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ABSTRACT

Study on Roll Forming Process Using Design Analysis
Method and Finite Element Method

Dae-Hwan Yoon

Major of Energy & Mechanical Engineering

Graduate school Jeju National University

The roll forming process 1is used to Building industry, aerospace
industry and shipbuilding industries, etc. However roll forming process
has many boundary conditions. so The industry has relied on its own
experiments and experiences. but This method has many defects. And are
time—consuming and expensive.

Recently, it has been used to design using the CAD/CAM. Especially
Software for the roll forming process has been developed to know the
results of the strain and the spring—back, as well as design.

In this paper, verified by comparing the roll forming experiments and
interpret results, and verify the results using the roll forming software
COPRA RF and interpreted through ABAQUS software. The spring-back and

strain was confirmed by the results, be aware of the values of variables.
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Fig.8 Mild steel of stress—strain curve
Table 2 Material properties
Tensile Yield .
Elongation(%)
strength(MPa) strength(MPa)
Copper Alloy steel 281 261 30
Stainless steel 336 252 43
Mild steel 340 251 46
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Fig.11 3-Pass roll forming process
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Table 3 Analysis boundary condition of copper alloy steel

Material Gap(mm) Speed(mm/s)
CASE-1 10.35
CASE-2 18 24.86
CASE-3 ' 36.35
CASE-4 54.2
Copper CASE-5 10.35
alloy CASE-6 21 24.86
CASE-7 36.35
steel(1.5) CASE-8 54.2
CASE-9 10.35
CASE-10 24 24.86
CASE-11 ' 36.35
CASE-12 54.2

Table 4 Analysis boundary condition of stainless steel

Material Gap(mm) Speed(mm/s)
CASE-1 10.35
CASE-2 19 24.86
CASE-3 : 36.35
CASE-4 54.2
CASE-5 10.35
Stainless CASE-6 5.9 24.86
steel(1.6) CASE-7 ’ 36.35
CASE-8 54.2
CASE-9 10.35
CASE-10 95 24.86
CASE-11 ' 36.35
CASE-12 54.2
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Table 5 Analysis boundary condition of mild steel

Material Gap(mm) Speed(mm/s)

CASE-1 10.35

CASE-2 1.94 24.86

CASE-3 ’ 36.35

CASE-4 54.2

CASE-5 10.35

Mild CASE-6 024 24.86
steel(1.64) CASE-7 ' 36.35
CASE-8 54.2

CASE-9 10.35

CASE-10 24.86

CASE-11 2.54 36.35

CASE-12 54.2

3.2.2 I 47
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Spring—back angle
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Spring-back

Fig.12 Spring-back
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Fig.13 Strain distribution of copper alloy steel CASE-1

Fig.14 Strain distribution of copper alloy steel CASE-2

Fig.15 Strain distribution of copper alloy steel CASE-3
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Fig.16 Strain distribution of copper alloy steel CASE-4

Fig.17 Strain distribution of copper alloy steel CASE-5

Fig.18 Strain distribution of copper alloy steel CASE-6
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Fig.19 Strain distribution of copper alloy steel CASE-7

Fig.20 Strain distribution of copper alloy steel CASE-8

Fig.21 Strain distribution of copper alloy steel CASE-9
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Fig.22 Strain distribution of copper alloy steel CASE-10

Fig.23 Strain distribution of copper alloy steel CASE-11

Fig.24 Strain distribution of copper alloy steel CASE-12
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Copper alloy steel
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Speed
Fig.25 Strain distribution of copper alloy steel
Table 6 Spring-back of copper alloy steel
CASE CASE-1 CASE-2 CASE-3 CASE-4 CASE-5 CASE-6
Sprinback(’) | 3 3.1 3.3 3.2 5.3 5.8
CASE CASE-7 CASE-8 CASE-9 CASE-10 | CASE-11 | CASE-12
Sprinback(’) | 8.5 8 8.8 9.3 9.8 9.3
Copper alloy steel
12
= ‘__,.__——tﬂ——""*“““—"—‘—-ﬁi
:% & — —-/ —&— CASE1-4
w 4 , G ry —M— CASES-8
2 —le— CASED-12
[4]
o 10 20 30 40 50 &0
Speed

Fig.26 Spring-back of copper alloy steel
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Fig.27 Strain distribution of stainless steel CASE-1

Fig.28 Strain distribution of stainless steel CASE-2

Fig.29 Strain distribution of stainless steel CASE-3
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Fig.30 Strain distribution of stainless steel CASE-4

Fig.31 Strain distribution of stainless steel CASE-5

Fig.32 Strain distribution of stainless steel CASE-6
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Fig.33 Strain distribution of stainless steel CASE-7

Fig.34 Strain distribution of stainless steel CASE-8

Fig.35 Strain distribution of stainless steel CASE-9
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Fig.36 Strain distribution of stainless steel CASE-10

Fig.37 Strain distribution of stainless steel CASE-11

Fig.38 Strain distribution of stainless steel CASE-12
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Stainless steel
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Fig.39 Strain distribution of copper alloy steel
Table 7 Spring-back of stainless steel
CASE CASE-1 CASE-2 CASE-3 CASE-4 CASE-5 CASE-6
Sprinback(’) | 1.5 2.1 2.4 2.2 4 5.5
CASE CASE-7 CASE-8 CASE-9 CASE-10 | CASE-11 | CASE-12
Sprinback(’) | 6.2 5 5.05 5.2 6 55
Stainless steel
:/f\
—a— CASE1-4

