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An investigation of V-bending for High Strength Steel
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An investigation of V-bending for High Strength Steel
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Abstract

The bending of high strength steel is not enough of spring back factor data after bending
process. Thercfore, it was difficult to design of the punch-die angles and increased of the time to
making and manufacture in industrial. Therefore, this project aimed to study of the parameters
and forces arc cffect to the spring back in bending in bending process, The material was used in
this rescarch is high strength steel forming by used the v-bending dics with punch-dic radius are
10, 12.5, 15, 17.5, 20, 22.5 mm respectively and used punch angles are 30°, 60°, 90°and 120°
respeetively. The results was found that the parameter are cffect to the force and spring back are
punch-dic radius. punch angle, and yield stress. as the punch-dic radius increasc the spring back
factor was increase. In addition, the increasing of vield stress was increased the spring back factor
morc than the other parameters. Mcanwhile, the punch-die angles arc not effect to the spring back

factor. The results from the finite element simulation were agreement with the experiment results.

Keyword : Bending Process/ Finite Element Mcthod
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Specimen A
Standard Atemative
in. mm n. mm
G Gage length 2.00 £ 0.01 50 % 025 1.00 2 0.005 25 £ 0.3
w Width (Notes 1 and 2) 0.500 + 0.01 125+ 025 0.500 %001 B 12.5 + 0.025
T Thickness thickness of rmaterial tickness of matedal
R Radius of filet, min e 13 e 13
L Cverall length, min 8 200 Ta 180
A Langth of reduced saction, min 3 75 e &0
B Leangth of grip section, min 2 50 2 50
(o4 Wiith of grip soction, approximate  Ya 20 ¥s 20

Note 1—The edgas of the reduced section shall be machined paraliel Over the gage lengih within a tolerance of 0.000S in. (0.012 mm}
Note 2—The ends of tha reduced section shall not ditfer In width by more than 0.005 In. or 0.013 mm. However, ths width within the gage length must conforax
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Fu | Sedl | el Sedidhn ANMAY P o
- L NTUII kR Sadiviuy
N ey ¥ e 510
1 5 3 10 300 84.6 0.940 2.760
2 5 3 12.5 300 90.55 1.006 3.024
3 5 3 15 300 84.61 0.940 2.760
4 5 3 17.5 300 90.96 1.011 3.043
) 5 3 20 300 92.34 1.026 3.104
6 5 3 22.5 300 88.07 0.979 2.914
7 10 8 10 300 86.79 0.964 7.679
8 10 8 12.5 300 88.27 0.981 7.827
9 10 8 15 300 86.79 0.964 7.679
10 10 8 17.5 300 87.54 0.973 7.754
11 10 8 20 300 90 1.000 8.000
12 10 8 22.5 300 90 1.000 8.000
13 15 13 10 300 94.41 1.049 13.686
14 15 13 12.5 300 95.62 1.062 13.874
15 15 13 15 300 94.41 1.049 13.686
16 15 13 17.5 300 91.46 1.016 13.227
17 15 13 20 300 94.1 1.046 13.638
18 15 13 22.5 300 92.83 1.031 13.440
19 20 18 10 300 95.99 1.067 19.265
20 20 18 12.5 300 92.53 1.028 18.534
21 20 18 15 300 95,99 1.067 10.265
22 20 18 17.5 300 95,22 1.058 19.102
23 20 18 20 300 96.8 1.076 19.436
24 20 18 22.5 300 91.54 1.017 18.325
25 25 23 10 300 96.69 1.074 24.784
26 25 23 12.5 300 95.23 1.058 24.395
27 25 23 15 300 096.7 1.074 24.787
28 25 23 17.5 300 08.32 1.092 25.219
29 25 23 20 300 99.21 1.102 25.456
30 25 23 22.5 300 100.33 1.115 25.755
31 30 28 10 300 97.49 1.083 30.413
32 30 28 12.5 300 99.65 1.107 31.109
33 30 28 15 300 100.74 1.119 31.461
34 30 28 17.5 300 103.3 1.148 32.286
35 30 28 20 300 100.02 1,111 31.229
36 30 28 22,5 300 103.65 1.152 32.398
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1 5 3 10 350 86.48 0.961 2.844
2 5 3 12.5 350 88.16 0.980 2,918
3 5 3 15 350 90.68 1.008 3.030
4 5 3 17.5 350 83.61 0.929 2.716
5 5 3 20 350 89.56 0.995 2.980
6 5 3 22.5 350 89.13 0.990 2.961
7 10 8 10 350 87.12 0.968 7.712
8| 10 | 8 12.5 350 87.72 _ 0.975 7772
9 10 8 15 350 86.48 0.961 7.648
10| 10 8 17.5 350 88.83 0.987 7.883
11 10 8 20 350 90.52 1.006 8.052
12 | 10 8 22.5 350 88.7 0.986 7.870
131 15 13 10 350 94.73 1.053 13.736
14 15 13 12.5 350 93.95 1.044 13.614
151 15 13 3 350 94.73 1.053 13.736
16 1 15 13 17.5 350 95.34 1.059 13.831
17| 15 13 20 350 89.81 0.998 12.970
18 | 15 13 24.5 350 96.26 1.070 13.974
19 20 | 18 10 350 96.26 | 1.070 19.322
20| 20 | 18 T 350 9.01 | 1.067 19.269
21 1 20 18 15 350 96.26 1.070 19.322
22 20 18 17.5 350 93.63 1.040 18.766
2320 18 20 350 94.95 1.055 19.045
24 20 18 22.5 350 92.56 1.028 18.540
25 | 25 23 10 350 96.9 1.077 24.840
26 | 25 23 12.5 350 97.01 1.078 24.869
27 | 25 23 15 350 97.26 1.081 24.936
28 25 23 17.5 350 94.21 1.047 24.123
29| 25 23 20 350 95.3 1.059 24.413
30 25 23 22.5 350 95.96 1.066 24.589
311 30 28 10 350 97.87 1.087 30.536
32 | 30 28 12.5 350 100.74 1.119 31.461
331 30 28 15 350 97.87 1.087 30.536
341 30 28 17.5 350 99.42 1.105 31.035
35 30 28 20 350 106.2 1.180 33.220
36 | 30 28 22.5 350 111.38 1.238 34.889
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1 5 3 10 400 86.16 0.957 2.825
2 5 3 12.5 400 90.93 1.010 3.041
3 5 3 15 400 86.16 0.957 2.829
4 5 3 17.5 400 88.27 0.981 2.923
5 5 3 20 400 88.09 0.979 2.915
6 5 3 22.5 400 84.63 0.940 2.761
7 10 8 10 400 88.37 0.982 7.837
8 10 8 12.5 400 88.34 0.982 7.834
) 10 8 15 400 88.37 0.982 7.837
10 10 8 17.5 400 89.21 0.991 7.921

