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The Effect of Composition of Nut Material on the
Fracture Behavior in Nut Projection Welding of
Hot-Stamped Steel Sheet

SungSang Lim

Department of Marine Equipment Engineering
Graduate School of

Korea Maritime and Ocean University

Abstract

The use of materials for modern lightweight auto-bodies is becoming
more complex than hitherto assemblies. The high strength materials
nowadays frequently used for more specific fields such as the front and
rear sub frames, seat belts and seats are mounted to the assembled body
structure using bolt joints. It is desirable to use nuts attached to the
assembled sheets by projection welding to decrease the number of loose
parts which improves the quality. In this study nut projection welding was
carried out between a nut of both boron steel and carbon steel and
ultra-high strength hot-stamped steel sheets. Then, the joints were

characterized by optical and scanning electron microscope.
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The mechanical properties of the joints were evaluated by microhardness
measurements and pull-out test. An indigenously designed sample fixture
set-up was used for the pull-out tests to induce a tensile load in the weld.
The fractography analysis revealed the dominant interfacial fracture
between boron steel nut weld which is related to the shrinkage cavity and
small size fusion zone. A non-interfacial fracture was observed in carbon
steel nut weld, the lower hardness of HAZ caused the initiation of failure
and allowed the pull-out failure which have higher in tensile strengths and
superior weldability. Hence the fracture load and failure mode
characteristics can be considered as an indication of the weldability of

materials in nut projection welding.

KEY WORDS: Nut projection welding LE =244 &%, Hot stamped steel 3t
eisg 7} Carbon steel nut ©47 HE; Boron steel nut E&7F Y E; Failure mode

vtk m & Shrinkage cavity £33
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Table 1 Chemical composition of tested steel

Chemical composition (wt. %)

C Si Mn P S Cr

0.021 0.26 1.27 0.017 0.003 0.220.45
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Table 2 Chemical composition of weld nuts.

Chemical composition (wt.%)

C Si Mn P S Cr Sol-Al B
Carbon steel | 0.0993 | 0.039 0.461 | 0.0121 | 0.0094 0.046
Boron steel | 0.2095 | 0.413 0.653 0.011 | 0.0036 0.16 0.00016

embossing —p-

(a)

k.
F
h.

(c)

Fig. 3 Schematic diagram of nut projection welding samples,
(a) Cross section of sample positioning for welding (b) Nut
(c) Magnified bottom view of one leg of the nut (d) Plate.
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Fig. 4 Nut projection welding experimental set up
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A 7 Cycle(117 mo)¥ oA 3] & Pull-out stz FH3IAT

VAR AL 29 EyE A EA &G pull-out 5] 500 kgf ©]’

Table 3 Welding condition for the nut projection welding.

Welding condition (single pulse)

Electrode force Squeeze time Weld Current Weld Time Hold time

4.5 kN 60 Cycle 9~16 kA 3~7 Cycle 10 Cycle
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Fig. 5 Pull-out load test, (a) Fixture for pull-out testing
(b) Sample (c) Schematic diagram.

14

Collection @ kmou

Applied Force



UE ZeAd 84 Adwe] §R¥E DAY A B719 5] Aolel

FYe AU DU BISGT Y VIS AT AFW Ade &7

APe AAG BB 5719 Sr14le] FYS AT | vheHsGh o
H

flo
2 o
o
=
ol
ok
£
g3
o

5| (etching) &<4(ethanol 98ml, picric acid 3g, HCL
2mhe = & X3 AT F AAAWALEICA EZ4HD)S o] &3t &HFE

333 yarE £4

Hare #4485 st Pullout Alge] ¢8H AH vuws 2AH
TESCAN, USA¢] FE-SEM (Field emission scanning electron microscope) 7
AT 15 kV Az A #AZeglar, a3 i 5718 #Es]
A A 608 &0l A HFstAT

'~

A Ao JE ZZAMH 849 st r = plug fracture ¥ interfacial
fracture¥t AFE% 31 oy AA 83 Al Plug fracturee} interfacial fracture
ol9lo= o2 ukd ey} #HET Plug fracture$} interfaical fracture o]<]

c= B35y 93 A Lo FunT A AWS D.8.IM12]S
Attt FE-SEMS 299 sdd 4o Ja9x 2 4S5
st UE 244 §4o dadres 4 Agsait

