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Using Al-Si Coated Hot-Stamped
Boron Steel and investigating its
resistance spot welding process for
Automobile Body
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Abstract

In recent years, following the attention of the automobile
industry to reduce the weight of cars, the use of alternative
materials with lower weight and better mechanical
properties has been the focus of these companies. In
particular, hot-stamped boron steel has been considered as
an alternative material due to its good mechanical
properties. This material is used to reduce the weight of the
frame due to its reduced thickness, excellent performance
and good performance. Considering that hot stamping of
boron steel causes oxidation and carbon deposition on the
surface, the use of surface coating is necessary to prevent
these cases. This coating layer itself causes side problems
such as the narrowing of the weldable range and also the
reduction of mechanical properties during resistance
welding. Therefore, in this study, we introduce research
performed to improve the weldability of Al-Si coated hot-
stamped boron steel in terms of the material and process.

Keywords: hot-stamping, Boron steel, Resistance spot
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! TWIP: Twinning Induced Plasticity
2 TRIP: transformation-induced plasticity
3 Dual-Phase



Resmstance [uil]

v FO_YO Gl ¥+ jub & oyles ) Jlo ¢jlgal aoly (oMl 2151 oKl wlge g5 ¢ pxdaw (wdien pole ;> Clisins sale & i

53 25 78N S, et 2558 5 1) Sl kS ¥ S
Sl Y5 S ALSE (i aY syl pde b sam
29 A 550 RIAIL as oo QLIS 02 B3 05 5
syam 5 Al s SalS et Do 4 IS Caslie
3579 a0 RIP e e IS sl 2y Y
Ll hlpe (a8 Ghds aY Ok Ll s 4 o
ol s cole bl e L cwslie js sl
3 ol (5 ) (A Y Sl A0 sl
oo sl 5lde EalS gl il il s Sl g0 S
(ks 48 el ) ol cpl 5 35 3 g s s s
GOV S coglie (b aY Gl Sl S
2lgm 038wz Pl )3 4zt 53 55,13 Al S
ool YL Cslis LFe-ALSi s Fe-Al ile 656
0 ALSE idg Y plale [JATY] s e WS
teslie s ok 55 VL sle S sl Jele Ol e
il Ly Sl O lads it 3 5 AS e fes

VALAAT das e

=l Bclons coanng femonal
. Afler coaming resovel

5|

R

L

R T T

;':m.ndu.l'.—.'( ]

@

e () o o5 sl N pALSE d g J-Y K
ot i i o () 2 250213 5 i ol

[YY] iy Sl S ey 5 5 Conslie () by 2l
odasr gl 4 O 03,0 3 4 b 3 oS LS
o g CtS PalS e 5 i OIS (W 5d e
slse Olde 5 oS ) shailan (A0S o sl | Glekily jalS

O o 4l ankd Sl b 0L O s 4 4l
Sl (ol 45 55l e sl andad S e s (slBL
ekl b sl b ol ly [UTYEY0] das e 2alS 1,

Sl Sy s sk o ALSE Ads oY JgS

sl 2V b eslin 5 S sla S5y Y

ALSE fd gy b ol By 2 5 0

g o s ssb VB a0 Y
Al-Si g Lol

A G sl O G s K LB
S JB Oz e L IS 5k 4 Glamio p 5
Ol Bl o3 gdoms oias QLIS &S 550 0 2L5)
O 1y 4aSs Cubis b askd Culks 45) i
b ((amis Cslsis= t Vit L Vot (Jle 0l gs ) XS
o3y VS WAA] ol G 0L Slos
5 (DP) (53653 3V 38 (0 S oS 5¥58 i JB 0L~
O [ ALSE it ol fls oy s sl 2V 8
ALSE iy L el $ls b 55 sl Y53 s o
56 Olbe &Y SLeS) YU wle coglie WS 4
03530 W oo (I3 2l 03 Ceslie (denST Y
LasY b nlo b aslie 3 VU ool 5 (3UT ol
23 08l Oy ol gl Ao W5 2 e | Dlakad
S eosdoms S azD 5o 5 s e oS 0L A
OL 2 O o3 gdoman b3 s oo 3l B LB 0L~
S Gyt o o b W
Sl 5 s e ) pd el s (S35 O sl