11 10 8 20 400 93.08 1.034 8.308
12 10 8 22.5 400 93.2 1.036 8.320
13 15 13 10 400 94.77 1.053 13.742
14 15 13 12.5 400 94.79 1.053 13.745

15 15 13 15 400 94.77 1.053 13.742
16 15 13 LS 400 95 1.056 13.778
17 15 13 20 400 96.16 1.068 13.958
18 15 13 223 400 96.46 1.072 14.005

19 20 18 10 400 97 1.078 19.478
20 20 18 1255 400 9859 1.063 19.201

21 20 18 15 400 Obn/ 7 1.064 19.218

22 20 18 17.5 400 94.98 1.055 19.051

23 20 18 20 400 97.16 1.080 19.512
24 20 18 2945 400 97.46 1.083 19.575
25 25 23 10 400 97.16 1.080 24.909
26 25 23 12.5 400 95.71 1.063 24.523
27 25 23 15 400 95.32 1.059 24.419
28 25 23 17.5 400 97.63 1.085 25.035
29 25 23 20 400 97.26 1.081 24.936
30 25 23 22.5 400 96.53 1.073 24.741
31 30 28 10 400 97.16 1.080 30.307
32 30 28 12.5 400 92.73 1.030 28.880
33 30 28 15 400 97.16 1.080 30.307
34 30 28 17.5 400 99.42 1.105 31.035
35 30 28 20 400 102.75 1.142 32.108
36 30 28 22.5 400 96.63 1.074 30.136




