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Press Formability of Hot-dip Zn-6%Al-3%Mg Alloy Coated Steel Sheet

Synopsis

Naofumi Nakamura, Hirokazu Sasaki, Jun Kurobe

In this paper, we show results from investigations of the press formability of various types of zinc and zinc alloy coated steel sheet

mainly ZAM, highly corrosion-resistant hot-dip Zn-6%Al-3%Mg alloy coated steel sheet.

The results are as follows:

(1) Formability of ZAM is improved by decreasing the hardness of base metal, the coating weight of plating, and increasing the lubricity

of post-treatment film.

(2) In deep drawability and stretch formability of ZAM is good, because its surface has superior lubricity to other types of zinc coated

steel sheet and SPC.

1. #

I

Rl Zn-6%A1-3%Mg & & o> ZHHW (LT, ZAM
WAL EFLT) ZERWEEEAETS Y ST
NTRECOMBEM 2 L LOBHEM L BERNEM 2 L
Fie DHBIZEZHENTVS, $72, HEHERSEEHE
T, 2227805 X20 L) RRIERICERD > &
%t L CHRILIR AT ) iR, hF A v EEMONERL
LT, @iEof) bz iGs Lz ZAM SR O R M A3
MLUTW2, &5 ICHRETIIHBESKESEHICB VT,
ZAM SO BT 2RI L CHEae v LR TR
ORELWIRB UM THENHWLNE 7 —AHH 2 Tn»
5o

Z ZTAIMTIE, ZAM IR O ER O LEEZ L — F,
Do TR, BRLBENT L AT R HES
ZAM SR & & AE Zn & > HHO T L AN THEICDO W
THRES L7288 72 & OS2 ZAM S o> H B B [ 58 5k~
DFBHFBNZOWTHET 5. 7TV ANMTHEOMEIZH
2o T, FEBREMITHE TV ALY, &y -kl
RIETMTOMTAR S LSRR ERZITI L LD
12, 2B TV AZBHOTET L 2 ORI E M
& 7 2 OB REHIPH % SR 6D 720

2. RBIGE

2.1

1B LOFR2IHIRAM OIS % 5 ISR
PR ZRT o ZAM SR ORI, MR Rz AL s (DX
T, ZCRIEFLY), ABCRENGRRLE (DT, Z]
LR L9, ML (DU, MALEEEFLS) o 3KiE,
O o XIFEEIIAE 35, 70g/m D 2 KM, JFEAIL 5
RARMIGVEE D 5 70 2K T I B & OBk SE A D
2 REECHFE L 720 LRlHIC1E, BHBE - KBNS 24
£ LARENZR Zn Do IR TH 5, HHLER Zn Do
@M (DT, GASIMEEET), FEELER Zn Do
S (DUT, GI#iM & FET), BA Zn O IR (DL
T, EGHitREiLd) Lk WM (LT, SPC
Litd) vz, 2B, HWEIE 08mm & L7z,

R I T L AWM WM Z RS, Zn - ZHIHH
Fighih & LT 51 b NOX-RUST3060 (73— 7 — i
FEGRELLLT, 3060 L Fi3) LWL - Al - XS B
e LTHWONB Y 7o—F 4 va—Z -5 (B
FPEMRBILLT, 75 L53e9) & Wi,

THATRAES  T =0 — 4
WTHAIFRE T8 =T — 2
TR T A=A — 2

FAENFZER
FALE
Fo b)) = —

H 3 %4 5 3 No.92 (2011)



30 WAl Zn-6%A1-3%Mg 4D - XD 7 L ALY

®1 HEM O

Table1 Chemical compositions of base metals (mass%)

Ho &
No.| b4 | U | %= | C |[Si|Mn| P | S |[A1|Ti
(g/ni)
@] 70 0.038]0.002| 0.25 |0.013]0.009(0.017| —
@] 7C 0.007]0.008| 0.15 |0.012]0.004|0.037| 0.08
®|ZAM 0.002/0.008| 0.14 |0.007]0.004|0.040| 0.08
@] A 35 10.002{0.011| 0.16 |0.007|0.004|0.036| 0.08
® M 0.002]0.011] 0.16 |0.007]0.004|0.036| 0.08
®|GA | M 45 10.003/0.005| 0.15 |0.014|0.006|0.032| 0.07
@| GI | ZC 60  |0.007[0.006| 0.15 |0.015|0.008]0.041| 0.08
® | EG | ZC 20 10.002{0.006| 0.15 |0.014|0.007]0.038| 0.06
©|SPC| - - 0.003]0.006| 0.15 |0.013]0.007|0.032| 0.08
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Table2 Mechanical properties of specimens

No. | Bakh | FALHE | 78 | W) | ol & %) nfl | rfli | fiEE
(g/m) |(N/mit) | (N/muf )

