7} o

A
.-'-—

AR A

Al
>z
%7

jui
-|—l
i
s

AN - Gels* - 05y

Measurement of Friction Coefficient in Stretching of
Coated Steel Sheets
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Dept. of Metallurgical Engineering, Seoul National University, Seoul 151-742
*Dept, of Materials Science and Engineering, Kum-Oh National Institute of Technology,
Kumi, Kyung Buk 730-701

ABSTRACT

Coated sheet steels have been increasingly used in automotive industry for improving corrosion
resistance. One of the arised concerns is frictional behavior of coated sheet steel in stamping pro-
cess. But analyses of the frictional behavior are complex and difficult. A tensile strip test has
been developed for evaluating friction under the condition which simulate the stretching of
sheet, Tests are conducted under different die radius and lubrication conditions. Electro-
galvanized steel sheets show a lower coefficient of friction than bare steel sheets whose coated
layers have been chemically removed. The coefficients of friction are independent of die radius.

Key Words : stamping, friction coefficient, galvanized steel, lubrication, die radius
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Table 1. Chemical composition of coated steels.

steel\Thickness) C | Si |Mn | P | S | N | Al | T
A 0.7 |0.0206|0.0037]0.1142 |0.0062 0.006910.0052)0.0585| -
B | 081 |0.0038]0.0054]0.09690.0056 0.009010.0138|0.043110.0459
C | 071 |0.00240.0039|0.1113]0.0076|0.0104|0:005110.054210.0385

A:Pure Zinc electro gavanized steel sheets
(coating weight :10.767 g /m?)

B:Zn-Ni alloy electro gavanized steel sheets
(coating weight:32.4 g /m?)

C:Zn-Fe alloy electro gavanized steel sheets
(coating weight:38.458 g /m?)
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friction coefficient :Front view,
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Table 2. Mechanical properties of coated steel 4. 2. =2&2| M(phase)t & A& (morphology)

sheets. Fig. 9ot 23354 3499473 =339
Steel- | YS. | TS. | & | @ R e veidls Adrletd xR s(A)# Zn-
Ange toRD|(MPa) ((MP2) | (%) | %) | " | ™ Fe(C)=273te] ¥ &AL u|qlate|ny, Zn-

A0 2221|3222 244 | 485 | 0222 |0.0134] 1.40 Ni(B)e] A$E aaro] vehte] Fulo] 7
A5 | 2262|3314 231 | 428 |0.215 |0.0157| 1.08

A9 [224.9(3209] 246 | 491 |0.212 |0.0151| 1.76 o ol EAIRcH(Fig. 10). 2232 A7lotdx
X 2249|3065 238 | 45.8 | 0.216 |0.0150| 1.33 ‘ R :

B-0 [170.81303.5 | 24.2 | 48.3 | 0.239 |0.0171| 1.66
B-45 |182.4|309.5 | 23.6 | 48.8 |0.236 |0.0155| 1.42
B-90 |172.3 (3008 | 24.8 | 51.1 |0.242 {0.0177| 1.97
X |177.0|306.0 | 23.9 | 49.3 | 0.238 |0.0165| 1.62

C-0 |156.6 | 2824 | 25.0 | 50.5 |0.238 |0.0181| 2.05
C-45 |177.2 |297.9| 24.1 | 48.3 |0.226 {0.0181| 1.98
C-90 |167.7 | 284.9 | 24.1 | 48.8 |0.231 |0.0198| 1.94
X ]169.7|290.8| 24.3 | 49.0 |0.230 [0.0185] 1.99

Gage length : 25 mm X=(Xo+2Xs+Xw) /4
Y.S. : Yield strength eu : Uniform elongation
T.S. : Tensile strength et : Total elongation

n: Strain hardening exponent R : Plastic strain ratio
m : Strain rate sensitivity

l—ﬂ
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. 9. SEM structures showing the surface mor-
IN  Zn-Ni  Zn-Fe Fig. 9. SEM stru g
coated coated  coated phology.
steel steel steel

(a) Zn coated steel sheet.
Fig. 8. Relation between strain hardening coef- (b) Zn-Ni coated steel sheet.

ficient and true uniform strain. (c) Zn-Fe coated steel sheet.
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Fig. 11b. X-Ray diffraction of Zn-Ni coated ste-
el(B) sheets.

15K

'”\...AA‘_JLA, W OW W

82,03 99.90 108.00

Ums.ﬂw’&l;”:)\smwx
20.08 30.060 42.29 50.82 6@.00 73.09

Fig. 11c. X-Ray diffraction of Zn-Fe coated ste-
el(C) sheets.

