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RESEARCH ON THE STOP—QUEI\ICHING OF THE
INDUCTION SURFACE- HARDENING S

Hideo Nishimura, Dr. Eng., Yuko Mitani, Dr. Eng., and K’a;tsuhiéa Mizuma

Synopsis:

For the purpose of stress-relief in the induction surface-hardening the martempering was supe-

rior to the tempering at low temperature. However, the surface of martempere_d steel was sta-

ined with salt, therefore the martempering could not be applied to the induction surface-hardening,

Fortunately, the induction surface-hardenirig was operated automatically by the magnetic relay.

As soon as the water-cooling of the induction surface-hardening was stépped, before the induction

heated specimen was completely cgoled down to the temperature of water, this specimen was

cooled in air or oil, and the.effects similar to that of the martempering on the induction surface

hardening were obtained. For this purpose, the experiments were carned out with a 0.449; C—

0.92%. Cr steel.

I. El

RO BRMBEAT DA, REEAF20 40%L]

bictr s L ENG B, BHIC s v - A EETHHEH
Tz, MO IBEVGEMRE, RESHEYSL
THWEEEETEBA L T2ERNRLS. Z2H->TlE
HnoBER S, R KRR XoCx T EE
< AT VR YVIDOHENREETEHD
HrEEo— AXHEELTRLP?. KRB K, BHEBESLE
SHEERHLCAT Y R= Y v Irufrs &, KR
PIEN TR Y - T. #ic, BEREACES
EEFRTRHICX D, ~A TV R—-Y Vv LAED
HRIE LN B I LIFEAIFHE T D, B|Ch L B
E%KﬁbkgﬁﬁEﬁﬁﬁ%Eﬁﬁﬁﬁi%ﬁwﬁf

SElR Ehico, ZERBE U TTHECES LIk
OEBEBRAFTETBREL, ERHTAL LT 20T

D,
. REPBRURBHE
ﬁﬂﬁﬁﬁﬁ%xﬁ%ﬁabfﬁﬁ§htﬁpa—
ﬁﬁ@ﬁéﬁﬁﬁ3%m5E52Mmrﬁbm¢b

KER 16mm’ oflEx 0. o rAHELRAEY
BT, BARKBEEDL KFCH He3BIc L.

| REEAREBEERTURES L. WS LAERI, &

%lﬁ'ﬁﬂ@mgﬁﬁ

c| Si|Mn|ca|or! P! ©

%% & |
aHE% ']0‘44 0-21] 0-73 0-1550»92@-017b-008

FTLLZEHLELTE, Ms DToRHAHETETH
E~AF VR YV IRECERODZHEEFED b b
ThDY. LRERTNEE, EEREAT DL MV~
A x4 P HBERERS DO T, EEHFEATTIH
BT BRE ThD. HRA{LELERITER, PlaiXs =
LD EETRYEHT S, ToEREERIE,
BRI ofn & ERFEINE TR, |, BREEEIES,
Wiz 099, B RENOMSERBEE LD
T, P —=REA NHEHEL B,

THREERIT PIER 84mm, ZEX 22mm & L, RZEE
BRI Lic. BREWMESHER 30~34 KW, 42~
44 BIETH 0, KB ORFRMNEREHRFICHRT 23
BLCE L KEERLT, TokEH2H9 Som A1z S
Blo L. kBB RCLBERBEC X><HB
sk, SEREBERRY AT e VI X DN

H|mTedHo, Vv -BRFEBAL, Bk BREE
S 1/100 ¥ CERKCHRAEZBICF A 74 DUV X =%

%ﬁbt.

*FHK%%&:H&**&%k%&& i
*kxk *E%ﬁéﬁ KK .

-— 27 —



610 @& & R M40 4 48 6 2

1. BERUERE

REBEEIIRF o R4 FFRllEL, ToWEE
¥ Lok, ARFBRFRERELAE SR LTAEE
Kirdo¢, PR¥YE ERETTFTE R4 6 FFRESL
TEEL~A 7u 4 -2 —CHEL, 4 THEEY o
fo. B REoTHMNMEER 2f5L, LTHk2 o
BAREETMA T4 TEHY, BPHoNEEL L. A
EEIRE Lisotc. BHRABRRAECEL BRE
WL, —rhoRErfiliELc@ohkioThd, Hl
EMEISZ\-RICEbh 3.

ERBIEGH L LRI T—ETH S SELIK
BWORF T, REBEE Rc 65, JEFE/LLoBEE Re
35, SiEEsE 0°18%, ElTAMIZE 0-54% Th—olk.

