
Author’s Accepted Manuscript

Material deformation and removal mechanism of
SiCp/Al composites in ultrasonic vibration assisted
scratch test

Wei Zheng, Yangjun Wang, Ming Zhou, Qi Wang,
Li Ling

PII: S0272-8842(18)31298-7
DOI: https://doi.org/10.1016/j.ceramint.2018.05.150
Reference: CERI18325

To appear in: Ceramics International

Received date: 15 April 2018
Accepted date: 17 May 2018

Cite this article as: Wei Zheng, Yangjun Wang, Ming Zhou, Qi Wang and Li
Ling, Material deformation and removal mechanism of SiCp/Al composites in
ultrasonic vibration assisted scratch test, Ceramics International,
https://doi.org/10.1016/j.ceramint.2018.05.150

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 galley proof before it is published in its final citable 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.

www.elsevier.com/locate/ceri

http://www.elsevier.com/locate/ceri
https://doi.org/10.1016/j.ceramint.2018.05.150
https://doi.org/10.1016/j.ceramint.2018.05.150


 

 

Material deformation and removal mechanism of 

SiCp/Al composites in ultrasonic vibration assisted 

scratch test 

Wei Zheng
1,
*, Yangjun Wang

2,
**, Ming Zhou

3
, Qi Wang

1
, Li Ling

1
 

1. Aerospace Research Institute of Materials & Processing Technology, Beijing, China 

2. Robotics and Microsystems, College of Mechanical and Electrical Engineering & 

Collaborative Innovation Center of Suzhou Nano Science and Technology, Soochow 

University, Suzhou, China 

3. School of Mechatronics Engineering, Harbin Institute of Technology, Harbin, 

China 

* Corresponding author. Email address: zhengwhit@gmail.com (Wei Zheng) ORCID: 

0000-0003-4335-6667. 

** Corresponding author. Email address: wangyangjun@suda.edu.cn (Yangjun Wang) 

Abstract 

The material removal process of SiCp/Al composites is a result of synergetic 

deformation and interaction among Al matrix, SiC particles and interface. The 

non-homogeneity of microscopic mechanical properties due to the inherent polyphase 

heterogeneity of SiCp/Al composites will directly affect the removal mechanism and 

surface integrity in the machining process. This paper aims to gain further insight of 

the material deformation and removal mechanism of SiCp/Al composites in ultrasonic 

vibration assisted machining process. The elastic modulus and hardness of SiCp/Al 

composites were determined through the indentation test by loading on Al matrix and 

SiC particles, respectively. Due to the interaction effects of the three phases during the 

deformation process, when the indenter is on a single phase, the influence of the other 

phases cannot be neglected and is reflected in the P-h curves. Scratch force, friction 

coefficient and material removal behavior were investigated in traditional scratch (TS) 

and ultrasonic vibration assisted scratch (US) tests. In most cases, with the assistance 

of ultrasonic vibration, scratch force and friction coefficient in US process are smaller 

than those in TS process, and the reduction of them is modeled and analyzed. The 

material removal behavior of SiCp/Al composites is similar to metal at the macroscale, 

and a high material removal rate is achieved in US process. SiC particles tend to 

maintain the structural integrity rather than be fractured or pulled out in US process. 

The scratched surface in TS process is damaged to a greater degree than that subjected 

to US process. 
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1. Introduction 

Metal matrix composites (MMCs) are defined as relative ductile metal matrix 
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