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Zinc-coated steel sheets during deep drawimg with use of ceramic tool under dry condition

Akio MOTOI, Seiji KATAOKA, Takezo SASAKI, Kokichi KATOH and Naohiro ISHIDA

Abstract

Increasingly more severe restrictions on lubricants or cleaning agents in metal forming

necessitate looking for methods to reduce or eliminate their use. Experiments on deep drawing of

zinc-coated steel sheet are carried out with use of ceramic tools under dry conditions. Four kinds of

ceramic tools are used. Rust preventive tests are carried out with the use of the salt spray method to

assess surface damage of the zinc layer of drawn cups. From the experiments, it is found that

ceramic tools show good tribo-characteristics in the deep drawing test of zinc-coated steel sheet

under dry conditions. Limiting the drawing ratio with use of ceramic tools (SiC) under dry conditions

becomes the same level as using die steel tools under lubricating conditions. Moreovers there is no

difference in the effect of anti-corrosion of zinc-coating between dry and wet conditions.

Keywords Zinc-coated steel, Deep drawing, Ceramic, Tribology, Dry condition

gooooo
goboboooobobboooobooooboboooon

gooboooobbooobobbouooooboboooooob

0000000000000000000000000
0oo0oO0oooooo o

0000000000 00000000000000
0000000000000000000000000
000000000000 000000D0000000
0000000000000000000000000
0000000000 000000000000000
0000000000000000000000000
000000000 ? 0000D00D000000D
0000000000000 0D000o00ooOgoogoTe®
00o000ooooo® e o00o000onooooog
0000000000000000000000000
0000000000000000000000000
000000000000 000000D0000000
000000000000 0000000000000
0000000000000000000000000
0000000000000000000000000
000000000000 000000D0000000

*'O0QgooOoooooo
Ooooooooooo
opoooo

010

gobobooooboboooobooobobooooon
gooooog
gooooooobbooobbooobobooooo
ooboboooooboooobboooobboooooo
goboboooooboooobooobobooooon
gobobooooboboooobooobobooooon
gobobooooobobooooboooobboooooo
oono
gooooo
()

[1r° @

(39 e
-k
= AL 3
L
R T

i e

arld S ¢
e = FUESEET

ugb bOoooooo



gboobobooobobooooonbobaoid

2.1 0ODOO
goboboooobobbooooboboooobobooooon
000000 OD0ODODOO0O0OO0OoOoooooO 150kNO
oooopoOooog 200mmOOOO00O 50mm/s D0O0O0O

2.2 00000000
000000000 000000O00 SKDI1
OHRC6OOD OO OODODODDOODOODDOOOOOO (A
- 0)000000(Zro. ) OO0D00DO(SIC)DI D000
(SkNgOO0O0OO 0000000000000000
00000000000000000000000000
0100000000000000000000000
00 SKD11 OO0OO0 00000000000 300
mm 00003 mmO0O0OO0O00 27.8 mm OO0 3
mmOO0000000000000000000 0.2

mRy0OD0OO0O
0000000000000000000000000
000 08mmOO00OOO0O00O000D0O0O00O000

ub 0Oooobboooo

good|loooo| oo ano oo gooad

N/mm?*| N/mm? O Oyp m

141.0 283.3 51.0 0.28 2.15 11.79
2.3 O00O0O0O

ODOO0o0OO0o0O0oO0DOOOob0O0Os mm/s ODODOOO
goobobooobobobooobobooobobbooooon
goobobooobobobooobobooobobbooooon
gooboboooobboooboboooobobooooon
goooog

ooboboooooboooobboooobbooooon
00000000000000000 26 mm©/s04000
goobooooboboooobboooobo

oobobooooboboooobbooobobooooo
goobboooobboooobboooobboooooon
goobboooobbooobobbooobobboooo
goobobooobobobooobobooobobbooooon
gog,01wodbodobooboooooboooobogo
gboboooooobooooobbboooobobooss
kNODOOD

gobobooooboboooobbooooboboooon
gooboboooobboooboboooobobooooon
goobobooooboLLbRrROOOODO

2.3 0O0ODOOOO
goboboooobJus z 230100000000000
goooooooobobobobbbobboon s+x1000d

020

0000080 em® 0OO0O0O0O0OOOO0ODOOOOOO
goos503 mlOOOOODOOOOO 0107 MPaO O
oobob0 3Bx2000000000000D00O00O00
oobobooosgbobz24000720000000

goooooooon
3.1 Dbooobooboog
3.1.1 0000000
goooooobobOooobbooobboooooon
goboboooooboooobboobobbono 200
gobobooooboboooobooobobooooon
goooskpir ogoooooooooooboooo
ooboboooooboooobboooobboooooo
goboboooooboooobooobobooooon
goooo oooooobbbboboboobbooo
gobobooooboboooobooobobooooon
gobobooooobobooooboooobboooooo
ooboboooooboooobboooobboooooo
000ooo®' "0 000000000 oooooon

gooboooobbooobo
2.5

2.4

2.3

2.2

2.1

2.0

KD11

o0 0Ooooobbooo

goooobbboooogoooobskbir oooo
goboboooobobooooboooboboooooon
goboboooooboboooobooooboooooo
oooboooooboooobboooobbooooooD
gobobooooobobooooboooboboooooon
gbobooboooboboboobowoobobooOon
goboboooooboboooobooooboooooo
ooboboooooboooo30boooobbooon
oobobO2000000000000000DO0O0OO0
goobooooboooooboo

goboboooobobboooobboooobbooooon
goooskpir ogooooooooooooboooo
oooboooooboooobbooob -000ooo
gobobooooobobooooboooboboooooon