%73, KSPEBRE RO~ CZBBEA LT OLR
FizkaREEks 1, 2, 3 L L <FHEERNCHE
SEL-DEER, HWEXsks Re 53'5, 61, 64, HESE
{33k 4 0-023%, 0-088%, 0-117% & 7p-2fz. <A F
VA=YV IZOEBIR Y 0, NMEERRBEKEOBED
ks>, Tob 0:06~0:07% H HEZL+5 &, KIBEHE
2 1~2 W eEz, 1 X0l 0°1 BoEkaes
FIEBim U< 28 clliE L.

Kic, RETIBES LIEEE, KEREEYETE
B Rsbor#z, 2, 25, 8 BoABLHELT,
BB LCES, R«s8FoBEix Re 65, 62-5, 64-
7. SEFTIxsk< 0°061, 0101, 0.108% rix—>ik:, L
fp oA OBAEBRLT, KB 15~2-5
MR 0. 1MEHRE EVTRBE L
66T . 7
64
62t
Y
58

T T AL ]

TS L
26- 28 3.0%?

J It L

1 1 L L N
0 12 ¢4 16 18 20 22 24
W F PETHFE -

BIE ke EirRR & KETEE & OB

% 1HREHEEE L /ABRHLoBRERTIOTH
3. 3FEL KB LI ORFEAESERKED L @
LEEEEAZ L. LIt o< 3L Lk% T3 & i
BIAOHRIXZ b, BEEL LT RC 60 xSk

%
Oidg :

072
i aie
1z

5 008
A&
% 006

004

T e GASERAE
a0k o Qe v TR S

ol 1 L

! i L 1 l

1 i 1
6 18 20 22 24 26 23 30

10 12 14
I % o BF BF B
2 kR ERERN & AMEIARE (EHE) & oMM

T2E, BRoBHE 1'7~2:2 PR @Y i L &b
ha. Z2BOBESLEEOSHKREHE T 2:0~25 BT
PEUTHD. 20 B ETCRZEARIFB I HE 0
53, 10 BHT BB LER»EEL T 3.
B2ERARELARNEH L OBRERTIOTH
5. kB ofMMEE 0°18% kKxiL T, FEiEACE

& 0:05~0-09% TE&REALT DL, WROLERE.

TREGESENT 1-8~2-0 #as@2 72 0, ZH 0o B4
2:0~2'4 PSR mE LS.

66 _ ~2/6
.64 .-ﬂ/"!
g 62 doz
7 f”“
60 070 %=
i %
m 58 208 g
’g oS
3 56 —29E&
54 Ha04 "
52+ S
50 1 t | 1 1 '

1 L . 1 ! 1 g
4 16 /8 20 22 24 26 28 30
RS o ERF BE S

B8E kM hEIER, REEERCEAEE
» DRE
o KREHEFLWE L oK —EHKIBFCEIREY
B\ e, B L EofiomRs, ssaks, e, 2
BLERAKELL =B, ToER»LEEOR
AREFBODLEGIEFERL TS, L oTER 2R
% EREEZ I\

e oBal, 15 BH oA TR, BELEol
{LHBRII AETAF LT 3. 7S TREN B2
DoMWREFERELC, BEEHEL T E MEVWHEY T
T ZEHOBERARERE L ABEE iRz T LT
3. 2lkoE 3R X 0, BEEAHT58,59,60, 61, 62,68 i
LEORBEELRD D LE 2 ROWMEER LIS,

|
0 712



X

ERETPTHEEAKKEI 3 % 611

W2k W IMEEOHER

g Ro | 58 | 59 | 60 | 61 | 62 | 63

0-035 0-068! 0-070| 0-083| 0-095! 0-107

M oE i |

X oL

0‘040} 0-050; 0-060] 0-070; 6-082| 0-099

Lieht> <l CBEETR & 13288 275 25108 X 0 #90°01%
EGERD I,

050§~ -

55y .

——— FKGS PR

ok R Oreeeees A -
a05t |
-4 ] Il A Il i | ) 1 1 ’ N |

SN0 12 74 16 I8 20 22 -24 26 28 30

A% e g RS
%4H Aty v . & BRALAB T, ﬁ%ﬁié@%ﬁ

55 4 ITEFH OB e % & 0 Th 528, Ao
[ER & LCig B LR LTV S. WIhicLTh
SZakiR OBICHERT 3 L BN,
T HMEECHEISREE TR L.

