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An Experimental Study on Friction Characteristics
in Pre-Coated Sheet Metal Forming

Ho-Yoon Kim*, Cheol-Hyun Choi*, Won-Byong Bae**

ABSTRACT

An experimental study has been performed to investigate friction characteristics of pre-coated metals widely used in

domestic appliances. Seven-coated sheet metals are tested by using three friction mechanism such as straight pulling,

frictionless roller, and non-rotational roller with three kinds of cylindrical rollers. In this experiment, effects of friction
mechanism, blank thickness, and roller diameter on friction coefficient, surface roughness, and scoring factor have been

investigated

From the experimental results, it has been found that tested pre-coated sheet metals have low friction coefficients

(n

=0.15 ~ 0.20) because films coated on sheets take a role of lubricants. Friction coefficients of pre-coated metals

decrease with increasing roller-diameters. Surface of pre-coated metals can be improved by decreasing the blank

thickness
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Table 1 Sheet metals used in the experiment

Material t (mm) SR (4m) g, elongation
Mat. A 0.78 0.68 23.49 22.16
Mat. B 0.77 1.06 19.21 24.69
Mat. C 0.75 1.63 37.08 19.56
Mat.D 0.53 - 22.87 18.55
Mat. E 0.50 0.28 22.38 24.75
Mat. F 0.53 041 26.35 20.20
Mat. G 0.53 0.41 23.60 19.20

* 1 : Thickness of a sheet metal
SR : Initial surface roughness of a sheet metal(R ..}
_* Yield stress of a sheet metal
*% Mat. D has embossed surfaces
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Table 2 Conditions for friction tests

Friction Mechanism

Type A(Straight Pulling)
Type B(Bent Pulling with RR)
Type C(Bent Pulling with NRR)

Roller Diameter

16, 32, 64mm

Contact Area 44mm X 52mm
Pulling Velocity 120mm/min
Pulling Length 150mm

Specimen Size 52mm X 457mm

Holding Force 355kgf

Lubricant None

* RR : Rotational Roller
NRR : Non-Rotational Roller
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Fig. 1 Schematic diagram of three-type mechanisms for

friction tests
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Fig. 2 Free body diagram of the bent sheet
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Table 3 Average load and friction coefficient in various experimental conditions
Type A Type C (d=16mm) | Type C (d&=32mm) | Type C (d=64mm)
Material
Load F.C Load F.C. Load F.C. Load F.C.
Mat. A 65.90 0.19 123.34 0.40 83.20 0.15 73.06 0.07
Mat. B 48.70 0.14 108.75 0.51 65.06 0.18 - -
Mat. C 55.52 0.16 103.75 0.40 69.26 0.14 - -
Mat. D 50.99 0.14 85.66 0.33 69.84 0.20 - -
Mat. E 56.05 0.16 102.44 0.38 67.83 0.12 - -
Mat. F 52.88 0.15 77.52 0.24 57.22 0.05 - -
Mat. G 54.65 0.15 80.32 0.25 59.01 0.05 - -

* Load(kgf) : Average Load in Test Measurement Segment
F.C. : Friction Coefficient in Test Measurement Segment
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Table 4 Surface roughness and scoring factor in various experimental conditions

Type A T_ype B T_ype B T_ype C T_ype C '{ype C

Material (d=16mm) (d=64mm) (d=16mm) (d=32mm) (d=64mm)

SR SF SR SF SR SF SR SF SR SF SR SF
Mat. A 095 | 099 [ 100 | 1.00 | 078 | 1.00 | 110 | 100 | 089 | 1.02 | 1.15 | 1.03
Mat. B 109 | 090 | 1.09 | 1.00 | 108 | 1.00 | 127 | 1.04 | 1.08 [ 095 - -
Mat. C 173 | 1.03 | 177 | 103 | 165 | 097 | 179 | 1.02 | 1.77 | 101 - -
Mat. D - 0.95 - 1.05 - 1.04 - 1.06 - 1.04 - -
Mat. E 049 | 1.04 | 055 | 1.01 { 037 | 104 | 059 | 099 | 042 | 1.02 - -
Mat. F 049 | 098 | 053 [ 099 [ ost | 098 | 057 | 107 | 051 | 101 - -
Mat. G 095 | 1.01 | 107 { 100 [ 075 | 1.09 { 123 | 104 | 082 | 1.09 - -

* SR : Surface Roughness(R . , #M)
SF : Scoring Factor
** Mat. D has embossed surfaces
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