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{a) Original state {b) Final state

Dd: innner diameter of die ( ¢=6nm, fixed)
Dp: dianeter of punch ( ¢=4mm, fixed)

he : counterpunch depth(variable)

Xp:punch travel

Pe: jeining load

Tp, Td:Original thickness of blank(0.8mm)

Fig. 1 Plain die method(Type P).
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Fig. 2 Split die method(Type S).
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Fig. 3 Fluid-pressurized method(Type F).

(a) Embossing
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{a)State released (b)State closed

Fig. 4
Die face (Type § and F)
and burr of final state.

(c)Burr into groove
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Table 1 Mechanical properties of blanks used

(cr,aq = Ceeq“ »0p: Tensile strength)

Articles | Tensile n value C value O
t,=0.8m | direction {MPa)  (MPa)
Al100 R.D, 0.10 350 120
:ag roll C.D. 0.06 250 130
2600 R.D. 0.44 1240 300
as roll C.D. 0.44 1220 310
SPCE R.D. ¢.22 1120 325
as roll C.D. 0.19 1090 330
15
¥p=1.40mm ¢ ¥p=1.80mm
he=0.60omY ~ / he=0.90mm
Unjoined Joined
= D:A1100 ( fairly
< P:SPCE Xp=1.60mm
MR he=0.90mm
- . Unjoined
g Contact with
- counterpunch Xp=1.80mm
g he=1.0nm
£ breaking of
S 5r die sided
41100
Breaking without counterpunch,
0 Breaking of pulnch sided SPCE f

0 1 2 2.5
Punch travel Xp. mm

Fig. 5 Joining posibility affected by condition
of counterpunch depth he(Type P).

(d)Unjoine
he=0.6mm
Xp=1.4mm

(a)Breaking
without counterpunch

{e)Joined
he=0. Sum
Xp=1.8mm

he=1, Cmn

Fig. 6

Deformation affected by hec
and Xp (Type P , Dd=6mm,
D p=4mm, D:41100,P:SPCE).
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Fig. 7 Streching on radius by Type F.
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Fig. 10 Tensile force affected by combination
of materials.
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(a) 1996 no.5  P:AL100

(b) 1996 no.16 P:SPCE D:A1100

(¢) 1996 no.23 P:A1100 D:SPCE

Fig. 11 Fractured blanks under tensile
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D:AL100
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force(Type P).
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Tensile force Wse/kN

Fig. 12 Comparison of Wse
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{a) Original state  (b)Blanking
First step

2nd die Dpl

7.

{c)Change of die
Second step

(d)Clinch

Fig. 13 Joining principle.

Table 2 Mechanical properties of blanks used

Articles ! Blank | Tensile | Shearing ¢
{as roll) | thick. | strength | resistance

/mm aa/WPa | ks/MPa (*) | /%
AL100 0.8 135 72 65
AZ017-T3 1.0 401 250 26
AS052-H22 1.6 287 148 70
SPCE 0.8 337 254 4]
£2600 0.8 305 243 34

* :Clgarance in shearing test:c/T=3%,T:thickness
¢ :Contraction percentage of area, $=(i-AfAo)x
100%, Ao,A:original & final arez in tension test

Table 3 Joining posibility (O:joined, A:imper-
fect joining, X :unjoined (cracking occurred
during 1st step on punch sided blank)

Blank{punch sided)

Blank A1100 | A2017 , AS052 SPCE
{die sided) Tp/m -T3 -H22

thick. Td/mm| 2.5 2.0 2.5 2.5
41100 0.8 [@] * A JaN
A2017-T3 1.0 o X Q o
SPCE 0.8 @] X O Q
C2600 0.8 Q * (@) faN
SUS3a4 0.4 @] x [@] @]

Tool dimension /mm:Dp=5.68,Dd=6.5,0d1=7.0,hc=0.8
c 1/Tpd, c 2/Tpd:clearance for Ist and 2nd step,
¢ 1/Tpd=7~11%, c 2/Tpd=15~21%,where Tpd=Tp+Td
TENC L SR ETable 3ICRT. BEOME
EENEEE T AMKSEOHESREROLITH S,
LI FREM SRR AN ST 22 0ESTH
BEX 12 21B4 (Table 3TXHD .
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28, B—IRIBWTY AR OEAMPKRT

Blank(punch sided)}
P:A1100 Tp=2.5mm

Blank (die sided)
D:SPCE Td=0.8mm

@ Xp=1.Tmm

1st step

P:A1100{Tp2.5mm)
D:SPCE (Td0.8mm)

0 @
\

Joining load Pe/kN

Il
0 1.0
Punch travel Xp/mm
Fig. 14 Joining load Pe affected by punch travel

Xp (tool dimension /mm :Dp=5.95, Dd=6.5,
pdi=7.0, ¢ 1/Tpd=8%, c2/Tpd=16%).
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Fig. 13 Tensile shear strength and peel
shear strength on joined blanks.
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