0 DoogooobooooobobOoDOobOonD -0
Ug-0bboobobbooobobooobobboooon
goobboooobbooobobbooon

2.5

0100

2.4

2.3

2.2

2.1

2.0

o0 wooooboooobbooo

3.1.200000000000D0
oobobooooboboooobbooobobooooo
goobboooobboo400000000DO0OO
goobobooobobobooobobooobobbooooon
goooo
goboboooobobbooooboboooobobooooon
goobboooobbooobobooobobobooooo
goobboooobbooobobbooobobboooo
SKDl1 00 O0OoOoDoDOoOoOooobobboooooooboo
gooboboooobboooboboooobobooooon
goobboooobbooobobooobobobooooo
glooobobooooobbooooboboooobobooo
goobobooobobobooobobooobobbooooon
goobobooobobobooobobooobobbooooon
goobbooooboboooobooooobooo

—

25 0100 o

-

24

2.3

oo bODoOoooobobogod

2.2

2.1

DA

L
A\
——
AN\

7, 7 7

2.0 °
SKD11

3.2 ODDOOoOoooobo
ooboboooooboooobboooobbooooon

goobobooobobobooobobooobobbooooon

gooboboooobboooboboooobobooooon

030

gbooboooooboobooboobobob2o010

gobobooooboboooobooobobooooon
gobo0oskpl1r ooooDoOooooobboogoo
gobobooooobobooooboooobboooooo
ooboboooooboooobboobobboo

oO0obOo0o0o0o0oOobDOobOOoooooDoOooOenO
gobobooooboboooobooobobooooon
oooooboboOoOoskpl1 Dooooooooooo
ooboboooooboooobboooobboooooo
goboboooooboooobooobobooooon
oobDoO0o0ooobobObO0o0ooooboskp11 D0oogo
gobobooooboboooobooobobooooon
gobobooooobobooooboooobboooooo
ooboboooooboooobboooobboooooo
gobobooboobobooobobooboobboobo
loooooDOoOboOobOskKp11Oooooooooooo
gobobooooobobooooboooobboooooo
gooooooooo

RO,
l‘:FI " $ .'Il
AN

.

®
® ®
70
e *
X
60 X °
X X @ e L d
¥ P
50 : < ® - S
e ¢ * @
240 * T e M
o
30
* *
20
10 —{ eSKDI1 e X }7
0

100

o0 O0ooooboooobboon



gboobobooobobooooonobaooid

3.3 UoOOoDbOoo
goboboooobobbooooboboooobobooooon
goobboooobbooobobooobobobooooo
goobboooobbooobobbooobobboooo
goobobooobobobooobobooobobbooooon
oobobooobobooobOoo0oonog skb1r 00O
gooboboooobboooobboooobooo
sgbbd2a0007200000000000D0O0ODO
sgupboOibOOoOoDbOobOOoOobOobOOoooOoobDOooboOoboO
gooboooobbooobobooobobboooon
bbb 000000000 DOO0ODODODOODbOO
goobboooobbooobobooobobobooooo
gooooboobooooy2000ooobboboooo
gooboboooobobbooobobooobobbooooon
gooboooobbooobobooobobboooon
goobboooobbooobobooobobobooooo
goobboooboboooobbooo

.HHI-'IIII T . Emisirn - i1t

B

T2 il

g bObOoooboboooobbogo

goooo
oobobooooboboooobbooobbooooo
goobboooobboooobboooboboooooD
goobooooboooobbooobobooon
goboboooobobboooobooooboboooon
goobboooobbooobobbooobobobooooo
goobboooobboooobobbooobobboooo
goobbooooboboooob

040

Hooooooooooooooooooooooo
goboboooooboooobbooobobbooooon
ooobooooobgoo
ooooooboooooobboDboDoDoDDbDOoDbOOoOoO
oboooOoQol0o DO00O0O0OO0ODOOOobOoOoDOoD
gobboO0oOooooDbskplr goooooooooo
ooboboooooboooobbooobbooooo
oobooboooooboooobbooobbooooo
goboboooooboooobboooobbooooon
goboboooooboooobbooobobbooooon
gooboooobobooobo

gobooooobobooobboooobbooooD
goboboooooboooobboooobbooooon
goboboooooboooobbooobobbooooon
ooboboooooboooobbooobbooooo
oooooooboboooobobooon

goooo

1) 00000000000000000000000
00000000000000000000000
00000000 (1999).

2 0000000000000 O0OOOOOOOOO,
36-1, 51-56 (1991).

3) 0000000000 000034-2, 14-20 (1989).

4) 0000000000000 34-2, 41-44 (1989).

5) 000000000338, 44-52 (1988).

6) 00000000000 O00 O 349-350 (1999)

7 00000000000000000000 000
00 O O 45-4, 497-503 (2000)

(0000 0013080 10)



