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Micro-structure and Mechanical Properties of Induction Heating Quenched
and Tempered Spring Steel

Kazuhiro KAWASAKI, Takayo CHIBA, Norihisa TAKAOKA and Takao YAMAZAKI

Synopsis :

In order to clarify the characteristics of Induction Heating Quenching and Induction Heating Tempering 7
(IHQIHT) as heat-treating process, micro-structure and mechanical properties of quenched and tempered |
Si-Cr spring steel (SUP12) by IHQIHT as well as by conventional Furnace Heating Quenching and Furnace l
Heating Tempering (FHQFHT) were investigated. ‘

(1) Micro-structure of IHQIHT material shows finer grain and less decarburization than those of ‘
FHQFHT material.

(2) Ductility, toughness, fracture toughness, resistivity to delayed fracture, resistivity to permanent de- ; i
k.
4

formation, and fatigue life of THQIHT material are superior to those of FHQFHT material. In case of
SUP 6, SUP 7, SWRH62B, and S45C, IHQIHT materials show superior toughness generally.

(3) It is presumed that fine grain and retained austenite of IHQIHT material are effective for the above |
strengthening and toughening. However, unobvious points are still remained, because the influences of %
short time austenitizing and tempering are intertwisted mutually.

Key words : induction heating ; furnace heating ; spring steel ; quench ; temper ; strength ; toughness ; grain ;
size ; retained austenite. :
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DA & UCTERILL . B#i 3 #1E 15mm % 14 mm CHMBI3KE L=, Fig

ABFZETIE, O THBEANLES &L (II: THQIHT) 1 WRTBY A I N%25 27 Thbb, [, HiE
DEMHEFELE L TCORHEEZHL T H-012, IH ZLLBISEE (B A LB BEEL 100 kHz, H77 80 kW,
SUPI12 #HtaM & L, II A& —fm2mmst (FH:  #Eb & LM : 100 kHz, 40kW) % B\, S8 L 783k
Furnace Heating) BEANLHES & L (FF : FHQFHT) #

O L B BT R R Table 1. Chemical composition of SUP 12 (wt% ).
B (~720) B, BXUENENE % BB L. % ¢ Si_Mm P S Cr
B ZK%%ﬁ’Cﬂi IH %Fﬁ‘ﬂ%i%/a\?{) é’l%ﬂl]iﬁ‘f(ﬁ lﬁ Steel A 0.58 1.38 0.69 0.015 0.008 0.63

’ ’ T m Stee 0. 1. 0. . 0. 0.67
7 BER ELRS U CIIBME L 7272, TI 4 b, FF el B > LM 080 00 001

AEFD 60 4F 4 AARHHERRIITERE WA 61 4£8 A1 AZH (Received Aug. 1, 1986)
* BRI (BR)FMTER (Technical Dept., Neturen Co., Ltd., 5893 Tamura Hiratsuka 254)
*2 RIS Y R F AT V=7 Y » ¥ (System Engineering Div., Neturen Co., Ltd. )
*3 BB R (R ) FF#RES (Spring Wire Dept., Neturen Co., Ltd. )
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Fig. 1. Schematic figure of heat-treating cycle.
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Fig. 2. Relation between tempering temperature
and hardness.
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Fig. 3. Relation between tempering parameter P
and hardness.

Photo. 1. Optical micro-structures of quenched material and austenite grain.
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Fig. 4. Tensile properties of IHQIHT and

FHQFHT materials.
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Fig. 5. Impact value of IHQIHT and FHQFHT

materials.

Photo. 2. SEM fractographs of impact tested IHQIHT and FHQFHT materials.

— 139 —



2294 o @

85 73 4 (1987) £ 16 &

- (293K) | —O-IHQIHT (1)
S --@-FHQFHT (FF)
£
£
= 3000}
o
X
2 o
£ 2000f v
o
3
2
@
5
S
(o]
& 1000
" 1 " " 1
50 55

Hardness HRC

Fig. 6. Fracture toughness K;- of IHQIHT and
FHQFHT materials.

