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An Experimental Study on the Forming
Characteristics of Pre-Coated Metals

H. Y. Kim, S. I. Wang and W. B. Bae

Abstract

An experimental study has been performed to investigate the forming characteristics of pre-coated
metals(PCMs) widely used in domestic appliances through Erichsen tests and deep drawing tests.
Erichsen tests are performed to find out the forming limits of seven pre-coated metals in normal
conditions. Rectangular deep-drawing tests are carried out to know the effects of die materials and blank
metals on forming loads and surface defects of final PCM products. In the deep-drawing test, four die
materials] STD11(TiCN), STD11, STD11(TD), AMPCOQ ] are used. In the Erichsen test, the forming limits
of PCMs are obtained from flaking or crack of pre-coated films and lower than those of base metals. In
respect of surface roughness and forming load, STD11(TD) and AMPCO materials are superior to any
other die-materials used in the deep-drawing test.
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Table 1 Sheet metals used in the experiment
Material t SR o1 elongation
Mat. A 0.78 0.68 31.62 22.16
Mat. B 0.77 1.06 3457 24.69
Mat. C 0.75 1.63 37.73 19.56
Mat. D 0.53 - 31.85 18.55
Mat. E 0.50 0.28 39.77 24.75
Mat. F 0.53 041 34.13 20.20
Mat. G 0.53 041 32.08 19.2

* tmm) @ Thickness of a sheet metal
SR(um): Initial surface roughness of a sheet metal
o «(kgf/mm?) : Tensile strength of a sheet metal
* Mat. D has an embossed surface.

* Unit of elongation: mm
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Fig. 1 Schematic diagram for the Erichsen
cupping test
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Fig. 2 Tool setup for the deep drawing
test
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Table 2 Experimental conditions for the deep drawing
test

STDI11(TiCN), STD11(HrC60)

Die Material
1 Matena STDI1(TD), AMPCO

Size of the Product {40mm(W)x40mm(L) > 30mm(H)

Lubricant none

Punch Speed 6mm/sec
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Table 3 Forming limits and fracture types of PCMs in
the Erichsen test

Material Forming Limit Fracture .’I‘ype'

(PCM / RM) of the coating film
Mat. A 8.49 / 10.55 Flaking(Thinning)
Mat. B 7.90 / 11.04 Crack(Band)
Mat. C 8.47 / 9.38 Flaking (Thinning)
Mat. D 726 / 892 Crack(Band)
Mat. E 79 / 979 Crack(Band)
Mat. F 811 / 9.03 Crack(Band)
Mat. G 774 / 834 Crack(Band)

* RM . Raw Material
mm

#*% Unit of Forming Limit :
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(a) band (b) thinning

Fig. 3 Fracture types of coating films in the Erichsen
test
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Table 4 Maximum load in the deep drawing test

Die | STDI1 | STD11 | STDIil
Sheet (HrC60) | (TiCN) (TD) AMPCO
Mat. A 3120 2998 2803 2925
Mat. B 3607 3095 2925 3095
Mat. C 3607 3558 3388 3412
Mat. D 2510 2364 2218 2291
Mat. E 2803 2656 2340 2461
Mat. F 2388 2218 1974 2169
Mat. G 2486 2315 2193 2364

* Unit of load : kgf
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Fig. 4 Failure in the curved surface contacting with
the rounded die corner in the deep drawing
test
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(a) Product without scratches
(from STD11(TD) and AMPCO dies)

(b) Product with scratches
(from STD11(HrC60) and STD11(TiCN) dies)

Fig. 5 Scratches for various die materials in the
deep drawing test
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(a) Product without scratches

(using D, E and F blank materials)

(b) Product with scratches
(using A, B, C and G blank materials)

Fig. 6 Scratches for various blank materials in case of
using a STD1I(TiCN) die
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