Table 3. Zn-Fe phases

Phase Formula Crystal structure
7 Zn HCP
¢ FeZnis Monoclinic
o FeZn: Hexagonal
T FeZna FCC
T FesZnuwo BCC
o Fe BCC

Table 4. Zn-Ni phases

Phase Formula Crystal structure

o Ni FCC

B NiZn FCT

y NisZna BCC

é NisZnz2 Monoclinic
AT 4 dgierl ol TN} AR A
AFo ATl vigA oty gy ot
Zn-Fed) 3% =dZol Fed @ebol wolad
4% 65k THo] ghobal i pipol Zol Bt



7% =37 AR YA vhAAFEA
4.3 OEA+ £3 dord Folm 2 o] F mefdtr] Sl cholFAl
£ AT vPRA S Al obefol ZlEd % oA Aldel FAZR A ) /oholutie] v,
Hoz 7k g 4 glok Fig 12 A3 & (4+1/2) /rAAE Fito o] 2 nANEA
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2 AE7 34 AR E 443, dFrg 0] Ale] Adate] Aesih AldAldMdE £3&
& FAY, pE PSS Pdew Q) Az Q7 &F Tv: 23 AH(Fig 13). o+
< ez Al Fesigd AR AT wf ol g ARF 7ﬂ <A o)A
u=(1/0)(r+t/2) /7) In goz Ay coldel HAALE 002
U Tu—Ti) /T2 v 6) 4 #Hoh & *—!(_6)011/‘4 #=0 °‘£’_i ']jm—Tw
=Te2 5ol AYstF, Te2 2542 35S
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slod AwlelFal, FuelEE deoh(Fig 14)
IgktAlell A 2 TAAHA A6)E o3t #}
AATE 2% F Uk FZA= 2gAE A
Sdlen] AYE AlFs 7 A FA FAE o
o]271-& sl #600 o= sleojHz2 o]z
He TAstet oA Ec 2 Al Wk Al
e lAAE7Y 22285 £S5 20 mm/
Z 4000
3 35001
l\—/ ]
§ 3oooj
2 2500-
é 2000
T, : Back tension s 1500
Tia: Forward tension £ 10001
Tib : Forward tension due to E 500 E:fm‘gltg‘j'l::sns;:lﬁz=5r5;1<;¥’1
bendlng/unbendmg L : No lubricant
© : Angle to contact %8 580 1000 1500 2000 2500'3000 3500
M : Friction coefficient Back tension force(T,), N
an * Normal force increment Fig. 13. Plot of forward tension as a function of
Fig. 12. Force relationships in strip friction tes- back tension(unpinned) for Zn-Ni coated
ting. steel.
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ig. 14. Plot of forward tension as a function of

back tension(pinned) for Zn-Ni coated

steel.
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Table 5. Coefficients of friction for various die
radii, contact angles, and lubriction.

material die radius | contact dry /lub friction

(cm) angle |°7 coefficient
0.25 90 dry 0.18~0.23
0.25 90 lub 0.017~0.023
0.25(bare) 90 dry 0.25~0.30
0.25(bare) 90 lub 0.09~0.13
Zn 0.5 45 dry 0.257~0.296
coated 0.5 45 lub 0.086~0.096
S?xt 0.5 9 | dry | 0.257~0.284
0.5 90 lub 0.096~0.118
0.5 135 dry | 0.203~0.225
0.5 135 lub 0.054~0.064
2.0 90 dry 0.163~0.204
2.0 90 lub 0.051~0.061
0.25 90 dry 0.237~0.250
0.25 90 lub 0.093~0.110
0.5 45 dry 0.281~0.346

Zn-Ni 0.5 45 lub -
coated 0.5 90 dry 0.227~0.270
sheet 0.5 9 | Jub | 0.184~0.194
(B) 0.5 135 | dry 0.281~0.30
0.5 135 lub 0.162~0.173
2.0 90 dry 0.204~0.245
2.0 90 lub 0.122~0.133
0.25 90 dry 0.168~0.178
0.25 90 lub 0.09 ~0.125

0.5 45 dry -

JoFe | 05 £ | lub -
coated 0.5 90 dry 0.225~0.246
sheet 0.5 90 lub 0.161~0.182
(C) 0.5 135 | dry 0.214~0.257
0.5 135 lub 0.161~0.171
2.0 90 dry 0.222~0.242
2.0 90 lub 0.101~0.121
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