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A Study on the Computer-Aided Design System of Axisymmetric
Deep Drawing Process(])

S.B. Park, Y. Choi, B.M. Kim, J.C. Choi and J. Lee

Abstract

A computer-aided process design system for axisymmetric deep drawing products has been
developed. An approach to the system is based on the knowledge based system. Knowledges for

the system are formulated from the plasticity theory, handbooks, experimental results and

empirical knowhow of the field experts. The system is composed of four main modules, such as

geometrical design, test & rectification and user modification. The input to the system is final

sheet-metal object geometry and the output from the system is process sequence with intermedi-

ate objects geometries and process parameters, such as drawing load, blank holding force,

clearance, cup-drawing coefficient.
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(3 3) AFHA =Eejo] s, tio] YA (a) The radii of rounded punches (d,/t<50)
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ojot g}, Fig. 2 Shape and radii dimension of punches

Table 1 The clearance between the tools of dies for cup-drawing

The cup-drawing operation

The number of I

1 2 3 4 5

operations required
The clearance between die tools

1 1.0---1.1t

2 1.1---1.3t 1.0---1.1t

3 1.3---1.5t 1.1---1.3t 1.0--1.1t

4 1.3---1.5t 1.3---1.5t 1.1---1.3t 1.0---1.1t

5 1.3---1.5t 1.3---1.5t 1.3---1.5t 1.1---1.3t 1.0---1.1t
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Table 2 The correction coefficients %, depend on cup-drawing coefficient, m

m 0.70 0.725 0.75 0.775 0.80
kn 1.0 0.95 0.90 0.85 0.80
(FA 4 A=2odo] Agdehd, HA Y4k 714, o8 AR FRAGAE, te= BT
yuel m2el A%s ¥4 FA BAE S A, 4o coe AF, e AAS Table 2
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Fp=Fknrdnto, (1)

Hegdel Tdxo] ojHtAl Hel vl A
ZAv} Apololghr],

(F3 9) vl FAeld, HeEE =ro)
L 2D RolFo| AAARS(]. 1@;]140] e
ghgho) o,

of
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Table 3 The cup-drawing coefficients (s,,) for cylindrical parts formed from soft steel sheet

t/Dx100

No. | mn
2.0--:1.5 1.5--1.0 1.0---0.6 0.6:--0.3 0.3-0.15
1 m 0.48---0.50 0.50--+0.53 0.53--+0.55 0.55--0.58 0.58:--0.60
2 s 0.73---0.75 0.75--0.76 0.76---0.78 0.78---0.79 0.79---0.80
3 M 0.76---0.78 0.78---0.79 0.79---0.80 0.80---0.81 0.81---0.82
4 My 0.78---0.80 0.80---0.81 0.81---0.82 0.82---0.83 0.83---0.85
5 | ms 0.80---0.82 0.82---0.84 0.84---0.85 0.85--0.86 0.86---0.87

Table 4 The cup-drawing coefficients (m,) for cylindrical parts formed from soft non-ferrous metals

No. | m t/D %100
2.0-1.5 1.5-1.0 1.0--0.6 0.6--0.3 0.3+-0.15
1| m 0.50-+-0.51 0.51---0.52 0.52-+0.54 0.54--0.56 0.56:+-0.58
2 | me 0.70--+0.71 0.71-+-0.72 0.72:+0.73 0.73--0.74 0.74:+0.76
3| ma 0.71--:0.72 0.72:--0.73 0.73-0.74 0.74:--0.75 0.75-+0.76
4 | ma 0.72---0.73 0.73-+0.74 0.74:-+0.75 0.75:-:0.76 0.76:--0.77
5 | ms 0.74-+0.75 0.75-+0.76 0.76:-0.76 0.77---0.78 0.78---0.80
(4714 t/Dx100°] w2} HAHE o] g3t t/Dx 1007} 9]l slojvbm 94t sk9d-e. Table 3~4)
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Table 5 Practically-optimal limiting drawing
ratios for flat cupping

LD in flat cupping

Material LD

Drawing quality rimmed steel 2.15
Deep-Drawing quality aluminum 2.20
Deep-Drawing cold rolled steel 2.25
Hot rolled Deep-Drawing steel 2.25
“NA_ustenitic stainless steel 2.20
Brass and copper 2.20
Aluminum 1100 series 2.10
Refractory metals 1.33
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Table 6 Limiting redraw ratios(optimal redrawing conditions)

