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Optimization of technology parameters for fracture splitting grooves of
connecting rods fabricated by pulse fiber laser

ZHANG Chong' , WANG Guan', YANG Zhigang® , LIU Zanfeng’
(1. School of Electromechanical and Engineering, Guangdong University of Technology, Guangzhou 510006, China; 2. Guang-
dong Sihui Shili Connecting Rod Co. Ltd. , Sihui 526200, China)

Abstract: In order to obtain the optimal cutting quality of fracture splitting groove on connecting rod made of new material
36MnV$4, experimental study and theoretical analysis of crack groove fabricated by laser cutting were investigated through
orthogonal experimental method. Geometric dimensions such as depth, width, opening angle and curvature radius of fracture
splitting groove produced by laser cutting were measured and calculated by laser confocal microscope, respectively. In addition,
microstructure and thickness of heat affected zone on the bottom of crack groove were observed and measured by adopting scanning
electron microscope. The effects of laser peak power, pulse width, cutting speed and pulse frequency on geometric dimensions of
fracture splitting groove were analyzed by using range analysis method. As a result, the optimal parameter combination of cutting
fracture splitting groove were found out. The results show that, the depth of heat affected zone on the bottom of crack groove is
less than 100m and there exist micro cracks and pores. The investigated parameters have less impact on the width, opening
angle and curvature radius of fracture splitting groove, but have large effect on depth. Moreover, laser peak power and pulse
width exert great influence on depth of crack groove, while cutting speed and pulse frequency have little effect on it. The optimal
parameters exist with cutting speed of 1. Om/min, laser peak power of 700W, pulse frequency of 1000Hz and pulse width of
50ws. The study is of great importance for actual production.
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Fig. 1 Location and parameters of splitting decomposition groove
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Fig.2 Laser curting equipment for processing connecting-rod splitting notch

Table 1  Laser technical data

laser parameters parameter scale

laser peak power/W 200 ~ 1590
pulse energy/m] 0.1 ~ 15000
pulse width/ s 10 ~5000

pulse frequency/Hz 0.3 ~25000
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Table 2 Chemical compositions (mass fraction w) of material

element C S P Si

Mn Cr A% Al Ni

w 0.0036 0.00042 0.000007 0.0063

0.0099

0.0024 0.0027 0.00016 0.00011
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Table 3 Factors and levels of orthogonal experiments
level cutting fpe;eld/ peak power/  pulse frequency/ pulse width/

(m -+ min~") W Hz us

1 1.0 600 800 20

2 1.2 700 900 30

3 1.4 800 1000 40

4 1.6 900 1100 50
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Fig.3 Morphology of splitting cracks

a—front view b—cross-sectional view
A VO SR A BRI O 2R A L T ) A
JEE WO 28 g At 4 T 0 5 i R 1 TR R A 8
3 Y A R IBCT S ME ., h T LR i AR AR AR,
VO ET R A T 2 e A i sk
a = 2arctan[ w/ (2h) ] (3)
PUAAERIRIE (T RE PR A I P-4 (1 B 5K
TR R IR 4 s,

=

Table 4  Results of orthogonal experiments

cutting speed/  peak power/  pulse frequency/

level

pulse width/

notch depth/ notch width/  radius of curvature/ opening angle/

(m - min~") w Hz ps pm pm pm (®)
1 1.0 600 800 20 250.99 123.88 18.37 27.72
2 1.0 700 900 30 472.05 154.02 20.21 18.53
3 1.0 800 1000 40 696.09 184.15 21.01 15.07
4 1.0 900 1100 50 860. 30 187.49 17.56 12.43
5 1.2 600 900 40 455.18 170.75 32.55 21.24
6 1.2 700 800 50 692.87 184.15 25.32 15.13
7 1.2 800 1100 20 518.89 137.27 20.46 15.07
8 1.2 900 1000 30 632.93 174. 11 27.67 15.66
9 1.4 600 1000 50 522.45 184.18 31.2 19.99
10 1.4 700 1100 40 579.04 187.49 26.94 18.39
1 1.4 800 800 30 505.33 160.71 25.10 18.07
12 1.4 900 900 20 532.27 157.36 23.03 16.81
13 1.6 600 1100 30 355.50 157.37 25.26 24.96
14 1.6 700 1000 20 287.88 147.30 20.77 28.70
15 1.6 800 900 50 840.32 194.19 23.45 13.18
16 1.6 900 800 40 622.50 187.49 19.28 17.12
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Table 5 The range of notch depth in different factors and levels

cutting peak pulse pulse
level speed(A)/ power(B)/  frequency( C)/ width(D)/
(m-min~") \ Hz s

1 569. 86 396.03 517.92 397.51

2 574.97 507.96 574.96 491.45

3 534.77 640. 16 537.59 588.20

4 526.55 716.46 578.43 728.99
range 43.31 320.43 60.51 331.48

MG S PR A AE R 15 2, BOE IR S 1)
SRR TR L IR R ol R BN < kb SE 2 >
WD > Bkt > DIFH AR

UnlET 4 P SRR I M AN A O 42 )R
Tl 5 R B S R I AT 5 235 1 A R I B 1, TR
BEMGR . [ EAR 2 RO SO AL, | T ROEYI#
i B2 IS )L, o P TSR Sl B A B DT 7 A 7
J1 R ASTE AL, 3 BUHICRBU  E . WERE]
FIACFLRRAR T AL ARt E , ] 8 25 I 24 T

Fig.4 Scanning electron microscope diagram of the bottom crack

S AT AE — R JELBE A A ] X, 7E O V)
B,y IR, FLE AR RLE TR
I 2 TR T AU DX B H IR (IR ) S R A o %
FTAE Z OO 25 2% . BT L, BR T 2R FF A
A A R 5 BRI BE Sb , d 7 O iE JHHAT R B A o T
KiRE . HABOLUIREG , 2 BIHOLIAE T I 412U
IMRAR R 1y A, ik B ERMAA B ARG, 7 fi o e )
PR AL, I HL TR N AL AR U AT A, X
L0 ZEGURI AL 5 1 2 57 2R SR 3 SO 2,

fracture splitting groove

~~~ hearaffecied zone

00pm

Fig.5 Scanning electron microscope diagram of the lateral crack
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Fig. 6  Sectional view of the crack before optimization

a—with strong pulse energy b—with weak pulse energy
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Fig.7 Sectional view of the crack after optimization
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