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Microproperties and Fracture Behavior of Galvannealed
Coating Layer of Automobiles

Chun Dal Park”, Dae Cheol Ko"* and Byung Min Kim®*

ABSTRACT

Fractures of galvannealed coating layer during actual press forming in automotive applications were observed by
scanning electron microscopy in order to understand fracture mechanism. Fracture behaviors of galvannealed coating
layer in extra deep drawing quality steels and high strength steels have been studied by performing the tests describing
the representative plastic deformation in sheet metal forming such as uni-axial tensile test, compression test, bi-axial test
and plane strain test. Growth and direction of cracks were deeply related to the plastic deformation modes and history.
The material properties of galvannealed coating layer were investigated by nano-indentation test equipped with
Berkovich diamond indentor for the specimens. Hardness and elastic modulus of the coating layer were higher than
bared steels and that was the reason for crack of coating layer. Flat friction test and drawbead friction test were
performed to observe the effect of the surface morphology on the frictional characteristics. The micro-plasto
hydrodynamic lubrication were appeared and played an important role in reducing the coefficient of friction.
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Table 1 Material properties of specimens

YS TS El. | Coating Wt.
Steel 2
(MPa) | (MPa) | (%) (g/m’)
SGACUD | 1613 296.6 46 60
SGARC | 3433 461 31 60
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Fig. 1 Observed resigns and forming state of fender
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(b) SEM images of sections for region 1
Fig. 2 Cracks of the coating layer observed by the SEM
for front fender
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Fig. 3 Observed resign and forming state of front side
body
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SGARCA440 : High Strength Galvannealed sheet steel

(b) SEM images of sections
Fig. 4 Cracks of the coating layer observed by the SEM
for front side body
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Fig. 6 Strain levels and specimens of the uni-axial tensile
test
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(a) SEM images of surfaces

(b) SEM images of sections
Fig. 7 Crack of coating for uni-axial tensile specimen
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(b) SEM images of section
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Fig. 9 Crack of coating for compressive deformation
mode
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(a) Crack propagation and exfoliation of uni-axial tensile
deformation mode

s //_ ¢ r
%&

Crack initiates in Crack propagates along Crack is exfoliated from
& phase to & phase and reaches the coating
to the /- steel interface

(b) Crack propagation and exfoliation of compressive
deformation mode

Fig. 10 Comparison of crack propagation and exfoliation
between uni-axial mode and compressive mode
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mode

(b) SEM images of surfaces and sections
Fig. 11 Crack of coating for stretch deformation mode
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(a) Specimens of PSST test for plane strain deformation
mode
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(b) SEM images of surfaces
Fig. 12 Crack of coating for plane strain deformation
mode
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Fig. 14 Coefficient of friction and SEM image for various
contact pressures
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Table 2 Conditions of nano-indentation test

Surface approach sensitivity 30 %
Surface approach velocity 10 nm/sec
Allowable drift rate 0.15
Poisson’s ratio of specimen 0.3
Humidity 30~32 %
Temperature 23~24 C
Indentation depth 1000 nm
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Fig. 16 Indentation depth versus load curve for specimens
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Table 3 Micro-material properties of specimens measured
by nano-indentation test

Elstic Maximum
. . Hardness
Classification (GPa) Modulus Load
(GPa) (mN)
GA SGACUD 4.11 2293 95.5
SGARC 4.40 2544 99.1
CR SPCUD 2.237 195.7 54.5
SPRC 2.925 204.9 67.5
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