Limit Redrawing Ratios

t/Dx 100 1-st redraw 2-nd redraw 3-rd redraw 4-th redraw
0.15---0.3 1.28 1.25 1.22 1.19
0.3:--0.6 1.30 1.27 1.24 1.20
0.6---1.0 1.33 1.28 1.25 1.21
0---1.5 1.35 1.30 1.27 1.24
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No

of limiting redrawing ratio

Fir . Friction in flange
Fiq : Friction at die radius
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Fig. 6 Sequence drawing for the deep drawing parts of the “Clutch Housing”-Industrial practice

SRLYIIS R A5 A 1E, 19969,67



ahabg - 2 o - 7lyul - HA - o] F

Heog B g glokFig. 7). kgl Al gHEog ARSE AEE Ve
Fig. 8~Fig. 12 Motor Housing #| ¥ djg  th

A AA e wme e}, Fig 8o 119 Al A YAgRAwees slo] Axgle]

A A F =2l FAME Jehlgch Fig 98 & Fig 10~12¢] veplielch. Fig 10& 73 10)

Process ; 1 2 3 4
Draw Ratio | 0.59 0.93 0.76 0.93
IClearance(mm ) 2.52 2.34 208 ..89
P.Force(ton) | 9.85 15.48 11.54 | 9.34
B.H Force(ton)i 0.90 1.39 1.04] 0.84
139.4
l‘ | |
L5 ! \ 4
| | «
. N
| i
93.0

332 ‘

Fig. 7 Sequence drawing for the deep drawing parts of the “Clutch Housing”-Output of “Pro

-Deep”
EE="—
1/11 BLANKING 2/11 DRAWING 3/11 DRAWING
LiL] 33 "
e b R \ N g
/ \\ X ”s .\ r\
: N j "

| L
’ 1
1 L
' L | |
T e S
‘ /' | ‘ g I
\ 3
\ I I , " '
N - »,
, | R
180y " nos ez g
4/11 DRAWING 5/11 DRAWING 3/11 DRAWING
v 0223
I - I "'Ja k i 9] o]
NELAT T ! :
' | |
T 1 c ] :
»
o | | |
T ¥ T
L ez

i

Fig. 8 Sequence drawing for the deep drawing parts of the “Motor Housing”-Industrial practice

68 /st2AaMTIBES|X| /A5 A 1E, 19964



i %

N 22l |
N T | -

o7

677

5«%

|
|
|
|
|

22 0
122.0

Fig. 9 Input drawing file of the “Motor Housing” for

“Pro_Deep”

A 4st9n Fig. 11 34 =29 g BHAS
1o e g @A =2YES Fate] e
A3tolct, Fig 12+ A =z ule] AL
o] &g+ ZAz}o|r},

tu do

rjo‘_“

Oz =2 AFe) FYUA Azl F Q)

A A7AL 194 mmI AA FAHEL g 187 mme}
3.7%2 LaE Boltl, FASE wimsld, odn
Al 3 =2dES 4 Fig. 109 F$w
e A=golo] B TAHL d&sgdi, HA
2oJEo EAATE 2 Wy 34 =89
o] AAE o] 43 FAEE AA FTAx) F
off A 2t} ol UukHel A5 A =24
FTAAA H4-5lr] Boke He Hx 4w
o] Yty Y AEFAELE g A ==
E& AHE3s o] Bt Blghe Hojy AHolt)
Fig. 10~Fig. 129] A|2=®] &4 (773 8, 97}
AgEe] 293 AYshs WA =2 &
EZo)E 77hE ghel ARESch AA FA
A Zg2elBo| (.490)22 (77 8 92 A4
FTAE d=sach

v AA FAEAMe A WYY FAE
FU3HA Fe JriEe) FAYE A3t glovt
Akl A|2El-e FAMEE mest] $S2E o]

A

3 dER A 2L A=A Fein

o 4y = |1 n

A
£

o2

ZAig wlastd, sl Alasle] o33 Lo At
Process 1 2 3 4 5 8 7
Draw Ratio Q.54 Q.79 0.60 0.78 0.8 0.84 3.99
Clearance{mm 1.75 1.70 1.66 1.6 1.5 1.44 126
P.Force(ton) 5.98 10.75 672 473 2.9 2.41 2.03
B.H_Force(ton) 2.30 2.47 ] 110 0.5 0.55 0.47

|
|
i
|
i
1
i
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Fig. 11 Sequence drawing for the deep drawing parts of the “Motor Housing” using rule 12-18)
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