
http://www.asada-metal.com/

Asada Corporation is a specialized trading company

for wires and strips such as steels, wires, piano wires,

hard drawn steel wires, stainless steel wires etc.





We respond to your va]nety of needs with our reliable

technolo」 eS and iexible ideas。
ヽヽrith the recent ttend toward do、 vnsizing products、～

rith lo、、T cost、 materials having ftlrther strengtll

and stronger ductility are being strongサ Called br,compared with the conventional stainless steel

wire for spring.

In order to respond to such requirements,here,、 ve have llluch pleasure in introducing our ne、 vly

developed stainless steel wire for spring,that has super high― strength,excellent spring fatigue

characteristic and permanent set resistance,as、 vell as gOOd cOiling capability compared with

SUS304¨ lヽrPB,by carefully exalllining specilic composition, adopting our unique manufacturing

metllod,and flllサ u■liZing our long― cult市ated technologies I‐or manul‐ractunng stainless steel wire

for spring.

1.Characteristics
OHigh…strength            Having tensile strength織 欄熙熙醸畿螢職総議戦繊機機総滞濃繊轡檬螢輔鸞鑽圏蟻業難螢螢彗

●Exce‖ ent in fatigue strength

Enabling to design spring with higher stress compared with

the conventional stainless steel wire for spring,and having

exce‖ entま営輔餞ヾ檬燿螢辞やいにⅢhl

● Exce‖ ent in spring load characteristic

ln the thin、″ire categoryラ 10ad Characteristic of spring is at

欄忘鱚餞蒻騨騨騨軸■¨

"iた

thatis more excdttnt than

SUS304ハⅣPB.

OExce‖ ent in perrnanent set resistance characteristic

Excellent in騨轡綴圏藤■|ヽもt,|111111Ⅲ尊When Spring is
repeatedly used.
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2.Chemical compositlon
The fo‖ owing table l shows chenlical composition standard for Herculee.

Table l Chenlical composition                  Unit:%

C 〔〕i ⅣIn P S Ni Cr

Standard
0.15

or less

1.00

or less

2.00

or less

0.045

or less

0.030

or less

6.00

-8.00

16.00-

18.00

Herculee belonging tO SUS301 type of 17Cr… 7Ni, basics of austenite… based stainless

steel,is a steel type exce‖ ent in its work hardening characteristic which a‖ ows cold
work口 induced martensitic deforrllation to occur rnore easily compared with SUS304 of

standard steeltype 1 8Cr… 8Ni.

3.Specificatlons
The fo‖ owing Table 2 shows specifications for Herculee.

Table 2 Speciflcations

Standard wire
diameter
(mm)

TOlerance for
wire dial■ leter

(mm)

De、7iated

dial■leter

(mm)

Tensle stlength

N/mm2)
bpe Ofpackng(inch) Sねndald mass llcgl

HNF HUBNS HNF HUBNS
0_10

0
-0.004

0.004
or less 2550,-2840

4C

0_8
O.12

1_0
O.14
O.16

6C

2.5
O.■ 8

6C
5.0

3.0O.20

0
-0_007

0.005
or less

7.0
O.23

2450´ヽ2750 8C
12.0

3.5
O.26

5_0O.27
O_29

8C

15.0 8.0
O.30

2350′～2650
10C

20.0
10.0

0.32
22.0

0_35
12.0O_40

12C

12C 25.0
0_45

2300-2600
O_50

0
-0_010

30.0
0_55
0.60
0.65

2210～ 2500
0_75

16C
40_0

0.80
0.90

50_0
1.00

0
-0.015

0.007
or less

1.20 2110^V2400
18C 60_0

1.40 2060-2350
1.60

0
―O.020

0_0■ 0
or less

2010-2300
22C 120.0

1.80 1960-2260
2.00 ■910-2210

24C
130_02.30 1860-2160

2.60 1810～ 2110
2.90 1770´ レヽ2060 150_0

Remarks    :As to other specs than the standard specs,we'1l discuss with you upon receⅣ■ng yourinquicァ

:As to less tllan O.10 mm wire diameter,please see our palllphlet for“ stainless stё el Ⅵire SUPER FINE for
super ine spring"
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4.Characteristics
4‐1.Work hardening characteristic

Figures l to 3 show changes in tens‖ e characteristic and torsional characteristic of Herculee and

SUS304 in vvire drawing processing.

