
�������� ��	
���
��

A defect-responsive optimization method for the fiber laser butt welding of
dissimilar materials

Yuewei Ai, Ping Jiang, Xinyu Shao, Chunming Wang, Peigen Li, Gaoyang
Mi, Yang Liu, Wei Liu

PII: S0264-1275(15)30738-3
DOI: doi: 10.1016/j.matdes.2015.10.160
Reference: JMADE 899

To appear in:

Received date: 10 August 2015
Revised date: 29 October 2015
Accepted date: 30 October 2015

Please cite this article as: Yuewei Ai, Ping Jiang, Xinyu Shao, Chunming Wang, Peigen
Li, GaoyangMi, Yang Liu, Wei Liu, A defect-responsive optimization method for the fiber
laser butt welding of dissimilar materials, (2015), doi: 10.1016/j.matdes.2015.10.160

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.matdes.2015.10.160
http://dx.doi.org/10.1016/j.matdes.2015.10.160


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

           

Abbreviations: LBW, laser butt welding; LP, laser power; WS, welding speed; FP, focal 

position; BPNN, back propagation neural network; PSO, particle swarm optimization; GA, genetic 

algorithm; S/N, signal to noise; ANOVA, analysis of variance; FZ, fusion zone; LD, longitudinal 

defects; BH, bead height; TD, transverse defects; WFL, left front width; WFR, right front width; 

WF, front width; WB, back width; T, thickness; HD, height difference; WD, width difference; 
HAZ, heat-affected zone; FAG, fine equiaxed grains. 
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Abstract 

Laser butt welding (LBW) of dissimilar materials has received great attention in 

automotive, power, chemical, nuclear and aerospace industries. The quality of welded joints is 

significantly affected by the generated defects in the dissimilar materials welding process. 

This paper proposes a defect-reducing optimization method that considers the geometric 

features of weld bead as evaluation indexes of welding defects and process parameters effect 

on the responses. The former aims to reduce welding defects for welding operations, and the 

latter seeks to identify the extent of contribution of actual process parameters on welding 

defects. The particle swarm optimization and back propagation neural network (PSO-BPNN), 

which has proved to be good modeling for no-linear problems, are utilized to establish the 

mathematical model and the defects reduction objective is combined with weld area. The 

genetic algorithm (GA) is adopted to solve the model. The effect of significant factors on the 

responses is identified based on the calculation of signal to noise (S/N) ratio and analysis of 

variance (ANOVA). The proposed method is evaluated by macro weld profile, microstructure 

and mechanical properties in confirmation tests. The results show that the proposed method is 

effective at reducing weld defects for dissimilar materials welding in practical production. 
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1. Introduction 

The demand for welded joints between dissimilar materials is continuously increasing in 

the advanced manufacturing industry requiring certain special combination of properties, such 

as the automotive, power, chemical, nuclear and aerospace industries. The products joined by 

different metals and compositions provide the designer and production engineer with 
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