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A Study on Improvement Nut Shape for Weld Quality Enhancement of
Ultra High Strength Steel

Lee, Sun Young

Department of Mechanical Engineering
Graduate School of Pukyong National University

Abstract

Currently, efforts to reduce vehicle weight have resulted in increased
application of advanced high strength steels (AHSS) and ultra high strength steel
(UHSS). But the data of the resistance welding process regarding UHSS is not
enough.

In this study, It was tried to optimize nut design by using simulation in order
to improve the welding strength. The weldability of new nut models was tested
by using SORPAS 3D that is software system dedicated to resistance spot
welding (RSW). And two manufactured improve nut models were experimented
and compared with the previous HEX MS8 nut by drawing lobe diagram. As a
result, the improve nut models that have more massive projections showed

improve the welding strength.
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Fig. 3-1 Models of M6 weld nuts (a~e)

Table 3-1 Specifications of M6 weld nuts (a~e)

=N
K‘\//
S h
Parameters a b C d e
S(mm) 10.0 14.0 14.0 15.0 13.0
h(mm) 5.0 6.5 6.5 9.0 6.0
Leg height(mm) 1.0 1.0 0.8 1.0 1.0
Leg volume(mm3) 15.676 | 14.624 | 20.682 | 15.714 | 15.450
Nut volume(mms3) 400.8 | 1056.0 | 896.5 | 1220.0 | 754.5
Nut weight(g) 2.90 7.80 6.90 9.19 5.17
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Fig. 3-2 The model of M8 weld nut
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Table 3-2 Specifications of M8 weld nut

Parameters Value
S(mm) 16.0 /\\
h(mm) 7.5 O
Leg height(mm) 10 v
Nut volume(mm3) 1292.02
Leg volume(mm?) 30.3 3 h
Table 3-3 Chemical composition of SWCH10A (wt.%)
Element C Si Mn P B S Sol-Al
(%) 0.10 0.04 0.46 0.01 - 0.09 0.046

ZeAd §3 AEE TRY A 1 Ae 200 BEA eov A3
ole g FAow T Qrh A mA Alo]e] Wdo] A A
Iy

2 594 AT Aesgon T4 AR

A& &R AP AAHSY 400V, AYLFT 60HzE] DC inverter®] t.
Aol 7Fs3dt AF HE 2.0 ~ 25.0kAo]H, 7Pk S 45kNo 2 A AFHS
o

ok W4 fYd=E 30T, WA 5 /minol W] 4

Aol AREF AW ALSI EEFol EAlehe Srawy BED
(SABC1470) 22 X< 30mm x 30mm x 1.2mmo]|™ A|H Foto] BE
Ads #9188 &5 7. Ad9 884 =42 v59 Table 3-4 ¢ 2

=2

_21_



Table 3-4 Chemical composition of SABC1470 (wt.%)

Element Minimum Maximum

C 0.20 0.25

Mn 1.10 1.35
P - 0.025
S - 0.008
Si 0.15 0.35
Al 0.02 0.06
Ti 0.02 0.05
N - 0.009
B 0.002 0.004
Cr 0.15 0.30

_22_
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Fig. 3-3 Weld strength lobe curve of M8 weld nut
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-

Fig. 4-4 Setting in SORPAS 3D

Table 4-1 Setting conditions in SORPAS 3D

Welding machine

[DC] - Arbitrary spot/projection
welding machine

Electrode name

Type CO; d1=30(mm)

Electrode material

CuCr(ISO 5182 A2-1)

Nut material

SWCH10A

Plate material

SABC1470

Surface coating material

AISi10 (hot stamped condition)

Process parameter settings
Frequency(Hz) 60
Squeeze time(cycle) 2
Welding time(cycle) 7
Holding time(cycle) 3
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Table 4-2 Factors and levels for simulation

Adol A 2 FA4L2 o4 7] (taguchi method)

(9 : mm)
factor
A B C D
level
0 10 0.8 0.90 3.20
1 11 1.0 1.08 3.84
2 12 12 1.26 448
(a) Square outer leg nut
(%9 : mm)
factor
A B C D
level
0 12 0.8 5.0 45
1 13 1.0 6.0 60
2 14 1.2 7.0 75
(b) Square inner leg nut
(&9 : mm)
factor
A B C D
level
0 13 0.8 4.0 0.3
1 14 1.0 5.0 0.6
2 15 1.2 6.0 0.9

(c) Hexagonal inner leg nut
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Table 4-3 Ly(3") tables of orthogonal arrays
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Table 4-4 Information of designed nut volume

Frequency(Hz) 60

Squeeze time(cycle) 2

Welding time(cycle) 7

Holding time(cycle) 3

Square outer leg nut 14

Current(kA) Square inner leg nut 17
Hexagonal inner leg nut
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Table 4-5 Results of simulations