Herculee shows higher values compared with SUS304 when measured with the same reduction of
area(mOre than 600/0),Such as its tens‖ e strength running at rnore than 300 N/rYlrY12,and its torsional

strength running at rnore than 1 50 N/rn rn2.
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4‐2 1ow‐ temperature annealing characteristic
Cold―、〃ork hardened wire like austenite¨ based stainless steel wire is treated with low― temperature
annealing,after spring is forrrled,a‖ owing wire to restore tens‖ e strength,hardness and elastic lirllit

through removal of residual stress,for the purpose of reducing perrnanent set and furtherirnproving
strength against fatigue.

Figures 4 through 6 shoⅥ ′changes in tens‖ e characteristic and torsional characteristic of Herculee
and SUS30,which have been treated with iovv… temperature annealing for 30 rllinutes at every 50℃ in

the range of 3oO to 500℃ )after going through wire drawing process.

01lre diameter:20mm)

● ― O Herculee
▲  ― △ stls301

＼

＼
才 ヽ ＼

＼

ミ

ヽ

As bcing dra、 vn  300     350     100     150     500

1otttemperature annealing temperatllrc(で )× 30 minutes

Fig.4 Change in σB and a2 by 10w temperature

As being drawn 300     350     400     450     500

1ヵ平temperature anneJing temperature(℃ )× 30 minutes

Fig.5 Changein δ andφ by10W tempertture
annealing

Optimum condition of low― temperature
annea‖ ng process for Herculee is 350℃ ×30
minutes,50℃ lower than 400℃ ×minutes for
SUS304.

丁ensile strength and O.20/O proof stress of
Herculee after low― temperature annea‖ ng
process show more than about 300 N/rn n12
higher than those of SUS304,and torsional
strength and torsiona:yield strength show
more than about 200 N/mrT12 higher.

ln short, Herculee has strength and elastic
lirnit equivalent to piano vvire(SWP¨ B),and at
the same tirne,it provides enough elongation

and contraction of area(See Fig.5)for spring
usage.

As bcing drawn 300     350     400     450     500

Lo平temperattlre annealing tempertture(℃ )× 30 minutes

Fig.6 Change in τB and τ03 by 10w temperature
annealing
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Tables 3 and 4 show tens‖e characteristic and torsional characteristic of Herculee and comparative
steel types ilke SUS304 and piano,during wire drawing process and optimum iow― temperature
annealing process(wire diameters 2.O mm andO.4mm).

Table 3 Changes in mechanical charactenstic caused by lo予 temperature annealing OVire diameter 2.Omm)

Condition

Tensile

sttengtll σB

OT/mm2)

Proof stress

σ12

0/11111112)

Ⅳlodulus of

elasticiサ E

はN/mm2)

Torsional

sttength τB

(N/mmう

Torsional

メeld Stren帥

τ03(N/mm2)

Ⅳlodulus of

rigidiサ G
lkN/mm2)

Herculee
h前 e dra■ ltt process 2157   1   1922   1   165.7 1236 1040 71.6

Io・J lemperattlre annealing 2285   1   2059   1   171.6 1304 1157 73.5

SUS304
Inwire drawing process 1765   1   1589   1   161.8 941 814 68.6

Iovlelllperaltlre annealing 1932   1   1755   ‐   166.7 1020 ９

″

つ
０
∩
υ 69.6

SWP―A
In wile dral■lng process 1893       1520      192.2 1089 つ

０
ｒ
υ
０
０ 78.5

Iowtemperattlre allne激llg 2040      1863      205.9 1177 1030 80.4

SWP―B
In lv■ e dratting process 2118       1706      194.2 1226 995 78.5

low lel■ peratllre annealng 2285      2059      206.9 1324 1128 80.4

Table 4 Changes in mechanical characte五 stic caused by lo平 temperature annealing 6Vire diamettr O.4 mllll

Condition

Tensile    Proof stress

strength σB l     σ02

(N/11n12)|(N/mm2)
|

Modulus of TOrsional l TOrsional

elasticiw E strengtll τB yield sttengtll

CkN/mm2). 0/mmぅ  l τ03 0/mm2)

271odulus of

rigidiサ G
はN/mm2)

