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Abstract- The growing demand for light weight products for automotive industries has been increased due to global trend of 
environmental preservation. In recent several years, although production of magnesium has risen dramatically, production of 
magnesium alloy sheet remains still at a very low level in practical use. The major barrier to greatly increased magnesium 
alloy use has been in still primarily high manufacturing cost as well as its poor workability of wrought magnesium sheet alloys. 
One of the author has investigated in cold roll forming of magnesium alloy, however detailed forming characteristics of the 
wrought magnesium alloy sheets has not been clarified. The aim of the study is to establish a guideline for roll design in the 
roll forming for wrought magnesium alloy sheet. A three dimensional elasto-plastic analysis by finite element method (FEM) 
has been conducted to examine the shapes of cross section, springback characteristics, bending strains and longitudinal 
membrane strain of magnesium alloy sheet and cold rolled steel sheet during forming. 
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I. INTRODUCTION 
 
Recently, the growing demand for light weight 
products for automotive industries has been increased 
due to global trend of environmental preservation 
Magnesium alloys that are lighter than aluminium 
alloys have a specific gravity of 1.8, which is 2/3 of 
aluminium alloys. In recent several years, although 
production of magnesium has risen dramatically, 
production of magnesium alloy sheet remains still at a 
very low level in plactical use. The major barrier to 
greatly increased magnesium alloy use has been in still 
primarily high manufacturing cost as well as its poor 
workability of wrought magnesium sheet alloys. The 
process of cold roll forming has been an established 
industrial process for manufacturing long sheet metal 
products with constant sections.  
Roll formed products are widely used in the building 
industry today. Many researchers of the cold roll 
forming process have investigated computer-aided 
design or numerical simulation of the cold roll forming 
process in order to manufacture products while 
increasing the productivity and maintaining the 
accuracy of the resulting products. One of the author 
has investigated in cold roll forming of magnesium 
alloy, however detailed forming characteristics of the 
wrought magnesium alloy sheets has not been 
clarified. 
 
The aim of the study is to establish a guideline for roll 
design in the roll forming for wrought magnesium 
alloy sheet. A three dimensional elasto-plastic analysis 
by finite element method (FEM) has been conducted to 
examine differences of cross section shapes and 
bending strains of magnesium alloy sheet and cold 
rolled steel sheet during forming. 

II. 3D ELASTO-PLASTIC FEM ANALYSIS 
OF COLD ROLL FORMING 

 
Fig.1 shows analytical model of FEM. ABAQUS was 
used in the cold roll forming analysis. In the analysis, a 
roll forming process with a six stands has been 
performed. Table1 shows analytical conditions in the 
FEM simulation. The analyzed strip width was 42 
(mm), the pipe diameter was 14mm, and roll clearance 
was 0.64 (mm). Also shell element was 1×1 (mm) 
mesh and integration point was 5. The analyzed used 
von Mises yield criterion. Fig.2 shows a W bend type 
roll design was chosen in the simulation as well as the 
experiment. W bend type process was compressed and 
strain of an edge part does not accumulate it, so 
elongation of an edge part is small and it has effect of 
bucking prevention. Table 3 shows mechanical 
properties of material of AZ31. Assessment procedure 
was shaped section, curvature, longitudinal membrane 
strain and bending strain of width direction. The 
measurement position was 90 (mm) from strip top. 
Fig.3 shows measuring method of (a) longitudinal 
membrane strain and (b) bending strain of width 
direction. 
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III. RESULTS AND DISCUSSIONS 
 
Fig.4 shows products obtained by experiment. The 
pipe gap at top was 11.14 (mm) at AZ31 and 2.85 
(mm) SPCC. The pipe at constant domain of 90 (mm) 
from top was 7.01 (mm) at AZ31 and 1.21 (mm) at 
SPCC. Therefore AZ31 has larger springback more 
than cold roll steel. When cold roll forming was carry 
out on the same conditions, the pipe of AZ31 has large 
springback, and when uniting attaches at the time of 
time welding, trouble may arise. Fig.5 shows cross 
section shape of analysis and experiment was 
approximated same result. Also Fig.6 shows 
longitudinal membrane strain of analysis and 
experiment was approximated same result. The 
measurement strain of cold rolled steel sheet during 
forming was obtained by sticking a strain gage on the 
bottom and edge of a board. The strain gage had been 
destroyed in the third stand, subsequent measured 
value was not able to be measured, but it is thought 
match with analysis was able to be checked. 
 
In order to examine in detail the result obtained in the 
experiment, three dimensional elasto-plastic analysis 
by finite element method (FEM) has been conducted to 
examine differences of magnesium alloy sheet and 
cold rolled steel sheet during forming. 

 

 
 

 
Fig.5 Cross section shape of analysis and experiment 
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Fig.6 Longitudinal membrane strain of analysis and experiment 

 

 
Fig.7 Cross section shapes obtained by FEM analysis 

 

 
Fig.8 Cirvatire at sox stage obtained by FEM analysis 

 
Fig.7 shows result of cross sectional shapes obtained 
by the FEM analysis. Fig.8 shows the curvature in each 
node number after passing through the six stages of 
Fig.7. The dashed line of Fig.6 shows the target 
curvature. Fig.7 and Fig.8 showed from one to three 
stages forming was insufficient. So the influence of 
initial stages of W bend process thought it was greatly 
related to last shaped curvature, and examined the 
analysis result from one to three stages forming 
investigated in detail. 

 
Fig.9 Bending strains of width direction 

 
Fig.9 shows bending strains of width direction from 
one to three stages forming. We can see that three peak 
points of the bending strains in the third stage forming 
as shown in Fig.9 (c). The strains of magnesium alloy 
strip were smaller than the case of the cold rolled steel 
sheet. The average differences of bending strains 
between magnesium alloy and cold rolled steel were 
about 14%. It is suggested that the roll design for 
forming of magnesium alloys need including the 
additional strain of 14%. However, for the fifth or sixth 
stage forming in a roll designing for successfully 
manufacturing a pipe, more detailed research work is 
necessary to predict the accurate magnitude of spring 
back as well as shapes of over bend rolls. 

 
CONCRUSION  
 
The strains of magnesium alloy strip were smaller than 
the case of the cold rolled steel sheet. It is suggested 
that a new roll design for forming of magnesium alloys 
is necessary to give larger total strain in the magnitude 
of 14% before third stand. However, for designing for 
successfully manufacturing a magnesium pipe, more 
detailed research work is needed  with establishing a 
prediction method of magnitude of springback as well 
as shapes of over bend rolls which prevent from a large 
spring back in roll forming. 
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