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Behavior of Coating Films in Press Forming of Surface

Treatment Steel Sheets

Chuzo Supo, Toshio NAKAMORI, and Minoru NISHIHARA

Synopsis:

The behavior of coating films during the press forming are investigated on some kinds of surface
treated steel sheets for autobody panels. It is observed that the plastic deformation causes the damages
of the film such as the cracking or the flaking and the corrosion resistance decreases. The mechanisms
of these phenomena are also systematically investigated.

It has been found that the flaking depends on the deformation modes such as a stretch forming or
a shrink flanging and its dependency is unique to the type of the coating. ‘Flaking Limit-Strain
Diagram” was presented for a expression of coating characteristics.

The decrease of corrosion resistance after forming is generally due to the loss of coating weight or
the surface damage during the deformation. In the galvanized coating which has the sacrificial cor-
rosion effect, the lowering of corrosion resistance is dominated by the loss of coating weight, and it is
concluded that the severity of the forming can be evaluated by the reduction in thickness. In the
paint coating, that lowering is mainly dominated by the cracking or the flaking of the film. In the
material for this experiment, the severity is evaluated by the equivalent strain occurring on the surface.
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Table 1. Materials for experiment.
Coating Tensile Properties
ID s“'f?cet ' Material |\yeignt %’f::' Kok Remarks
m ickness 9
reatmen onono i YP 3arsSA2lEl %
A | Hot Dip Galvanized I:‘l:glﬁ:;ingfh 55 %4 o8 | 483 | 640 | 283
B Hot Dip Galvanized | Rimmed 78 g/m2 08 281 267 36.3 |Commercial Product
C | Electro Galvanized | Rimmed 2094 08 223 | 330 | 455 |Commercial Product
Film
D | Zincrich Paint Coated | Al Killed Thllcskness 08 265 | 31.2 | 428 |Commercial Product
u
Alloying was performed
E | Galvannealed Rimmed 60 g/mz 08 289 352 | 41.0 l|experimentally in

various conditions

Table 2. Forming Procedure for Flaking Test.

Strain Mode Strain Ratio(sy/ex) Forming Procedure Remarks
Equi-Biaxial Stretching about 1 100 mm dia. Punch Stretching High Lubrication
Biaxial Stretching about 0.5 100 mm dia. Punch Stretching | Nakazima Specimen (4)
Plane Strain about 0 100 mm dia. Punch Stretching | Nakazima Specimen (4)
Uniaxial Tension about —0.6 Tensile Test JIS No. 5 Specimen
Shrink Flanging about —1 100 mm dia. Flat Bottom-Cyl- | Polyethylene film was
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Fig. 1. Forming mode and strain diagram.
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Table 3. Forming procedure for testing of corrosion resistance after forming.

. Strain Forming .
Strain Mode . Illustration
Ratio (€y/Ex) Procedure
Equi-Biaxial 200 mm dia m
Stretchi 1.0 Flat Bottom =
[ 4 chin
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Biaxial about 100 mm dia
Stretching 0.8~1.0 Hydraulic
’ Bulge Test
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Tension -0.6 Test
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Shrink about }
. Cylindrical
Flanging d .
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Fig. 2. Flaking-strain diagram of hot-dip gal-
vanized steel sheet.
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Fig. 3. Flaking-strain diagram of electro galva-
nized steel sheet.
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Fig. 5. Flaking-strain diagram of zincrich paint
coated steel sheet.
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Fig. 6. Growth of red rust after equi-biaxial
stretching in galvanized steel sheet.
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Photo. 1. Observation of surface layer after form-
ing in hot-dip galvanized steel sheet.
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Coating _|
weight

Electrolyte
(ZnCl2+NaCl)

Insulater

Anode Potential

Test Piece,

315mmdia.

=
=
©

. Apparatus of anode electrolysis for mea-
surement of coating weight in small area.

BRBIETLEELDRD. COEYBRITI D, &
B OBREKIEEX HIE LThHI.

FEROWER, Fig. 9 wrntBBEREC LY, K
TE DR DIRE S RO . R HEEE D o 7
SvoEREE L, 7o v Lok X ORMIE X
X oTRELIBEHRELREC.

BHEE LT ex &0, EHWEDFEE L OBIRE R &
7-f8FH% Fig. 10 @wRT.0FLDPIGEETILE
ST EERALED s\, =Y v IFA LT
BB BN T — 7 RCBEIND 8% . &
M BREBICIE B LT WA EET B & L aR
28, R LEEEMNAERIDTEBRS DT,
Ao S IT Lich 2.

O FZBESEBRT D E, H5ATAEEER
Nz v, Fig. 10 CRReEED 607 BE X% T
Lz Ebinh. FOT, TOLEDOTLERIL B
RAOTREECHETHOVPBEYTHS. BHREAOT
ZATESLAMIREIT o ThTs W Bl 523, =0T
BRI 5.

OTFHEX IO AIE S &, BERERISIZEAL
AT L7 D BERES B 2l AR S %, =0
BREBREZ DO\ T, IMLHTOEER X O A S b &
EZ TRELTAY, WEREIERSY, 4%

— 78 —




EWOHME D 7 Vv AREICE T 5 EEO R 79

g sop I —
5o
W 0 o
3\_60 i O\ ____| Furnace Temp. 660°C P
‘.“f; Time 126 S
Z .
g 40 - Oéo ‘ l
O
g o —°—Qo O-o—
; 20 | } l
8 7 | |
L 1 —
0 0 0.1 0.2 0.3 0.4 0.5
€x
p=J
- S R
< O o oo
SE | e o_0
H-E‘ 0O % _\‘o
S60 ‘

Furnace Temp. 400°C
Time 84S
|

|
t
I
1 1 1 1 A
0.1 0.2 0.3 0.4 0.5

€x

o

Coating Weight af
n -
=S o
|
|

Major Principal Strain in Shrink Flanging

Fig. 10. Flaking behavior of galvannealed sheet.
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Fig. 13. Corrosion resistance of formed surface in
galvanized steel sheet.
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Fig. 14. Corrosion resistance of formed surface in
zincrich paint coated steel sheet.
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