Herculee
Inwie drawmgprocess 2623 2346 189.7 1373   1   1196 77.6

Iov7temperatlue ameabg 2705 2461 194.5 1399 1234 79.1

SUS304
In wie dra、 vmg process 2170 1931 173.5 1058 918 74.3

lottlemperatllre anneaLlg 2377 2139 179.2 1123 1025 75.1

SやVP―A
In lvlre drawing process 2506 2284 185.7 1304 1006 77.9

lo平 telnperattlre anneaing 2546 2328 193.1 1321 1137 79.6

S1/VP―B
In宙re drallllllg process 2610 2348 187.7 1340 1025 78.2

bwtetteralure annettng 2641 2411 194.4 1356 1151 79.8

Lovみtemperature annealing condition  Herculee     :350° C)く 30 111inutes

SUS304      :400°C× 30 1ninutes

Sヽ Tヽブ ,ヽSWVTLB:200° C)く 30 minutes

4口3.Tensiie strength standard
Table 5 shows comparison between tensile strength standards for Herculee depending on specific
wire diameters and(JiS Standards)fOr suS304-WPB,piano wire Class A(SWP― Al and pianO wire
Class B(SWP… B).

Tens‖ e strength standards for Herculee on thin wire diameter side are slightly lower than standards
for piano vvire(SWP… A),and On thick wire diameter side,standards are alrnost equivalent to those for

SWP― B.
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Table 5 、ヽnsile strengtll standard

Standard Mttre

diameterい llll
Tensile strengtll(N/mmり

Herculee SUS304-ヽ ,VPB SヽVP―A SWP―B
0_10

2550´-2840 2150´-2400

2790-3090 3090´―-3380
0_12 2750-3040 3040´―V3330
0.14 2700´―V2990 2990-3290
0_16 2650-2940 2940´―-3240
0.18 2600´-2890 2890-3190
0.20 2600-2840 2840-3090
0_23

2450´―V2750

2050-2300

2550´V2790 2790-3040
0_26 2500-2750 2750´―V2990
0.29 2450-2700 2700´―V2940
0.32

2350-2650 2400´V2650 2650´―V28900_35
0.40 2350´,2600 2600-2840
0.45

2300-2600 1950-2200
2300´V2550 2550-27900_50

0.55 2260´―-2500 2500-2750
0.60

2210´V2450 2450-27000_65

2210-2500 1850´V2100
0.70 2160´-2400 2400-2650
0.80 2110´―V2350 2350´V2600
0.90 2110´―-2300 2300-2500
1.00 2060-2260 2260´―V2450
1.20 2110´-2400

1750-2000
201o-2210 2210´―V2400

1_40 2060´―-2350 1960´V2160 2160-2350
1.60 2010´-2300

1650-1900
1910-2110 2110´―-2300

1.80 1960´V2260 1860-2060 2060´V2260
2_00 1910´-2210 1810´-2010 2010-22■ 0
2.30 1860´-2160

1550´-1800 1770-1960 1960´V21602_60 1810´-2110
2.90 1770-2060 1450-1700 1720´-191o 1910-2110

Remarks:As to in― be●veen wlre diameter,use value lor sね ndard、vire diameter larger than that

4‐4.Corrosion resistance

丁able 6 shows the results of tests,including nitric acid irrlrnersiOn test,sulfuric acid irrlrnersion test,
ferric ch10ride irTlrnersion test and salt spray test specified by JiS,that were conducted on Herculee

and SUS304,where these wires have been treated with optimum iow… temperature annealing after
the process of drawing.

Table 6 Result of corrOsiOn resistance test

Condition

Virgin mateHal Ni plated matenal

Nibric acid

inllnersion test

Sulfttric acid

illlinersion test

Ferric ch101・ ide
inllnersion test

Salt spray test

Corroslon weightloss鮭 /m2.hっ Rust development area rato(跨

In Ⅵire drav″ing
process

Herculee 0.50 360 ９

“ 5´ヤ25 5´-25

SUS304 0.29 204 Ｏ
υ
９
″ 0～ 5 5～ 25

low telllperature

mnealing

Herculee 0.56 443 Ｏ
υ
９

″ 25-50 25´-50

SUS304 0.34 288 26 5´-25 25´-50

Remal・ks

65%HN03
Boiling× 48 hr

JIS G 0573

5%H2S04

Boiling× 6 hr

JIS G 0591

6%FeCL+1/20N HCI

35k〕 )く 24hr

JIS G 0578

5%NaCl
35℃ ×240hr

JIS Z 2371

LoM″―

“

mperature annealing condition  Herculee:350° CX30■linutes,SUS304:400° CX30■linutes

Slight difference in corrosion resistance of Herculee is a‖ Owed compared lo SUS304,due to
different contents of C,Crand Ni.
However,corrosion resistance of Ni plated wires that are frequently used for spring material,are

genera‖ y equivalentto that of SUS304.
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4‐5.Fatigue characteristic of vvire
Figure 7 and ttable 7 show the result of S… N diagram by Nakamura¨ type repetition rotary bending
test,conducted on Herculee and SUS304 wires that have been straightened after being drawn.