T ¥ v
M13197 0.4 Hams SiasemIsatuglad Taamannuns@ageanianuduasn 450

@

76

=D
hd

fordd
=
f=d)}

Sainn

@/
REREUIIN Y

. o, UFTUNH kR s
A oawe ud g A3IN
1 5 3 10 450 87.47 0.972 2.888
2 5 3 12.5 450 92.76 1.031 3.123
3 5 3 15 450 87.47 0.972 2.888
4 5 3 17.5 450 86.18 0.958 2.830
5 5 3 20 450 88.09 0.979 2.915
6 5 3 22.5 450 85.9 0.954 2.818
7 10 8 10 450 89.43 0.994 7.943
8§ 10 | 8 12.5 450 80.3  0.992 7.930
9 10 8 15 450 89.44 0.994 7.944
10 10 8 17.5 450 87.87 0.976 7.787
11 10 8 20 450 91.46 1.016 8.146
12 10 8 22.5 450 90 1.000 8.000
13 15 13 10 450 94.95 1.055 13.770
14 15 13 12.5 450 95.88 1.065 13.915
15 15 13 15 450 94.95 1.055 13.770
16 15 13 178 450 94.36 1.048 13.678
17 15 13 20 450 89.25 0.992 12.883
18 15 Ie 22.5 450 97.49 1.083 14.165
19 | 20 | 18 10 450 96.49 | 1.072| _ 19.370
20 | 20 | 18 12.5 450 9%.79 |  1.075|  19.433
21 20 18 15 450 96.77 1.075 19.429
22 20 18 i T, 450 95.21 1.058 19.100
23 20 18 20 450 97.63 1.085 19.611
24 20 18 2255 450 97.56 1.084 19.596
25 25 23 10 450 97.29 1.081 24.944
26 25 | 23 12.5 450 96.03|  1.067, _ 24.608
27 25 23 15 450 96.46 1.072 24.723
28 25 23 17.5 450 97.65 1.085 25.040
29 25 23 20 450 95.09 1.057 24.357
30 25 23 22.5 450 97.53 1.084 25.008
31 30 28 10 450 97.43 1.083 30.394
32 30 28 12.5 450 98.8 1.098 30.836
33 30 28 15 450 97.43 1.083 30.394
34 30 28 17.5 450 105.05 1.167 32.849
35 30 28 20 450 112.23 1.247 35.163
36 30 28 22.5 450 99.93 1.110 31.200
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1 5 3 10 500 87.52 0.972 2.890
2 5 3 12.5 500 86.05 0.956 2.824
3 5 3 15 500 87.22 0.969 2.876
4 5 3 17.5 500 90 1.000 3.000
5 5 3 20 500 89.58 0.995 2.981
6 5 3 22.5 500 90 1.000 3.000
7 10 8 10 500 91.33 1.015 8.133
8 10 8 12.5 500 91.45 1.016 8.145
9 10 8 15 500 91.33 1.015 8.133
10 10 8 17.5 500 93.96 1.044 8.396
11 10 8 20 500 88.77 0.986 7.877
12 10 8 22.5 500 93.57 1.040 8.357
13 15 13 10 500 95.81 1.065 13.904
14 15 13 12.5 500 89.61 0.996 12.939
15 15 13 15 500 95.81 1.065 13.904
16 15 13 17.5 500 96.17 1.069 13.960
17 15 13 20 500 96.85 1.076 14.066
18 15 13 22.5 500 89.97 1.000 12.995
19 20 18 10 500 96.69 1.074 19.412
20 20 18 12.5 500 96.02 1.067 19.271
21 20 18 13 500 g 1.082 19.562
22 20 18 7.9 500 97.61 1.085 19.607
23 20 18 20 500 95.8 1.064 19.224
24 20 18 2259 500 97.73 1.086 19.632
25 25 23 10 500 97.8 1.087 25.080
26 | 25 23 TA8 500 97.82 1.087 25.085
27 25 23 15 500 98.6 1.096 25.293
28 25 23 17.5 500 98.26 1.092 25.203
29 25 23 20 500 98.64 1.096 25.304
30 25 23 22.5 500 97.98 1.089 25.128
31 30 28 10 500 98.58 1.095 30.765
32 30 28 12.5 500 99.18 1.102 30.958
33 30 28 15 500 105.79 1.175 33.088
34 | 30 | 28 17.5 500 109.64 | 1.218| 34.328
35 30 28 20 500 113.71 1.263 35.640
36 30 28 22.5 500 107.1 1.190 33.510
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1 5 3 10 550 87.72 0.975 2.899
2 5 3 12.5 550 84.23 0.936 2.744
3 5 3 15 550 84.61 0.940 2.760
4 5 3 17.5 550 85.7 0.952 2.809
5 5 3 20 550 83.39 0.927 2.706
6 5 3 22.5 550 86.39 0.960 2.840
7 10 8 10 550 93.64 1.040 8.364
8 10 8 12.5 550 91.39 1.015 8.139
9 10 8 15 550 93.64 1.040 8.364
10 10 8 17.5 550 97.91 1.088 8.791
11 10 8 20 550 88.2 0.980 7.820
12 10 8 22.5 550 89.04 0.989 7.904
13 15 13 10 550 96.6 | 1.073 14.027
14 15 13 12.5 550 96.41 1.071 13.997
15 15 13 15 550 96.61 1.073 14.028
16 15 13 17.5 550 88.93 0.988 12.834
17 15 13 20 550 92.69 1.030 13.418
18 15 13 22.5 550 89.98 1.000 12.997
19 20 18 10 550 97.01 1.078 19.480
20 20 18 12.5 550 98.31 1.092 19.754
21 20 18 15 550 08.28 1.092 19.748
22 20 18 17.5 550 96.25 1.069 19.319
23 20 18 20 550 97.04 1.078 19.486
24 20 18 22.5 550 97.21 1.080 19.522
25 25 23 10 550 98.01 1.089 25.136
26 25 23 12.5 550 98.64 1.096 25.304
27 25 23 15 550 98 1.089 25,133
28 25 23 17.5 550 98.97 1.100 25.392
29 25 23 20 550 99.27 1.103 25.472
30 25 23 22.5 550 99,98 1.111 25.661
31 | 30 28 10 550 100.08_ 1.112 | 31.248
32 30 28 12.5 550 108.54 1.206 33.974
33 30 28 15 550 108 1.200 33.800
34 30 28 17.5 550 100.32 1.115 31.325
35 30 28 20 550 96.86 1.076 30.210
36 30 28 22.5 550 112.47 1.250 35.240
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1 10 9.870 0.987

