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Wear Resistance of Piston Skirt with Bionic Through Hole
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ABSTRACT: The paper aims to reduce wear of piston skirt and improve its wear resistance. The surface morphology of earth-
worm was taken as the bionic prototype based on the bionic non-smooth theory. A bionic through-hole structure with diameter of
the hole, the distance between the holes per row and the angle of the hole along the circumference as parameters was designed in
the piston skirt of LX-2V engine. Orthogonal design was applied to analyze the bionic piston with different parameters through
finite element thermal structural coupling method. The maximum deformation amount of skirt, the deformation range of skirt,

the stress difference between the symmetrical center line and the side point of skirt were taken as the wear resistant evaluation

WFSEE: 2018-04-20; 1&iTHHA: 2018-07-23

Received: 2018-04-20; Revised: 2018-07-23

EEWB: AR AAMFALAA (51375205); AFHALHEMNATELRREFHEE (20171115)

Fund: National Natural Science Foundation of China (51375205); State Key Laboratory Fund of Automobile Simulation and Control (20171115)
fEERBN: B (1987—), %, HEHRL, TEHETAANMD A ZAFRL.

Biography: XI Peng (1987—), Male, Doctoral candidate, Research focus: mechanical power system.

BIRMEE: 2% (1963—), %, W, 3k, TRART ARG LS,

Corresponding author : CONG Qian (1963—), Female, Doctor, Professor, Research focus: Engineering bionics.



F4718% H£oW

FRMBAE . {5 2R ALTE S ZE 4R ARt B A RE AT 5Y - 87 -

standards of piston skirt. Three bionic pistons and standard pistons with good wear resistance were selected through imitating

method to carry outwear test of engine bench. The test results showed that the bionic through hole of reasonable structure can

effectively reduce wear of the piston skirt and improve its wear resistance. Compared with the standard piston, the wear resis-

tance of the bionic piston hole was improved by 49% when the diameter of the bionic piston hole was 5 mm, the spacing of each

row hole was 6.5 mm, and the hole was 16° along the circumference angle. The maximum deformation of the skirt is too small

and the deformation range of the skirt is too large. Both are not conducive to formation and maintenance of the oil film between

the piston skirt and the cylinder liner, which will aggravate the wear of the skirt. Based on roughness value analysis of the piston

skirt, reasonable bionic through-hole structure can optimize the surface friction of skirt. It is an important reason to further re-

duce the wear of piston skirt.

KEY WORDS: bionics; piston skirt; through-hole structure; finite element; test bench; wear resistance
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Fig.1 Force diagram of piston
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Fig.2 Temperature rangeof piston
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Fig.3 Piston model and mesh generation
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Fig.4 Strain of piston skirt along y axis
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Fig.5 Bionic design of through hole piston:
a)Bottom view; b) Main view
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Tab.2 Orthogonal test scheme and result analysis of bionic piston

Factor

Order number  Hole diameter

Per row holes  Hole circumfer

enee  deformation/pm

range/um

Skirt maximum Skirt deformation Stress difference

/MPa

D/mm space L/mm angle a/(°)

1 1(1) 5(1) 10 (1) 0.673 0.829 0.67

2 1(1) 6.5(2) 13 (2) 0.678 0.827 0.58

3 1(1) 8 (3) 16 (3) 0.563 0.757 0.57

4 3(2) 5(1) 16 (3) 0.705 0.860 0.35

5 3(2) 6.5(2) 10 (1) 0.590 0.803 0.53

6 3(2) 8 (3) 13 (2) 0.301 0.882 0.33

7 5(3) 5(1) 13(2) 0.657 0.801 0.84

8 5(3) 6.5(2) 16 (3) 0.201 0.896 0.76

9 5(3) 8 (3) 10 (1) 0.097 1.749 1.49

10 0 0 0 0.673 0.827 1.04
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Tab.3 Quality of pistonbefore and after test

Piston Piston mass/g
Mass loss/g
number Before test Test after
6 256.56 256.15 0.41
8 252.73 252.46 0.27
9 254.14 253.47 0.67
bR 258.41 257.88 0.53

BRI 2. 9. 20, 26 mm 3t 4 A7 B AE Ry i s
TEAEAN I 5V I8 80 7 1) 22 A5 43 S B 5 mm A Ay SRR
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Tab.4 Roughness of piston skirt
pum

Skirt position 2 mm 9 mm 20mm 26 mm
Piston number 6  0.260 0.262 0.280 0.243
Piston number 8  0.257 0.268 0.283 0.237
Piston number 9 0.278 0.314 0.347 0.264

brifE 0.255 0.275 0.294 0.252
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