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A Study on the Drawability of Clad Sheet Metal
(STS304-A1050-STS304) by Warm Draw Die

H. Y. Ryu, J. H. Kim and J. G. Ryu

Abstract

Warm draw die technique which is one of the new forming technologies to improve formability of
sheet metal is applied to the cylindrical and square cup drawing of stainless-aluminum clad sheets. In
experir_nents the temperature of die and blank holder is varied from room temperature to 180C, while the
punch is cooled by circulation of coolant to increase the fracture strength of workpiece on the punch
comer area. Test materials chosen for experiments are STS3M4-A1050-STS34 clad sheets. Teflon film as
a lubricant is used on both sides of a workpiece. The limit drawing ratio and relative drawing depth as
well as quality of drawn cups(distribution of thickness)are investigated and validity of warm drawing
process is also discussed No separation between each laminated material after drawing occurred
through inspection by microscope as well as application of penetrant remover and bond strength
test. Therefore, warm forming technique was confirmed to give better results in deep drawing of

stainless clad sheet metal.

Key Words @ Warm Forming, Clad Sheet Metal, Teflon Film, Limit Drawing Ratio, Relative Drawing

Depth, Penetrant Remover, Bond Strength Test
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Table 1 Thickness and hardness of test materials

. Erichsen
. Thickness | Micro Vickers

Materials (nm) Hardness (Hv) value
(mm)
STS 304 04 189 14.2
Al1050 2.0 218 13.1

CLAD 304 039 2286
AIB0 122 4.1 13.1

M 0.39 2323

Table 2 Mechanical properties of test materials in

warm temperature
Tensile . Yield
strength Elong%a"on strength
Materials (kagt/mm) § (kgtfmm)
RT.| 150 | RT.{ 150 [ RT. | 150
STS 34 659 | 577 | 487 K4 277 | 281
A1050 7 52 43 68 28 39
CLAD304{inner)
A1050 331 | 246 | 587 | 432 15 15.1
304(outer)
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Fig. 1 Schematic view of warm drawing die

Table 3 Size of drawmg die components in warm

deep drawing
(unit : mm)
Shape | Parts [Material| Size | Rp | Rd | Re | Clearance
Gi Punch |STD 11} 240 101 - -
ircular 4
Cuw | Die |STD61{ 248 10 -
s Punch |STD 11| (40%x40} 10 | - | 10
quare 4
Cw | pie |STD 61|C48x48| - | 101 14
Ui 2= AAE 33.1kef/mEA BGYAR Y
EAAE 23 #E vehila o v
Age gduARYg FHE BA F2M &
A vebgtth zHEIQdEs @A A AR

150CAA ABZEE STS3047F 12.4%, A&

BI%Z A7 #FAasHeH, &FvlE Al050-O
g A$d AFREI 2B57%2 FAPou,
AAEL 581BAEE AA %—7}3}04 2 3kel A €]
AFFHAE F4e 452 + o
22 S2e3ad I FHIR

2tz =29¢ d¥3] AE 538 €%
Hez2QdFYs g3 =29 FEL 47 Az
staom 8o AWE Tdo] Fig. 19, 28x
A¥e 93 38 BEZ o X427} Table 31 ek
U itk #HAE WS FAE, tolst EYA

EddE %‘ & 7}€3}‘” SEAXY 258 7
TPR(Thyristor Power
Regulator)%"—‘J-f] %ﬂﬁ*ﬂ‘ﬂ wHow L2T-zds

ST



Table 4 Temperature measured on the punch
~corner surface for given forming

temperature
(unit : T)
Forming Temp. of
die & blankholder RT. | 60 90 120 | 150 | 180
Cooled| 89 | 91 (106|114 ]11.7 | 124
O Ni
° |RT.| 286|584 763|942 [1175
Cooled
Punch
Cooled| 86 | 88 | 9.1 | 98 {105 111
D No
Cooled RT.| 312|663 | 8.8 1056|1282

(O: Circular cup die, [ : Square cup die

2EAZL tolg} EPAEHY BH LEE ¢
AR AZEE Zo2RE Smm 2

s 5o Y LEI|ELR "5‘}93

°°% olg 7|EoE WA YWY 2EE F

Z 37} Table 491 e} 1t

iy
29

23 HEN AH

AEe 9857 A4 HELEE GEHE
galgor 23 0= =29 TEEL Y9 P
=7 11.2mm/secd] 2008 HFdz#H 2o FAstn
A, B4 2 golmywti, £33 EF9Y 5L
AdASA FAFHT tolg EYaEHY 2%
= A2dAEEH 30THY dAE Fo 180C#H
A 6AAR LERg BE =29 JPHE £
ALSRTE AR-E BRG] A YIEHE
H3El7] f8le] d¥gHoME AR AN5E
75mmo} A -8 2120mm7tA Smm¥ FRHoZ
ZF7MAA S FAERY6E AR &, A
Aolxe €483 ZAAEY 5 F/E &45d

a0 arle 489 4% A% SBmE VEL
2 AN EdaE S0mE 7IFo2 2 A
2 5m¥ F7MAAZIEA AFFE A sicdo] 24
4 qAx A4 dY3EAN Hd H¥Pelg T3
=3

E AYoMe Ega Ed8L =29 HAAF
*Z}M] A AGHR g3 @x] FEo| wAF) e

g g FE 4L JAT  F UEF tho]
9} B33 EE Alolo] 2.1mm FAY 2HolA

139

Tension
STS304
AL050
i |
A 7. 2 7
' 50
STS3M }

(a) Test of raw material

(b) Test of drawn cup

Fig. 2 Separation test of clad sheet metals
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(a) Circular cups by circular blank
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(b) Square cups by circular blank
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(¢) Square cups by square blank
Fig. 3 Warm drawn cups of STS304-A1050-STS

304 clad sheet metals
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