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Experiment on Wear Resistance of 55 Steel Bionic Non-smoothed Surfaces
at High Temperature
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Abstract

The design of partial multinomial regression on wear resistance of specimen was performed
according to the techniques of experimental designing optimization method. Test model specimens
made of 55 steel with regular concaves were processed by laser texturing technology technique.
Investigations into topographical and tribological features were conducted on MG-2000 wear and
abrasion test machine. As one important test index, wear loss was taken to be detected by using partial
polynomial regression plan, and three test factors of temperature (300 C, 500 C), running time
(180 s, 300 s), rotating speed (400 r/min, 600 r/min), non-smooth concave unit size (150 pm,
200 pm,250 pm, 300 pm)and unit distributing density (250 pm, 350 pm at line and row has been
fixed) were selected to investigate the effects on the surface wear loss of 55 steel samples. Multi-factor
linear regression equation was derived from test data. According to their importance sorts to test
results, the factors are temperature, running time, non-smooth concave unit size, rotating speed, unit
distributing density respectively. Main wear-resistance mechanism of the non-smooth concave surface
was analyzed at last.

Key words 55 steel, Bionics, Non-smooth, High temperature, Wear resistance, Experiment

a|= P BALLG FE A ST RS, BTSRRI AR

= WRETESSEOT BEAE 1A B, AR & i

1980 4, Rohde T ¥ #& i HROWAE G SRR ORI BRI 7 LG FR AT T 34 JBE 482 7 0
INEEBE ST 7Y S 2001 4, Ronen ZE B ANT-AT /8 30% , BB 22 SR R R BE ST 45

ks H B : 2008 - 01 - 28

Beil AR TR B ML TR B 2%, 130052 K&
HER EMORZEAEY SO TR B AT, 130025 KEFW
HER EMOREAEY SR TR 2% W LA hEBERERE 1



12 11

Mo st 25 55 S 05 A A G 2 i e it e P 1 197

BT A A7 AR A G T 2 T A iR PR R 0 T Ol 3
1T, ELAS [FARSG 2 1 LA 2544 BT i T AR 5 20 A
W RERS TR AR R R AN ), O E AT — 2R i 5T
|5 e TR 2N W& iR - DR IR St
PRI ES VL 030 AR SCHE— 2B BT AL T R T
ARSI RS B 73 A1 48 o T P 2 M R

1 RKEHE

AR LA AE AR BB R S S =
HIIRFRAS R W, T MR R 6 i T8 28 % if
BEPES AR SR MR AR G U S TE P
TR 5 I 0, A R T st HUAR S AR 44 i
251 T LAAS YRR 56 8 F M YT ARG L4 AR S5
Az ARG i B B Tt M1 B AR R A3 A 8 B L3R
170 BORGRRERTRE R 55 S A9, B S I TRk 8
FERAE (46 mm X 12 mm) , P& 5t Ab # J5 78 H— b 1]
FH JHM-1GY-100B $#o6 Bz i THL T 1 HES6
A, WE 1 PR,

PRI A 2R SR T At W I
S RO, 5 2R O6
THLIT, 2R, BT LA
R R4y 1E 28 2 i ] 1
IR T4,

ARIEBEH 5 5
W~ AERMEE
B4 DK 2 R
ML AT R B (P 1, s D
S, EE R 250 pm) , B
2K 25 =g 25 AT
FENRE (B[R] RO 3, 24
B2 K BB Ly (29) IEAR 3, -4 1.
235N 4 KFHNLHE =) R, 20 RHEAES 4
G 2y 2 B HIZHEAE 5.6.7 51, AR F
2324~ %5 ﬁj‘%’chﬁFE% 8\9\10 ﬁUo

ARG H 2% A E i 3R 2 7 SRS
AT P PR R A U R, O R TR
SERR X T TAE A LR, T AER
JERZALT 500 C, Wt R E 1 2 A7KFHUE
23300 C F1 500 C o HoA 4% P 2= Fr UK L3R 1
MMz MIESRFR R 20K e R 30 N) o

