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Abstract

This paper deals with evaluation of bending fatigue strength in SCM415 carburized spur gears.
The constant stress amplitude fatigue test is performed by using an electrohydraulic servo-
controlled pulsating tester. The S-N curves are obtained and the enhancement of fatigue strength
due to carburized treatment is clarified.

In this study, the improvement of fatigue strength is assumed to be caused by an increase of both
hardness and residual stress, and an experimental formula has been proposed for the estimation of
bending fatigue strength of carburized gears. The effect of surface conditions on the fatigue
strength is evaluated quantitatively, and it is close to the relative surface condition factor used in

the ISO strength rating formula.

1. A = Ttk ol&e] 87 whef R Ee A4yl
¥ AAEA R ANLE ZF =g o) Fgsit
TH7NES 23¢0] = e THHAEFA 53, 7IA 843 nfh, ndko Fd093R)

N7tg 228 d8g sn Je Ade 2 g o AUAY S| KUAAE AAlshe Aap) v
deol s g 28YYE AT FHHYe ¢ ol AEHD Y FAALE Axol AuA e

e

J3h FUA S BPoRRE AR a7y & AAdE FRARS0 WHH 7, VS

* ARUgn IAEA G, T AT AN QY+ 989 3¢

(763)



36 ARG, 2248 % 6 9%, 1998

go] Fygr}. #vAEH & FSH
Ao 3 2R x e KA, ojd #
A3t oA A3E Ao} Aida', Retting®&
HEFY A G g A AaE
gt 2R =g 73 A3EH AF3Ee] 9F
< ugstg o

Nishikou®+&= X €x] xte} 1 F 3} 3 ghx] 2} ol 4]
H2ATE Fid J2A4e53 & Aetslgd
th a2y o] 5L £ HPEAHZRE 233}
o Aeldo] 22 st

et B dpoa e Aol 2 ili}’éﬂl

€ 9] flatd, JF 7 Fadgzy
2 g2 & 48 SCM415 3 erx] 2} /\]tgla-i
HEer Heded vAs {7 ¥
BEA o2 sopsty] st P2AP A XM &
AUE o] 83te] B Ao AL HA G X Ao
288 S s

221 9 SN E S HZAIE S A8
S-NZAE 781, Jaxel g dAeA] & A
Aot A2} F /7o e g HAIG Azte] A d
AH}E n@ed v 2w v A= Jgdo], &
BAE, ARE%E, 4535599 435 W A
gAgol £ A 2AEFA A & Abstu gt

2. x|&te| Hetxz|ot FHMY

1. AMExIAtel M3 o Aetxal=H

Ao AMET A PA A FaAg P
SCM4154] & X| 3}2] 318tz A 1] Z Table 1, 20|
velch ofHelH oA XM $3 ZF o] 7153}
& BRE m=5, 9l z=18% Mgl 1, 1
2AE79 Reed E ngsld o] % b=8mm
£ A9t

Ak bR A2 S Fig. 19 e
WAtk 273 110mme] SCM4158 804 Xz} B
PAE THEC] 850 T A 1A EAHEE o2
NAZFEE dtn, FUCRRE AeE WA )
At oF 20ume] FEFS AANT F, FHZ A
25 A Ao

Al 2] FEAE U0l AGMAY EE %S

4%?‘#01 AgA g g on, Aa2rg A7

S ART 0, AT 2D B EET,
2}&} 31 Table 39 Ve T}

2 dFdME AR FAEAGZ
(550Hvel A o] Zo])e] Jg& n2alr] 9ste
dy=0.6mm, 0.9mm, 1.3mm2] 2|2} E FH]3}Y
t}h o] E9] X|AA LD thata] 6A, 9A, 13AZ ¥
FaHch g olE oo FEAGH 7}
9Ae} 72 9B, 9CAHE 9] A A, Y275 ulx

BE X7 S n AT BHoe
A2 & AABA] % 0AAIE A Al B P AT
& A A3 0BAIH 9] At Evjsth

Table 1 Dimensions of test gears

Module m [mm] [ 5
Numberorwen = |
\Pressu;‘e éngle ﬁii[icrlreg] ST 20 - -
| Pinish T Hobbed )
B Gear ,r,;;;(ie ] J IS 5 o
N Proﬁle modlﬁc;i;;ﬂ coef . 0 -

