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Development of Aus-drawing Process in Medium Carbon Spring Steel for Coil Springs

Michihiko Ayapa, Kazuo INOUE, Nobuhiro Tsuil, Hiroshi UTSUNOMIYA and Yoshihiro SAITO

Synopsis : In order to improve the fatigue strength and the sag resistance in medium carbon spring steels, a novel thermomechanical processing, “‘aus-

drawing”, was developed. Aus-drawing is an aus-forming using wire drawing. The aus-drawing process was applied to two kinds of medium-

carbon spring steels containing Si, SWOSC-V, and SAE9254 (JIS SUP12). Three kinds of typical microstructures appeared in the aus-drawn

wires depending on the drawing conditions:fully martensite structure, surface bainite structure, and fully bainite structure. It was clarified

that mainly the acceleration of bainitic transformation kinetics by increase in plastic strain and additionally the heat generation during draw-

ing cause the appearance of bainite. The preferential formation of bainite near the surface could be explained by the relatively large equiva-

lent strain near the surface due to redundant shear strain during drawing. The aus-drawn wires with fully martensite structure showed superi-

or fatigue strength and sag resistance to those of the conventional oil-tempered wires after tempering and shot peening. On the contrary, the

aus-drawn wires with bainite showed inferior properties to that of the conventional wires. Therfore, it is quite important to decrease the re-

dundant shear strain near surface to inhibit the bainitic transformation, in order to succeed the aus-drawing process.

Key words: medium carbon spring steels; Si containing steels; aus-drawing: aus-forming; transformation; martensite: bainite: retained austenite; fatigue

strength; sag resistance; residual stress; shear strain.
#E

HEEOBEN LAENE LT, ZO#KTIMTH 2%
ZBHITRP AT R S EELOER,I M, ZDODICHEM
MEmE 5 3BT ORE RN EMOIKH - /HFL”,
RE > & 3B EMmIE YT —/3a 4 LiTh*Y, 5
IZRESE D & 13K - B gy bE—Z VT
BEXFEAEEE - SWH LRI RE N TS,

L ZAT, MER EDOZDOTFEIZIZ VL h Y 50 LA
B(TMCPP DM EE L 6h 5, BIClIEhicH L TIEE
FAT 74 P+ =2 T x—3I v T7aanEFRLENT
B KA L SUPIOAEARHIFEEL L THOWAERLD,
ZO7uv A EEHAL-BEO VIR & 5 i SIE -

fEER I s 2 ED < EMALOMRERE L 7210

LA2AL, 2070t 2 TREMLEESRTIT) 20, HfF
a3k uA—27F4 roORELMTE{L:, Th%5|
WMSZEIzkB3wLTF US4 OBRED EH/ED LML
ﬁ"’)t’.lmo

B, ITREAANDOF — 2T 4 — 3 v OEARIEE
FIDEE XN TEH D, WE - WM v 28R FEEIND
TEERELTWS, LALAEMNS, ZhLiIENLF 4T

HBMTTan, ML - BACBOFERES EX4TLERES
v, BIE, I$RD55EM X 1L 2000MPa & A 5 & DA
ERXNTWBZENS, Ayada b 'MiE, wAT Y H A b
OBLEFERE L, A—A 7+ — IV 7 E T4 LITRED
Bk M LICEALE-A -2 Fa—4 VY EERRBL .
ZOHFEE ITREMAEZEMBIZE DA - 2774 ME
%, WREA—ZTFFHA MRIZEGL, SHREMT2MEL
TH—Z2FF4 P EMITHELIREIZL, ZORESIZEHW
FTAHZELIZEDVILTF YA EERBETE8DTH S,
AL, MIIck3/5—5 4 FERERSNRA F 4 FERED
ENBEZEINEZV LS, oA BlANEHRTE
67Ut2%#%ﬂégtﬁﬁgfééc%_T,ﬁﬁn
TRA—-ZFu—A vy 72k B oh s iTREMOME
B E S RIETM IR0 ELHO NI THI L %
HAE L7z,

2. EBRA&E

2.1 ﬁﬁﬂ
Table 112, HRMOILFER Y AR, A—ZFu—4 v
S EEBERICEZEAmm ORI A SI-Cr#iA 1 L7 V7S —#F

SERL 10411 H12 HE2 1

SERR1L4E2 A 11 B2 (Received on Nov. 12, 1998; Accepted on Feb. 11, 1999)

% HAKSR () WEIEH4EARER (Precision Spring & Components Div., NHK Spring Co., Ltd., 4056 Aza-Sakuradai Nakatsu Aikawamachi Aikoh-gun Kanagawa-ken

243-0303)
*2 HAKSE (Fk) BFEFREASS (R & D Div., NHK Spring Co., Ltd.)

* 3 KPRAZE KRR T2#8F % Ft (Graduate School of Engineering, Osaka University)

59

411




$% & $AVol. 85 (1999) No. 5

Table. 1. Chemical compositions of the specimens
(mass%).

