100 g & M 71 4 (1985) 15

NIRRT

RS

ARG

BB L 7o R RE =2 A vidh A
e L B R 0D R

JIig —1E* - EEE TSR s RERE

Properties of Induction Heat-treated High Strength Spring Wire

Kazuhiro KAWASAKI, Yoshiki SETO and Takao YAMAZAKI

Synopsis :

Induction heat—treatment technique has been applied to develop a new high strength Si—Cr steel (SAE
9254) spring wire. The features of this technique are : (1) uniform heating (by rapid heating and holding)
and (2) short heating time.

The induction-heating, quenched and tempered wires (ITW) with diameter of 12 mm show fine micro
structure, fine austenite grains and less decarburization. The ITW have very high tensile strength from
1 770 to 2 060 MPa, and also show high ductility and toughness. These properties are attributed to their
fine microstructure and non—equilibrium tempering effect with short induction heating time for tempering,
and provide excellent cold formability.

Coil springs cold—coiled from the ITW possess sufficient sag resistance and fatigue life. As no decrease
in fatigue life is observed even at such high strengths, advantage can be taken of the fact that sag resistance
rises with the increase in tensile strength. Since maximum stress of coil spring can be raised by using the
ITW, considerable weight saving becomes possible.
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Table 1. Chemical composition.

wt%
Material C Si Mn P S Cr
SAE9254 0.55 1.34 0.72

0.014 0. 009 0. 60

mErE T A AbeC IHEARL, B bhi-#Ek,
WX, REELS L TTA (BE, RE, A—2F
F A4 Mb) B RER L. BELEROELE bE
DO FREEOHIE R, HEPEMEIC X % #E Bl 2z (400
%) T, KBH7 = 71 PRRIEHLR ORI C & T
v, ER&HEOHIER, KdhE No. 8 XXk
Licuw o & TfFot. #08ER, FR&HII R EE &
2, TRR&MHX, SAE 9254 oFins, & UER, FRRHE
FHYTHoM. P, BEEBOMFEEMRAEZ L L,
SAE 9254 o F2 ITW o8B ELTW5 2 Liib
ot

2:1-2 ITW oRE

we, mEED ITW 2REL, ITW & a1 1iEh
DELHELHE L. FO&E, REEOF|ERXT
BRI~ D M iev 23, SUP 7 334 Tofit
RBETCRTL, BELLMERMERBC W L23b
hyofe.

2-1-3 (bR

DD FiEBOME, M s LT SAE 9254 %
AT Table iDL S 2R
2:2 HEMORETE

Fig. 1 & ITW ¥ 24 uiihosls TR ERM
R~

2:2.1 ITW 8l

FEH IR 13 mm OBEEIERM T, B X i
Ay —nl, BELZomHHEIEERE L. 21T
5| B % S B R A ¢ THEEAh L, TH B
P EULIEE, KAELT ITW & L. BjEMHm X 11 1H
BEL FLRERYE LT, op=1770, 1860, 1960, 2060

Schematic figure of heating cycle and working process.

MPa i Lic. 7ok, 5| EHEFMC Y = —EV I T
(%9 0.15 mm) %0z 7oA AM &L, L OREYHA
7§58, SAE 9254 o FEMTIIRRB B LA Eisvie
B, v — VI OEEC L HERTIR DRI D,
2:2:2 a4 Mol

HBIEmME D ITW % = 1 4 hiRie BRI
TL, [EBBELEL, Yap bE—=v, vy, Fv S
IRKHE L THR = 1 vidhE L. EhERBESE
1800 cc FENFHAEHRD = 1 LiThwlEL, FOED
=110mm, @& X Nt=6.25 x — v, @& H=350
mm, (ThREH K=35.3N/mm & Ui. EREFELE LI
AEEEM IO O TR ERET B, PNz Xh
127, MBEKEXBETSH. vay b E—=VIRE
I EMRREICIE2MAEL, MEhM LR LI BH
TIFOR. v ay MIFEHERZLO.6mm O AF — L K—
NWTC, THVAVALYY o5 =207 =24 2503
mm P, %8 —opt 959 L A b L.
COEBIREVCEERID ITW {272 4 MERT
b, Tolvay P BENBORLZ LY HECEA
e v FvZXHohUda S LiihRek AT W X
&, FHBON Y R X5 BT, —BK
BRSO 104 Mo h%E ART 50, SEIXS]
M IEEBECLT, ITW ofF5EEBID 62% O
fEOR U D IETT%Z 1 BAR L.
2.3 ITW D8

