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Development of 200kgf/mm? Grade High-strength Zinc-galvanized Wire

Yasuhiro Okill Nobuhiko Ibarakill Masato Kaisoll Dr[Koichi Makii

To improve the strength of zinclgalvanized wire for cables up to the 200kgf/mm’0 1960N/mm?’0 grade,
new hypereutectoid steel with additions of Si and Cr was manufactured on a trial basisOOThis wire maintains
its nano-microstructure after being galvanized with zinc. Properties such as ductility, toughness, fatigue
and delayed fracture were also tested and met with the requirements for high-tensile-strength zinc galva-

nized wire for main cables.
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Fig. 1 Manufacturing process of zinc-galvanized wire
0ldboboooobieoobobobioioooon
010 0O0O00O0O0OOooOooo 160kgf/mm?’ Grade 180kgf/mm* Grade
oo HBS G3501 HBS G3508
. . C 0[50 0CBO 0CBOLI OCB5
Table 1 Specification of zinc- Si OCL20] OCB2 0CBOL] 1000
galvanized wire Chemical Mn 06001 0CD0 0CBOCI 0CDO
Composition P [J 0CD25 ] 0CD25
S [J 0CD25 ] 0CD25
mass[] Cu 01 0C20 01 0CD5
Ni — [J OLD5
Cr — [J OLD5
Diameter mm Tolerance + 0CD6 + 0LD6
Unsoundness [J OCD6 [ OCD6
2
Tensile Strength k%ffmz 1 éggg 187064 1 %225 iogoeo
Mechanical Proof strength YT D115 D157
Properties Elongation 0 04 04
Wrapping Test 8 turns/3 d Without Fracture Without Fracture
Torsion Test turn/100d 014 014
Coating Weight g/m? J 300 ] 300
Adhesion Test 2 turns/5 d Without Crack or Flake Without Crack or Flake
Galvanizing Increased Diameter mm ooz 0 o2
Properties Smooth without Flake or Smooth without Flake or
Appearance Crack and Free from_ Crack and Free from_
Harmful Foreign Material Harmful Foreign Material
through Entire Length through Entire Length
Straightening Free Coil Diameter m 04 04
Properties Free Coil Lift cm 015 015
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Table 2 Mechanical properties of zinc-galvanized g Mlnag;ig’!‘z?-smo - A'(Bafi'dg:g( ye
wire Diameter mm Diameter 50130 5[243
Unsoundness 00019 0CD36
2
Tensile Strength k?ggmz 1 éggw 1 ég;w
2
Properties Elongation 0 6053 6051
Wrapping Test 8 turns/3 d Good Good
Torsion Test turn/100 d 2304 2600
Coating Weight g/m? 3432 36508
Plating Adhesion Test 2 turns/5d Good Good
Properties Increased Diameter mm 0097 01106
Appearance Good Good
Straightening Free Coil Diameter m 3504 3900
Properties Free Coil Lift cm 00D 000
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Table 3 Tensile strength change of wire

TS Grade

Chemical Composition

mass( TS kgf/mm?0 N/mm?0
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¢ Si nized Wire

Mn LP Wire | Drawn Wire

160kgf/mm’

Grade

123
012050

185
018130

167

otr? 016370

0res 0rs

180kgf/mm’

Grade

133
013030

195
019110

187

0cB2 018330

0080 0[¥5

oTs

10
0osa

10
bosa

20
01960

0000000000000 000 20kgf/mm’0 0 200
N/mm’00000000000000000D000C
0sSi00000000001800000000000
0000000160000 000000200000
000000 20kgf/mm’0 0 200N/mm’00 0000
00000000000 0000000000O0000
00000000000 0000000000O0000
0000000000000

