
Accepted Manuscript

Title: Size effect affected springback in micro/meso scale
bending process: experiments and numerical modeling

Authors: Linfa Peng, Zhutian Xu, Enlai Bao

PII: S0924-0136(17)30399-0
DOI: http://dx.doi.org/10.1016/j.jmatprotec.2017.08.040
Reference: PROTEC 15375

To appear in: Journal of Materials Processing Technology

Received date: 16-7-2017
Revised date: 25-7-2017
Accepted date: 27-8-2017

Please cite this article as: Peng, Linfa, Xu, Zhutian, Bao, Enlai, Size effect
affected springback in micro/meso scale bending process: experiments
and numerical modeling.Journal of Materials Processing Technology
http://dx.doi.org/10.1016/j.jmatprotec.2017.08.040

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.jmatprotec.2017.08.040
http://dx.doi.org/10.1016/j.jmatprotec.2017.08.040


1 

 

Size effect affected springback in micro/meso scale bending process: 

experiments and numerical modeling   

 

Linfa Peng a, Zhutian Xu a, Enlai Bao a  

 

a State Key Laboratory of Mechanical System and Vibration, Shanghai Jiao Tong University, 

Shanghai 200240, People’s Republic of China 

*: Email: penglinfa@sjtu.edu.cn, Tel: +86 021 3420 6785 

 

Abstract 

The springback behavior has been revealed to affect the dimensional accuracy of sheet metal 

products significantly in the forming process. As the forming scale decreases to micro/meso 

level, the deformation behavior of sheet metals has been reported to be different from that at 

the macro level due to the so-called size effect. This study thus aims to investigate and 

characterize the springback behavior of sheet metals affected by the size effect at micro/meso 

scale. The copper specimens with different thicknesses and grain sizes were employed in the 

uniaxial tensile, nano-indentation and micro hardness tests to analyze the size effect on the 

material elastic/plastic deformation behavior at first. The flow stress, yield strength and 

hardness are revealed to decrease with the increase of grain size. Following that the bending 

experiments with three different punch angles were performed. The effects of both feature 

and grain sizes on the springback angle were investigated. The springback angle is found to 

decrease with the punch angle, the grain size, the ratio of thickness to grain size (t/d) and the 

reduction of thickness. To dig the fundamental mechanism behind the size-effect affected 

springback behavior, a composite model based on the surface layer theory was employed to 

describe the constitutive plastic deformation of material with different grain size and 

thicknesses. The model was further applied in the finite element (FE) simulations of bending 

process. Based on the experimental and FE results of sheet metals at micro/meso scale 

bending process, the interactive effect of feature and grain sizes is revealed to be critical in 

microforming processes. As a preliminary work, the flow stress reduction described by the 
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