2:3-1 SEHEBEZEL A — AT 1 MSRHE A E
ML 5% 712 — A CBEL, RFERECLIYE
#Lt-. Ffo, fERNBERZE 2 ) v S REEER,
L 28, CAMBOBMORBAWLERL, EHH
R X b AR 2 JE L.

2-3-2 mEIPE

B oBMCEAT ROMAE ISk, <1 7r,y
H— ARG (FE 300g) HAVTHEHIEL K.

2:3-3 BWEIEE O RIE

— 101 —



102 ® o M

# 71 4 (1985) 12

FIRRBIT TR Y VT, HE-H O ER
ZER L. 21T, RIn3|EHRSE (oz), 0.2% it
71 (00.2), 0.01% [it)) (0o.m) 3R, WHEILI-REBR
O (@) LEHEWIHY (5ea : ELEIEME=8x MR %
HEL. RBAR ITWox: (28R8BH) ©, h
ChBBOBEGLRKETHS.

RUDRABTRU Y RBELZHAGTITY, v 7-h
UHAEBEREIER L. LT RI R DX (t8),
0-3% (2] (To.a)a 0-03% i 7 (To.03) H DI

Yoy MY —ERREBL, ITW 55 5 =9 f XREH
(7.5mm £, 1.5mm X V , ,5) 244 mrL,
293K Ty ot HRME (B) 38 5hBRI= 3 L ¥
—ZEMARTRLTHERLL.

2:3-4 BEIGHEBREAA— AT F 1 F ORE

BRISTIXARIGIBEEE (F¥E 5 MSF-2M)
ZHOCTHIEL, 5IEBRISHY EOET, FHEEBYIE
N BOETRLI. ¥, BYEA—257 1 b &A%
BCHEANBEE Y A0 HE L.

24 JMNTRORE

A MERDORARE LT, 79— 7R LFERRRE
TV, fif~7o b B R A BN

2:4-1 ~7opJIEE

A|E T, fifEr 2 (AP) ~tob L dhdb,
2 A VEREMRBRE LY VT, 24 iy DG
ST UMD B DWETHHE (P) %, RERWTERB
BBEL, P, P, 235, #1LC, #0% 4P=P,-
Py e L7 F()REAVGTEREEA B O

T Ay YBEH L. 7ok, BIKEZRL G=78450 MPa
E L.

4y =8.D-AP/r -d3-G
d: R mm
D: 24 AR mm

2:4.2 7Y —FRE,

7 ) — 7B, EWMEZ Y — SRR VT, 293
K i ANTITVvy, 96h #Bo~7h #RE L. R
BB EEOE S/ T S CHIIE SR, PR AR S
NHEHETHS.

2:4-3 FEhABR

BHEBRL, <hELEEZ S5Hz 0F0F & < b
B URBEE VT o7, 3B 3x105 mExigz 5
ETITV, B2 THALAWBARMEEDO R TREY
ik L7 3x105 mEREYIH & Licoid, —c B
REROIERMED HLA 2~3x 105 [ L I TV 519
TeDTHD.

iz, FERARBRE 2x105 EfTonBeR B & B

L, BIVAERBO~NI ) ZRIEL 1.

2:-4-4 REILHOFER

ARE T, RoFEL Ly, RBRIGHD@R UL IEH)
HFETRT .

(1) RBISI, BRYBC IV ELKRE RGO
B < = A v NERIE I TERT 5.

(i) FEIEA (ro) »HARAKGT () ~oBE
i, b kR WAHL o s FRE> BHv- 5.

(iit) BEIEIE, EhEMEOMMAIRAN L LTy #
5.
(iv) FBOTAHREBROHE L, RBUCHIVREME
RWTERHIERT 5.

