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ABSTRACT

Seats in autonomous vehicles must be able to rotate to fully utilize the interior space. Generally, ultra-high
strength steel is used for the rotation module because it should have high strength and high rigidity. In addition,
the rotating parts are difficult to form because they have complex shapes. In this study, the upper plate of the
rotating module, whose complex shape makes it difficult to form, was formed by applying the hot stamping
method. The drawing method and the form-drawing method, which are generally used to form components of
complex shapes, were compared. We showed that the form-drawing method increased the degree of freedom of
the material flow to improve the formability, thus enabling the forming of the plate. In addition, the die and
blank shapes were found to be important factors in determining the success of the hot stamping. The validity of
the analysis results was confirmed through forming analysis and experiments.

Keywords : Autonomous Vehicle(AHZ T AISX}), Rotating Seat(S|™A|E), Upper Plate(&F 2T, Hot
Stamping(StA B E)

.M B 2-gF80] 7MEslEE st ok AEF ol
Ag3tEE SHAE P2 RE o] Hu 2}
Ao AEA= AUAR/ES sHlo g = 2k Al = TEdE 4ds gE ide
2 o] 7 AR JgEnh & XA}
27 = o] A = =2z A =
# Corresponding Author : pdongkyou@koreatech.ac.kr HeAhs ol =4 ffel= AA, f4, =4, <
=y = S [e} o
Tel: +82-41-640-8614, Fax: +82-41-640-8719 EHRINE 5o g4t 352 & + s Jo=

Copyright © The Korean Society of Manufacturing Process Engincers. This is an Open-Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 3.0 License
(CC BY-NC 3.0 http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

— 44 —



, et

7] Al71E8r 8 2] A204, A10%

7l Act olgd aFE dsA ALFH A=zt
o] NEE AFEE w40l 7Hsdtoiof s, &
AN 8 242 1800 SAAE 5 Sle dEskd
3] A 25 (Rotating module)2] 7fdto] Q@ FHTH AE
o} Ak i AFsH AES] 37 b
s sl FARES W E of
7] Wi 234=
Eo] AMgEook It ZUPEES FHAEA
g FAY FES AES SlaiAe
A9 Azxr}t BrFssty] WEo] dhaw
8ol a7H

Sy o

s

PR
2
S

J9al7] Mol B 3
=5

ox

2
-
N
N
2 1
i
2

i

§2 ot r2 2 41 % nR 30 ox
of i
fuj
il
L
A
k1
%0,
o
)

(oA i

4 =
fr 2

=2
>
_>|4_,
o
N
ot
_>|4_,
ol
_>|,1_1’
o

>

rr 4
re o
sob

N H e
oo

30 of
o

.|_,

ox

o

it

2

e

tlo

o e (>

9#
oE“Uoﬁ‘.’i&
o o

do ok g
)

0,

s

=2

o

2 o
o

N

L

N

k>

re
e r2 ox

2

R

rr

ox

4z

ok

)

n)

o

o o

S
e
of i
T
L
)
> o O—.>3 ox K
o o o mo 2

A% HAe s
2 F34 ANE B

ol
f o
fol o
o,
tio
do
rO
of
52
)

g]

>
0z
02t
%
1z

o

(=1

2 gl xAH

AgFA A5 H8VeH

N

oy © o0 i
of & fLJr lo e =
T o

gl__l
o Ix

ox
rlo

e 0X
- ogh
o

b
il
lo
o
fu
ok
)
e
o
=
ok
)
b
il
%2
ox
1
ok

ox

o,

ot o
N

o

2

o
i

9#
Noox O
flo L E
N & )
Bu
2 o o
N
pigeg)?
oo )
fr o

o
g2

Hy} E.TZQJ(Form-Drawing) 39 2714 FHE
AHgste] APAAE HAPE At EEY T
A= ETI(Holder)E AHE3HH, F-E2 3ol
Ae 209 J=Pad)E A AMESt 48 2

FTEE AR FHolth
B AFNA AHeE AAle FA7F 1.6mmel E
Zoltt. 2wl AFPsHS flsl] AL P
4 A8 FZ=<Ql Pam-stampE ARESIE T A5
< H3 259 HYE &5 mE F58H,
A A, AdE] EAXELS Pam-stampol| A A
He #ES AT tirleEs 20C, 53
= T, 3L E 900CE2 AAHSAT 7}

A

fru
o 2 an

o

=

FHIA olfA BEl=e] L£x 317}
2 Bejz0] o]FATtd e A sy
AT o) FAES AA AFPoA 9] o)
a#ste] 1022 AAs9T. vEASTE 045

0%,

tlo mo p= 1f rlo o w@ 1 A orju

ARSI

Fig. 1 Rotating module and upper plate

Holder

‘ Punch

(a) Drawing method

older

Punch

(b) Form-drawing method
Fig. 2 Die sets for forming simulation

— 45 —



d@oll #F AT -

7| A 7158k 2] A204, A0S

2.2 AlY ghH
ANAZ AZS 98 6005 otz a 29t 7HA
7t wale] JldRE ALgsiTh Ade RE7)

=
HA 2AE 7HERE FY F 900TolA 1083
743 & S¥YWE o 102 AEE JHed we
ojFstd oF 12 Bt 5BE st dFol o
Fojx A SATh Ade H% g 2 FFS

Fig. 39 LreRjich

=
%
g
g\
g
g
&0
:
g
—
g
=
=3

Fig. 3

Nodal temperature - Membrane

900.000
. 900.000
900.000

900.000
900.000
900.000
900.000
900.000

Min = 900.000
Max = 900.000

5
(a) Before transfer

Nodal temperature - Membrane

724.936
. 724.367
723.798

723.230
722661
722.093
721.524

720.955
Min = 720.955
Max = 724.936

(b) After transfer
Fig. 4 Temperature results during blank transfer

3. 43 3 E

3.1 A8l Znt

Fig. 49lAE E313Z 719204 FICZE 10
T olFF 2= Wsle g A Aigolth
goe 7] £XE 900To|H, 102 &9k o]
ol & 721~724C AEE 2=7} 2434t ol
£ 2 E o933 2L2HUolE 99
=2 AYAE /M o2 gotE .

o op otz b

=
&
=

Nodal temperature - Membrane

742.696
. 727.012

711.328

695.644
679.960
664.276
648.591

632.907
Min = 632.907
Max = 742.696

(a) Temperature
Austenite phase fraction

1.000
. 0.999

0.999

0.998
0.998
0.997
0.997

0.996
Min = 0.996
Max = 1.000

(b) Austenite fraction

Thinning (engineer value)

0.250
0.179

0.107

0.036
-0.036
-0.107
-0.179

=-0.250

Min =-0.238
Max = 0.600

z
I<:v
x

(c) Thinning

Fig. 5 Forming results using drawing method
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(b) After trim
Fig. 8 Hot stamping experimental results
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