
Accepted Manuscript

Effects of substrate thickness and heat transfer scheme on edge cracking of a

brittle coating due to thermal transients

Xuejun Chen, Xiuping Wang

PII: S0167-8442(16)30329-9

DOI: http://dx.doi.org/10.1016/j.tafmec.2017.03.006

Reference: TAFMEC 1822

To appear in: Theoretical and Applied Fracture Mechanics

Received Date: 25 October 2016

Revised Date: 2 March 2017

Accepted Date: 8 March 2017

Please cite this article as: X. Chen, X. Wang, Effects of substrate thickness and heat transfer scheme on edge cracking

of a brittle coating due to thermal transients, Theoretical and Applied Fracture Mechanics (2017), doi: http://

dx.doi.org/10.1016/j.tafmec.2017.03.006

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.tafmec.2017.03.006
http://dx.doi.org/10.1016/j.tafmec.2017.03.006
http://dx.doi.org/10.1016/j.tafmec.2017.03.006


  

 

 1 

Effects of substrate thickness and heat transfer scheme on edge 

cracking of a brittle coating due to thermal transients 

Xuejun Chen
 a ,

* , Xiuping Wang
 b
 

Department of Applied Mechanics, University of Science and Technology Beijing, 30 Xueyuan 

Road, Beijing 100083, China 

a 
chenxuejun@ustb.edu.cn

 
 

b
 wxp.wang@qq.com 

Abstract Brittle coatings may suffer edge cracking due to thermal transients. The thermal stress 

intensity factor (TSIF) is used here to characterize the driving force for such damage modes. The 

purpose of this paper is to investigate the effect of substrate thickness and heat transfer scheme on 

the edge cracking behavior. The transient temperature and thermal stress field of the un-cracked 

system are first obtained in closed forms. The weight functions suitable for thermal loading are 

then developed for the edge-cracked coating. The TSIF at the crack tip is finally obtained based on 

the principle of superposition, with the equal thermal stresses utilized as the crack surface 

tractions. The dependence of the normalized TSIF is examined on different thermal boundary 

condition, normalized time, and relative crack depth as well as substrate/coating thickness ratio. It 

is found the thicker substrate leads to much higher driving force for the edge cracking. The heat 

transfer schemes on the lower surface of the substrate, however, have insignificant effect on it. 

The findings of this study may assist in the integrity analysis of coatings due to rapidly changing 

thermal environments. 
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