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Stress Analysis and Prediction of Multiple Cracking of Coating Layer of Galvancaled Steel under Applied Tensile Strain

Sohei IWAMOTO, Shojiro OcHial, Toyomitsu NAKAMURA and Hiroshi OKUDA

Synopsis : The brittle Fe-Zn intermetallic compound coating layer on GA steel showed multiple cracking perpendicular to the tensile axis. The average
crack spacing of the coating layer decrcased with increasing applied strain. The crack spacing was dependent on the coating thickness and
species of the steel substrate. The calculation of the exerted stress of the coating layer with the finite element method revealed that, when the

steel substrate deforms plastically and the crack spacing is narrower than that of critical length, the maximum tensile stress of the coating
layer is approximately proportional to the crack spacing and to the tensile stress of substrate, and inversely proportional to the coating thick-
ness. From the comparison of the measured crack spacing on the IF (Interstitial Free) and SPCC (Stecl Plate Cold Commercial) steels with
the calculated one, the strength of the coating layer was estimated to be around 260 MPa. From these results, an empirical equation was pro-
posed, which can be used for rough prediction of the crack spacing as a function of applied strain for any substrate steels and thickness of the

coating layer.
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Fig. 1. FEM-mesh and boundary condition of the GA steel
for stress analysis.
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Fig. 2. True stress—true strain curve of samples L, M, P
and Q.
o= O‘"f'k{,dl ........................................................ ( 3 )

KOXRDEHIERLL -,

0=030+400£"% (e,=€)  (SampleL) -+ (4)

0=280+320(£-0.02)""  (0.02<¢) (Sample P) -++---- (5)

ZIT, ol RMNEOTATORN, o 3BERIES, eidE
AMOTATH S,

70, IER & &SRR & U C Sample L DIE 11l % 2
5L 724 O % Sample M, Sample POIE % 1515 L 7= %
? % Sample Q & U THIW /2, Fig. 21ZSample L, M, P, Q®
HIGEH (0)-HEO$ A (o) i 4 R~ T,

KM T, 2—7 14 ¥ VBN TR & FATIc RS
LTW 3o & HIRERMBHL, 3 -7 1 v 7HAS
DEHMHTOIS N & IZAHETEY L 728 O & ISR L
L7,

HERBERMHTIZIZFEM O LN 2 — K MSC.Marc2001
EF VKA T T ey H MSC.Mare MENTAT2001 % FI WY
72o GTRISFEROTARKES L, KEHE—- FCit- 72,

3. BRBLUEE

3.1 5I5RER

Table 112 Sample L ¥ & U Sample PD 4~20% D V¢ A,
Sample Pid & SIZHEMTO T A 33%)IZH1T 52 5 5 7 DF
WA AT, ZHIZED GABKRICE RO A &M
5L TaA—T 4 YIRBRIIMLAFRIIAHML, S8
B2 EST LT ZEAbh b, AMOTAY T TOSL
PREIG IS K 2 L EWW Tld Sample L, P T3 2 5 v &
BIBEIE R % 55, 22umTH > 729, 20%BHOTATIEY
7y VEIREERTN27, 14um & D OF ABARRTIS
HUTHEEL TR LT3,

33

2000
= — L= 10um
% -— L =20um
< — = L=30pum
0" 1500- . L =40pm
[ Y L =80um
>
= 1000 .- c- J
0
=
% 500—_;‘___‘\ . A
g 2NN ’
% 0 v |

0 20 40 60 80

Distance from crack, x ( um)
Fig. 3. Distribution of tensile stress o of the coating layer
at the nominal strain e=10%, for the crack spacing
L=10 um, 20 um, 30 um, 40 ym and 80 ym. (Sam-
ple P, coating layer thickness 7=35 ym)

Table 1. Measured average crack spacing of Samples L

and P

Average crack spacing

(um)