3. RBERBIUEER

3-1 ITW OMHR

3-1-1 &SEMERK WX NH

Photo. 1 (a) i IH BEA#E * ~L, K& 0o
(b) wiFn#h (1173K, 20 min) PEAMMART. B
ARIOBBIHZE L SR LT, SIIMLENh7 =51
FEA—SA rORGAKTHS. (c)ix IHEL L L
Mofle LT, og=1960 MPa o ITW o+~
L, (dYizAC ITW oE£@mEMEOMAGEEL =T,

IH BEARL, FPINBBEAF N THM S A~
FUH A EERL, Te, 200, VY TS5 A
OHEMG /M. TH L & UM T ERAME Ehho
ERaohd, SEEChi- O THE—7eBEd & LIGEA
R Ehbnd. ¥, EEMFEOMBIIIRRIZZ S
g\, 2OtV a—EY Y /Mo BRETEe. L
oo T, ITW H (D% = 1 AT Tk, BRIRASTHE
W EEEL L 2 LiditnwEEL bR A.

FEebI L No. 10 T, (FinZhtbliir o K5 fi b B No.
8 =, —gi7e SUP 7 o#EERK = 1 vidhoksh
WE No. 7T~83 kN T ELDHTHMTH 5.

Fig. 2 13 op=1770, 1960 MPa & ITW oOWiF
BEOMERT. WThoBa s RED LFOLINTT
BEE—rofizml, TH B & UM OMARBZEME
E—FKT5%.

3.1-2 ITW o BsmarEE

Fig. 3 w IH#EL ELEE LFIREE, KUV HREA,
¥ X OERIE  OBFREY R L, HEOCDIFMEEEA
L F L oNEYRT.

TH Bed & LEER, FUSERMIEE S D08
2L Y LIRE XD my. ok, op=1770 MPa
W|cHA~D &, InEWERE 60 min OFMEBEL & LRE
Ipd 115~125K &y, Fi, ITH L L LEEY,

— 102 —



B E LA B = 1 e A R SR AR O etk

103

Photo. 1.
steel. (Etchant 59, Nital)

(a) Induction heating (IH) and quenched.
(b) Furnace heating and quenched.
(c)(d) ITW (op=1960MPa).

(c) core (d) surface

Optical micrographs of SAE 9254
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Fig. 2. Hardness distribution of SAE 9254 1TW.
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Photo. 2. Formability test result of SAE 9254
ITW (d=12mm¢, ¢5=1960 MPa).
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Fig. 5. Influence of low temperature annealing
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2 A X AEEEMRE YR L. oM ITW)
T EFEDOL =2 4 MR OB R TR

(1) HEREMBBEANEED & Lo, Aok
KoM, EEPRGAE TV T, LB,
HU R RRIRFR L C2th 2 8L T %5 7cd, LM

il

7o H— I BRE I B b 5.

(i) #4% 12mm ©, Z[EHR XA op=1770~2060
MPa D ITW (2 EWE R S OHE TH, EHELHE:
BN, EhAMECEECINTHE B, S, &%
MRS AL & EERE R InE THBES & L o & B IER e
ERV2BBELE LR DEELS.

(i) T boHgcRT ITW 2Vl ESvBl
EHIFEX) oz miihrBlEces. 21T,
SRR I @I E BRI AT D B SRS,

(iv) %7, SVEEBICELLFET2 1 viEh
EGETRE, HEIEREH =1 vt LT Tt
HEhE LB OhS.

(v) DEoHR, BUslEEIxX D ITW 2 Hu
LZEIh, 2 A AERORIBKIEHEYELTH
ENTE, BEECLFESTHENTES.

ITW (1 EBILENTT T4 EXEB L. Fo/,
2R BB R OKIBREN 2 1 riZhe, KMEHROREA
Zrv—FHa M riiheFBIh, BELESLREN BT
AL OT &, S5, 1 BEBESEH = 1 v,
IVELDa M MTROBHELEIFETEL L 5%
HuEER.

Bhbhic, KREZETCEL, BELIPS VK
W R, NS BEECESI L ET. ¥
to, ERIC B RuERAEA, TAE T, H
BAE, BEHRBOZK LB L ET 7.
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