Springback(*}
O B O KMoOWw R oWmom sl

7_4——-_' . —
L8] 10 20 30 40 50 60
Speed

—l— CASES-B

~—e— CASES-12

Fig.40 Spring-back of stainless steel
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Fig.41 Strain distribution of mild steel CASE-1

Fig.42 Strain distribution of mild steel CASE-2

Fig.43 Strain distribution of mild steel CASE-3
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Fig.44 Strain distribution of mild steel CASE-4

Fig.45 Strain distribution of mild steel CASE-5

Fig.46 Strain distribution of mild steel CASE-6
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Fig.47 Strain distribution of mild steel CASE-7

Fig.48 Strain distribution of mild steel CASE-8

Fig.49 Strain distribution of mild steel CASE-9
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Fig.50 Strain distribution of mild steel CASE-10

Fig.51 Strain distribution of mild steel CASE-11

Fig.52 Strain distribution of mild steel CASE-12
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Mild steel
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Fig.53 Strain distribution of mild steel
Table 8 Spring-back of Mild steel
CASE CASE-1 CASE-2 CASE-3 CASE-4 CASE-5 CASE-6
Sprinback(’) | 3.2 3.4 3.6 3.4 4.5 4.9
CASE CASE-7 CASE-8 CASE-9 CASE-10 | CASE-11 | CASE-12
Sprinback(’) | 5.1 4.7 4.7 5.3 55 4.9
Mild steel
6
T e "~
. —— * —
'% 3 —4— CASE1-4
& z —8— CASES-8
1 —k— CASES-12
a
o 10 20 30 40 50 60
Speed
Fig.54 Spring-back of mild steel
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3.2.3 A A3 FF < v

Fig.55 Result of roll forming experiment about stainless steel

Table 9 Result of roll forming experiment about stainless steel

CASE CASE-1 | CASE-2 | CASE-3 | CASE-4 |CASE-5 | CASE-6
Sprinback(’) | 1.8 2.05 2.4 2.1 4.7 5

CASE CASE-7 | CASE-8 | CASE-9 | CASE-10 | CASE-11 | CASE-12
Sprinback(’) | 5.55 5 5.1 5.15 5.8 5.45

_31_




Stainless steel
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Fig.56 Spring-back of roll forming experiment about stainless steel

Fig.57 Result of roll forming experiment about copper alloy steel

Table 10 Result of roll forming experiment about copper alloy steel

CASE CASE-1 CASE-2 CASE-3 CASE-4 CASE-5 CASE-6
Sprin-back(’) | 3.3 3.4 4.5 4.1 5.1 5.8
CASE CASE-7 CASE-8 CASE-9 CASE-10 | CASE-11 | CASE-12
Sprin-back(’) | 8 7.3 9 9.5 9.8 9.2
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Copperalloy steel

12
10 S
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F -
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2 —e— CASED-12
o
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Speed

Fig.58 Spring-back of roll forming experiment about copper alloy steel

Fig.59 Result of roll forming experiment about mild steel

Table 11 Result of roll forming experiment about mild steel

CASE CASE-1 CASE-2 CASE-3 CASE-4 CASE-5 CASE-6
Sprin-back(’) | 3 3.35 3.85 3.2 4.3 4.8
CASE CASE-7 CASE-8 CASE-9 CASE-10 | CASE-11 | CASE-12
Sprin-back(’) | 4.95 4.65 4.5 5 5.2 5
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Mild steel
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Fig.60 Spring-back of roll forming experiment about mild steel
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Fig.62 Spring-back of gap between rolls: Omm

Fig.63 Spring-back of gap between rolls: O.1lmm

Fig.64 Spring-back of gap between rolls: 0.Z2mm
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Table 12 Spring-back of roll forming experiment about overbending

Copper alloy steel Stainless steel Mild steel
Experiment 1.9 2 0.4
Anaysis 1.2 1.7 0.1
Overbending
25
2
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=
7]
=
= 1
j=1
1757
0.5
o

Copper alloy steel Stainless steel Mild steel
Fig.65 Spring-back of roll forming experiment and analysis about

overbending
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Fig.66 Strain distribution of roll forming experiment about copper alloy

steel overbending

Fig.67 Strain distribution of roll forming experiment about stainless

steel overbending

Fig.68 Strain distribution of roll forming experiment about mild steel

overbending
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4.2.2 COPRA RFE =3 A 2x1 A4
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4.2.3 COPRA RFE =3 ¥A 3xF A4

Fig.74 6-pass flower pattern about COPRA RF
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Table 13 Boundary condition of analysis about COPRA RF

) Pass Total Speed
Material ) gap(mm)
distancce passes (mm/s)
1 3
2 A7 150 4 10.35 1.94
3 6
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Fig.76 3-pass modeling for analysis
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Table

14 3-pass spring-back about COPRA RF

Fig.77 3-pass Strain distribution about COPRA RF
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4.3.2 ABAQUSE o] &3t 2z 34

COPRA RFE 1z} AAIE F3F Fig.78% %ol
A 3E) s BE Wiy Zhev) 37.5° 9 B 23 wd

modeling for analysis

Fig.78 4-pass
Table 15 4 pass spring-back about COPRA RF
A() B(°) C() D(°) E()
Axalen 3 4 4 4 4
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Fig.79 4-pass Strain distribution about COPRA RF
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Fig.81 6-pass Strain distribution about COPRA RF
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