% 45 5% 2 1 IS AR 2016 4 2 A
Vol.45 No.2 Infrared and Laser Engineering Feb. 2016

HAEESENREM T EREDAE LR
KM BRAET A, R

(1. F_EITRERF 2E&T®A BH B 710025;2. FEHEMEZRE TS, TH Gk
137001; 3. PEAMEAMAREAWREFTRET,EH HX 710025)

i E. AMKERBEMT ZER TAIWRER 2T ERFIMEEIRMS, L HRRE T LB
JUATAH, M S8 e s im TR BRTHLMBRALAETE, BARRGEEH B E FTLM
R R ELEHRMNEO M I AERERRN, EF T ZAPFZRENL@ER, AAFMZT L
BB AP TATRAHKG R R EREF AR T LR FIE I AR BMREATEY 2N
S BRI KGN 0 AL B A2 b ik JE B KAk A A R IR B SR A g DN BE R F R A A2 b ik 69 38
XKmBEKR, ZEIMHEAR BRZHEmb o F Mokt TIRFRALLZEAST R M TR
EA L B # e %, Wy R A 10~14W Z 8] F IR E AL 20~30kHz Z 8] 42453 & 1000 mm/s
Jo A B, T3k AR B A B M R E BT, BT, RJR SR IR R A Y R R R e
XgEE. AR EA BN, ZH4M; b, sl d, EHME,;, Mk E;, BE

hE 4SS, THI17.3 XaktRiREg: A DOI ; 10.3788/IRLA201645.0206008

Experimental study on the groove surface texture processed

by laser on the surface of high—speed steel
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Abstract: Groove surface texture was widely used in the frictional mechanical part, such as mechanical
seal, cylinder liner and piston ring, whose performance depends on its geometric parameter of the texture.
Therefore, it is important to process the surface texture efficiently with accurate geometric parameter.
Groove surface textures were fabricated on high —speed steel by lasers with different output powers,
repetition frequencies and scanning speeds. Comprehensive experiments with three levels and three factors
were designed to study the relationships between texture topographies and the three processing parameters.
The experimental results showed that the depth and width of the groove surface texture slightly increased
firstly and then decreased with the rise of laser repetition frequency. Moreover, with the incensement of
laser scanning speed, the depth of the groove surface texture increased firstly and then decreased, but the
width of the groove surface texture continued to rise. Variance analysis showed that laser scanning speed

and repetition frequency had more obvious influence on the width and depth of groove surface texture than
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the output power. High—quality groove surface texture would be processed on the high—speed steel by

laser with the output power of 10W to 14W, the repetition frequency of 20kHz to 30kHz and the

scanning speed of about 1000mm/s.

marginal area of surface texture markedly increased.

Key words: groove surface texture;

scanning speed;  hardness
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high—speed steel;

Meanwhile, indentation testing indicated that the hardness on

laser; output power; repetition frequency;
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Fig.1 Schematic diagram of procession of groove surface
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texture by laser
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Fig.2 Three—dimension topography of groove surface texture
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Fig.3 Surface profile of cross—sectional about the three

dimension topography of groove surface texture
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Fig.7 Under different laser output power, the change regulation

of depth and width of groove surface texture
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Tab.1 Definition of factor levels

Level

Factors eve
1 2 3
A:Output power/W 10 14 18
B:Repetition frequency/kHz 20 30 40

C:Scanning speed/mm +s™' 500 1 000 2 000

2 39, T AB 38 HAE A 227 77 Fl(34.5)
BN, WOKH SR 22T A IR T R sE —

HEEERG I 12, 3R 3 g F ARG FHE R ]
1, % B .C.AC &2 1. \BC 32 ., % 18 #l 41 0y 55
A 252, N FAE R R/NA] E Y 4L AC 32 B
YRS 2, ORIl € \BC B,

Pz BEAR R 0 B T = IR R A 2R TR
s 7 25 BT g5 3 L3 4 AR By F ANl 5t
B LA n] L, % C L AC 52 5. % BC 28 H., %) H
LUTR AR W R, 520 25 R B R E) /MK
WHh.C . AC X H BCAH,

R2HABRARRAERAMFIEE

Tab.2 Experimental program and average width of groove surface texture

Sequence
Number 1 2 3 4 5 6 7 8 11 5Verage
width/pum
A B (AB)1 (AB)2 C (AC)1 (AC)2 (BO)1 (BC)2
1 1 1 1 1 1 1 1 1 1 112.75
2 1 1 1 1 2 2 2 2 2 118.4
3 1 1 1 1 3 3 3 3 3 124.85
4 1 2 2 2 1 1 1 2 3 105.4
5 1 2 2 2 2 2 2 3 1 117.35
6 1 2 2 2 3 3 3 1 2 136.1
7 1 3 3 3 1 1 1 3 2 109.9
8 1 3 3 3 2 2 2 2 3 106.95
9 1 3 3 3 3 3 3 2 1 116.7
10 2 1 2 3 1 2 3 1 1 115.15
11 2 1 2 3 2 3 1 2 2 118.2
12 2 1 2 3 3 1 2 3 3 123.3
13 2 2 3 1 1 2 3 2 3 105.35
14 2 2 3 1 2 3 1 3 1 117.3
15 2 2 3 1 3 1 2 1 2 128.7
16 2 3 1 2 1 2 3 3 2 102.05
17 2 3 1 2 2 3 1 1 3 117
18 2 3 1 2 3 1 2 2 1 123
19 3 1 3 2 1 3 2 1 1 142
20 3 1 3 2 2 1 3 2 2 114
21 3 1 3 2 3 2 1 3 3 114
22 3 2 1 3 1 3 2 2 3 120
23 3 2 1 3 2 1 3 3 1 118
24 3 2 1 3 3 2 1 1 2 122
25 3 3 2 1 1 3 2 3 3 126
26 3 3 2 1 2 1 3 1 3 118
27 3 3 2 1 3 2 1 2 1 105
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Tab.3 Analysis table of variance about the

width of groove surface texture

De- Aver-
Sour
grees  age F
" Sum of Signifi-
of of quadr value Critical value
vari- squares cance
free-  atic
ance
dom sum
A 829 2 41.5  1.79
B 196.4 2 982 4.23 Fo05(2,12)=3.88 *
C 201.8 2 1009 4.35 *
AB 345 4 8.6 Fo5(4,12)=3.26
AC 1121.1 4 280.3 12.08 *k
BC  399.6 4 99.9 431 *
Error 185.8 8 23.2
Total
22222 26
T

R4 DELAMRENTESRR
Tab.4 Analysis table of variance about the

depth of groove surface texture

Sour De- Aver-
ces F
grees  age -
S f Signifi-
of > u:;fzs of quadr valie  Critical value li‘;‘cé
vari- 4 free-  atic
ance dom sum
A 50.4 2 252 0.86
B 165.1 2 82.6 2.83 Fy5(2,12)=3.88 *
C 3246.6 2 16233 5559 *x
AB 100.3 4 20.1 Fo5(4,12)=3.26
AC 2504.2 4 626.1 21.44 *k
699.6 4 1749 5.98 *
Error  699.6 8 29.2
Total
6766.2 26
T
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Fig.9 Hardness variation on the related area

of groove surface texture
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