28 o5 2 B X @ L & Vol. 28 No. 5
2015 4 10 A CHINA SURFACE ENGINEERING October 2015

doi: 10.11933/j. issn. 1007-9289. 2015. 05. 013

JE AT FSEF NI %e A 45§ 3R TH S R 1 8 BY S i

AL
TR E B TR B, L35 F N 213016)

W OFE: o TR RS SR YLS—4000 B % £F 0t #5381 S 1) B30 T 3k AR R 45 49 3 T HE AT I
ek . At SEM LSO KRR 4R T RN AT R 5, £ A B AR L SUE S L i i HVS-1000A g i 1 JiF
S 32T 3t 7 T A R L R T R A R A D BRI B R S . 45 R R R k)2 T A 2 O Rk S AR K b
B WA AR BRI 1 000~1 800 W I 43 Sl 4R A5 P JZ VR BE Ol 0. 3~0. 8 murm [ B3 $RGRE Wi [X 5 VA< 1 J2 Bt 8 4 A Ak
AR ERERE Y 547~765 HV, LB ARE BE 505 T 2~ 3 £% . WOt I K e 4 L4040 FE B R & 1 IR 14 /2 i B 42
) B R 5 A — BRI FRIE I  (1 200~1 800 W), {8t V18 )23 1 10 5 450 14 8 BL B IR B R4 7, H M e oh &
S 1 600 W I R 5 £ d5 4 119 5 4 4 B

KFER : RO K T L 45 495 22 g R

RESES: TG174.44; TG115.58 XEAAREARD: A XERS: 1007-9289(2015)05-0086-07

Effects of Fiber Laser Quenching on Wear Performance of 45 Steel Used for Cam

SONG Rui-hong, PENG Yun
(College of Mechanical Engineering, Changzhou University, Changzhou 213016, Jiangsu)

Abstract: To enhance the wear resistance of the cam surface, YLS-4000 fiber—optic laser material was used to 45 steel
surface for laser quenching in this research. The surface and cross—section morphology before and after laser hardening
were observed by SEM. Additionally, cross—section metallographic structure, surface hardness, friction coefficients and
attrition rates were analyzed by metallographic microscope, HVS-1000A micro—hardness tester and friction wear tester,
respectively. The results show that micro—structure of the quenched layer is composed of quenched martensite and a small
amount of austenite. The single channel heat affected zone of the hardened layer with a depth of 0. 3-0. 8 mm is obtained
with a laser power of 1 000-1 800 W. The hardness of hardened layer is uniform and the average hardness is about 547~
765 HV, which are almost 2-3 times of the matrix hardness. The micro structure refinement and large amount of high
carbon martensite caused by laser quenching are the mainly cause for the increase in hardness. Wear resistance of the la-
ser hardened layer is obviously improved within the laser power range of 1 200-1 800 W. The best wear performance is

obtained when the laser power is 1 600 W,
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Fig. 1 Cross section morphologies of the laser quenched samples under different scanning powers
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Fig. 2 Microhardness distribution along the depth of

hardened layer
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Fig. 4 Microstructure and SEM morphologies of the laser quenched samples at 1 600 W
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Table 2 Wear parameters of matrix and layers obtained at different power

Laser power Matrix 1 000 W 1200 W 1400 W 1 600 W 1 800 W
Wear scar width/mm 1.082 5 0.968 9 0.902 2 0.748 4 0.815 2 0.661 5
Wear scar depth/pm 11. 645 11.535 13.164 7.34 4. 89 5.115
Wear extent/mm?® 0.029 4 0.028 7 0.012 2 0.009 6 0.009 3 0.009 1
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Fig. 5 Friction coefficient of the laser quenched samples

as a function of time
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Fig. 6  Worn morphologies of 45 steel and layers obtainded with different power

(4) Kﬁﬁ%g¥]&%?}ﬁkm%}¢iﬁﬁ%§@ﬁﬁ? Li X D, Zhang L {. Zhu W F. et al. Reliable evaluation of
'ﬂﬁﬂ‘iﬂ , #jfé\ Hﬂ‘ I‘E—'J , E_ﬁﬁlﬁﬂgu JEH %ﬁ%} T CO, %ﬁ aluminum alloy under high temperature basedon low cycle

W WO Ve R I 2 T B M T B
PERE (T CO, WOBHA . .

neering, 2013, 10(5): 134—-138 (in Chinese).