C Si Mn P S Cu Cr
SWOSC-V 056 | 142 | 0.67 |0.014]0.006] 0.01| 0.67
SAE9254(SUPI2) 0.54 | 1.49 | 0.71 [0.013]0.009| 0.01| 0.70
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Fig. 1. Schematic illustration showing the aus-drawing ap-
paratus.
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Fig. 4. Relation between the die cone angle and the draw-
ing stress during aus-drawing at 673K at a drawing
speed of 20mm-s~'. The microstructures of the
aus-drawn wires are also represented by the sym-
bols.
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Fig. 5. Vickers hardness of the aus-drawn-specimens in
the radial direction on the lateral plane. The defor-
mation conditions of fully martensite, surface bai-
nite, and fully bainite specimens were same as
shown in Fig. 2.

(a) After quenching. (b) After tempering (673K X
1.8ks). (c) After shot peening and annealing
(443K X 1.8 ks).
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Fig. 6. Amount of the retained austenite in the aus-drawn
specimens in the radial direction on the lateral
plane. The deformation conditions of fully marten-
site, surface bainite, and fully bainite specimens
were same as shown in Fig. 2.

(a) After quenching. (b) After tempering (673K X
1.8ks). (c) After shot peening and annealing
(443K X 1.8ks).
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Fig. 7. Residual stresses in the aus-drawn specimens in the
radial direction on the lateral plane.The deforma-
tion conditions of fully martensite, surface bainite,
and fully bainite were same as shown in Fig. 2.

(a) After quenching. (b) After tempering (673K X
1.8ks). (c) After shot peening and annealing
(443K X 1.8ks).

DX ZDEDMHENZ L (Fig. S)BHBLTWAHELEZ
5hd,
3.3 #—ZARFA—A T EhBHOBRNMEE

Table 213 L VRERIZ K D H o N - BWHIMHEE 27,
i~ LT A P MOBBIERARLE DI, AL Dk
REAEL ., BRI (RCDRERIG T /EKRL DIEH)
LEVWETH S, 2720, REHEIEEMIZEZ L,
EEANA T4 PRI F 4 b MISFERI, BEMEER
¥OMET U, Rd2E B3 2dmsiohnsd,

Fig. 812, FIXRDFEFRBHERERT. A4 LT U
—ROEN RS IR TR L RERE L ZDIIHL T,
dF—Z2Fu—f (&7 o414 ZERAEERL
EHO LS KIREHEE LS, ZHITEREE X AKX W\(Fig.
52k, REOEEKREBNIAKE W (Fig NI &x &I
kagntELIGNE, —H, REANA T4 PMPEHAN
454 FMOEFRERIEROAX A LT V- HLDESH
%,

Fig. 912, "2 0RBOFERERT, B~ LT v+ A1
FHHZA AL TV =R E D ERBEEAMOTAL/NEL
N7z DHIZER TS, REINA F A PR A
FA MEA AT V=D ANZD H, oA
FHRTE3IBKTERBTH 52, BREVOLEANDE
3SBKDAMKEL %5,

GE, WA -7 A bEEGDAA A MTARNIC
IEERESAEEMIC L D BRI E AR T E X Ty
52020 F 4 SiCrifiA 4 LT S —HRICE L TIZEEH
BHEL TR LS, A—2F7 4 P ERE S
TIIM AN EEE L RIETH, EhEFERey gy E—
ZVSMLTMIFRYILT VA VNEEAKRI X5 &
B AEETRTE IR TS, AT, BE~eLT
YHA PMTIRMAYE, AN ERICER TR, &
WA F 4 FMREIRAA F A4 DM TIIAYE, @720
PEIZIK R L 72(Figs. 8,9). Z#HU, Fig. 61Z/RL7z&k 91T,
Vaw b=V +OTARD BM%RE, ZREROA -2
FFAPABRPL TR0 EZEILNS,

4, BE

AMROBRED, F—AFn—4 Vi k->TRE~
LT v A Bk S B, RO 4 ILT 8-

Table 2. Mechanical properties of the aus-drawn wires after tempering for 1.8 ks at 673 K. Obtained by torsional tests. The defor-
mation conditions of fully martensite, surface bainite, and fully bainite specimens were same as shown in Fig. 2.

Material Yield shear stress| Maximum shear ry Number of twist | Shear modulus
to03 (MPa) stress 8 (MPa) B (cycles, 100d) G (GPa)
Fully martensite 1,198 1,245 0.962 4.4 78.6
Surface bainite 1,088 1,133 0.960 4.4 77.3
Fully bainite 1,032 1,153 0.895 6.3 75.2
Oil-tempered wire 1,040 1,131 0.920 7.5 78.1
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Fig. 8. Results of the fatigue tests of the aus-drawn wires

and the conventional oil-tempered wires.
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Fig. 9. Results of the fastening test of the aus-drawn wires
and the conventional oil-tempered wires. Open
marks show the results at room temperature and
closed marks show the results at 353K.
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Fig. 12. Distributions of the equivalent strain in the radial
direction in the aus-drawn specimens.
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