E+05}0.0429| 0.1250
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