Combination of . .
Results of simulations
No. | factors & levels | Nyt volume | Leg volume
Exp. (mm?3) (mm3) Melted volume| Collapse time
Al B | C|D
(mm?3) (ms)
1 0O|0[0}|O 39548 12.612 25.309 45
2 10|01 492.40 15.940 35.435 55
3 21002 596.80 19.388 32.682 62
4 10|10 501.20 14.504 28.226 49
5 21011 607.60 18.168 46.332 60
6 o|0 |12 386.44 22.316 55.272 82
7 21011210 616.80 16.168 39.032 53
8 o|0 |2 |1 394.08 20.548 52.428 70
9 10|22 490.00 24.744 64.208 91
10 |1 ]1|0]|0 504.00 17.200 34770 48
11 |2 (1|0 |1 611.20 21.688 51.430 56
12 | 0| 1]|]0]| 2 391.12 26.820 60.881 78
13 |21 |1]0 620.40 19.508 45.203 52
14 |01 |11 398.36 24.820 59.019 69
15 |1 (1| 1] 2 495.20 29.860 69.936 89
16 |01 |20 401.60 19.920 31.860 65
17 |11 2|1 503.60 27.456 66.586 79
18 | 21| 2] 2 610.40 32912 60.042 102
19 | 22|00 623.20 22.508 45.848 51
20 0| 2|01 402.00 28.508 62.595 71
21 |1 |20 | 2 500.00 34.652 41.384 86
22 (0| 2]110 406.80 25.228 58.847 59
23 |1 |2 |1|1 508.00 31.660 72.657 77
24 | 2|21 |2 615.60 38.264 70.877 95
25 1|22 1|0 514.40 27.916 69.200 65
26 | 2|22 |1 624.40 34.856 74.669 86
27 |0 | 2|2 |2 406.80 42.600 53.176 129

(a) Square outer leg nut

_38_




Combination of
factors & levels

Results of simulations

No. Nut volume Leg volume
Exp. mm3 mm3 i
p alelclo (mm?3) (mm?) Melted volume| Collapse time
(mm?3) (ms)
1 o|l0|01|O 758.0 11.140 50.492 43
2 1001 917.6 13.404 53.695 47
3 2101012 1089.2 15.220 60.982 51
4 1]0]1]0 921.2 18.612 73.866 59
5 2101111 1095.6 21432 79.655 68
6 O|l0 |12 770.8 23.652 80.964 92
7 2101210 1102.0 27.708 80.105 111
8 0O/0| 211 778.0 31.016 69.765 133
9 110122 938.0 33.672 69.849 143
10 |1 (1|00 918.0 13.688 43.828 40
11 | 2 | 1|0 |1 1091.2 17.680 61.704 45
12 0|1 |02 766.8 19.784 71.320 56
13 (2 (11]0 10944 23.212 81.364 56
14 01|11 774.0 26.868 81.583 77
15 |1 1|1 ]2 9344 30.316 86.431 89
16 |0 |1 |2 ]0 780.8 33.596 76.978 93
17 |1 1|2 |1 943.2 38.636 80.677 131
18 | 2 |1 |2 |2 1117.2 42.640 76.343 150
19 |2 |2|0]0 10904 16.368 45,901 39
20 0| 2] 0|1 767.2 20.268 63.083 46
21 | 1| 2| 0| 2 928.4 24.132 59.749 50
22 |0 2]|1]0 772.8 26.008 87.040 55
23 | 1| 2|11 936.0 31.768 81.024 64
24 | 2| 2| 1|2 1110.8 36.516 92.266 80
25 |1 2|2]0 943.2 38.684 87.814 78
26 | 2| 2|2 |1 1120.0 45.640 83.165 117
27 | 0| 2| 2| 2 798.8 51.320 75.433 150

(b) Square inner leg nut
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Combination of
factors & levels

Results of simulations

No. Nut volume Leg volume
Exp. mm3 3 i
p alelclo (mm?3) (mm?) Melted volume| Collapse time
(mm?3) (ms)
1 o|l0|01|O 7614 9.006 31.080 44
2 1001 903.0 10.776 33.966 37
3 2101012 10554 13.326 40.659 38
4 1]0]1]0 909.6 17.394 54983 50
5 2101111 1059.6 17.058 54.458 48
6 O|l0 |12 772.2 20.172 59.241 54
7 2101210 1069.8 27.786 56.445 95
8 0O/0| 211 781.2 29.262 53.691 100
9 110122 922.2 29.862 58.514 102
10 |1 (1|00 904.2 11.898 28.979 69
11 |2 |10 |1 1056.0 13.536 31.493 37
12 0|1 |02 769.2 16.896 39.699 41
13 (2 (11]0 1066.8 23.598 64.298 53
14 0|1 |11 774.0 21.954 58431 53
15 |1 1|1 ]2 918.6 26.514 59.677 60
16 |0 |1 |2 ]0 789.6 37.692 57.292 102
17 |1 1|2 |1 927.6 35412 59.456 91
18 | 2 |1 |2 |2 1080.0 36.834 64.740 98
19 |2 |2|0]0 10554 13.332 33.051 38
20 0| 2] 0|1 769.2 16.878 37.634 41
21 |1 |20 2 912.6 20.634 42.604 43
22 (0| 2]11|0 776.4 24.174 61.671 64
23 | 1| 2|11 919.2 26.454 63.234 54
24 | 2| 2| 1|2 1072.2 29.814 63.258 57
25 |1 2|2]0 933.0 40.872 63.153 108
26 | 2| 2|2 |1 10854 43482 66.418 88
27 | 0| 2| 2| 2 7974 44940 61911 103

