900 ‘ | % o+ o

49 4E (1963) Mo B

DRED L ERE LTI O,
2) & Ti SNBSS g S,

3) Bk Ti oAk ECS JIETEEIVb U5 L

L7z

- 4) 2k Ti @%*Hahr“%z%mmdc l?i‘i‘?\zg Seln

ik, TiRMED 0°01~0"1% DHEIHE » FHEhT, 01

%U LI TE B L EERRIF UK & < 75 B B2 T

- 5) BE TiiC ko kbR R R EE Ti @
BEEEVHUS LAY, CoBad Timng

#ﬁ02%hu:ﬁé&ﬁmﬁﬁ$kk@ﬁﬁkbf

TL{ERZRT..

6) Ti, Zr, Al, V, Nb %%h%wﬁbmm&l@#
SRR LIRS & Fol U 758, Ti, Zr, Nb /ggss
FINTWBET Easbioi.

7) Ti %% Zr % 0°005~0°05%, Al % 07029

- IMUTRE LB S Al % 0°02% OZEML 7
OEXCHRD S15CK ZEIBRE L TR ORE
ZHB LR, Ti, Zr LEMIBRRKRCE 2T

RREHAM bR S v o©, BEERAME LT
s Enzs.,

8) A AT I A MESBAIAAL ORI R X 08
REDA BB OV TIE, ZH D 23 Zr o4
72z EH Ti OBAC D HTIEED EE XD OTSER

T PN

ChLllRshErof Ll it onWTinE
ﬁ%<®@ﬁ?&%£%ﬁbfué ‘

ﬂjJ_Fgof:qﬂﬁ\LbjI%ﬁ_téﬁ:ﬁ%()\k H:LUEH%ﬁiYEB
RS L .
X W

1) B3, KJH: $ &80, 48 (1962), p. 683

2) T, BRE: &z, 40 (1954), p. 279

3) BARMENRNKEEMBIED: FREE 19F,
5119 (1958), 5933 (1960)

4) J. W.-Hartey: Trans. Met. Soc., Amer.
Inst. Min., Met. & Pet. Eng., 167(1946) p. 224

5) BiH: MESeE, 7 (1957), p. 56

6) JRHE: FIREE19%, 6595 (1962)

m®%xﬁﬁ®ﬁﬁﬁﬁkawﬁ
ﬁ$%@%l%&m®%1@%&®%MKONT
(&@ﬁkﬁ%hﬁ?éﬂn~n |

EF!%%D

BB R & R

EXper‘imentalr Me‘théds of Quenching Effects of Oil and Study on
the Relat10nsh1p between the Hardenability of Carbon Tool Steel
and the Quenching Effects of Oil.

(Study on the quenchmg effects of oil for steel—I)

. Synopsis:

Tomo-0 SATO and Yoshmorz FUJIMURA

This -paper deals with a study on some properties of oils required for the quenching of

steels.

" carbon tool steels and low alloy structural steels.

Some experiments were carried out on several oils having different properties, using

This study also treats some remarkable

rphenomeha observed during the quenching as well as the cooling actions of quenching oils.
The experimental methods are described in detail, together with a preliminary study on
the relationship between the hardenability of carbon tool steel and the quenching effects of

oil. The followmg conclusions are obtained:

(1) The cooling behaviour of carbon tool steels during qu'e,nching varies remarkably
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depending on occurrence or none of pearlite transformation 'in the steel.

(2) The presence of gas film generated during quenching is long when pearhte transfor-
mation takes place in the surface layer of the test piece. '

(3) ‘The pearlite transformation occurring in the surface Iayer ‘of a test piece affects

remarkably the degree of its hardening.

(4). The quenchmg effects of oil on a carbon tool steel differ greatly dependmg on its

hardenability.

(5) The quenching effects of oil should be examined with respect to steels having differ-

ent hardenabilities.
a carbon tool steel having high hardenability.
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Proper evaluation of the quenching effects of oil is not obtained using

(Received 15 September 1962)

BB i, ABIATRC I
IR LR, 35X O R RO AN & OB
ZhE L pEEMEICOWT 2, IR LAEREI LK
LDTH5. ‘

II. BADROKEFE

RESEOTFRIC IV T, BEATMOMEREZHIE T 5 H ik
L LT, wHIBhAR GRE—SHER 2HEL T35
EBSV. L Land, —ERBRF O—RIC2WTKR

 DTHEIE T, FEAROMUREDOR/NE T D DIE5E

L7 d O EFV . AETIE, BEAEOE S D
BELREOMAR A Z LV, WS X ML E

DR B SHOWERIC OV THASREZRRL, L0

G RS, BEAIHO R TS SR DA% T

Steel specimens used for test of the quenching effects of oil.