Fa;ce width i fmmj B i 7 8 0+0 01 o
| Tipdiameter  [mm] | ®100.0+001

) Sban gauge(git;eth) [m;ni]i N 777£716+0 07177

Material SCM415

[ Heatitreatn';ent - A Carbunzed

Table 2 Chemical Compositions of SCM415(wt.%]
SCM415 | c |si[mn| P [s [or Mo

Spec1ﬁ 0 13 0 15 060 0.09- 0 15
cation |0.18 035 085 <0 03<0.03 1.20 | 0.30

—

0.165 0265 0.731}0.01510.017 | 1.07 ] 0.151

Measured

Table 3 Heat-treatment condition of gears

Code| (G | Ts
Dond [mxp] [t ['C] [hrmm] [min]
9A | 09 |930] 1701 3: 479, 20

[P R e

9B 0.9 {930 170

Note

"another lot

140 20 ij om 9 A,\

3
9c | 09 |930|150] 3:40 | 20
6a | 0.6 1900|170 2:20 | 20

8

13A| 1.3 [930]170] 8:00 | 30 |

without carb.

0A - - - - — others are
I e .. | sameas9B |
0B - | -] - !’ — I — | normalizing
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BHFEHESH L X 275838 34A SMX-
50-& A8} AFEYEEFH L oY AE @
oA o] A&k & A F 28 (op)0l FIAE
o 3A JEE A2 Yo 4EFS
log)o] ATHAIG 23 o] Zsta, {2
< 5337 9t TH«] o]l & Htdlofof sl
E ANE 7bed g AAaAn g B o
Tl A Al R ate] A e gt F 22 (o)
& A2k Ef e ol A SH o] 7b5 3 o el oju}
Go) o] T FEVHFEH(0p) 22 I 4-3}7)
Hatad 2 Ao AL FAL NP/ E
sample& 3t} R FWeF & F 83 (0p,) 7 o
upeto] o] L kel Qb & 2 F-8-3 (0, S &% 3ty
1 AZE Fig. 29 Jebdt} Fig. 2¢]& Yana
gawa"”9] FAHE I Jeded 2A1He g

=0p,BAZE AFE Lsith wghd £ Ao
H‘C R ERAUE AFLY 0,2 AL RS R By
=

GAA B A 2ol & FE SHANY P
#4788 S Table 4o Yelyon, 255y
X & Fig. 39 JetWir}. Fig. 30 Yepd &34
S AAR H2A ol AFF ol BFSH =3

Eolth. o] 59 H#gte o -240MPa Ve
O Age 2528 2AAAE Table 49
ep o

T

o

Table 4 Surface condition & fatigue strength

l de | H, | H, | H | o | o
No!C s
0 Code mm Hv Hv Hv (MPa) (MPa)
L | gn | 089 | 680 | 745 | 330 | -240 | 871
0.06 | 33 15 11 80 63
9 ! gp | 090 698 | 740 335 | -100 | 800
| 0.04 | 28 6 10 30 62
3| oo | 090 1 708 | 750 | 325 | -130 | 800
i 003 ;| 18 10 6 40 66
4 ea | 060 | 667 | 720 | 350 | -150 | 825
003 32 | 17 9 30 60
5 | 134 | 117 | 671 | 730 . 350  -160 | 785
1005 | 21 8 13 40 62
6l oa | - 325 | 325 1 300 | -80 | 650
41 | 41 6 20 70
7| oB 195 | 195 | 195 0 465
4| 4 4. - 73

Upper : mean values, Lower : standard deviations.

Symbol ‘-’ means the value is not evaluated.
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Fig. 2 Relation between fillet residual stress o,, and
longitudinal residual stress o, of carburized
gears

2. 3. NgRIRIe

oo AP A o] % F4E AMAYZ Fd
¥, HUS Antg g olWe gdvie ¥
Vo 2R o] o AL g 2t} 23
8H5 2 300gf, A A1 +& 2028 3y} o)W
AT 243 deiye] 23 A o=
Fig. 4] Yebllt). Fig. 4014 & 4= gl%o] B9
S 2RE 0.2~0.25mme] ZololA HuAEg
(H,)& T45HvZ Vel on], ARA ¢ ziH)&

(765)




38 B TR AL, 224 5 6 9%, 1998

5
2 GA1-SA8
g 10
=
g o
< 0 1 1 L 1
20O -100  -200 -300 -400 -S00
9A3-3A16
= 15
2
o 1o}
&
o T
By
o 1 | 1 ]
0 -100  -200 -300 -400 -500
20
9A17-9A 25
B\ ‘5'_
& 10} )
=
o
E 1
0 1 1 L—A 1
0 -100 -200 -300 -400 -S00
9A1-3A25
“of — -
6p=-240 MPa
301 —
2
=]
2
o 201
&
<N -
10}
-
—l 1 1 1

0
0 -t00 -200 -300 -400 -S00
0}{ MPa

Fig. 3 Residual stress distributions of 9A
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