% 23Tk PERFFE [J]. R, 2013, 42(4): 9-11.
Xu Z, Wang J, Li Y. Research of abrasion of bionic coat-
(1] JHZE, mHH. MEK. % B EBERNIRSR S EE ings and its relevance with surface morphology [J7]. Surface
[J]. HUME), 2010, 34(8): 95-97. Technology, 2013, 42(4): 9-11 (in Chinese).
Tang Q, Zhang Y C, Lin C L, et al. Overview and consid- [6] AEARTE. PRI D7 . a4k B, & BOBW R EE 4k
eration on cam wear [J]. Journal of Mechanical Transmis- LB A0Cr Rt P PERERE 58 (1], BE4“% 244l 2003, 23
sion, 2010, 34(8): 95-97 (in Chinese). (5): 448-450.
(2] AEDUAE . x0dkoc. skibpk. 4. TRARHE BIF0 (M. db Hua Y Q ,Chen R F ,Yang ] C, et al. Study on wearresis-
AU LT Tk W RRRE . 1996 112 tance of laser quenched and sheoked 40Cr steel [J]. Tribol-
DuZ Y. LiuJ Y. Zhang S L. et al. Engineering materials ogy. 2003, 23(5): 448-450 (in Chinese).
cookbook [M7. Beijing: Electronic Industry Press, 1996 [7] Wan W J, GuoJ. LiuQ Y, et al. Effect of laser quenching
112 (in Chinese). on wear and damage of heavy — haul wheel/rail materials
[3] Pinkerton A J, Lin L L. The effect of laser pulse width on [J]. Proceedings of the Institution of mechanical Engi-
multiple layer 316L steel clad microstructure and surface neers, Part J: Journal of Engineering Tribology, 2014,
finish [J]. Applied Surface. 2003, 209(2); 411-416. 228(1) ., 114-122.

fatigue crack growth [J]. Equipment Environmental Engi-

TRep, B, 2B AR VR Z I I O 2R S SC R

(4] AR, sk, R, 55 A & m RN 0T R80y (8] Zekik. WRIFIZ. 17-4PH /R85 5 MO6 T KO 35 ML BE AT 3¢

JEREEVETEAL [T]. Re& B TR, 2013, 10(5): 134-138. [J]. $UmT T, 2013, 42(4): 196-198.



92 2 B X W L B 2015 4F

LIZ Q, Chen Z Y. Study on fatigue resistance of 17 — 4PH [12] Flocker F W. Addressing cam wear and follower jump in
stainless steel after laser transformation hardened [J]. Hot single—dwell cam—follower systems with an adjustable mod-
Working Technology , 2013, 42(4): 196-198 (in Chinese). ified trapezoidal accelera—tion cam profile [J]. Journal of

[9] T, EBE mUIRELTE ST EEWBEESOLLTHOL Engineering for Gas Turbines and Power, 2009, 131(3):
% (10, HEBE, 2013, 40(1): 0102001. 111-119.

Liu J, Wang P. High-power narrow —bandwidth continu- [13] Z=AIE, X158 &, BRAe, . 50 Ak 26 if o 1k B HL B
ous wave thulium—doped all-fiber laser [J]. Chinese Jour- PR [T, MROR 224, 2007, 37(5): 1064 8.
nal of Lasers, 2013, 40(1): 0102001 (in Chinese). LiY Y, Liu Y B, Chen H, et al. Surface hardening and

[10] F 3. #/he. GCrls SB4TEOEI Ak T2 Rk fe®FoT [T]. tribological properties of a cam materials [J]. Journal of Ji-
WOt 5 eH FHERE, 2013, 50(4): 041401, lin University, 2007, 37(5): 1064 -8 (in Chinese).

Yin Y, Wei X H. Surface quenching of GCrl5 steel by fi- [147 Sert H, Can A, Arikan H. et al. Wear behavior of differ-
ber laser [J]. Laser and Optoelectronics Progress, 2013, ent surface treated cam spindle [J]. Wear, 2006, 260(9/
50(4): 041401 (in Chinese). 10): 1013-9.

[11] R, LRI, HEVLW . 5. 45 4% 58 7 BO6 W KT 5% [15] TEHLRE. BRIGDS . BdkE . 55, 45 MAROLTE KM hdi 4
()], #OGRI S RS0, 2001, 22(2): 52-54. SRR R S PERE (1], G Jm#Rab B, 2003, 28(8). 5-7.
Liang EJ, Du L P, LuoJ T, et al. Quenching of 45 steel Hua Y Q, Chen R F, Yang J C, et al. Wearability of the steel
with a wide—band CO; laser beam [J]. Laser Applications 45 quenched and shock hardened by laser [ J]. Transactions of
and Systems, 2001, 22(2): 52-54 (in Chinese). Metal Heat Treatment, 28(8): 5—7 (in Chinese).

GUL S04 PRt

L L L L L L T L L L L L L L L S ST

o AFIR .
AR BFBRNECR 2O T E R 2R ERF 5] THHEE (CSCD)

CrPOCEL ORI ZEH BYED2014 4FRRE %A . H 2008 4F LIk, ([ i T2 ) IR A B IZ 2 H
< Jm A 5 8B T 228 . %% F AL TILRA ™A% 0 E A7 A2 R E 8 D0 A T A A 4 K
Tridie WRHAT 14 728 B SMIEH 19 F R KR8 70045 53 1 B AR A I RS E  lg ] E  BiA
BN T A GIR  F CE ERR RGO 8 S Web TR 8 8 SO 5 8O 5L S| 4
B 12 A VEOT R AR - 75 R 19 0 e AL S8 MV A i, 28 1 P SCH ) 1983 Rl

5 [ B o R R T R )RR R 2015 AF rp [ B4 5 | SCRUE R (CSCD) o+ [ B2 5 | 3080 I
QT 1989 4F . X ARG H SRR INREM 51 30K 51 SR P RHR BE LRI, SCHe P 3R I 3G WA R
SRR B ERR RO O R E Y SCT7. 2014 4R %0 7R < AT CSCD JElisr 1 1 140 R ) Heorp
HSCHI T 1 013 LSS ) 127 B

R F g B350 LA