As to fatigue lirnit at the tirne of 1 07 tirnes of repetitions,fatigue lirnit of Herculee is 564N/rn rr12,

137N/rnm2 higherthan that of SUS304.
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Ｎ
腱
temperamrc anncaling

rculee:350C× 30 1nnin
US304:400て ×30 min

condition

ites

tst spccd:4000 rpm

Herculee
｀
)   

、ヽこ
―
                  |

＼ SUS304

Table 7 Result offatigue test of wire

餌 ire diameter 2.Omm)

Low―telllperature annealing condition

Herculee:350'C× 30 minutes

SUS304:40013X30 111inutes

Table 8 Specs for compression coiled

spring for fatigue test

Ⅷ re dameter llllllll 1.0

Avertte dameter ofcol(mnll 10.0ニヒ0.1

TOt」 number ofwire turns(turns) 6.0

Efecive wire turns lturns) 4.0

Free lengtll(mm) 26.0± 0.2

Squareness 2°  or less

10.                      10・                        11

Number of repeated rotations Cimes)

Fig.7 Result of rOtatt bending test(Nakamura― サpe)

4‐6.Fatigue characteristic of spring
Fig.8 shows the result of spring fatigue test conducted on compression… coiled spring(wire diameter
l.O rrlnl)of Herculee and SUS304. Table 8 shows specs for spring used in the test.

When fatigue lirnit at the tirne of 1 07 tirnes of repetition is measured,vvith the average stress 490
N/mrn2 kept constant, Herculee shows 319 N/rrl rn 2,satisfying about 50 N/rrlrn2 higher stress
amplitude compared to SUS304.
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＼

Lo‐ lempcrature.nllneJing conclllon

Hcrculcc:350て ×30 minutes
SUS304:400(:× 30 ninutcs

Averatte stess:490N/mm2

＼
一

＼ |

＼ ＼ _
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千 剛一

10し                          10・                           10.

Number of rcpeated rotatlons Cilnes)

Fig 8 Spring fatigue characteristic wear result

Figure 9 shows the result of spring fatigue test conducted on compression coiled spring(wire
diameter O.5 rrlrn)of HerCulee,and Figure 10 and Table 9 show the result of spring fatigue test,
where shot peening is perforrned.

Table 1 0 shows specs for springs used in the test.

As to fatigue lirnit with average stress of 600 N/rrlrn2 kept constant,and 1 07 tirnes of repetitions,it is

found that fatigue lirrlit can be substantia‖ y improved by perforrTling shot peening. To be more
specific,fatigue lirrlit of 300 N/rnrr12 vvithout shot peening can be improved to 500 N/rnrn2 by shOt
peening.

Condition

Fatigue sttength

(N/mm2)
Tensile

strength

(N/mm2)1 10itimes 1 10'times

Herculee    574  1  564 2206

SUS304     539     427 1824
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Witllout shot peening

L)wtcmpcrattlrc anncaling colldilon

Hcrculcc:350て ×30 minlltes

AvcrTc strcss:600N/millJ
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Fig.9 Springね」gue characteristic wear result lW‐ itllout
shot peening)

S rヽe diameter of

Table 10 Specs for compression

coiled spring for fatigue test

Wire diameter(mm) 0.5

肝erage dね meter of cdl(mllll 4.0

Total nul■ ber Ofwire tums(turns) 10.5

Ellective nire turns(turns) 8.5

Free lengtll(mllnl 14.0

Squareness 2°  or less

10=                    10.                    10F

Number ofrepetitions Cimes)

Fig.10 Springねugue characterisuc wear result OVitll shOt
peening)

4‐7.Perrnanent set characteristic of spring
Figure ll shows the result of residual shearing distortion measurement after spring fatigue test with
1 07 tirnes of repetitions(Wire diameter l.O rnnl),tO evaluate perrTlanent set resistance.