Strain (%) | Sample L Sample P

4 44.0 215
10 37.4 16.7
15 289 15.5
20 26.5 14.3
33 10.5
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Fig. 4. Relation between the maximum tensile stress &, ..
of the coating layer multiplied by the coating layer
thickness T and crack spacing L, at the nominal
strain e¢=10%, for the coating layer thickness
T=2 um, 5 ym, 10 um and 15 um. (Sample P)
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Fig. 5. Relation between o, .. 7/0, (the maximum tensile

stress of coating layer multiplied by the coating
layer thickness and divided by the stress of sub-
strate to the nominal strain e. (Coating layer thick-
ness 7=10 um for Samples L and M, and T=5 um
for Samples P and Q. Crack spacing L=40 um)

NBTHd5-MOERENS T ~T 4 ¥ IREIGIIZE A
LHEEERND,

Frr o p_LRE{tAE#E (Fig. 2) 3%/ 5 Sample L, M, P, Q2
DWT, A—=F 4 Y IRASOIS T ERT L, 2590
MR LIE Z & T & FARIZ 10 um, 20 um, 30 um, 40 um,
8oum & L7z, 2—F 1 ¥ )% &id Sample L ¥ & U Sample
MIZHEEIZH W 2= Sample LIZADHE T TI=10um& L,
Sample P ¥ & UF Sample Q I$3ZBR {2 7= Sample PIZ &b
HTTr=5um& L7z,

I—F 4 VIRARDOIEHOR Kb, T —T 4~
SBETOMo, T HiilEs 720 DfFH) 35160k
O ATREMSIPENEEFHLKS, JZTHELHE
MOISHOBEGRERIZER T 20, Frlvwiga—2k
U CHRIMES 72 0 Dffd & Z D OF AR TOHEMOIEIET
BRLZEAERGWS, 2087 4 — 2 2RO Az
LTTay b L, #RO—H% Fig. 51587,



FERAFR O A T TOGEILERESD > T — 7 1« ¥ I BOIH#H S & U FP il

M+ KELEUEIBIZA > 2BH O A 10%
PDETE, a-54 vrRBARORNIORKE, i

x,max ’

ZOOF AR TOEMDISTHE o ITIZITHHIT 2 Z LAtb

7%, CZORBEETOHREMRTHERETE 2. DLE&D,

RA(9)DBIFRAK T B,

O—.\’. max — C i

o

K

C == CONSL, ++rrrerrerserrrcaaseruacansniens ( 9 )

Cl (0, TL)o, ThEbbHNRE H72DOVYfHE
(0 VDT RIS THEEDRTH B~ MY v 7 2N
(C)DEIATH B, ZDRNIIST X — 258 LEMOME
HAaBbTIC B AT, E0kd)AEM, Eko %k
-5 4 v rBHEELEEIIHUCEEEN/ ST £ -4 L
w0, TENICSEEW 2 TR LREL L TORH»H
FTEs,

Fig. 612 0, /O, B UTIZRH LT Ty P L2y DEIR
T, BT A 10% L LT o m Tkl e o3
ABIZESTCIE10%EDRENTO.18 L4 - T3,
INODRREDEMEERSEUEEL, 77 v VRS
AR EDEVE X CROTAIZKLTIXIF018% 5
WA B,

O 05 OAZHTIRIILBI 2 2 & 13 RD K S5 IZHHBHT
%, -7 4 Y RBEILEENL D, 77 v 7T
HBRENTNB 78, 2—F 1« VI BIZHbH B5EE A
DHERETOEAMIE AT L TEEEINZEDTH
%, R TOHEAMIE S 1 13 EM D Z DIOIET o,
ELTOMBERS D, 20740 RO KBIBGEA RO NS,
Kelly-Tyson € 7 L DOBIRA(7)& X (9 ITRAT S &, Z
OB TEE NS,

7=2Co, C=const.