15

Collection @ kmou



A 43 A 8 uF

41 YE AAE 7184773 8 Pul-out 35 Hlal

g47 UE 9 HEFR HE FHEo| mE &HA gds st igE s
45 kKNe.2 34 & S8-HAF -7 T g 84 2R3 HE =&t 9]
£ Fig. 6a <} 6bell Z+Z7F YelgAt. 45 84 373+ Pull-out 3t5&
500 kgf o]o2 MAEY T} Pull-out 3+5< Fig.
3k, Pull-out 3+ 500 kef o|4F & (¥ 584

q

:|1
UE Z2ad 9—@ A Ee AR 27 EE 7 SN HEoR A% YE

SRl el g4 Ad JERZ 84S AlYs 49 Fig 6a §FALT &
HAF7 71442 Pull-out 35 Z718FTh 9 kKA ~ 12kA 8- AR
= 117ms9) %—Xd ANZHe A gt e =2 Pull-out &F RV} HA &
o, 3AFE H4a 13kA o] A& A 500 kgf o] *Fa &5 T3t
BEAT. &F-HAIZF] 50 ms ~ 117 ms Xt A Pull-out sk5 500 kgf ©]
ke oF 6709 s A ‘;‘ EHAF 2ol ==HAN
Pull-out 3}%< 13 kKA 117 mse] =gl oF 728 kgf Fom o= 7]&
W7 244 85 AFANE giblste {fARgE pull-out s FEOE

4 =)
2

1O

O>
(v 2 o et %‘Z

o b

)
i

Saggge] BEd A UER Z2Ad §9 A 84 =8 998

6boll YERAAT. BEF UE A& F¢ 8H-AFE 14 kAN 28x

?021.
l R

16

Collection @ kmou



g
o
Y

AZES 100 ms ~ 117 ms FolAT 43 &HFTLEC] =EH AU
J

LHAZFE 50 ms ~ 117 msTzrell A Pull-out 3+ 500 kgf o4& wEste=
Fs ExPAZE @ EHARF =S 204 EAYT =3 HY Pull-out 3tF
2 14 kKA ¥ 100 ms Z7A 563 kgf7l SREOY o]l 8L HE =2
Ad &3 A Pull-out dtFo] Blaf @& S BAT FLIF FHAT] A
€ HIS v FE FHAFO-11 kKAHA A= BREZ HET @47 HE
Hlsll o] =2 Pull-out dtFo] #EEHUT. =3I FEH LAY FEE HE
Z UEZ ©az UEG Hle] 10 kA W& AFA wEG. o= HEY

& ddo]l F7Hd Aol 7]

st Aow Az odd @4e Okawas(13le] AFNHE Re u}
S ol AF HEH A AP AFARTII Al ws) e AR
of FHHE AR FAR AFOE B 5 Utk B FHARTHO1L kA)
The A SHAF 12-15 KA F2he] Pullout 350 AAHeE nED
UEZ Gag UES us) e AFE Bel

3 2 44 a4 A UE or g A
Ao vEe] g4l FEEHEA 2 Hd) Pul-out 3}F FW BT IA
Aoz BHAT. WA O AN Bed YEZ Bag YEd M we

17

Collection @ kmou



| | Expulsion X ‘ Distertion of nut ‘

Numeral | Pull-out load [I Pull-out load » 500kef ‘
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&7 5 5 6 26 139 E?E 592 x
50 0 1 0 35 16 65 172 x

Wald Tima{ms!
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Current (k)
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| | Expulsicn X ‘ Distortion of nut ‘

Mumeral [ Pull-cut load |I Pull-out load > 500kgf ‘
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67 14 58 65 135 140 186 X X
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Widd Timaims)
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Cunent[lu!.J
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Fig. 6 Weldability diagram based on pull-out load for nut projection welding with
hot-stamped steel shee t(electrode force 4.5 kN), (@) Carbon steel nut (b) Boron
steel nut.

18

Collection @ kmou



42 HJE A24E A

SAolAM 2

7]
™

Sig

A

it

=t} webA

to] mA AERT O

)
_

0
0

-

(Button Fracture)e] @€t} 18y 14 =

~
I

Sdstt 7t

-0
[€)

—_—

74 2o = Interfacial Fracture A ®

44l

t ©]

)

Fig. 3bollAl HoAx= A 2

E 7+

1
ZAA 83 HH A

7}

T Fig. 7° YERAH.

i
ot

ol A2l 7}3tell
A o] A ol A

o] F AAe HE mFoA FZEHUT

<

=0
2L

3L

I

of

AR

L —
) By

)

e A9%

S|

Pull-out

& =3 (Shrinkage Cavity)¢l A

i

&

o

ZO

N

o

Fig. 8o WetiAth. Fig. 89 A= A2 Fig. 69 @A oA FAA)

A

)

SR HUE EE71A

e

oF
oy
M
ﬁo

o}
i
+

i

<)

o
ol

227} oF

H

d
Tp

ou

o
ﬁo

W
iy
=0

)

0.00016 wt% F7F=o] Qo] UE Z=AHd - AAANA T4

™
od

o0

19

Collection @ kmou



H

e]
ld
0

!
o

70
O

&
£
o

)