Compared with SUS304,Herculee is
extremely outstanding in its dynanlic
permanent set characteristic in
spring,  as  residual  shearing
distortion(amount Of distortion)
within fatigue lirrlit is as sma‖ as
about 50 0/O orless.
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Fig.1l Relauon beb″ een sttess amplitude and residual
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Table 9 Result of spring fatigue test

Fatigue limit

(N/mm2)

With shot peening 600「 500

Without shot peening 600「 300

Effect of shot peening +200

VFith shot pccning

L)平 tcl■ pcraturc anncaling condition

IIcrculcc:350(:X30 ininutcs

Average stress 1 600 N/n,nlJ

A]l        Pali
No chipping  Clllpping dctcctcd

=  
―  ● Hcrcutc

▲  ―  ▲ SUS 304
Avcragc strcss:190N/1■ nlJ

shearing distol・tion
-8-



4‐8.Load characteristic of spring
A diagrarYl showing load― to― distortion of tension springs of Herculee and SUS304 with fine wire
diameteris shown in Figure 1 2,and Figure 1 3 shows a diagrarrl as to Herculee and piano vvire Class
B(SWP… B).
Specification forthe springs used in each test are as shown in Table ll and Table 1 2.

Compared with SUS304,Herculee provides higher initial tension and higher load,and has the same
load characteriStic as that of piano wire Class B(SVVP… B).

Table ll Specs for tension spring fOr load― to―       Table 12 Specs for tension spring for load― to―

distortion test distortion test

(For comp"ison be肺 een Herculee alld SlVT‐B)(For compal・ ison between Herculee and SUS304)or com

Wire diameter llllm) 0.4

Average dameter ofcol(mm) 2.9

Number ofwire ttlms(blrnS) 50。 1/4

Free leng■ l tlllm)
０
じ
′
仕

Io平 temperattlre annealing

processlng

280+20(CC)

-0

Wire dhmeter llllllll 0.4

Avertte dameter ofcol師 llll 3.0

Number ofwire lttrns(ttlrns) 52・ 1/4

Free length(mm) 46

Lo、 F‐ temperature annealing

processlng None

（乙

驚
Ｓ

（Ｚ
）
「
宍
う

40 40

5        10        15        20        25        30                           5        10        15       20       25       30

Amount of disto■ on(mm)                        Amount of distOltion(mm)

Fig.12 Load― to―distortion diagram in tension spring        Fig.13 Load― to― distol‐tion diagram in tension spring

4口 9口 Perrnanent set characteristic of spring at high‐temperature
Figure 14 shows the result of high―temperature tightening test of compression co‖ ed springs(wire
diameter 2.O rnm)of Hё rCulee and SUS304.
Specs forthe springs used in the test are as shown in ttable 1 3.

High…temperature perrnanent set characteristic of Herculee spring is exce‖ ent because ofits higher
a‖owable stress cOmpared vvith SUS304.

師 re diameter of spring:0 4 nllal)

/―Herclllee

/
′

/ /
ノ
r

/
/
/
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/

ク
/

Oい問re diametcr of spring:04mm)
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//
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200'C 300℃  400℃

ス
~ス ~R ttC:紆

Retenton(ime:96 hr

bntcmpcrattrc anncaling conditlon

Hcrculec:350て ×30 minutcs
SUS304 1 400℃ ×30 minuts

Table 13 Specs for compression coiled spring

for fatigue test
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Fig.14 Diagranl showlng deformation caused by

spring fatigue at high temperature

Wire diameter(mm) 2.0

Avertte diameter Ofcol(mm) 18.5 「 0.2

TotJ number ofwie mrns lllrns) 6.5

Ellect市 e wire ttlms ltllmS) 4.5

Fl・ee lengtll(mm) 47.0ニヒ0.3

Squareness 2°  or less

btttemperature annealing

processlng

Herculee:350℃ ×30 minutes

SUS304:400℃ ×30 minutes

5.Examples of use
Since Herculee has exce‖ ent characteristics in terrns of high strength,fatigue strength or

perrnanent set resistance,Herculee is believed to be able to address the fo‖ owing cases;

Ovvhere itis impossible for SUS304 to deal with design stress,

0、″here perrnanent set resistance is regarded as important

O、″here replacing frorYl piano wire,or hard steel、 〃ire due to corrosion resistancei and

Ovvhere replacing frorrl piano、″ire due to cost aspects of spring、 ″ith fine、〃ire diameter.

Table 14 Examples of use

Automobile
Electtical machines/

home electronics

OA de宙ces/
1T―related

Daily necessides/

others

●Radiator valve

sprlng

●Carburetor

sprlng

●Key rlng

●Breaker spring

●Dishwasher

sprlng

●Copying machine

sprlng

●Connector spnng

●Back―up tape¨

related spring

●Printer spring

●Hand soap spring

●Speed changer

sprlng

●NVhip
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