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Die Design of Drawing for the Copper Bus-bar

Hyuk-Hong Kwon*, Jung-Ro Lee"

{ Abstract l

Key Words : Copper Bus-bar(5-3#-24}), Drawing Die(Q&

Copper bus-bar is made by drawing process and used in many part of industry. When design drawing die for copper
bus-bar, design factor is focused on the deformation of die-land by drawing force and shrink fit. In this paper it is analyzed
to determine shrink fit value by shrink fit analysis program which is used with APDL/UIDL language in a commercial
FEM package, ANSYS. The shrink fit analysis has been developed that enables optimal design of the dies taking into
account the elastic deflections. Elastic deflection is generated in shrink fitting the die inserts and that caused by the stresses
generated using DEFORM software for drawing process analysis. This data can be processed as load input data for a finite
element die-stress analysis. Process simulation and stress analysis are thus combined during the drawing die design. The
stress analysis of the dies is used to determine optimized dimension of die-land.
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Fig. 1 Automatic shrink-fit analysis toolbar
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Table 1 2 dimensional shapes of die insert used in the analysis

Classification
PREP

explanation
3/4 circle cut shape of 1st ring corner part

CMF chamfered shape of 1st ring corner part
CIRL filleted shape of 1st ring corner part
CURNT rectangular shape of 1st ring corner part
i
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Fig. 2 Input window for model geometry
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(d) CURNT

(c) CIRL

Fig. 3 Equivalent stresses on the various dies

Table 2 Material input data used in the analysis

. insert Ist ring | 2nd ring
Material
wC SCM4 | SM45C
Young's modulus(GPa) 450 204 205
Poisson ratio 02 03 03

Table 3 Interference values used in automatic shrink fit
analysis program

Ist ring 2nd ring
Interference value 0.1mm(dia) 0.15mm(dia)
3. HAHIO| QIME AxfshA{"")
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Automatic shrink fit program in ANSYS
- Generate die geometry
- Determine shrink fit value

\/

Drawing process analysis in DEFORM 3D
— Check drawing process
- Extract drawing force data

Deformation analysis in ANSYS
- Deformation by shrink fit value
- Deformation by drawing force
— Deformation by shrink fit and drawing force

Determine die dimensions
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Fig, 4 Analysis procedure for bus-bar dies
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Fig. 5 Top drawing of bus-bar dies
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Fig. 6 XZ section drawing of bus-bar dies



BB A7\ AE S =2E Vol.11 No.4 2002. 8.

Fig. 8 Mesh model of the billet and bus-bar drawing die Fig. 9 Effective stress of billet
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Fig. 11 Die deformation by shrink fit
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Fig. 13 Die displacement by shrink fit and drawing force
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Fig. 12 Die displacement by drawing force
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Fig. 14 Y-direction deformation of die-land compared with
product dimension
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Fig. 15 Y-direction deformation of modified die-land
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Fig. 17 Modificated sizes by process sequence

ARee ¢+ Utk
savte] 71553 Y49 B4 Uy 4] o 83
o) A Ho|rt. 274o] AHES Tk Aol elatol
339 AAEE U3H] YR () Uy W2 55
o golren A Hejo] AWFA AehlAE 247} 3
el 7ot Pl dstel TRA=E () Uy Fgoz 9
A3 Fig 17¢ 4T F 248 Sauiel Qg
BANSE JSAT, 299 Aol 28] A2E Fra
oo QUTY(Fig 18/ AHg30] BLALE FRavhe
oY FUEE Ad ALAES ehae,
5. 2 E
SyavkA%E 9T A% 3P WPl 4T A7
29 Aol 28T W LA 4@ FF WYl
A5 AUEE A7 B4 dhstol ST U chol
A=Y A ¥3HE $310) AP FULE B

Fig. 16 Y-direction deformation of re-modified die-land

Fig. 18 Manufactured drawing die-set
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