2 12.5 12.368 0.989

3 15 14.909 0.993

4 17.5 17.411 0.994

5 20 20.074 1.003

6 225 22.808 1.013
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300 10 8 0 90 88.23 0.980
350 10 8 10 90 88.94 0.988
400 10 8 10 90 89.5 0994
450 10 8 10 90 89.68 0.996
500 10 8 10 90 89.8 0.998
550 10 8 10 90 92.82 1.031
AT1aR 1.9 naasnsFam sy s MsAnsndTe LTI
. . oo s efan YU %y AdulssAnann
Feflene | SeluG | aAunsIn ot | o e
Ao T T TR AadINaL
10 8 350 10 30 29.534 0.984
10 8 350 10 60 58.090 0.985
10 8 350 10 90 88.940 0.988
10 8 350 10 120 118.750 0.989
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LUINITIA 45 90 180
Sel HUS | 1R (ATR N nul | T
Wuda G‘f’f’uﬁ mim mm kR 1.5mm 2mm kR I.5mm | 2mm kR

] 822 0913 85.2 0.947 86.4 0.960

2 81 0.900 84.45 0.938 84.25 0.936

R10 3 83.35 0.926 | 83.2 0.924 84.5 | 0.939
4 77 0.856 84.2 0.936 84.25 0.936

5 83 0.922 83.25 0.925 86.15 0.957

| 76.35 0.848 87.45 0.972 81.4 0.904

2 ! 79.4 0.882 80.3 0.892 81.35 ‘ 0.904

R12.5 3 80 0.889 80.45 (0.894 81.45 | 0.905
4 80 0.889 81 0.900 81.45 0.905

5 793 0.881 80.55 0.895 82 0911

I 91.15 1.013 93.25 1.036 94 1.044

2 92.5 1.028 93.3 1.037 94.1 1.046

R15 3 91.2 1.013 92.35 1.026 93.55 1.039
4 92 1.022 92.45 1.027 94.3 1.048

5 92.3 1.026 92.5 1.028 94 1.044

| 90 1.000 92 1.022 923 1.026

2 91 1.011 92.5 1.028 93.1 1.034

R17.5 3 91.2 1.013 93 1.033 92.35 1.026
4 914 1.016 90.4 1.004 90.45 1.005

5 86.3 0.959 91 1.011 91.45 ‘ 1.016




I 94.45 1.049 | 93.55 1.039 94.45 1.049
2 94.25 1.047 | 933 1.037 95 1.056
R20 3 93.3 1.037 | 93.1 1.034 94.2 1.047
4 93.5 1.039 96 1.067 96 1.067
5 93.1 1.034 96 1.067 96 1.067
! 94 1.044 | 96.15 1.068 96.3 1.070
~~~~~~~ 2 94 1.044 | 9625 1.069 | 92.55 1.028
R22.5 3 96.5 1072 | 96.15 1.068 | 92.1 1.023
4 96 1.067 95 1.056 96 1.067
5 96.5 1.072 95.5 1.061 96.3 1.070
MR 1.2 ﬁmammméaa’;mmma"fmgamﬁdﬂﬁﬁ@
45 90 180
185 2 1.5 2 1.5 2

10 0.900 0913 0.938 0.924 0.936 0.960

12.5 0.889 0.882 0.972 0.900 0911 0.904

15 1.022 1.013 1.028 1.026 1.039 1.044

17.5 1.013 1.011 1.033 1.011 1.034 1.016

20 1.047 1.037 1.039 1.007 1.067 1.049
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