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The influence of annealing temperature on mechanical
properties and friction coefficient of coating layer in
galvannealed sheet steel

J. S. Jeon, J. M. Lee, D. J. Kim, Y. S. Kang, B. M. Kim

Abstract

In the modern days, a galvannealed sheet steel (GA) instead of a cold rolled steel sheet has been widely used as an

alternative to extend the life of automotive body. Accordingly, the mechanical properties of GA for automobiles were
taken into account and studied by comparing with the temperature variation on annealing in this study. To clarify the
effect of surface features in the mechanical and frictional properties of GA, the several tests such as nanoindentation,
vickers hardness and nano scratch test were executed. The developed neural networks apply also to obtain reliable

mechanical properties of the thin films. Load-displacement curve was computed by the analysis procedure and compared

with experimental results. The frictional characteristics of coating layers in GA were verified though nano scratch test in

this study. The friction coefficient of coating layers on the surface was obtained from the nano scratch. The variation of

friction coefficient versus velocity and pressure was taken into consideration in this paper.

Key Words : Nanoindentation(“}x=¢] @&l o] ), Coated Layer(’=F3%), Mechanical Properties(Z] A2 E4),
Frictional Characteristics(?}# 5-4d), Galvannealed Sheet Steel(-&+8-0}9 =7+

1.8 B #Ho] WA st T 22 Az TAPES

op7lgth 2B Z AFY nAHY ¥ nEAFE

HZ Eo] AFa AAY FHAFS AT A7) AdAE EFF5 U 7148 54

Aog FHo YAZRRE Uilsld U4 A9 2 uFEALS S 7Ysie s Aol w=

FFARFT AT ALEo] F7iH T Yl 28 Al dastt. 2R g@oz Zo] AlgEHT 9l

U BFgoldxgAded 28y 34 F 2 W £ Zn-Fe A 3 =338 Y978 vns)

(L, &=, S8l 9% 9$-cl3 (Powdering) o TFFH S48 ZFFHANAM Zd o

o 22 AHF EFo] Yedd. gRE olgd ¥ G EZ Agor gy 2 FFAAE TF9 #A

F2 thol9 A Alele) wiE 2 FF EXHS o o3 BEHEFHo BEFY :MX7 4 50

HAA JPEF A TFF g 93 7 At Eg Ty A FPrte R 2 HA o

L RAgigta Ay AlFete

{Ti‘xﬂtﬂz—’l'_' g 2353}
POSCOAF A2 A 74E 9 7 A H
WAz Bk A7) A8, bmkim@pusan.ac.kr

WD

-113 -



flo

o o H1
ol al
o, o)

— f{r o

by
r}mr__ﬁ

[
=)

ER X}%X} 7ol ge
olAEF V(0I5 GA Z)ell
4 =5%F9 7148 4 wEEA
3 %8 GA w9 71AH &
73 E(Hardness)2 Ao} H o]RAL
A ARE T3 g5siinh 29 3

¥ oA =5 @ otFEAE 337}
A8 Y 23 AlPNano Scratch)2 F3 3}
FTh2] ol 4ubEQ ARMAAE F2 AA Q]

ol 32
ool e ¥
rlo oo

o

&

i

W1 2 ofy -

=

K1
F}° & ol

ik

Lo o KT oo yd

3

[*3

—_—

¢
-
..\.L

&)

SlEAPos: EFAANZRY EFF LAY
SAEAE ¢ % Q7] WEolT
2.GA ZHe| H= 2ty
GA ARE §4oldEREE $2 AW 12
oA A7tGste] B HWAY Fezn FFEL
BN A& AN B F um o) F
ERECEL

GA %9 AMAAD =F39 g3 AA
(Fel0%-Zn)E 7FRAh[2] =F&F0A WA L
=27 #2 Holding Furnace ©lA] o]dd Qo]
o} FolATh AqrjM= FFE %o wEt BT 4
7} (465°C, 505°C, 515°C, 540°C)9] GA Z & A
drjglon 1 FF=L Fig. 13 2ot gA JFae
_r__’_ Zn ST R} 9403 Aws Agyy

- 114 -

(Stamping Formability), &3 &7 A (Weldability), W}
214 (Good Corrosion Resistanc«=)—°— 2= Olaqﬂ]
TF58 GA ZEE AFa AA, £F 59 Az
At 4y FA0 o] 8-drh

a2y GA Z¥E o8 7R wA AFFAN
o] o, gy PHAA g =5 F9
NAA B4 2 otdAFS B3] AHsA £

st} BAe] 4B Hrkel g0 4 7HA] EA)

£ of7jslx 9o olHd BEAE A5y Yl
TF59 w25 ot B AFE] HIYH
o] %ti[3,4]
3. Lt QlEEojM AE
Hix  qdeeld AlgdeE  MTS A}

Nanoindentation® XP 7} A} 851 g2 &34

7b A3 wpEAs AED Y] A2 w23 A
¥ (Berkovich Tip)2 AH&8IQATH Ados A&7

“3 5 7 Y (Continuous Stiffness Method)0] A}&38ro 2
A qtglZolo] wE Loading-Unloading 34, % %=
2 gAY WgE 53Y 5 Yok

U Qdeold AldE 3t AlHL J%ﬂ
<X wat 10000nm x 10000nm & AH & 2 &
o AAE st gerEoR yw AdeHolA
Ao A 2Ale] S BX] Yv =FTY 3
F dPole TFF FAY 10%Y Aoz

ATH[S] 23 Fig. 1 oA &
544 Edol ddsA Estxn

9 7130 24T + goms =

o}
=

A3
2
g

(b) The section
Fig. 1 Scanning electron micrograph of coating layer on annealed temperature of GA
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Fig. 2 Plots of load versus displacement for film of
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Table 1 Conditions for nanoindentation test

Conditions Value Fig. 3 Plots of elastic modulus versus displacement
Surface Approach Sensitivity 30% for film of galvannealed sheet steel at 400nm
Surface Approach Velocity 10nnvsec
Poisson’s Ratio of Specimen 03
129 Annealing temperature 465'C

Humidity 31% ~ 41% [T - S Annealing temperature 505'C

- - 10 Annealing temperature 515'C
Room Temperature 23.5C~245T 9 Annealing temperature 540'C

Tip Berkovich Diamond g :
% 63
Table 2 Experimental results of nano indentation It | -
Annealed  |Indentation Maximum 3
Modulus | Hardness 24
Temperatures | depth load 1
465°C 107.3GPa | 2.168GPa | 21.5mN O B0 180 130 250 280 3% 3% w0 4%
505°C 157.4GPa | 3.287GPa | 18.2mN Displacement (nmy
515°C 400nm 170.3GPa | 3.455GP 16.5mN
—_— - a | 3.455GPa = Fig. 4 Plots of hardness versus displacement for film
540°C 180.3GPa | 5.269GPa | 10.3mN

of galvannealed sheet steel at 400nm
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Fig. 5 Conditions of nano-scratch test

Table 3 Conditions for nano scratch test

Conditions Value
Surface Approach Sensitivity 30%
Surface Approach Velocity 10nm/sec
Allowable Drift Rate 0.15
Humidity 30~35%
Temperature 23.5°C
Scratch Distance 500um
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Fig. 6 Friction coefficient in nano-scratch test

according to scratch loads
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Fig. 7 Friction coefficient in nano-scratch test
according to scratch velocities
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