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ABSTRACT

Flow forming is an eco-friendly and high-efficiency plastic deformation process with fewer chips during a
process which is specifically used to manufacture seamless tubular products like tire wheels, rocket motor cases
etc. On the development of mortar barrel using Inconel718 tube, some flow formed products had dimensional
errors on their thickness. In this study, our purpose is to optimize the process conditions with the smallest
dimensional error. In order to find an optimum process condition, 2D axisymmetric FEM simulation analyses
with Taguchi method were conducted. Geometric variables (attack angle, flatting angle, roller nose radius) and
operating parameters (depth of forming, feed rate) are considered as control factors. Forward flow forming with
single roller was first analyzed to determine the effective factors using AFDEX software and attack angle of the
roller was identified as the most influential factor. Also, the nose radius of the rollers was confirmed as a
significant factor in multi-rollers flow forming system. The effect of rollers offset values are also studied and
finally, we proposed optimal conditions to improve the accuracy of flow forming process with Inconel718 tube
for mortar barrel manufacturing.

Key Words : Flow Forming(R&4& &), Inconel718(2!Z'718), Design of Experiment(A! &7 <lH),
Finite Element Analysis(+8t22-5{4), Mortar Barrel Manufacturing(®4Z X E &l X =)
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Fig. 4 Control factors in forward flow forming
process; Attack angle, Flatting angle, Feed
rate, Roller nose radius, Depth of forming

Table 1 Selection of control factors and each levels

Control factor Symbol Level
1 2 3
Attack angle(°) a 5 15 | 25
Flatting angle(®) B 5 15 | 25
Feed rate(mm/s) f 08 |19 3.0
Roller nose radius(mm) r 4 8 12
Depth of forming(mm) d 1.0 | 2.0 | 3.0
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Table 2 Significant factors after ANOVA pooling

Factor \ P-value Initial value | 1% pooling
Attack angle 0.000 0.000
Flatting angle 0.075 0.074

Feed rate 0.346 -
Roller nose radius 0.041 0.040
Depth of forming 0.127 0.127

Table 3 Confirmation of result with several additional

simulation
Factor
No. 4 B / p d &(mm)
| 1-1 15 5 30 12 | 3.0 0.01579|
1-2 5 5 3.0 | 12 | 3.0 [0.02993
1-3 ] 25 5 3.0 | 12 | 3.0 ]0.02631
1-4 15 15 1 3.0 | 12 | 3.0 |0.01677
1-5 15 25 1 3.0 | 12 | 3.0 |0.02215
1-6 15 5 0.8 12 | 3.0 |0.01717
1-7 15 5 1.9 1 12 | 3.0 |0.01989
1-8 15 5 3.0 4 3.0 0.02329
1-9 15 5 3.0 8 3.0 10.01785
1-10 | 15 5 3.0 | 12 | 1.0 10.01959
1-11 | 15 5 3.0 | 12 | 2.0 10.02172
m-Attack angle
0.032] -@- Flatting angle
0.0301 " —¢— ;iﬁ:rri:)ese radius
0.028 —q- Depth of forming
fg 0.026 - l
£ 0.024 v
W 0.022 < ®
0.020 < A
0.018 A
0.016 ® n
1 2 3
Level

Fig. 6 Comparison of result with respect to level
changes
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Fig. 8 A cross section during multi roller process

Table 4 Selection of control factors and each levels
for multi-roller system

Level
Control factor Symbol 62V ¢ 3
Flatting angle(®) B 5 15 | 25
Roller nose radius(mm) r 4 8 12
Feed rate(mm/s) f 08 |19 3.0

Table 5 Orthogonal amray of L, with results

No. 5 Fajtor ; e(mm)
2-1 5 4 0.8 0.04261
2-2 5 4 0.8 0.04474
2-3 5 4 0.8 0.03881
2-4 15 8 1.9 0.04088
2-5 15 8 1.9 0.04301
2-6 15 8 1.9 0.03707
2-7 25 12 3.0 0.04010
2-8 25 12 3.0 0.04223
29 25 12 3.0 0.03629

B() r(mm) f(mm/s)

REA
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Fig. 9 S/N ratio analysis of multi-roller process
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Table 6 Significant factor after ANOVA pooling

Factor \ P-value | Initial value | 1% pooling
Flatting angle 0.583 -
Roller nose radius 0.073 0.014
Feed rate 0.254 0.136

Table 7 Confirmation of result with additional

simulations
No. 5 Faffor ; ¢(mm)
| 3-1 25 4 0.8 0.02472 |
3-2 5 4 0.8 0.02569
3-3 15 4 0.8 0.02635
3-4 25 8 0.8 0.02493
3-5 25 12 0.8 0.03078
3-6 25 4 1.9 0.02791
3-7 25 4 3.0 0.02554

@ Flatting angle
-vw- Roller nose radius

0.031
-A-Feed rate v
0.030 A
~— 0.029-
£
£ 0.028-
N
© 0.027
[ J
0.026 - ® "
0.025 | - v °
0.024 . T .
1 2 3
Level

Fig. 10 Comparison of result with respect to level
changes in multi-roller system

Table 8 Simulation results with various axial offset

No. Ao 1(mm) Ao 2(mm) &(mm)
4-1 3 3 0.03632
4-2 4 4 0.04485

[ 3-1 5 5 0.02472 |
4-3 6 6 0.03301
4-4 7 7 0.03719

Table 9 Simulation result with various radial offset

d
No.|Ro I(mm)|Ro 2(mm) AN B[O &(mm)
5-1 0.5 1.0 15[2.0[3.0/0.03191
52/ 05 1.5 1.0 | 1.5 /3.0 0.04166
I5-3 1.0 0.5 1.512.513.010.02290]
3-1 1.0 1.0 1.0 [ 2.0 [ 3.0 [0.02472
5-4 1.0 1.5 0.5|1.5]3.0/0.02495
5-5 1.5 0.5 1.0 2.5 (3.00.02535
5-6 1.5 1.0 0.5/2.03.0/0.03158

511 5.2 5.3 3.1 54 55 56
Simulation No.

Fig. 11 Change of error value with variation of
radial offset conditions
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