[Y\]b}»ﬁg J}}%S}d)&&j} C,.:.L»G MLS

a Y
ol g Y 58
s | 25 E10 @ yuia y g1 sl Y g
E | Expulsion
g Expulsion ! Expulsion
k=] 5.06 mm ! o
= 4.38 mm 1 |
o 4L T Tl ) T
% 3.58 mm! 1 1 |
1 T T
2 1 : : 1 I 1
: 1 ! 1 1
1 1
2r (I S IO e :
1.5 kA 29KA | !
2.2kA
O 1 1 1 1
4 6 8 10 12

Weld current [kA]

VA e SV 58 i el g BB 0L es g =) K2
s el Els Cps s al Y amio Calis e s
S e VU305 3V 58 amis Culbes e e VY
[YeNay]



*A 9395 44 59y p AlST Gidigy b odd £ Cpd yor (9l> 3V b eglie () Kbg> Sig) o)y

S ambollag s s G asbglo myst IS
Shresle S e 0o s Ol s 2
sl s o Ol (g5le el aly b
wiate 5 'l oty ol 1 e ke 53 uysle
s o8 sloil Lt (gles b a5 Tl 53, ol ) e
adkee 5> Coyile 5 2y B aS J s sl e edalie
Sl 36 L gles B S T Sl s o ol Sl ke
Sl slajltla (A3) wlas § 513 (ol ol o S

‘i@‘fuﬁ) QJ‘?%U Cow “4.1}4...&“' L A.\..ié.}:‘-

.3‘5..3@ odalie
T 2 Wi
‘r..';ﬁl?l fuGHAZ
S
2 im0
P
.— .J Tiigaien
‘=f L] R R — T -
F e N
> ~ o,
:Ef 1 D} //-) ™ —
- G = e
——cem— -t
L1} i ] 0.4 0 s 1
Weld time [5]

(=it

Q&AJLG;.‘-JJZ}}M;JAJJLAJQLAM(J])—i Jg..:e
[YWIHAZ ,» jktlos, (O) HAZ 55 Koo

Ol ALSi Jls b oods 'C\: Ol sy ol SV
03 ok ool QLA Hllo gy anslie 4 5> e e
Dl sy o (Stses Ol5 o e 35 L E ISS
JL}-)J JJSV\:.:U b ‘):0‘5} 4.:.>-LJ‘)J éf&" uﬂ‘}?}

5w ICHAZ 52N il sl S 6 i b oS

4 SCHAZ: Sub-Critical Heat Affected Zone
3 UCHAZ: Upper-Critical Heat Affected Zone

s B o508 (S35 05w S L K
3 e S5 b Culis sl alie s Y S
WY omsele Loy v g L S Lol
S r&z:,ﬂl o oankd Celhs e e Ol il
phe bs sy & e 5 Oy o 0L Rl L pbliss
clie (Jad Ll 5 s il on Gl ih s Y s s
WV Lol fl oo g gl Y8 5o askd Culis
Ll 335 o 2o oSV ol s s 4 2
338 oo S TN r=tr 35 0T ablize (118 oISt
Cand) 20 Lgy 4l 53 ALSE iy oY &S oS
PSS ilao B geslhe ) sk 5o (G
S Olge w0 228 gl byl s oS el ol
535 WS 355 55 et RSl 03 5 XS (0 Jes

LYYYE] 5,08 e 5 oSl s 5

70k J —e With comting
- = =i Wilkioud coalimg
_ w5t
E
2 B0
n 1L
= Expubsion
o g
B
E F
2 5o EREEY
EI'E ______ S e o s
= 5
= 4
4
50 53 ] [ %] .0 75 L]

Weld current[KA]
(o 1)

i coting
1 il W 1 Bl g omlsng

Cross-tension strength [kN|

1] 15 &0 ti 10

Weld current[kA]
)
b bgls b hs ol SV58 5 R ALST iy T IS5
oS r&’b:w‘ (O) (Losr 4aSs s () cdlisen i g
[Y¥] Clau..,a

' CGHAZ: Coarse-Grained Heat Affected Zone
2 FGHAZ: Fine Grain Heat Affected Zone
3 ICHAZ: Inter-Critical Heat Affected Zone
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2 BFP: Button Pullout Fracture

UIF: Interfacial Fracture
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