(c) Hexagonal inner leg nut
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Fig. 4-10 Main effects plot for melted volume
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Fig. 4-11 Main effects plot for collapse time
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Table 4-6 Substitution square outer leg nut simulation results with
relative values

Combination of

Melted volume

No.
Ex factors & levels (mm3)
P- A B C D Absolute value | Relative value
1 0 0 0 0 25.309 0
4 1 0 1 0 28.226 0.059
23 1 2 1 1 72.657 0.959
26 2 2 2 1 74.669 1
(a) melted volume
No Combination of Collapse time
Ex factors & levels (ms)
P- A B C D Absolute value | Relative value
27 0 2 2 ) 129 0
18 2 1 2 2 102 0.321
10 1 1 0 0 48 0.964
1 0 0 0 0 45 1
(b) collapse time
Table 4-7 Weighting methods for simulation results
Melted Co!lapse Weight Melted Co!lapse Weight
volume| time volume| time
Mefted | 3 0.75 Melted e 1 1/3 | 025
volume volume
Il Il
Collapse |, - 1 0.25 @lspser” 5 1 0.75
time time
Sum 1 Sum
(a) (b)
Melted Co!lapse Weight
volume| time
Melted 1 1 05
volume
Il
Collapse | 1 0.5
time
Sum 1

(c)
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Weighti Nut
rﬁleqcholglg Square Square Hexagonal
outer leg inner leq inner leq
0.25-0.75 23, 25, 26 | 22, 24, 25 | 13, 23, 24
0.50-0.50 19, 22, 25 | 13, 20, 22 3,5 13
0.75-0.25 22, 23, 25 | 13, 22, 24 | 13, 23, 24
AzHor 4§ 3% Ao Fe@ WEY Yol &4 A} ¥z
Azre] FoEE FAFA ned @ Az WEvle 229, §7 YEv)e) 231
< 7HE NAdE FgeE AAsglth tha Fig 4-172 AAS d HE
2 712 UE A Bdold Axte} nlas Ao},

Table 4-8 Optimal modeling of nut

Before
Nut volume(mm?3) 1056.0 J 27%(1)
Leg volume(mm?3) 14.624 e 26.008 | 77%(1)
Melted volume(mms3) 45.677 87.040 | 90%(1)
Collapse time(ms) 42 55 31%( 1)
(a) Square inner leg nut
Before After
Nut volume(mm3) 896.5 8994 -
Leg volume(mm?3) 20.682 R 26.450 28%(1)
Melted volume(mm?) 50.697 63.234 | 25%(1)
Collapse time(ms) 67 54 19%( 1)

(b) Hexagonal inner leg nut

Fig. 4-17 Result changes by improvement of design (M6 nut)
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Before After
Nut volume(mma3) 1056.0 985.8 -
Leg volume(mm3) 14.624 25900 | 77%(1)
Melted volume(mms3) 45.677 93.132 | 104%( 1)
Collapse time(ms) 45 68 51%( 1)
(a) Square inner leg nut
Before After
Nut volume(mm3) 1292.0 1302.0 -
Leg volume(mm?3) 30.300 40.300 | 33%(1)
Melted volume(mms3) 62.759 67.769 | 8.0%(1)
Collapse time(ms) 80 74 7.5%(1)

(b) Hexagon inner leg nut
Fig. 5-1 Result changes by improvement of design (M8 nut)
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N
)

Value
Parameters . Square Hexagonal
inner leg |inner leg
nut nut
S(mm) 14.0 16.0
h(mm) 6.5 7.5
Leg height(mm) 1.2 1.2
Nut volume(mms3) 985.8 1302.0
Leg volume(mm3) 25.900 40.300

S

Fig. 5-2 Specifications of designed M8 weld nuts
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(a) Square inner leg nut
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16 17 18

(b) Hexagon inner leg nut
Fig. 5-3 Weld strength lobe curves of designed M8 weld nuts
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