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Effect of Undissolved Cementite and Grain Size on Bending Strength of
the Carburized and Induction Hardened Steel

Nobuhivo Murai, Yoshihiko Kamapa, Mitsuo Uno, Toru Takavama, Kazuyuki OriTa,
Akira Muracami, Takashi Masaxi and Yukio Armi

Synopsis : A new heat treatment, where induction hardening is carried out after carburizing, was studied to increase the bending
strength of automotive differential gears. The modified JIS SCM822 grade was prepared and was cold-forged to form

the differential gears, which were plasma-carburized, induction-hardened and low-temperature-tempered.

The

bending test was carried out using an automotive differential unit.

In the hardened case, massive hyper-eutectoid cementite, which was produced during the carburizing and remaind
during the induction heating, was observed along the austenite grain boundaries. Although the austenite grain was
refined by induction heating, bending strength decreased with an increase in the amount of undissolved cementite. At
the fracture origin, an intergranular fracture containing undissolved cementite on its surface was observed.

These results indicate that the increase of the massive undissolved cementite decreased the strength between the
austenite grain boundaries, and then diminished the contribution of grain size refinement to the increase of bending

strength.

The formation of hyper-eutectoid cementite during carburizing should be minimized, since this cementite cannot be

fully dissolved by induction heating.

Key words : low alloy steel ; gear ; carburizing ; induction hardening ; grain boundary ; grain size ; fracture ; mechanical testing.

1. #&

11}

B#FFo#hitkEn L, BRI a2 MLV IO
FEECL Y, BhBEERRTH 5 HEDEEE/VEEL
BEH L 2o T BY, —f%IC, WEIEERITO TR LB
HOWYE v F o 2R R a—) V2P ETH L2, H
BEOZEEBREITIL, N6 DWEED S b T EE D
DRERP TR T 2BAV L, EMTH 5 RREMOBT
EomErgintes, 2OLI3eHmob L, )’
FEDR_ED 129, &R MBUC & 288 Skl bR &
H L, 2%, @A T MM A N 2T 1 5 S aBRs
PRRET LIS,

LIAT, BEMYEMBYRANLLIZES, Z2OMEJ;
T b o, BRBILEEAEA MHPLE LITER
BTRET 2™, - T, &mEfLEIE» 5 5 2 TIXEE
OfESERICINL, REEE AL X4 PO¥ENCLIEHT S

VEPDHAH S, —F, BREGREMANC L 2 HEL
B, fEk b & BULHE U T A DRSO RRRBZ OIS €
Lo% B —#RET S T v 255, s A b 2 B FgC AR
EOBEZERCREL AR EA EE,

22T, ABRTIKIBR L EEBBANDOEGILHE 2T
Lo IR EOHTEE I I TREE A X4 M2
LI HRBLEDRE DU THRET 5,

2. RERIE

2.1 4R

#2841, Tablel (Z5R%T £ 3 b, JIS SCM8224H % KSi
L, B, NI LETH 5, ER20mmOERELE
MR AREE G L Y TR L, HRR(bEsio%k, BT
HRSEE D L VRERERZIT o . 2%, NESEY
Wi, BFES L, Table 2 \ORTHTOWE(L =4 ) #REL

FRL 7 E12A22H A P84 4 A120 %M (Received on Dec. 22, 1995; Accepted on Apr. 12, 1996)
*  HERARI G SABMFER (Corporate Research and Development Laboratories, Sumitomo Metal Industries, Ltd., 1-8 Fuso-cho Amagasaki

660)

* 2 RSB BR) NARSA (Kokura Steel Works, Sumitomo Metal Industries, Ltd.)
% 32X (BR) €T — b v A LEMES (Powertrain Production Engineering Dept., Mazda Motor Corp.)
% 4 (BR) A+ — N FLIERMA — P LHEF (Autozam Nougata, Autozam Fukuoka Co., Ltd.)



#% & $BVol. 82(1996) No. 8

72, I, BHOH A4 FEVIIBBESBEC L YELE,
2.2 #muig

6 DWHE F Table 3 (273 G- TEMLI L 12, iR R
IR 7 X< BRIF R HR L 12 3RS, Ho R
D7 —RECL) &Y, HEDRKE»FRLL I, Bk
X1273KT7.32ksAT 72 V>, R (PC) DEFRT (12) 12 & b,
RECE P LS 12 0ZBRIA I T, BRI 2 C,H,
PR, FNES, BEFRFMELE? 22 h, 467Pa, 200
Ve LT, &7, 80 (D) CRIFNEZN,TEWRL T, PN
JHh#267Pat L7z, R, 0.17K,/ sOW#I#ET873K
FTHW (FC) L, %Dk A AW (GFC) L1z,

