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A Study on the Effect of Heat-treatment on the
Fatigue Strength of SCM420 Spur Gears
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ABSTRACT

This study deals with effects of heat-treatment on the bending fatigue of SCM420 spur
gears., The test gears are heat-treated by two different treatments. After carburization, one
group of the test gears is quenched directly, while another group is fumace cooled, reheated
then quenched.

The fatigue test at a constant stress amplitude is performed by using an electrohydraulic
serve-controlled pulsating tester. The S-N curves are obtained and illustrated. By comparing
the estimated strength with the experimental results, the validity of the previous experimental
formula, presented by the authors for estimating the fatigue strength of carburized gears, was
discussed for these tested gears.
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Table 1 Dimension of test gear

Module m [mm] 5
Number of teeth VA 18
Pressure angle [deg] 20
Profile modification coefficient 0
Face width b [mm] 8.0%001
Tip diameter [mm] 100001
Span gage (3 teeth) {mm] 36.16+0.01
Finish . Hobbed
Material SCM420
Heat-treatment see Fig.2

Table 2 Chemical compositions of SCM420 [wt.%)

SCM 420 C Si Mn P S Cr Mo
0.18~ | 015~ [ 060~ 090~ § 015~
Standard <003 | <0

0.23 03 | 08 0 08 120 030

Measured | 0203 | 0238 | 0832 | 0010 | 0015 | 1.080 | 0152

Wo g FojEagad ¢Eo WAL ARE
&o] 7]l g At £ rloje] Zx: e
< sl FaAsAzlzA dAEgE dAss
o %3 Aeol: AGMA”Y AL AL
sHon, B Ao AHEd A7 sHEF
Az dANdzdL 247 Fig 1, 201 vebih
dxejyol 27T AT YFE A}
918ted SCM420 AaZ 7+ 7ol A
=2 (Direct quenching) ¥ =% (Tempering)*]
g)¢} 719222 (Reheat quenching) & =%
AHE AASRY B d7eMe AP
< DQ, AZtEEF4E RQZ Yetllon A
o] 23 7jole o 2] 7155 B
SCM420 X ¥+DQ+ Tempering ------ SCMDQ
SCM420 A & +RQ+ Tempering - SCMRQ

8&0°C
Rough machining 'H —_
of gear blank
AC.
Normalizing
Finishing of Copper Heat-

-— Hobbing —

gear blank plating treatment

Fig. 1 Machining process of test gears

Joumal of KIS Vot. 14, No. 4, December '99



Carberini
®C
) Tenperd
g0°C Smpering
— 20°C
7H 0H \ Z2H
0.Q. AC.
(a) SCMDQ
S
W
) .
&0°C empering
160°C
7H /m 2H
F.C. 0.Q AC.
() SCMRQ

Fig. 2 Heat-treatment process of test gears

23 AMlgviolel dx

Algriole] ol Pt Ac) iy} wlojm
AL ARE Helydoz &3t Fig 39
Vebith. Fig 3olE 7lole] ddadst zlopwg
9 ZHAAE g4 2ASgY. 47td 9852
71919 AQAEe APESACele HAx
1o} w4 vehdon, 53] Artg E2E7iY
2l ZS FBEY A=A aA et
a8 F RHAA AEEXo) TdaeE ¥
BARE 7|8 ZAAAA ddsled 2558
S50gf, N&AI7HE 1522 3t 24 Zojurgr
Byxgreg gabdez talgivt guagg
AEEXE Fig. 49 delgt. ¥aa9e A=
T Fig. 49] ZAIg ube} go) < 2009 xR
AG7IE AARA Fdstd o AgddA
AZE ER&HT. 2 FF ol g¥ddAy
EY4E7 o 550HvA] Astele AL o F
et AZtdeEEdY A9 ERRAE:E FAFEy
a4 BEET B JEREAw gatel zlo]
£ oA ZA JehdA @i o)se
of ARREE= BEHZBEE Fig 49 =A8 vlg)
2ol &AHS gatsted TE grolth

FrEA )= Fig. 3o EA18 vhel o] H

HRULY AT YHX AN W4E 904 12Y

SChM42071012l T|R2ZHzo) olkiE Pxieizatol e 6

£7} S0Hv2} S GRS Rololn], ¥ &
Tl AHSE AErIY A sEAVLOE
SCMDQ7F ¢F 0.8mm, SCMRQ7F ¢} 09mmE
by,

A48 AEAH ARREH A& FEAE
(Hs), HNAEMm), YFAE(H), FEIS
olded™) HR2TH EZURE Table 301 e}

800

& SCMDQ

4 SCMRQ

Hv

@
=]
S
T

Hardness

400

1
Depth  mm
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Table 3 Hardness, residual stress of test gears

Code of test gears { Hs { Hm | Hc et or
Mean 540 | 667 | 322 | 080 284
SCMDQ | Standard
deviation
Mean 564 | 735 | 327 | 090 | —381

SCMRQ | Standard
deviation

8 9 3 0.05 19

10 11 4 004 24
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Fig. 6 Metallography of SCMRQ

