a7 Ale = AE, #3478 A23, pp. 219~226, 2010 219

(St==3> DOI:10.3795/KSME-A.2010.34.2.219

K
=
o}
=
re
Jp
N

EAMRT. gAY S AT 0l =TT MR ST =BT UEE - E 2elet
BRI AT, ¢ PN AUARTE N FRATAT AN AT AR e B0l 2 A

Development of a Multi-step Stamping Process for the Effective Fabrication of a
Thin Sheet for High Aspect Ratio Corrugated Structures

Sung-Woo Choi, Sang Hu Park™"", Ho Seung Jeong***, June Kee Min"", Jae-Hun Jeong****,

Jong-Rae Cho ", Hyun June Kim™ " and Paul Willians

* School of Mechanical Engineering, Pusan Nat’l Univ.,
** ERC/NSDM, School of Mechanical Engineering, Pusan Nat’l Univ.,
*** Rolls-Royce PNU UTC,

*#*#% School of Mechanical and Information Engineering, Korea Maritime Nat’l Univ.,
*#%x* DongHwa Entec, ****** Rolls-Royce SRC

(Received November 16, 2009 ; Revised December 22, 2009; Accepted December 22, 2009)

Key Words : Multi-Stamping(tFtHd &), Sheet Metal(¥+#), Heat Treatment(&E *]2]), Corrugated
Structure(5=& T-32), High Aspect Ratio Structure (LA gH] G-3)

£ 299 ZaAds TR Be A0 A A5 AL 3EY) BE 19
ket gAel del olgEth Hool ouA st Auslel dudx Relw, Jwd) )
FETEE ML vl S8l 48 FhHa Yk et 2Ed PY R FETRES A
HHom WETI7 g ol webd] W Aol R FERS olgsle] 4PN =y
ARk 1 Ak B E F GANE Bolo] 1EAs $R2 AAS thl 4Pshs WMo Bis
AgAe] we WMTEE AF] PSS Y B ATANE AAF PES AT

o 3
=
_>|~I_‘
2
a2

A9

)
ot k! o 1o |7 offt

do
ol
on
£
)

=
QAig)o] 8ol 5w T 100um & AL MRFETEE Al FAUSE ATl
Abstract: The stamping process is widely used in fabricating various sheet-parts for vehicle, airplane, and electronic devices
due to its low processing cost and high productivity. Recently the use of thin sheets with corrugated structures has rapidly
increased for the production of energy devices, e.g., heat exchangers and fuel cells. However, it is very difficult to make
corrugated structures directly in the stamping process due to their geometrical complexity. To solve this problem, this paper
proposes a multi-step stamping process with a combined heat treatment process: a sequence of the first stamping, heat
treatment, and second stamping. By multi-stamping, we obtained successful results in fabricating very thin corrugated
structures with thicknesses of 100 pm; these are applicable as part of a plate-type heat exchanger.
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Fig. 1 Experimental equipment setup for the stamping process
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Fig. 2 Details of shape and dimension of mold; (a) punch,

(b) die, and (c) matched punch and die, deformed
corrugated structure
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Table 1 Chemical composition (%) of STS 304-1/2H

Element Cu Ni Mn P C

wt.% 0.60 | 10.5 | 2.00 | 0.04 | 0.08

Element Cr S Si Mo Fe

wt.% 20.0 | 0.03 | 1.00 | 0.60 R

Table 2 Mechanical properties of STS 304-1/2H

=1y rrL}_

Material Y.S TS El  |E-Modulus
(MPa) | (MPa) | (%) (GPa)
STS 304-
2H 6514 | 851.8 | 384 190.87
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Fig. 3 Picture of the; (a) geometry tensile test specimen,
(b) fractured specimen after tensile test
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Fig. 4 Stress-Strain curve of STS 304-1/2H under
various conditions of heat treatment
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Fig. 5 Scheduling of heat treatment; holding time on the
highest temperature was 3 min
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Table 3 Comparison of physical properties of STS 304-
1/2H under various conditions of heat treatment