IV. BREPEIEA LS
EEBE ARG B Bl A oS, EEBEE L%

%&L&b&h%ﬁﬁ&%@f,W%&%@ﬁﬁbk@

TS,

AU ThD. 2EEeksLiRFicos, e 1000
2000, 250°, 300°C icc4 1 ESESRE A4\, EEEE
LIEER BT E RO FECHRE L. HLBRARD
WIESY b ob L, BEMEARONECK LToE
FTHB. Lo REES S 0R, Hi o
RER AR T BRI SR e Bl e % 5 BRI
%EM%LCQTLL%QT%%

—IRIC, BEERABROBRIZ 150°0 BETirbh
TUBETHS B5Eo 150°0 BHRICHNT 514

DrENS

kAEMEol  BSTLBID, Ms BT ERS UkRcdT Btem-

A o, BIR, X%, ﬁkmﬁﬁm&%ﬁuﬁw

- A ‘ ) g
86, : - ) iy
Cen e
o 54!_ ‘\ . —10.74
T = w0 IS0
= SN 'n:i7i/g FI50°C . .
B N FRERLIE /i:- 474
o ¥I8
. \\’R’ ''''''''''' L8
5 el X oo
T 4N : L
n o ) ANX &
I SO BCERE/RES ) N\ N\ 28 E
& ARAGE AR I__\k_.x__ .
oz ” A ! : .~ A\
¥ s o TSI S ."X'\'""':\':- 0.06
. \ h-
54} N L
N
Py B —+002.
50 { | 1 l i 0
/) S0 00 50 200 250 300°C
wR a2 f& (/E;FED

%ﬁﬁfﬁﬁiFW%ﬁA&@mh
DBEEE & S LB R R30S R A o E L 45 4
BX ok, #5KIcRFs 150°C BEROEFEEoEL
H#R T .

EOMIREN DML, ALEETY, BRLCES
LA T IT oL @ L TR, ToEHLIAY,
HRFBEA D DB ANC TSI . A DTS,
R UBEEE B, Mol s ol X b i
Pz Lk CgiEin ofbik, SIKEORD 5 5HE
2T, HEEEABSBERICHES LEL Sh 5.

HEBEA 1T 5 &, BEEED BN E A E D Iy
o, EHo— A Riko—x

pered martensite (FEE~A 71 + & XR B 2%, FH -
%ruE%#J%L<uW BUBRB A+ A7 54 b
Ms BRI 54 - zr%dh@%%MWVlaé
@&%L%h,A%mﬂ&vh%%&%%o%@&%m
b?h%. o
V. Eﬁﬁgﬁ@lﬁ&

BRRIEATCE, B FROBACBE X V35
. ZoEEEBREEEAR X 0 FET B PEHoR
PHCIBbOLEZLND. TrbEBEEEAH & HE
BEASH & oREI I HET B &, ﬁ%ﬂ&lﬂ@&%
rﬁmﬁ\%ﬁﬂ j(%’h‘ﬁlul")ffﬁgﬁﬂ%@ Tizas
vtﬁ%ﬁ&ﬂh%ﬁ%rﬁ%ﬁmﬁﬂh@%ﬁkﬁL
QEB LI D. Lk Lﬁﬁ%ﬁ@é%hmv»TVA
éuv&#ﬁmmﬁibﬁbmﬁ%ﬁf%ohkﬁﬁk
¢%ﬁx@%Agﬁ@@m%@@ﬁgn% A B EH

— 29 — .



812 ' @ : 4 404 5 6

X W ERBISNHOBERB T 1T 2o TS %,
HETEBRRCEHALERESL, fiflicRikcdoo
Hr 100°, 200°, 300°C TR LARKEXERLE. &
FEB AR & LTix, AphE 2 0 REs LD
ok, KBEELSBEBEHMS Lo EHELEL. WI
hd FothoFirgicli-t ot BETHS.

B EoRFiconcHESfH A HlE L DERINES
- BRT. EBEASIOBREE S TEE 150°C TR Lic
See SO IS 3B B.

900 ¢
fe@-lk;é*
B0 Sy ~ =~ EIICE
g% -,‘\l a HMREX
| 700} AT X 100°C 15¥RRIAR
"12 e~ W\ a e -
X a -0
Y 600 T200% a3 «
N &\g-
;'< 0 300¢
a2
*
& 400
30+
200¢ i
. —— 153G BE
100F --0-- 20# » B¢
{ ] [] i | H

7 2 3 4 S mn
‘ B -1-EDYE Y
W6 BR:R2IToESZAAGHE PEEAS
& DR EEL A D bk ‘

ZHEOFEF I OWCEEE DY NB L SERINE 7 -

Blic/R?. mi3EZEIEIoRE G RTER, Sk tLo
FHERE X2k, g ASioEnshiEE, S
Ra i ok22/R@oBEis HiEX 0 St X ¢

£5%. LidvoCHEBEA S S NGRS B il 23

DIrEEEN B.
EREBAERCESN T FET BE ey, &
ﬁﬁE%ﬁOT%&&ik&b-ﬁ%ﬂ%%ﬁm%&b
B oEIRBERN B fs %RE o B B Lic FifgeA B
IZHEAE Lo :EL . '