@] 70 255 | 362 | 36.2 |0.186 | 1.23 | jx F AL

@] ZC 163 | 318 | 459 [0.236 | 1.67

®|ZAM 157 | 301 | 494 [0.246 | 1.95

@] Z) | 35 | 159 | 299 | 47.8 |0.236 | 1.99

® M 159 | 299 | 47.8 [0.236 | 1.99 A

®|GA | M | 45 | 177 | 318 | 452 |0.223 | 1.58 | meSiMk

@] GI [ ZC | 60 | 197 | 341 | 40.2 [0.216| 1.76

EG | ZC | 20 | 172 | 313 | 474 [0.247| 191

©®|SPC| - — | 185 | 321 | 45.7 |0.225| 2.02
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Table3 Characteristics of lubricating oil
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P
77
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»ix ‘< Dd >‘ BHF
TVP

% i —_— )
7> 5% (Dp) 40 mm [;] lj—v] =
¥ A £& (Dd) 42 mm Lbx > f"\m Q
TR (Rp) 5 mm DI T‘Kﬁ;}gi
5 A T8 4% (Rd) 5 mm wn. Ri; ):D/Dp

Lbﬁiﬁﬂm)g%gggi B &0 Tk
FABHE (V)

60 mm/min
A S Z5

Fig.1 Schematic representation

of deep drawing test.
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Table5 Conditions for stretch

forming test
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TS AL 92mm Fig.2 Schematic representation
7L A 75 of stretch forming test.
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Table6 Conditions for bore-

expand test
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7L A3 3060 of bore-expand test.
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Table7 Conditions for drawability test
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Fig.4 Shape of formed artifact of cylindrical drawing

and appearance of flange wrinkles and crack.
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Table8 Conditions for flat die sliding test

for dynamic friction coefficient

% f
PRI | 0.8t X W30mm X L300mm
HEUAT U TR 46 x 30mm®
FUAHT T 1, 2, 4kN
AT ES 0.72, 145, 2.90N/mni
5l &R E A 1000mm/min
SR SKDI11
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A S| 75

fP
5 SPHIREIERERC X 5 B EEEAR B O W E )5
Fig.,5 Measurement method of dynamic friction coefficient
by flat die sliding test.
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Fig.6 Limiting drawing ratio of each base metal of ZAM in

deep drawing test.
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Fig.7 Limiting drawing ratio of each coating weight of
ZAM in deep drawing test.
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Fig.8 Rate of change of Lankford value of ZAM before

and after coat removal.
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Fig.9 Limiting drawing ratio of each post treatment in

deep drawing test.
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Fig.10 Relation between dynamic friction coefficient and

limiting drawing ratio.
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Fig.11 Limiting drawing ratio of specimens in deep

drawing test.
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Fig.13 Relation between sheet holding force and drawing

force of specimens.
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Fig.14 Relation between dynamic friction coefficient and

Limiting drawing ratio.
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Fig.15 Surface profile of specimens before and after flat die sliding test.
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0.00
-0.25
-0.50
=
¢ 075 L]
-1.00
-1.25 O EEEERAT |
BERH® ——
-150 —
ZAM GA GI EG SPC
Beatt
17 S BEAM O PHUR BN BT O Rsk

Fig.17 Rsk before and after flat die sliding test.

H 3 380 5 3t No.92 (2011)



36 Wl Zn-6%A1-3%Mg 4D - TR D 7 L ALY

3.1.2 RELINITH

X 18 (2 ZAM S D K A BT 2 BRAL R L &
R o BRI L D b WA AL O R IR L
ENEL o TEY, RIBLUMTHEIERLTWS 2 L8
bhbe TIUIML R FHAL O HHE T, nfio
EAREL BT EISGERLTWS,

19
18
17
16
15
14
13

E(mm)—E

ayzie)

=
=

H—RRFRHL

18 i SR MR

1BAR ik 3R S AR
R4k
X 18 ZAM SO K EAIC BT B AR L&
Fig.18 Forming height limit of specimens of ZAM in

stretch forming test.
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Fig.19 Forming height limit of each coating weight of
ZAM in stretch forming test.
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Fig.20 Forming height limit of each post treatment of
ZAM in stretch forming test.
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Fig.22 Bore-expand ratio of specimens of ZAM.
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Fig.23 Bore-expand ratio of each coating weight of ZAM.
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Fig.24 Bore-expand ratio of each post treatment of ZAM.
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Fig.25 Bore-expand ratio of specimens.
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Fig.26 Drawable condition range of each coating weight of
ZAM in cylindrical drawing test.
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Fig.27 Drawable condition range of each post treatment of

ZAM in cylindrical drawing test.
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Fig.28 Drawable condition range of specimens in
cylindrical drawing test.
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