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A Study of Frictional Characteristics of Galvanized Sheet Steels for Automobiles

Young Suk Kim, Jae Bok Nam and Won Jib Choi
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Abstract

The frictional characteristics of galvanized sheet steels (GA, EG, EGF, EGN) for automobiles
were studied and compared with that of cold rolled sheet steel. A draw bead tester which
simulates metal flow through a draw bead in stamping die face was used to measure coefficients
of friction of galvanized sheet steels for four kinds of lubricants. Stamping formability of
galvanized sheet steels for quarter outer panel was examined. The results show that stamping

formability and friction characteristics were mainly influenced by the nature of zinc coating,
surface roughness and micro hardness of coated layer, and proved to be very sensitive to the

lubricant used.
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Table 1 Mechanical properties of tested materials
Coating Alloy Thick- E1(%)
. . TS Rm- n-
Material weight content ness (kg/cm?) over
(kg/cm?) value value
(g/m? {(wt %) (mm) 0.2% offset 50mm
CR - 0.79 30.7 40.3 1.80 0.210
EG 20/20 - 0.81 29.7 42.9 1.62 0.207
EGF 20/40 Fe:16.6 0.80 30.2 40.9 1.90 0.184
EGN 40/40 Ni:14.9 0.81 35.5 37.1 1.70 0.183
GA 30/45 Fe: 9.9 0.79 30.7 40.6 1.80 0.218

CR : Cold Rolled

EG : Electrogalvanized Coating Pure Zinc
EGF . Electrogalvanized coating Zn-Fe alloy
EGN : Electrogalvanized coating Zn-Ni alloy

GA : Hot-dip galvannealed

All values are averaged according to

X= X+ 2){;45) + Xeso)
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Fig. 1 Fixed (a) and roller (b) bead configuration of
draw bead simulator
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Table 2 Experimental conditions-draw bead
simulation

Male bead interleaf distance :
5.74~9.34mm

Drawing speed : 200mm/min

Lubricant : rust-preventive oil

Forming conditions

Size : 45X 300mm

Specimen
pec Drawing length : 150mm

Bead and roller radius : 4.76mm
Material : tool steel (SKD 11)

Tool

Table 3 Properties of lubricants

Specifi
Lubricant T Viscosity g::tl;
ype
code 40C, cSt
< ( ) (15°C/4%)
1 Washing oil - 1.04
Washing &
2 rust 4.5 0.8417
-preventiveoil
Rust E
3 . 12.01 0.8964
-preventiveoil
4 Drawing oil 56.0 1.15
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Mg, 2 Schematic view of strip draw tester

Table 4 Experimental conditions-strip draw test

Normal load : 2.54~5.71kN
Forming conditions | Drawing speed : 200mm/min

Lubricant : rust-preventive oil

Size : 45x250mm

Specimen
pee Drawing length : 120mm
Male bead radius : 4.67mm
Tool Female bead radius : 4.67mm
00
Female bead profile radius ; 1.5mm
Material : tool steel (SKD 11)
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panel
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Surface morphology
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cross section
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Fig. 5 Micro Vickers hardnesses for various coated
layers
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Fig. 6 X-ray diffractions of Zn, Zn-Fe, Zn-Ni and GA coated sheet steels
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Table 5 Properties of each phase in galvanized coated layer
Phase Formula Wt %, Fe Melting point ('C) Structure
7 Zn -~0.03 419.5 HCP
4 FeZn, 6.0~.6.2 530.0 Monoclinic
é FeZn, 7.2~11.5 620.0~668.0 HCP
Y FesZnyo 20.5~28.0 668.0~780.0 BCC
o} Ak HYPxgo] xol chelo] A&l o unol B2 I &3 :}o]a}.@( A HazuHoe] Z
) = -?'——E—°l AsHA Wels dA2 FHo] thelgt F5 =320 wAAse AA .
o) AEwAel AA Hu FAsH ¥Ie] e Fig. 9% =26 45o] fe aA%s oohs
€ HdFcoh A o] ASE AY A =X ¥ Yebd Ao}, 2 AFHoA o] Hx9 9 LHOI]
FEFE 23Y 5 Qe F4rl AHoz glof A EF2o0] 7531,—101 EGF, EGN, GA¢} CR 7tzte

upAA o] He Ao A7
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= 3 2 =l o3 4°)9¥ =3
Xiztel A2 o ¥d W] ol 2
) AFE 7 Uk F =TEHY EIFAA 4
7} ol AA HESm Ya oA FFelA
T F8FE E3l tholote FHFo] olFoixa
Ae AFe =A% otAAS pE
p=w(l—a) + pna (2)
22 FAARY, A7A ppd =FIHN ol
o] wPRAFOIL we FBFo tho| e wpAAIS
olt}, o EFEWI cholzke] HBJ| HEQH
(nominal contact area)ol]l & A H HEHH
(actual contact area) ] v]ojc}, duld oz 4<

0.3
Lubricant code [] 12
% 3
4
> 0.28F
8
£
N 0.20- O
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3 i S 3 Y
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Fig. 7 Effect of lubricant code on coefficient of fric-

tion for Zn, Zn-Fe, Zn-Ni, GA coated and cold
rolled sheet steels
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Fig. 8 Surface morphologies and contacting areas for various coated layers in draw bead simulation
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Fig. 9 Effect of drawing velocity on coefficient of Fig. 10 Drawing length-drawing load curve showing
friction typical galling tendency



A5AE SN B PEEA] DY AT 1483

10.0
Rust—preventive oil
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Fig. 11 Drawing load versus drawing length for Zn,
Zn-Fe and GA coated sheet steels
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Fig. 12 Forming limit diagrams for EG, Zn-Fe, Zn
-Ni, GA coated and cold rolled sheet steels
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Fig. 18 Marginal strains of critical area for various sheet steels with different blank holder forces
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