VI % =

EREEAREM LT, EkRFEECIL 0:4~0°5
% C. FFBREACIT 0°35~045%\C 3@ Y & an T i
DT B2, oL ko m IR A A i
Lie\w & ankedir 2 FRIREEIN TS 5. SkE o To-
cco THIRE Lo HmrBEHL<BE Y, BFERE
BTGB TR D a

fofmm?
)60 -
501 F .
40'* ,'I )(’3(
30k /
: ¥
20k e
i ,' /
é_)?_t oF «iﬁg‘)lﬁggﬁ ,""
;]
5) 06 : ] —_1
?f M 1 ! |
2 ,75 25 30 35 40mm
i ig
7
R &
-30
N A
— 400 y
300°C A ¥
& )21);‘
"50 I~ OQ. A’ 7 /
e .
~60} SO MR e REICE MR ER
SVAN e 0 IHERR
=70 },x ,"‘%‘* -—— u me v
id —o- 0 YT »
- 50 —— 153 AR M

o 208w TR

W7 PR RO AR L BEHEA
9 & o3 S35 > Bk

F 4« OFRBTIX, SEEKBES b OIXHH TR TEh
o OB\ LB ICHEEA T {72 b ola 2R
Nighotc. Lo, #hS\ EiRES o B BN
Al AR HIF T 57 01F, Beh ok i
b, BEEBBEARIEM o iR shES.

Tr kb o FITBEARIIFEERNIKIZ <A T vy R —y v
ZUB| ETBARER L o TH 32, BREEBEAK
B o, s B BEAKEE % stop-quenching » L,

interrupted quenching XA L#\s.

LThligAEORR ERRE BN 3ok FET
3.

H R

(1D F|EROEHIEIP L, BEENnE LT 5.
(2) BERoOWBED R L, 1EEREYERET 3.

(3) EFRRoSMCLERREA»TBERS.
(4) BETHEBWELEEHRS.

(5) SZELEERLHETS.

(6D #MollETRe &,

R R .

(1) FHoREREY T H FTHEERTET.
(2D BH—3BEEESnIC V. (BrES 0

) ) :

(3) BREEZDLDZHFLIE.

(4) B4 -RTF A r2B\EE2 LS.

T— 80 —

»



~rHBEHT s HE (VD 613

¥, BFBABORBATECOWCIERTE Y, Trans. A.S.M. (1950) 42, 121. |
REDIFHCOLCB« RN EMA BBEXLB LR 5) =4 ABUHFTRSEMHRE (1953) No, 5~2,
5. POREERRMT s okattici LB CERlEL E 198, |
T%. RRICHEHT S0k B K K. 454 6) A.B. Greninger, and A. R. Troiano: Trans. '
W, O KRBT LSRR A MR B e B o B v 354 A.S.M. (1940) 28, 537.
3. CARFn 2942 3 H 555D 7) P. Gordon, M. Cohen, and R.S. Rose: Trans
" % Bk © ASM. (1944) 33, 411,
D =4, B, /i HELBE B C19a2) 164 8 =&, Ak BEAREECGE (1952) 164108,
11 $2, 620 . 545 .
D =4 ARCWEGE (1959 17 4,7 #, 3500 9 T, ik HAMRRSGERIE (1949) 15,
B =8 REFTEsEaRe (1958) No. 5—1, 50, 1—1. :
1639. : 100 wifl, =4 BARBEAGHE (1952) 1942 8,
4) J. F. Libsch, W. Chilang, and W. J. Murphy: 117 .

N A ME R T R W)
PR 28 45 4 FASHIASIC TR0 |
O EEBR* N - —* B
STUDY ON THE SPRING MATERIALS (V)
Hideji Hotta, Dr." Eng., Tatswo Katasaki; Kazuo Hori and Yoshito Miyakawa

Synopsis: ‘ .

Many materials were studled hitherto by the authors as the spring materials for high temperatures,
and these results were reported in Tetsu-to- -Hagané as the 1st to the 4th reports.

In the 4th report, it was recognized that from the experimental results of microscopic structure,
hardness, tensile strength and elongation, the material corresponding to a die steel No. 5 was
found superior when treated at a constant temperature to which it had been treated with ordinary
quench-temper method.

‘This time, the results of the test on tensile strength, elongation and microscopic structure at high
temperatures upto 500°C were summarized as follows.

(1D In comparison with the ordinary quench-tempered material, the material which had been
«quenched at 1100°C and treated at constant temperatures of 350°C and 600°C was superior.

(2) From the result of studying the effect of holdmg time, remarkable differences were not
recognized with the materials which had been treated at the constant temperature upto 500°C
affecting the holding time. : : :

182> From result of the effect of the holding time at 500°O for 240 min., the properties of the
material were recognized to be changed but a little. :

(4> The die steel No. 5, when treated at a constant tempﬁrature was consvdered superior as
spring material for high- temperature uses upto 500°C.
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