200000000000 0b0ob0bo0obOon

000000000000000000000000
00000000000 000000D00000000
00000000000 00000000000 400
oooooo
0000000000000 LPOOOOOODOOOD
O0ooo0oonDo
OD0O000O0oooo
O000000000000000
18000000000000016000000000
oo0g
OLPODOODODOOODOOCOODODOOD
00000000000 000000D00000000
o0ooooooon
00000000000 000D000D0000
0000D0000000000000SiD00nonoo
0000000000000000000000 *0
0300160000018000000000000
0000000000180 00000000000 160
O0000000000LPOO 10kgf/mm’0 0 100N/
mm00000000000000000000000
00000000000 000D000
00000000000000000D0000000
000000000 00000D00001000000

00 20kgf/mm’0 0 200N/mm’ 00000000000
180 00 00 O 10kgf/mm*0 0 100N/mm’0 00000
0000000000 00000000 20kgt/mnl O
200N/mm’0 0 0000000000000

00000Si00000000000000000
0000000000000000000000000
000000/000000000S 00000000
0000000000000000000000000
ooo*™OUoo0o00000000onoonooonoooon
0000000O00o0ooosSiooooooooon
O™ 00000000000000000000 400
0000000000000000000000000
0000000000000000000000000
00000000000000000000000Si
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
oooooooon

00000000000 000000D0000000
000018000000002000000000000
00000000000D0O0000 200
OLPODOOOODOOOCEOOOOOCroO g
0000000000000 O0OOO0OO0O0O0D0O0O00 Si
oDooooo
00000000000 00000000000000
00

2000000 o0oboOobOob0bo0oDOon
gooo

2000000000000000000 400000
00000000 200kgf/mm*01960N/mm’0 0 O O
000000000 20kgf/mm’0 196N/mm’0 0 0 00
0000000 1800000000000000000

R:D 000000 /Vol. 49 No. 20 Sep. 19990 9



040 2000000000000000O 200kgf/mm? Grade
Table 4 Target value of 200kgf/mm’ grade Target Value
zinc-galvanized wire . kgf/mm? 2000 220
Tensile Strength N/mm? 196001 2156
) kgf/mm? 0156
gllecha:mal Proof Strength N/mm? 01523
roperties Elongation 0 04
Wrapping Test 8 turns/3 d Without Fracture
Torsion Test turn/100 d 014
Platin Coating Weight g/m? 0 300
Pro e?ties Adhesion Test 2 turns/5 d Without Crack or Flake
P Increased Diameter mm 00012
050 200000000000000 Mark Chemical Composition mass(] Initial Diameter Reduction of
oooooooon c [sim][ P [ s |ecr ¢ mm Area [
Table 5 Chemical composition of 200kgf/ Wire A o7 | 121 | o3 | omos | omoa | O 1200 o3
mm’ grade wire, initial diameter re
and reduction of area in drawn Wire B 0[B2 | 1[P5 | OCBO | OCDOS | OCDOL | OCRO 1100 80
Wire C 0[B2 | 1[P5 | OCK0O | OCDOS | OCDOL | OCRO 1200 83
Wire D 0[5 | 1[#4 | OCb1 | 0CDO7 | OCDO6 O 1300 86
060 20000000000D00C0OOODO
Table 6 Mechanical properties and galvanizing properties of 200kgf/mm?’ grade zinc-galvanized wire
Wire A Wire B Wire C Wire D
) kgf/mm? 202 207 214 223
Tensile Strength "R/ 1980 2029 2097 2185
kgf/mm? 179 176 189 198
Mechanical Proof Strength N/mm? 1754 1725 1852 1940
Properties Elongation O 508 604 601 502
Wrapping Test 8 turns/3 d Good Good Good Good
. 23 34 31 12
Torsion Test turn/100 d No Delamination | No Delamination | No Delamination Delamination
Plating Coating Weight g/m? 382 340 376 320
P i Adhesion Test 2 turns/5 d Good Good Good Good
roperties Increased Diameter mm 011 0C10 0009 0C1Lo

o770 0O0ODOOOOODOD

160kgf/mm? Grade Wire | 180kgf/mm? Grade Wire | 200kgf/mm? Grade Wire

Table 7 Conditions and results of delayed
fracture test

Solution Tested 01 N H,SO,
Electric Current Density 10 mmA/cm?
Specimen Length 100 mm
o /TS 0066
Applied Stress 1 035N/mm? 1 164N/mm? 1 294N/mm?
Fracture Time 0 100h 00 100h 00 100h
1 3000 T T T T

O000D0 1800000000000 140kgf/mm?0 1
372N/mm’0 0000 000 0 00200/1800 10110 O
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1 2000
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1 100[H

160kgf/mm? Grade

Minimum Stress: 4
490N/mm? (160kgf/mm? Grade)(]
549N/mm? (180kgf/mm? Grade)(]
608N/mm? (200kgf/mm? Grade)

1 O0O0(M{H

(Maximum Stress)0 O N/mm?