Heg o
2 314 (Dilution) o F A& HE EFofA

=
‘mﬂ

M
ﬁo
ol

oF 450 Hv °]&¢] =

o] A=7F °F 20~30 Hv

v ES
_g]

o) fE UEY T

é—l_

o=

7b A FAC v 41§ 577 Wl vhdol

=t

20

Collection @ kmou



Crack

initiation

(@)

Crack
initiation

)

Fig. 7 Cross section images of nut projection welded sample with 13 kA, 117 ms
and 3.5 kN (a) Carbon steel nut (b) Boron steel nut.
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Fig. 8 Hardness distributions of carbon steel nut and boron steel nut for nut
projection welding with 13 kA, 117 ms, 3.5 kN.
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Fig. 9 Different fracture modes in the nut projection welding of carbon steel

nut, (a) Schematic diagram showing the crack propagation in different fracture

modes as different cases (b) Case 1 with Nut Fracture (c) Case 2 with Partial
Thickness Fracture (d) Case 3 with Plug Fracture.
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Fig. 10 Different fracture modes in the nut projection welding of boron steel

nut: (a) Schematic diagram showing the crack propagation in different fracture

modes as different cases (b) Case 4 with Interfacial Fracture (c) Case 5 with
Partial Thickness Fracture (d) Case 6 with Plug Fracture.

26

Collection @ kmou



st oy Aol TAE
zruzgifmgn9+uﬂl+amkﬂ.

T 2717 €A ol em 2 Ag AdrREd dFe FA HA olE
27y YEA DA mel Fig. 119} Fig. 129 YE}
244 AT JPRE =4 E= Fig aol WeElAAL 22 Caseoll s dsh=
Ba2 = Fig. 11 b, ¢, 2 doll YR AT

=
32
&
i
i
o
2
mg
£
m
1o
K

Fig. 11 ¢} #Zo] vldREo] FZFo] v o] & 35 Fig. 99 &

SaREe nXE £EF WuT A9 Mad 0 feRst 27 o

2

2 AL & 4 Aok Fig. 119] Case 7, Case 8 L Case 99| A #d9 %7
= Fig. 9 ¢ Case 1, Case 2 @ Case 3¢ Attt a8y SR Ed 2%
o] Yggko] wmE ¢ WA= R ok Interfacial FractureZ} =F32] 4o
ol&] TAYgHS %%3}95113}.

Case 79 AS A%l e HE FF5oE Fdo] MPHL &5 FY
AAE F5Fol 91 s} Al vpeto] WA= Q. Case 8¢ 73-%- Case 79} &3t
A UE F822 #4do] I T £53Y T s AHezE #9903l

whko] ofAl M= A Thickness Fracturez} 43 =
= 919 Case 89} frAtstv], #A= Tl IFHIL o] F

= 5T s Adgdo] AT A ow ©@AT
of A} AYE Case 7, Case 8 ¥ Case 9 FYUsHA #<¥€ SUHHAHANA 25
FEITe Bsde AL ¢ F Jdvh w4z gdRErE Partial
Interfacial-partial nut fracture mode, Partial interfacial-partial thickness-partial

nut fracture % Partial interfacial-partial thickness fracture modeZ % W7

= At

27

Collection @ kmou



Carbon steel nut Nut

€ ¥
nudaet e Crack
gget J ~ Propagation
L
Case 8 o
Plate Cased
(@)

1= Cavity 8 Weld button

Partial Interfacial-
partial nut fracture

1= Cavity B Weld button
Partial interfacial-
partial thickness-
artial nut fracture

e=d

I~ 7 Cavity B weld button

Partial interfacial-
partial thickness fracture

Mut

oo

BM -

Fig. 11 Effect of shrinkage cavity on the fracture mode in the nut projection
welding of carbon steel nut, (a) Schematic diagram showing the effect of
shrinkage cavity on the crack propagation in different fracture modes as

different cases (b) Case 7 with partial interfacial-partial nut fracture

(c) Case 8with partial interfacial-partial thickness (d) Partial interfacial-partial

thickness fracture.
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Fig. 12 Effect of shrinkage cavity on the fracture mode in the nut projection
welding of boron steel nut, (a) Schematic diagram showing the effect of
shrinkage cavity on the crack propagation in different fracture modes as

different cases (b) Case 10 with Interfacial Fracture (c) Case 11 with Partial

interfacial-partial thickness fracture.
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Fig. 14 Fracture modes exhibited by the four legs in the nut projection welding
of carbon steel with 13 kA, 117 ms and 3.5 kN, (a) fracture surface at plate,
(b) fracture surface at nut.
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Fig. 15 Pull-out load vs. Fracture modes in the legs of carbon steel and boron
steels nuts.
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