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Abstract

Experimental Study of Pulse Laser Processing Fracture Notch of
Yang Shenhua

Main Bearing Cap of Crankcase Bearing Bracket

Yang Hongyu Zhong Zhaopeng
(Roll Forging Research Institute, Jilin University., Changchun . Jilin 130025, China)

The fracture splitting notch is processed by Nd: YAG pulse laser on the material of engine crankcase
bearing bracket. The result shows that, the organization of laser heat-affected zone is refined, the melting zone

produces the dendritic primary crystal and the ledeburite. the transformation hardening zone obtains hidden needle

martensite and the retained austenite. The analysis of X-ray diffraction (XRD) indicates that the carbon density of
the melting area is bigger than that of the transformation hardening zone. The micro hardness of the region nearby

the fracture splitting notch is higher than that of the parent metal, the hardened effect is obvious and the micro
parameter’s choice is put forward.
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hardness of the melting zone is approximately 260 HV higher than that of the transformation hardening zone. The
hardening layer of the fracture splitting notch increases as the pulse power and the pulse width of laser increase, and
reduces as the laser scanning speed increases. The depth of the hardening layer is between 0.232~0.625 mm. The
fracture splitting notch that is processed by laser is the straight gap, which is a significant effect on the initiation
fracture and fracture splitting of the gray iron. The influence law that laser power, pulse width, processing speed and
=]

other parameters on the morphology of fracture splitting notch is concluded, and the proposal to technological
laser technique; fracture notch; laser cutting; microstructure; geometric shape
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Fig. 1 Experiment of fracture notch produced by

laser cutting
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Table 1 Parameters of laser notching

Power / Frequency / Velocity / Pulse
Parameter
Hz (mm/s) duration /ms
2.0/2.2/
1 2.6/3.0/ 45 15 0.5
3.2
10/12/15/
2 3.0 45 0.5
18/20
0.2/0.3/
3 3.0 45 15
0.4/0.5
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Fig. 2 Micrograph of fracture notch
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Fig. 3 Surface gas hole and microcrack
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Fig. 4 XRD patterns of different sample regionals
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Fig.5 Change of micro hardness with laser pulse power (a) and laser scan speed (b)
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Table 2 Micro hardness distribution

Region Hardness /HV (200g)
Melting zone 730~950
Transformation hardened zone 442~563
Base body 255~280
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Fig. 7 SEM image of the cross-section of fracture

notch produced by laser cutting

0.50 +— groove depth (a) 0.52 —=— groove depth (b) 0.60F —a— groove depth  (€)
0.45 + —« groove width 0.48 - « groove width 0551 . groove width
044} ’
0.40 | 0.40 £ 0.50
20.35 » g ool £ 045¢
= s 0.36 + = 040}
£030¢ g 032 % 0351
§ 0.25 é 0.28} § 0.30}
8020t £ 024] £ o025}
' B 020} 0.20}
016 e+ . (U5 15] SRS S S— 015f o — o ¢
20 22 24 26 28 3.0 32 10 12 14 16 18 20 0.20 0.25 0.30 0.35 0.40 0.45 0.50
Laser pulse power /kW Laser scan speed /(mm/s) Pulse width /ms

P 8 S A Al R~ B OB Bk 2 26 Ca) L 4348 B () ik o 5 18 (o) A5 1k
Fig. 8 Changes of fracture notch size with laser pulse power (a), scan speed (b) and pulse width (¢)

W& O Ik o iy AR BE I O R AR 8 (b) 2y 2L fife HE HE R R0 RE T B IO 49 i T
IR A e B VAT AR SR AN N I NP 1 R DN B Ak 189 g5 0 AN T 49 4l B T 2R A 1Y S T E
0.21 mm 3 fn 3 0. 47 mm. ¥ 95 B H B K. N B YBOCUINE EE AR 2R S & A R
0. 147 mmi¥ % 0. 168 mm, 0K 8(a) frn. & 8a) SR FERE O B L N 9 () FraR . JR)
2R 1 R BRI IR T 2.0 kWL NT2.6 kW 3ok B fot 0 i (4 iy 228 22 4% R ok A 3ok A IR A Bl 11 2k
Bb AR A B R A B KT 2.6 kWL /NTF3.2 kW R R F7 S R B [ B G i X K e 2 LR
Ak R G 8 A R AR R N T 10 mm/s 0 DAY R AR K DR e R o v DU B R 9 (b)) B R
B E 20 mm/s, 2 fEAERE R 0. 51 mm W E WOLITALME B 9o ZE Y EIHE K 15 mm/s
0.39 mm, i FEELAE 5 78 I DX ] L Al 5 32 857 TV B8 % 2 24 A Al . TR VDl 3 5 A7 A B e AR R
TASHOEREEAR X R TR T B S5H06IE U, e 2k RO T AL AR 43R
FHET ARG B sl A5 R I )bk, e R SR AR | #&THIAE 12~18 mm/s Z M HH .