HRC=55 4B AEW S TH, ¥4 ¥ I VHEHEEE
R LR A R L, bR ZE S A S .
3:3:3 HIRTOMERM

Wi T DOBIE B £ 47 0 745 R, 1L M Tk HRC
=51.5 LA LT, £72, FF # <& HRC=50 #LL | T,
ZNZN ASTM E 399 TR & hn Valid 14 % i 2
L, SEMW O AR (Ke) 235 h7:. Fig 6 i,
WL Kie ELOBBRERLEZLDT, K id, S
E A LEART T AEIGRTM & LFRETH S
M, &, IHMOFRLY)BNELZRL 7.

3-3-4  KEMEVELRBE T 02 B R

Fig. 7(A) &, FIRENBIERBAER LR LD O T,
TEWTERfE 1, FE S AV < 2 B L L R AMEIANITM & b
FHTH B2, &I, UMOERLIYDEL o7,
Z LT, HRC=50 #&» & 53 M~ L L 72354,
BRI, FF AL 0 28I < 4 2 Em 43R L 7.
ZZT, KPR, Bon-EEE 74 7T a5
WKHTROTRD-REHWE 50% O 0% W B f E
f(50) 2FEA TR L. Fig 7(B) &, R D EIREEE
AEBRKERERL72b DT, 5RENHIERERAE & R
W2, BRETRER, RS kA LEL R, &k,
OMOBEBREOVEL 227 &8, WTFhoREBED
WAL, WSROI IR RES A S R,

EZ2AT, RUVIBHITCOENBIESMEICET AT
RO TH WD, 22T, KERMEBEETOEN
B B XIZTAMCNE— FORELHLS 2T
%7-912, HRC=50 #® I # £ 4L5kk & LT, FRE
NEIERER L L U Y ENFERBRcoRERR T L £(50)

102k 0 =980MPa |
F O
o
—_ (o]
5 IO 3 fo) E
g
5 g
Tk O
o \
>~ \ |
g \8
5 0
Olf ~O-IHQIHT (I 1) g . | | Line:Cumulative
L|- @ FHQFHT(FF) o t  failure rate 1(S0)
a6 50 54 26 50 52
Hardness HRC HRC

(A)under tensile stress  (B)under torsional stress

Dipped in 323 K 20%NH,;SCN
Fig. 7. Delayed fracture test results under (A)
tensile and (B) torsional stress of IHQIHT and
FHQFHT materials.

1000+
& 900}
2 L
. 800
® 200}
§ b
£ 600t
ko Under torsional A\é o
B 500F stress N
L]
2 B
I 400} A
< - [IHQIHT (D
hsaasd L 1 da
10 102 103
Time to failure (h)
Fig. 8. Influence of applied stress on delayed

fracture test results.

ECTRTITRER & DRIRE KD . ZofEE, Fig 8
WRT LI, WINORBROEE S, BERFARTORK
NERICH S T BRI DRSS 5 2 L atbh D7z,
T/, BHREISIR LIRS XU LD REBETOR
Wrom S & DHLOEEZ RO -FE, 5ERENBIEERBROY
H120.32, ALY BABIEABROB A 0.40 £ 2D,
B U KEREREOHTH, LIS T OB ®
EDETRA/NE V) BED BEREE S N.
3:3:5 HIRTONL Y E

Fig. 913, QLY 2 ) —7TREFERE2RLAEDLOT,
A OTADHEING Ay i, HEREHL b EKEL

— 140 —




S NNBE A NUBED & L L 7o i fa sl oM & AR TR O 45 2295

X104
| T=980MPa X 96h (293K)

201 —O— IHQIHT(I1) | 1
5 i --@-- FHQFHT(FF)
S Isf \* 1
% [ ‘*.

;:E’; \

1o :
£ I
& 1
o]

g |
g 5F ]

48 50 52 54 56
Hardness HRC

Fig. 9. Creep test result at 293 K under torsional
stress of IHQIHT and FHQFHT materials.
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Fig. 11. Influence of IH austenitizing temperature
on impact value and grain size.
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Table 2. Chemical composition and grain size of
IHQ and FHQ materials of SUP 6, SUP 7,
SWRH62B, and S45C.