2 REHIE

JEEJE R R TG 7E MG — 2000 B84 -5 i s
TR EEEE PRI AT, RSB GCr15 (.
%0 60 mm . JE 10 mm) , i 3 63HRC, iRI7E KA,

OOOOOO000000
OO0000000000\
00000000000 | T
00000000000
OOOO0000000OQ

TRE M543
R
Fig.1 A draws of concaves

distribution of specimen
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Tab.1 Test factors and levels

K- 2y 2 23 24 25

1 150 250 300 180 400

2 200 350 500 300 600
3 250
4 300
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Tab.2 L;(2'5) test plans and results

] 2 HAR = WHE 23 IR oy W) =5 60y, FiRE

WIS

/pm /pm /C /s /remin! ZE/mg
1 150 250 300 180 400 7.88
2 150 250 500 300 600 15.56
3 150 350 300 180 400 8.37
4 150 350 500 300 600  16.08
5 200 250 300 180 600 8.26
6 200 250 500 300 400 13.96
7 200 350 300 180 600 8.78
8 200 350 500 300 400  14.44
9 250 250 300 300 400 8.36
10 250 250 500 180 600  12.69
11 250 350 300 300 400 8.87
12 250 350 500 180 600  13.16
13 300 250 300 300 600 9.01
14 300 250 500 180 400 11.06
15 300 350 300 300 600 9.23
16 300 350 500 180 400  11.51
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Tab.3 Test calculation formats( y, represents the wear loss of non-smooth specimen surfaces)
E‘Z% Xy Xl(ll) XZ(ZI) Xs(Zl) Xl(zz) Xl(ll)Xl(iz) X2(11>X1(’~’2) X3(’~’1)X1(12) X1(23> X1(14) X1(15> yf/mg y%
1 1 -3 1 -1 -1 3 -1 1 -1 -1 -1 7.88 62.1
2 1 -3 1 -1 -1 3 -1 1 1 1 1 15.56 242.1
3 1 -3 1 -1 1 -3 1 -1 -1 -1 -1 8.37 70.1
4 1 -3 1 -1 1 -3 1 -1 1 1 1 16.08 258.6
5 1 -1 -1 3 -1 1 1 -3 -1 -1 1 8.26 68.2
6 1 -1 -1 3 -1 1 1 -3 1 1 -1 13.96 194.9
7 1 -1 -1 3 1 -1 -1 3 -1 -1 1 8.78 77.1
8 1 -1 -1 3 1 -1 -1 3 1 1 -1 14.44 208.5
9 1 1 -1 -3 -1 -1 1 3 -1 1 -1 8.36 69.9
10 1 1 -1 -3 -1 -1 1 3 1 -1 1 12.69 161.0
11 1 1 -1 -3 1 1 -1 -3 -1 1 -1 8.87 78.7
12 1 1 -1 -3 1 1 -1 -3 1 -1 1 13.16 173.2
13 1 3 1 1 -1 -3 -1 -1 -1 1 1 9.01 81.2
14 1 3 1 1 -1 -3 -1 -1 1 -1 -1 11.06 122.3
15 1 3 1 1 1 3 1 1 -1 1 1 9.23 85.2
16 1 3 1 1 1 3 1 1 1 -1 -1 11.51 132.5
D,; 16 80 16 80 16 80 16 80 16 16 16 177.2 2085.5
B, 177.2 —-23.6 0.18 0 3.66 —1.04 -0.3 -0.28 39.7 13.8 8.32
by 1.1 -0.2950.011 O 0.229 -0.013 -0.019 —0.004 2.481 0.863 0.52
Sy 6.962 0.002 0 0.837 0.014 0.0056 0.001 98.51 11.9 4.326

Ml T7 i ] AR A1 25 P B
SN B B A SN AU LS A i L (M1
(S ESE NI A S e S (O M LI B NIRRT 75 1
AR N ER i i EI R MER Y DR N G iR

/AN 5 MR8 JRE R A AT — i R ) (EL R W
JEHMSTEAR /ML o il w8 IE R 2 AT
BT, ARG M AT R R b Mg %
JBE 25 DR Z N T P P2 i ) 22 3 2 3