AN VIR TR B 0 SR BRI

P9 S [l Jon I 32 T 2R A Rl ) 3 TR

Fig. 9 Macro morphology of the fracture splitting notch with different scan speeds



10 39 52 WU 4F -

R 2l AR ok oo 6 T T 2 A A SE I AT 5T 2683

AN [R] ik 58 BE I, 22 fige R R RN S A A2 Ak
B 8Co) Iz . Bl ok nfr i B A 385 o, 284 ik 8 R AN B
BEH L, M 0. 25 mm B4R FE 0. 56 mm, {HA# 58 H & 0%
BHHEK L 0.146 mm BEHNF] 0. 161 mm, HF kb
Vi, L 55 3 AR LA 24 22 o o B B ORI AR b
FRCKE /0N S OGAT LI G0 25 0 B, A Ot ok o 9
ABEIE R . O T ARAT I ok i B & K i 98 BE AN
BEA/N R E%EHE 0.3~0. 5 ms,

5 4 e

K H YAG [ R 3806 i 46 7R 3 bR e 24 i
A 2 T S I B 2l 2 AR A AR R AR AL

D ZEWOCICTEAE FH DB 3 T8 i = A X380 45 1k
DX (4 fige A DX A AR B Ak KR 3EAA . 5 4k X4 24
AN, T B R RCIR BT A (M A RSE
(M+A"+Fe; C) 5 #1728 B 4k [X K 43 15 78 BUET IR
IR, AR IR R B R IR T N AF 7. MAS i /& h
CO, i H F1 [CAR 24, T8 B T AL R 34 8L
BRBE

2) S figt R BAE AT X 3 4 4 P A B B s Ak A
FFWe k2. RS 2 R R] RE B 4T T
R WAREE L) IV DAREY: 5

3) R Ak 2 TR 5 B A ' Ik v ) 23 R K v B B 1Y
BN R R B O R A 38 R e 0N AR
0.232~0. 625 mm Z [A], HLAE N T4 & 19 38 8 N %
KT ALREE 0.1 mm 224 NEH.

) B OGN A R RN 9878 K 5 38 K Bk v 58
J3E 25 A HOGAE FH B R) R (R R B 3 K5 4 i )
R R N R B AR AN KL T
TS s 23 T2 B0 0 35 A7 Jmy 3 3k 48 o o T R e .
TE RO G AT FL 52 Ml R 1 % S 1 ol 3k R 4 o 7
12~18 mm/s Z 8] K 'H .

& % x #t

1 Kou Shuqing, Yang Shenhua, Zhao Yong et al.. Fracture-

splitting process of engine connecting rod and its key techniques
[J1. J. Jilin University , 2004, 34(1); 85~90
WG . A R 5 SF. R SLIE R RN TR G s R
], $HAXFEFZM(TERM, 2004, 34(1): 85~90

2 Zuo Tiechuan, Wang Xubao. Characteristic short technological
process of laser manufacturing [ J]. Chinese J. Lasers, 2008,
35(11): 1660~1663
AR, . EOLHE MR R HLT]. FE sk, 2008,
35(11): 1660~1663

3 Guo Yongli, Liang Gongying, Li Lu. Laser cladding reparation
of aluminum alloy [ J]. Chinese J. Lasers. 2008, 35 (2).
303~306
SRR, B, % BASMEOLEEEEI] PE R
&, 2008, 35(2): 303~306

4 Sun Fujuan, Liu Hongjun, Hu Fangyou. Effect of laser surface
remelting on performance of LY12CZ[J]. Chinese J. Lasers,
2007, 34(8): 1159~1162
IMELE . XIPEZE, 105 . WOGRME AN LY12CZ P 6E 1Y 52
[J]. P E#K. 2007, 34(8): 1159~1162

5 B. S. Yilbas. Laser cutting quality assessment and thermal
efficiency analysis [J]. J. Mater. Process. Technol., 2004.
155-156: 2106~2115

6 G. Loisos, A. J. Moses. Effect of mechanical and Nd: YAG
laser cutting on magnetic flux distribution near the cut edge of
non-oriented steels [ J]. J. Mater. Process. Technol., 2005,
161: 151~155

7 S. V. Usov, I. V. Minaev. High-power impulse YAG laser system
for cutting, welding and perforating of super hard materials[J]. J.
Mater. Process. Technnol. , 2004, 149. 541~545

8 K. A. Ghany, M. Newishy. Cutting of 1.2 mm thick austenitic
stainless steel sheet using pulsed and CW Nd: YAG laser[]]. J.
Mater. Process. Technol. , 2005, 168 438~447

9 Gong Jun, Rui Zhiyuan, Lang Fuyuan. The preliminary study of
laser-catalyzed cracking[J]. J. Gansu University of Technology .
1994, 20(4) . 44~48
& R, wHUT, BRBREIC. WO B L IIRLT]. HR Tk x
2R, 1994, 20(4); 44~48

10 Shen Lian, Li Chenglao, Wang Xiuling et al.. Laser melting
treatment on the microstructure of gray cast iron [ ]J]. Acta
Metallurgica Sinica, 1989, 25(1A) ;. 75~77
WM, FRGT. EREE E OB B S K AU
)], &8 $k, 1989, 25(1A) ; 75~77

11 Xu Zuyao. Martensitic Transformation and Martensite [ M ].
Beijing: Science Press, 1980. 421
RAME. DR RAEAE 5 B IR M. dbat. B2zl sk, 1980.
421

12 Cao Rui, Ren Xuechong, Chen Jianhong et al.. Iron-situ tensile
fracture mechanisms of research [ J]. Gansu University of
Technology, 2003, 29(2) . 8§~13
B, AR, BREVAT SE. ik 07 RLHL R I A B R w5 LT .
Hf Tk K IR, 2003, 29(2); 8~13



