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Effect of Ultrasonic Vibrations on Quality of Laser Cladding
Layer with Low Overlap Rate

Wang Zhan™, Sun Wenlei”, Huang Haibo, Yu Jiangtong, Liu Jinduo
School of Mechanical Engineering, Xinjiang University, Urumqi, Xinjiang 830047, China

Abstract The variable overlap rate is investigated on the basis of ultrasonic vibrations in the cladding experiment to
improve the current limitations in the overlap rate selection. Furthermore, the performance of cladding layer with a
low overlap rate is investigated. The initial overlap rates are set to 33%, 50%, and 66%, and observations and
comparisons of the macroscopic appearance between the 33% overlap rate and other overlap rates of the cladding
layer are conducted. A comparative experiment that employs a 33% overlap rate of the cladding layer without
ultrasonic vibration is also performed. The comparative samples are first processed via electrical discharge
machining, followed by observations of their metallographic microstructures and evaluations of their hardness and
wear resistance. The results show that the macroscopic appearance of the cladding layer of the sample with a 33%
overlap rate exhibits wavy stripes, whereas no wavy stripes are observed at the other overlap rates. The good
cladding effect is obtained using a 33% overlap rate, with the ultrasonic vibrations deteriorating the quality of laser
cladding layer. This analysis outlines a useful approach for selecting the overlap rate when applying ultrasonic
vibrations to laser cladding experiments.
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Table 1  Element composition of No. 45 steel (mass fraction, %)
Element C Mn Si Cu Ni Cr P/Fe
Value 0.42-0.5 0.50-0.80 0.17-0.37 <0.25 <0.30 <20.25 Bal.
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Table 2 Element composition of Ni60 self-melting

alloy powder (mass fraction, %)

Element C Cr B Si Fe Ni
Value  0.6-1.0 14-17 2.5-4.5 3-4.5 <15 Bal
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Fig. 1 Schematic of overlap rate
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Table 3 Parameters of laser cladding process

Laser Spot Pulverized Spot
Defouce /
power / diameter / speed / diameter /
mm
w mm (g+s ) mm
1400 4 1.2 16 2
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Fig. 2 Macroscopic morphology of cladding layers with
different overlap rates under ultrasonic vibration.
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Fig. 3 Comparison of macroscopic morphology of

cladding layer at 33% overlap rate. (a) With
ultrasonic vibration; (b ) without ultrasonic

vibration

AR o ML DU L SO 45 G i At B
TEIER 516 B URZ R SZ AL . E I 8 75 4k 3l i
PEr S BT A 4 () Fras o B R 4K
JIN R AR T AR 408 A A 1 DX A L A A
WA 3T B oy 5 2 A0 i 0 I A i P A 8 4 A
FHOXH T 5 AR T8 /D, 52 BP0 58 19 52 Wi R T 45/ A
MTRESEMIE S,

Bl 5 0 2 DFECEFE SISl UL T R 1000 A5 Y
TR Kb e 1 30 ), 2 A o v DX AR T -
A S AT T o A -SRI B A
AT AT — A A AR 23 52 B 2 v DX Y 52 o i L
[ /i A2 R (EL I 5 v DX 2 il R BE F 1)
Fe AT 7 AR A s 2R P o R 2 1) A1 HE IR 5L 4k
(DR R o= N L NG A 1 i X (14
ALY A v B — 2 A R B R R . X
P00 <8 P B T M AR 1 AR G, A Y IR
dn A DA B .

G 1] 1o A AR R AT L B A O R B R S R AR R
FUARL A BB/ e ¥ X o 5 MR A T ok A
AR AR o I I TR T S S R B T A AT AR

141402-3



MOOb 5 %o T R

S e <100

X SR T

T
B S RN SR o

PR 4 3304 F5 He AT 2 B T B2 B BRRT . Ca) AN 0 75 I 31 5 (o) i A 75 I 3

Fig. 4 Optical micrographs of cladding layer profile with overlap rate of 33%. (a) Without ultrasonic vibration;

(b) with ultrasonic vibration
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Fig. 5 SEM images of cladding layer with overlap rate of 33%. (a) Without ultrasonic vibration;

(b) with ultrasonic vibration
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