Table 1.
Test piece Material Chemical éomposition (%)
. . ' Cross , T
Mark D1mensmn» Steel section |  C Si Mn P S Ni | Cr Cu
A 11°5¢ X20 Carbon tool steel I . . . . . JE R .
"B 115§ x20 |(0°79%C Swedish steel) 25X 25 068 | 0°26 | 0*21 | 0°020| 0028 » ]
C 134 X25 Carbon tool steel I . . . . . — — —
D 206 X50 {(0°99C Swedish steel) 25X 25 0°91 O.27. 0°21 | 0°024} 0°023 -
E 13§ X25 Carbon tool steel I . . n . . . . .
F 20§ X 50 (SK6) - 334 0°*71 | 0°38 | 0°36 | 0°027| 0°019 005 | 0*29
G 174 X40 Carbon tool steel W . . . . . _ . .
H 20§ X 50 (SK5) 51¢ 0°84 | 0°33 | 0°48 { 0*01L5| 0016 0 16. 021
I 20§ X 50 Carbon tool steel ¥ . ,
J 254 X 65 . . 76 § 0°83 |.0°47 | 0°34 0°025| 0°034] 0°*21 | 0*22 | 0°25
K 304 X80 (SK5) :
L 17§ X40 Carb‘;’é %%I)Steel u 516 | 086|037 | 0°35 | 0°021| 0*019] — | 0712 | 0°23
M | 30$xs0 [FOV C{S,Stg‘;cf‘;ral steel| ;o6 |36 | 0-29 | 0%64 | 0°017,-0°018] 0+21 | 0°99 | 0727
" Low Ni-Cr structural . . e | e . . . .
N ‘ 28§ X80 steel (SNC 1) 51§ 0°28 | 0*15 | 0°60 O 020 0°026| 156 | 0°47 | 0*26
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Fig. 3. Reproducibility of test results No.l1.
Rape seed oil, test piece A.
Quenching and bath temp. :
800°, 60°C . Co
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Test piece G. Quenching and ‘bath
temp. : Same as in Fig. 3.
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Fig. 5. Reproducibility of test results No.3.
o Rape seed oil, test piece M.
Quenching and bath temp. : 830°, 60°C.
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Fig. 6. Hardness curves of test piece A
quenched in rape seed oil under
various test conditions.
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Fig. 7. Size of test pieces in mm.
- Test pieceI : Carbon steel V (SK5).
Test piece I : Carbon steel I (0°99%C).
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Table 2. Cooling times of test pieces I and 1 in different temperature ranges in
relation to various media. ‘
Quenching and bath temp. : Same as in’ F1g 3.
oil . Test Cooling time (s) Hardness (HrC)
iece - . '
p 800°—>650°|650°—>500°|500°—>350°|3560°—200°|800°—200°| Surface | Interior
Rape seed oil 1 2°7 2°6 5°2 23 34°5 64°5 64°5
Rape seed oil I 3°2 3°0 4°3 19 29°5 41°5 .40°5
Mineral oil CPS I 7°0 2°5 45 30 44 65 65°5
Mineral oil CPSS I 8°0 52 4°3 28 455 645 64 .
Mineral oil CPSS I 82 10°3 . 3°5 25 47 32 32°5. -
Mineral oil 60S I 9°5 14°5 2'0 11 37 30 30

HBAMECR LT\ 5. Table 2 %55 1c, IREERM 800
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Fig. 8. Hardness curves of test piece D
quenched in various media.
. Quenching and bath temp.:
Same as in Fig. 3. ’
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Fig. 10. Vanishing process of gas film adhering
on specimen during quenching in oil.
White parts show .a gas film.

Table 3. Durations ofrgas film, adhering on test
piece quenching in various media. - _ 4
Quenching and bath temp. : Same as )
in Fig. 3.
- Vanishing (s)
0il .| Test piece D Test piece.l
Begins | Ends | Begins | Ends
at at at - | at
Rape seed oil — — — —_—
Soya: bean | . . . er :
" ethyl ester 12 O‘ 22°0 | 3°5 13°6
Mineral oil . . - .
CPSS 12°0 25°0 50 15°0
Paraffin wax | . e . .
PW T 9 0. 24-0 | 4°0 16°8
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