Material Y-S TS El
(MPa) | (MPa) | (%)
Withoutheat | o)/ ¢51 ¢ | 354
STS 304-1/2H | treatment
Thickness 700°C 618.5 | 8457 | 52.5
(100 pm ) 800°C 5525 | 8273 | 572
900°C 272.1 | 6913 | 60.9
Material E-Modulus |Hardness
(GPa) (Hv)
Withoutheat |, ) 07 | 570,07
STS 304-1/2H | treatment
Thickness 700°C 144.33 258.76
(100 pm ) 800°C 143.82 237.32
900°C 140.40 155.08
Ao AAE Lol 7] 9] 7 (annealing)
M AT = AFAFES AA ESiTh duk
o2 STS 304 o] SAHUo|E x| AAA =

T3 1010-1120C100) a1, o]uf] ALg-¥l AlHS] FAE
2.5 mm oJt}. # @@OM ARS-E Al e 7171 100
um ZA 2.5 mm °F HWSPA FATE 125 ol
2, A7 2% 21e Faadolre AAH &
LHT e 210l 700, 800, 900CE A XHO*E}
ada EAE RIS 7 o AEES 4
700°C, 800C, 900C oA 3 EIHY {4 ]{ gx
2ld AlAE T (air cooling) 2 J7F A2 sFSith
[Fig. 5 3= me dxgA] a5-48 WAy
Aete] A B9)710A EABE AT
594 J3AE 5SS 248 flske o
A ZEoA A | AlHS KSTHEoR
Al3E 3k, Fig. 4 ol AlHS thegst EAE
of WE $H-HIE *d': ANRE YERd 3o
Aol dAEE sHA
73-5-¢} vlarste] ‘%%%EE!O 717t 5%, 15% E%ﬁ
ok Q1AL 900C 7o A= oF 58% Ax 3
Ho] A Fo5S ¢ 5 AT Table 3 o 4z
7t AAg Z70M AL 7AE B4R Hitgkol
T IGAY leu L2 AlHETE AAlgoe] of
36~58% Z=7Feklar, weEkA 900C D3 g 173_011*1
e-g-2 o] 7‘*9} WU 7Rz 434
I3, FHFA FoA B = 78] E
iste] X E Fate] AFAE SUAIA
et FEx viste] miAdtgke] aAgu] A
Jaﬂi dPoR AL F US Fo= AlmH

N ol ‘{Ol' ﬂll
[‘}0 o 0‘_?, ol ¥
Moo o N

R rﬂ oo o r{o
&2 ﬂ

(

O;
o

'lm =
m[o_ﬂ-n:\ﬂﬁ

[e5

CAAR - 2T - AdE - E 29

<— Sheet metal

(blank)
Heat treatment
eqmpment
’i‘ Nz gas
Specimen Heat treatment
/ (blank) under N2 gas
E atmosphere
Holder | | Punch Holder
1ststep
stamping
‘_' Stamped
sheet
(a)
Holder Punch Holder
‘ 1st s_tep
D stamping of
e initial blank
: Stamped
sheet
Heat treatment
equipment N
| N2gas
Heat treatment
under N2 gas
atmosphere
Holder | Punch Holder
A A an Step
stamping
@ High aspect
‘ corrugated
structure

(b)

Fig. 6 Schematic diagram of metal working process; (a)
single step stamping with heat treatment sheet
(PHS), (b) multi-step stamping with intermediate
heat treatment (SHS)
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Fig. 7 Photo-images of a deformed specimen; (a) wire-
cut full-shape of a deformed corrugated structure,
(b) partial view of cross-section of corrugated
structure
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Fig. 9 Evaluation of formability; (a) SHS 700C, (b) SHS
800 7T, and (¢) SHS 900C
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Fig. 12 Thickness ratio of the deformed corrugated
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PHS with pre-heat treatment under 900C, and
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