12 11

s bR 55 55 S5 A AR G 2 e iR e 199

4 TENENYIS S0

&R IEARHLEE 3 % B RS A
SR RIETE A PR G450 5 TR RE SR
BE5 RAE A — RPN R A K . LR B
WA , ¥ LBl 15 R BB T Rl |
FEIR SR E T BOARAS 2 55 BIOE 2 T W) B S AL oy
VUK B i ] R A5 45— D A B R 2k L 7
AU P £ 19 A6 RS b A 3 E Y LN
LS AN ML) B A5 DR AR TR B 15 00 1, ST EAR
R, SR P T PR P B A 1) S R 2202 AR 3R
TET U1 BT L 1 T B © BR8N, fE— E
FERE F i A0S BEMAGER 2 1 B il 9 PR 34 L o
AT B TS AR A B i RE A1
F S TR 1 ORI B BT PIRAS o M AR,
BRSO R 2 5 TR AR DG R A A5 R BT IR RE

7 FE AR T /N D) i) 3 995 1 IR Bl el s 1
JB 5 BB -4 fk e BRI A g [1] , DRI, 7 P A
SACINDST AN R U =y T NN R 5
JE XS RERL S T AR5, BT BARBOR ¥ ) ik 3l
MR o BEAMMITEAREOR , ML RE AN 1S
SRR JE 2, DT A — R FR L/ 1 R 452 4t
P 125 A OTE R B RO (A5 0t
BTN

5 Z5FRIE

T R IE A Z W B, b 1 IMYTE
AR AT SE B 705 5 45 IR 55 5 4 it
BEVERIRZNR , IE XTI LI EAT 1008004, 4 e
BFFEAR I MU 1] S UBRCES B 14 e P
$RAt T IIR AR s w1 MBI o

2 £ x #t

1 Rohde G, ligerman Y K , Etsion I. Experimental investigation of laser surface texturing for reciprocating automotive

components[J]. Trib. Trans. ,2002, 45(4): 444~449.

2 Ronen A, Etsion I, Kligerman Y. Friction-reducing surface-texturing in reciprocating automation components[]]. Trib.

Trans. , 2001,44(3): 359~366.

3 ATERR, EAH G P ARG R S EE B A R IE[]) AU A4, 2003, 34(2): 86—~ 88.
Ren Luquan, Wang Zaizhou, Han Zhiwu. Experimental research on sliding wear of bionic non-smoothed surface[]].
Transactions of the Chinese Society for Agricultural Machinery, 2003, 34(2):86~88. (in Chinese)

4 ALFER, ETE, H AR WOLAL AR G I M0 F w0 i B S A g L) ] AR AR 5 TR, 2002, 20(2):

214~216.

Ren Luquan, Wang Zaizhou, Han Zhiwu. Research on wear resistance of concave non-smoothed surface with well-
distribution design []]. Materials Science & Engineering, 2002, 20(2): 214~216. (in Chinese)

5 EFH SRR OB B e AR I R AR () ] S AROCSA AR, 2002, 32(2) :45~48.
Wang Zaizhou, Han Zhiwu, Ren Luquan. Research on wear resistance of non-smoothed surface with regular burrs[]].
Journal of Jilin University, 2002, 32(2): 45~48. (in Chinese)

6 FREIE ATERR, Ja, 5. BTG ZEGLE FEE A 00 05 AR JE 6 R A EE I DR ST [ ] RO E 22, 2004, 34(1):

79~84.

Deng Baoging, Ren Luquan, Su Yan, et al. Tribological study on bionically unsmoothed surface modeling piston-cylinder
friction pair[J]. Journal of Jilin University, 2004,34(1):79~84. (in Chinese)
7 BEIE. MSUROA ARG LR AT D]. K& EHMOREE,2006.

Yang Zhuojuan. Research of wear-resistance on roller with biomimetical non-smooth concave surface[ D]. Changchun: Jilin

University,2006. (in Chinese)

8 fEEER. BB G [ M]. KA MR AEOR R, 2001