Chemical composition (wt%) Grain size
Material d (um
C Si Mn P S Cr (IHQ%FHQ)
SUP 6 0.63 1.61 0.98 0.015 0.007 0.10 14/29
SUP 7 0.62 2.04 0.93 0.014 0.007 0.28 13/20
SWRH62B | 0.61 0.24 0.77 0.017 0.003 — 15/18
S45C 0.44 0.24 0.73 0.013 0.014 — 16/19
30|_SUP6 suP7 | SWRHE2B| s45C
% gg% —O— IHQIHT(I1)
S | --@-- FHQFHT(FF)
waol BQ '0-00—@— o
E R |
o o). (4 L
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Fig. 14. Impact value of ITHQIHT and FHQFHT
materials of SUP 6, SUP 7, SWRH62B, and S45C.

Shb.
3.7 SUPI12 KA® 1 #& FF #4084

I oFENR/EAROEBE XS 2ICT 5720
(2, Table 2 (ZfLZ#p5 % /R$ Si-Mn $ (SUP 6, SUP
7), C-Mn $ (SWRH62B), & X 0" S45C % 24450 &

— 142 —

S T e

P Y




FHEIBBEANLED & U L 722 ok & et B o 2297

LT e FFHOBBRRNBEBIUHES EFRTD
EHEME: oGk #HEAMOBZEIVTFRD 12
mm T, FALE L &M SUP12 o4& L E—THh
B, FOHE, Table 2 IRT X512, Mk &4
WMLy IBoFFELNHMTHo. £/, Fig. 14
WRT &Y, HEME, SHEde s IHoh» X
DEWERRLZ. 202 Ehs, Thilh boksds
OB I I OBBALRIR I ERENH B & vz
5.
4. ¥ E]

FEMBABEANED &L (1) BB FEE LTo
BHEBHLPICT A, SUPL2 24t & LT,
I e — MR 2P mBUR A D & L (FF) B ok
ETREIME A I L & T AL OBMMTEE 2 W5 L 2.
FORB RO EBHL ML DT,

(I # i, FF AT T, A2 X T
B ASH & Nz,

(2)HII #ix, FEEOWS %3 > FF #ickk~T,
L OENAIENE, B, BEEREE, Bt ~7
DEEE, BIUOEREEERT.

(3)SUPS6, SUP7, SWRH 62B, X UfS45C % fitit
e Lagacd, UM rLoERZEEEZRL, 1T
WX BRI R LB D .

B, 5laka, Il 0oBERHRBLHEICB XIET
IHQ B X U° HT offi4 O BB T A3 21TV, %

DIEREHHRT HTFECHS.

BRI, AIROBITICHI0, RIETIREL O /-
FHRSELERENGBERE, SHhEeB HaE
Bk (0K ) 88 BB FE AR AN - S 80RfoE & > & — O
(7 R NAVAR U 3 2

X 73

1) HAAE: RS EaEES (1969) [ H P L)

2) WEUSH, BRX—, WHEBY, %1 3hiHE,
27 (1982), p. 28

3 ) K. Kawasaky, Y. SEto, T. YAMAZAKI and T, HIJIKATA:
SAE Technical paper series, 830656 (1983) [SAE]

4 ) NH—1, EEIE, LM Sk 8, 71 (1985),
p. 100

5) JIE—1E, SEEA, NG, BIFR " ZULE 20
(1980), p. 281

6) TRMX, WEKEZ, KE=8.1ThkrE, 26 (1981),
p-1

7 ) Stress corrosion tests (NH;NCS test) (FIP Commision
on prestressing steels and systems) (1978) [FIP]

8 ) 5. Stress corrosion cracking resistance test for
prestressing tendons (1980—11) [FIP]

9 ) I3, 30 (1985), p. 150

10) $t b B8k L4, 66 (1980), p. 1532

11) H. W. HAYDEN and S. FLOREEN: Corrosion, 27 (1971),

M)%éﬁ%,EEEZ,%*ﬂH&&&ﬁ,&(m%L

m)%g%%,gm%z,%*ﬂﬁaﬁaﬁ,m<wmx

1) Fe%E, A B, EAERIE: SRRIE, 24 (1978),

m)%éﬁ@aL%ﬁuwtam%<a$ﬁmm%ﬁ>
(1976), p. 15

— 143 —