AARYE] ZHA3 SCMDQE 827 e
oo SCMRQE 832 Yeisth AZtgEs
Arjole) AAYEWIIE A dEhd o=
Bol ANFFAV|o BTt AAYol WA=
R & 4 Uk

283 IFLHSANSHMATDE ©]83
o AFLrHUoEYSE FAF 23 SCMDQ
¢ SCMRQ®e FFLAHUO|EFE 72zt 186
%9t 29%2 ZAHAUT} )AL LzHYo|E
z2o] A7kd Aol Rallg RoZ Atgdch
2 ArtdEEA7Ie ARTFAI| o B
o oA gEdxel Yehve A ¢ F
(b) Metaliography of center At

Fig. 5 Metallography of SCMDQ _
25 Alg7ioje] A&ETIFESH

16 Joumal of KilS Vol. 14, No. 4, December ' 99



Adfxe FHUe Zlojolg ddstoiol ),
Zlojolg Hdstd AY 7hed dFE FaA
7128 710] 2 AejdlA S4o] 7hed o
g ojupete] olETwE UHJFIH(r)SE
He&sgch el FRAAE A7t 22
A% Ferlol) A op=or 2 UEh} B
A olAFHE olgaich wWEA o|#
ol Zwrg AHJFLTHE FAHY F ol@s &
ZRAFEEFoE B AFNME ARSI AT

2 Alg7lole 453 H-eH FHEAE Fig
791 Uetch Fig. 714 & 4 A%°] SCMRQ
o] F&FTEHo] SCMDQO $EAHEH B
t} 97MPa = A bRt

A

o}

© —— Mean /A SCMDQ
g L
= r A SCMRQ
-200
s N
2 A L N EATany.N A
o A
— A , A
S -s00 |- A A A T A
z
[%]
4 o
[
600 bomee b L 1 1 1 ! 1 1

1 2 3 4 5 6 7 8
Piece number of test gears

Fig. 7 Residual stresses of test gears
3. SEu AR ¥ aF

31 SE I A EEA

FHzAgo= A7 SU4ARA H2 Ag7)
& AHgE F392 AE A298 Fig.8
o] Vel Ada SA7A gEojd AE
t AzHE 2A7E AA MERAZgN TF
Hol MuwEg FEAh AP 7la)
o7 3F2 ~EHRQ ACRE RaAzl 2=

Aol ot AZHI A dHate] MrA

SR et BB x| A 14 H4E ‘994 128

SCmazo7ioi2) m22txol oiAlE FH2lgoiel e A

olgrt. -8t ¥ ol EFE HAE)
Hated, o] EollA WAL ECZ 08mm HES
g 4oz gt A¥de 4RE
H35g ol 831, 2 HUFT HWEL 1%
oJ 7t HEE 2HUT E, X} 2=
& BAs] fste] wEaFY Hagow
A oF 88kegfE FUh =& ARAHAA dF
o #AlE olfe HNHEEH S(MPa)E 83t
Atk WA Palkgh3h ol¥e] Hoj 2349
BAE 24 KL AHNAHE o] &8t 1
Bhich ¥ Age A9 oedis 2o

_ P, _ 2D e
S=3.86 bm =9.65x10 ‘P, (1)

o710 b=X2E(mm), m=EFE(mm)E
b

Sine-wave /+ Servo Servo
generator ”@_ — { amp. valve

Recording
computer

P[LLW%

— Strain
—{Momlo_r‘}o amp.

Fig. 8 System of bending fatigue tester

oad cell ]

32 AMEZ|0ef m2AEZE

ISO 71917 % AAYg4 Fxg A1gr]o]
o] $uAF7E N23x10%04 102 A& 8
st wmka whEEE4 N=3x10°2.2 st

SCMDQ$F SCMRQ *1&7|ole mz3re
Fig. 8ol el 148 A7) {44 J2AH7]
& AHE3td YR ERE AEE stden, ¥
A9 235 AgZd4E Asty JSME S0027)
Foz S-N FAH%) AARS £32E T34
. 2 A3F Fig. 9ol vetdid

SCMDQ, SCMRQAIEY A&7 927 x
£ 2H ok o) 2 (staircase) HH (6,=Se+ 4-d)
& o] 4 53] WIEAHY3le HIEFgoE FIAL
™ ZAIE Table 40 el H7]0A S, &
Algg AlgE die] g dgtel, de 38
ARz 1AL e U A 4= JA=

17



RYIIUEE

AgZxn gHudgle] A@S WERE ¥
FHH o) vHlZ2A Ad

1400 —
F A SCMDQ
& 1200 A SCMRQ
=
%)
< 1000
3
£ N r
,‘,’,’ 800 A
£ Loz
@ ﬁ»ﬁ
600 |-
Lt PN B e
10 10° 10 10

Number of cycles N

Fig. 9 S-N curves of SCMDQ and SCMRQ

Table 4 Estimation of fatigue stiength by staircase
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