Fatigue Limit

9000 ° ) L
Fatigue Limit:
Stress at 10’ cycle
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Fig. 2 Results of partially fluctuating tensile fatigue test

000000000000 1600000 18000000
0000000000000 MO00000O00nod
ooooooooooooooo*™oooood

02000000000000000000000
00000000000 000D00000000000
00000000000 000D00000000000
oooooooon

RsD KOBE STEEL ENGINEERING REPORTS/Vol. 49 No. 200 Sep. 199901



160kgf/mm? Grade Zinc-galvanized Wirel]

(Plain Carbon Steel)

180kgf/mm? Grade Zinc-galvanized Wire[]] 200kgf/mm? Grade Zinc-galvanized WireC

(Si and Cr Added Steel)
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Photo 1 TEM images of elec-
trolytically extracted
cementite

(Si Added Steel)

0700000000000000000000O
0000000000000000O000 /7SO0 0CB6
00000000000 00000000000000
0022000 %"00000000000000 045
000000000000 00000000 06000
00000 oMS00000000000000000
00000000000 00000000000000
00010000000000000000000000
O000D000000000000

0000200000000000000000000
00000 Wwire DOOODOODOOODOOODOOOOO
000000001800 00000000000000
00000000000 000000D00000000
00000000000 200000000000000
00000000000 000D0O00

00000000000000000D0000000
00000000000 000000D00000000
00000000 Si00000000O0oooooo
00000000000 000000000D0O0000
00000000000 000000000D0O0000
00000 TEMOOOOOOO®*O00000000

coobooooooooi1obo0o0ooooobooooon

cooooooooooooooooooooonmeo
OO0oo0o0ooOob0Osibooooooiwoooooon
ogoOoOoOo sicobooooo crooononbo20000
coobooooboooooooooooOooooooo
oooooooooooooooosiooooocro

gobooobooooooooobooooocoooo
gobooobooooooooobooooocoooo

gobooobooooooooobooooooooo
goboooboooooisoooooooooooon
gbz2e000boooooocooboocoooocooon
gobooobooooooooobooooocoooo
gobooobooooooooobooooocoooo
goboooboozoooboooooooobooon
goboooooooboooo
coooooooooobooooooooooooo
goboooboooooooooobooooooooon
ooboooooooooon

o o o o

10 00O O0O0O0OR&D OOOODOODVol.38[No.100 1988[Tp.5.

20 00OO0O0OOOOR&D O0O0OOODVol.380No.0 198811 p.8.

30 0000000R&DOIOOODOODO Vol.380 No.100 1983811
p.12.

40 D00OU00O0OOR&DOOOOOOOVol.38No.100 198811
p.23.

50 00000000000000O0Vol.5[No.30 1992(1] p.881.

60 OOOOO"JM seminar OOO00O0OOOOOOOOOO
O0O00”" 000019950 p.29.

70 00O0O0O0OOODOOOOOOOOVol.70No.61 19940000 p.1804.

80 J0O0OO0UOO0ODDOOOODOVol.8No.300 199511 p.663.

90 OOO0OOOOOODOOVol.830No0.80 199711 p.514.

100 OOCOCOCOOOOVol.66[No.10 199611 p.19.

110 OO0 0OO0OO0O0ODOO0OVol13MNo.500 198911 p.10.

120 00000000 O0OmOoOooOoOoOoOOoOoOOOOOm 1989mM

R:D 000000 /Vol. 49 No. 20 Sep. 19990 11



