—t

Rl 54k 2014,32(6) www.kjdb.org &

IR A FLAY 76 ZE R — S Bl &
TP

Rk, A5, BRIS2, Bk’

1. kAT RFrIENE P, kA 130012
2. EMRFIEGAKFIRELLET, KA 130022
3. = —FRE ARG, JLrE 110027

WE BURBEHRANCEREATRRIEE-MEEZR R, AR THERBEENR-SHREHE. UXL-2VERHN
EEARGE, RFGEETENZNSH, CAEIREEEL T OMBEARFELRER, ARSI EIXDREH
MERMES, SEETTHR-FRBEERITAN. ERRM,IMAEFLEFERBEPEDRAER (Do) IEDEEER
SEE (Usna U BINTARETR 2, ER R A MRER A 1" EFEEMH A EFLA LSRR, ALEEX RN d~d 535 A 1.1.5,
2,25 mm), B¥55H (EEE1.2°) ;/MNLE IS MR G EFLEFERERE B RRES S, B EEERE A EE, A
AT AR Rt D R, BRI IRAE , IRE NI E , E R ERF,

KR FETFLEEE, M-EHEBEEE; BRITAM
hESHES TH128,TH126 kIR EE A doi 10.3981/j.issn.1000-7857.2014.06.012

Thermal-structural Coupling Analysis of Internal Combustion
Engines” Bionic Piston Skirt

WU Bo'"?, CONG Qian® , XI Peng’, YAN Zhen’

1. Engineering Training Center, Changchun Institute of Technology, Changchun 130012, China
2. Key Laboratory of Bionic Engineering, Ministry of Education; Jilin University, Changchun 130022, China
3. SANYHE International Holdings Co., Ltd., Shenyang 110027, China

Abstract In this paper, the pit non—smooth structure is used in the piston—liner system of internal combustion engines, because it
has relatively little friction and wear. Pits and pores are machined on the piston skirt surface, reducing the friction and wear of the
piston—liner system. In this way, the working life of the system is extended. Taking XL-2V type engine for example, the stress
distribution is analyzed when the standard piston motions. Using the orthogonal experiment method, this paper has established nine
types of bionic pass piston test models. Thermal—structural coupling finite—element analysis of bionic and standard pistons was carried
out using the third class boundary conditions in heat transfer analysis and maximum lateral pressure. The maximum deformation and
radial deformation range of piston skirts were obtained. The former affected the skirt oil film thickness and the latter affected the oil
film distribution uniformity degree. Finally, the first type of bionic piston was selected, which has better performance on friction
reduction and wear—resistance compared with standard pistons. The results show that the uniformly distributed pit-styled bionic pores

with relatively small diameters in pistons could increase the uniformity of oil films on the surface of the piston, and at the same time
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reduce the stress around the skirt, thus reducing the friction and wear, reducing mechanical losses, improving stiffness, and extending

the working life of pistons.
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PRHL T AR R vh i SE R T E N A B 12 80, [ 32 5]
FEFF IR ) 4 ) S 20 FEEAR AR s, X TR RS
T BE 6] 77 A BT BT L 6T 8 P B M A ok R B g i) %

Richardson 55" 2R FH i BT £ EA T3R50, & 3016 ZERE
T £ 0 1] B A7 A E — 2 BT FH A v, s/ N 17
2 4 1 () %) bl B A T LT AN OB R 1 K A AR
JEARER AT o AR 2 BRTE ZEAE TARIRAS W] A2 ) 4
AT BERE IR SR AT A T, T 1 3ol X AT B, ST T 2
PSR . AR A A O Ik S B0 HE 3 FE AR A2 Bl A
A 7 2 B A A B I 2 H B TC T M IR ES o Herbst 26
TES M A S ALY GT B R T s B, 2 BREEH108/D 239%0~89%
FE SR A A R ITCIR A AT, A BRAE G 16 ZE - S IR
o AR P JC A A, (s 30l 40 A T 2 ) 3% R4 v s
P /IN AR Aot 8 T Ay

AL XL-2V BUE SHLIE ZE M FEA 18 FHIE 2SR50 4%
2 9 i) L FLIE IR 98 , i 1k S-S5 R RS BROC o0 AT , BIF9E 15
A FLARYE ZE U BEL T P R

1 EXitE

F T 00 A AL D T ZE S 7 T 2 O 3 T A0 T A ) SR
TR )RR AN )RR B 7 A L, 23 520 BI036 ZE AR . Oy
TR D 1 FE NI EE A7 5 e AR BE Db oE TS ZE N T 52
2 VRG34 S BT | B T FE O 2 T 52 i i R B Ak
BOS LG, 2 i 1 s iy 4 25 B SZ 70 (15 2832 J1 i
BRI ) L 52 T3 1B SEEE SN 4 mm, 32 7 2 (1 58
JEH 5.5 mm, 52 J) 3B FERE N 7T mm, 5% Sy 4 WY SN
8.5 mm,

¥ BT mm

[ g

[T ]

53.65

-
ML | e
1 HFEMXRAZNIZBESRENS

Fig. 1 Division of boundaries in the force diagram of the
side surface of a piston
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Table 1 Pore diameters of each stress zone at the
bionic piston skirt
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Fig. 2 Distribution of bionic holes
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Table 2 Bionic porous piston simulation test model
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77 I



—t

www.kjdb.org

RS 2014,32(6)

SCIENCE & TECHNOLOGY REVIEW

#3 tERETERESZMERETLE
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Fig. 4 Thermal-structural coupling deformation of standard pistons
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Table 4 Maximum distortion and radial deformation range of
thermal-structural coupling of bionic porous
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