KRAYEHNE Z LT, OF AL YFKAMIEN TORER
BXLLOBBMARO LS IZHATE 5,

I—=F 4 VI RBNBOBHORKE 6, W T—T 4 ¥
TGRS 0, 1N SE LRI~ T 4 v IR T S,
ZOEELITLIZHELNY, L=L, 0, px= 0o yrs TN(9) U2
RATB L, YHAMOTATORRRSLIZOVT
B TOREMOIETIE o, % T

LEHSE, 272R(6)ER(9ED

L.= 3T { O, yrs
ac| o,

OO THENRKEL BBICONEL KD, 0 yrs MR
ZoE, BREXLIERAD) TOTAOBKE LTRD S
hs,

35

s

5,0 ©  SamplelL ----- C=0.16
@ g g O  SampleM - — C=0.18
g 3 A SampleP ---- C=0.20
@2 01 X SampleQ
)
g —E § "/
3] g:s 3 ".?(./‘g
End 2 PR
Eds R |
28y @

o 0 I |
=& 0 100 15 20

5
Crack spacing divided by
coating layer thickness, L/T

S

1 T T —

/o

X, max

- i

- LS o
L g7
i RCCa
BT
AL
I5 110 lIS 20
Crack spacing divided by

coating layer thickness, L/T

O = N W b W N
T

Maximum tensile stress of
coating layer divided by

stress of substrate,

(=1

— b” 7 B R e

o > = 6

v L ® r -1

o0 <

0”8 &

B3 < Sk .

w2 0

02 g 4 |

$58 YT z

Esg 3k ’,’/_4._.

EE‘-‘; 2L R
wn '/.-

- |

2E e E'ﬂ« ©

< O 9 0 I |

=° 5 15 20

0 S 10 |
Crack spacing divided by
coating layer thickness, L/T

Fig. 6. Relation between 0, ,../0, (the maximum tensile
stress of coating layer divided by the stress of sub-
strate) to L/T (crack spacing divided by coating
layer thickness) for applied nominal strain e=(a)
10%, (b) 20% and (c) 30%.

T—F 4 VIRBE o s EUTO LI IRk 6h D,
C(0.18) & o, (GFADEE) 2XUDIRATBEE, L,
0, BT H T, OFAORME LTREND,
ZIT, O s PIEAZILERTELD 0, ;15 TDL,, &
FADOBKE UKD, Table | O FEHEIEO FZHE & ML
L7z D % Fig. 7, 81283, 24 & D Sample L % & Uf Sam-
ple PO I — 7 4 ¥ Z R 0, 11513 FIZHT 260 MPa & HERE
XNhb, ZTOMIZEREIENICK 2 S ERHWBRR A 5K 7
fl (260~270MPa) &1EIE T 5. Ak, ELDEKI K
) FEM P 2HPER L AKICEATE 280 TH 50
5, BORHIC OBV HARNIZ K E VARG O T ADNE
WREI TIIKEE AR D B,

Z Z T Sample M, Sample QIZH T & 0, ;75=260MPa &
FTAEL, =T 4 vIBEISEED 10um TH 5HAD
PR L DA TAIINT 52T Fig 9D &1
WG enTES, BRMORIAEVEDIEE L, 1T

ave

B HE-»>TWb, ThbbEmEzsa—7 1 v 7k

339 N



$k& 4 Tetsu-to-Hagané Vol. 91 (2005) No. 3

100 — =
O, 1y = 230MPa
TS s 260MPa
80 - T 7O s 290MPa
O Measured value

ave (“m)

L

0.2
Strain, e

Average length of the coating layer,

Fig. 7. Change of the average length of the coating layer
L,,. with nominal strain e, for the strength of coat-

ing layer 0, ;;s=230 MPa, 260 MPa and 290 MPa.
(Sample L, coating layer thickness 7=10 um)
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Fig. 9. Relation between the average length of the coating
layer L,,, and nominal strain e, for the strength of
coating layer o ,;s=260MPa. (Samples L, M, P
and Q, coating layer thickness 7=10 um)
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layer L, and nominal strain e, for the coating
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