B A LI, 8.2kHzD & RN ER 2 F v 72, In#h
BERETIT 2w, TRME(T2) THRHELERZMB L, X
DARME(TI) TRBHDIBIE ¥ AL S €1z, THE LA
MBRTDOAB NI, FHRIKVA, 18kKVAL LT, BEAR
WCAX353K DM B L 72, wlEBEA L8k, 453K, T7.2ks
DB EL®ITE 12,

PIF, 2RE&EM L SBEBANSTEOfFE L - T, #
WM R,
2+3 tREMITHER

B OS2 Fig. 1 {ORT . RBRIZEFEHRERO» S
RHRXEZFREIZ PO MEOF AL FFEFX R NFER TS

Table 1. Chemical composition of test steel
(mass%).
c Si  Mn P S Cr Mo Nb solAl N

0.21 0.10 0.72 0.022 0.024 0.98 0.39 0.026 0.028 0.0174

Table 2. Specifications of test gears.

Pinion Side gear
Type Straight bevel Straight bevel
Module 4,003 4,003
Pressure angle(rad) 0. 393 0.393
Cone distance(mm) 37.770 37.770
Outside diameter(mm) 47. 447 67.024
Number of teeth 10 16
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Fig. 1. Bending test method of the pinions assem-
bled into an automotive differential.
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Fig. 2. Typical diagrams obtained in the bending
test of the pinions.

Table 3. Conditions of heat treatment.

Plasna Carburizing Induction hardening Tewmpering
T1 T3
T2 T4
873K
tl | t2 t3 t4 t8] t6 t7 18
e pc T p Trc 7! VerC ' 0Q(353K) AC
Heat T1 tl t2 t3 t4 Heat t5 T2 t6  t7 3 Heat T4 t8
(K)  (ks) (ks) (ks) (ks) s) (K () () (K (K)  (ks)
A 1273 1.20 1.50 5.82 2.40 1 25.0 1073 1.0 1.5 1353 a 453 7.2
B 1273 1.20 3.00 4.32 2.40 2 25.0 1073 12.0 2.5 1297
[ 1273 1.20 5.28 2.04 2.40 3 25.0 1073 12.0 4.0 1407
CL : Clean up by ion bombardment FC : Furnace cooling AC : Air cooling
PC : Plasma Carburizing GFC : Gas fan cooling
D : Diffusing 0Q : 0il quenching
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Fig. 3. Case microstructure of as-carburized pin-

ions. Arrows indicate hyper - eutectoid
cementite.
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Fig. 4. Surface carbon content, effective case depth
and core hardness of the pinions which were
carburized and induction hardened.
Effective case depth is the distance from the
surface to the point at which a hardness of
550 HV 0.3 is measured.
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(a) A3 (Carburizing : 1273K/1.50ks,
Reheating : 1407K/4.0s)

(b) B3 (Carburizing : 1273K/3.00ks,
Reheating : 1407K/4.0s)

{c) C3 (Carburizing : 1273K/5.28ks,
Reheating : 1407K/4.08)

Fig. 5. Case microstructure of the pinions which
were carburized and induction hardened.
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Fig. 6. Amount of retained austenite, surface hard-
ness and austenite grain size number in the
carburized and induction hardened case.
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(a) B3 (Carburizing : 1273K/3.00ks ,Reheating : 1407K/4.0s)
(b) B2 (Carburizing : 1273K/3.00ks ,Reheating : 1207K/2.5s)
{c) C2 (Carburizing : 1273K/5.28ks ,Reheating : 1297K/2.5s)
(d). C1 (Carburizing : 1273K/5.28Ks ,Reheating : 1353K/1.5s)

Fig. 7. Undissolved cementite along the prior austenite grain boundary in the carburized and induction harden-

ed case. Arrows indicate undissolved cementite.

Fig. 8. Undissolved cementite in the case of the
pinion which was carburized for 1.50ks and
reheated at 1297K. Arrows indicate Undis-
solved cementite.
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Fig. 9. Effect of surface carbon content on bending
strength of the pinions.
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Fig. 10. Effect of austenite grain size number on
bending strength of the pinions.
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(a) Fracture origin of pinion
(b) B3 (Carburizing : 1273K/3.00ks, Reheating : 1407K/4.0s)
(c) C3 (Carburizing : 1273K/5.28ks, Rehealing : 1407K/4.0s)
(d) C1 (Carburizing : 1273K/5.28ks, Rehealing : 1353K/1.5s)

Fig. 11. Fracture origin of the pinions which were
carburized and induction hardened. Arrows
in (d) indicate the facet having smooth
surface.
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Fig. 12. Fe-1.0mass% Cr-C system phase diagram
where the surface C content and the reheat-
ed temperature in the case are plotted.
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Fig. 13. Crack propagating through the cementite-matrix interface.
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