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A Study on the Evaluation of Bending Fatigue Strength
in Shaving Gears

2

Chang-Ho KANG, Jun-Cheol PARK, Yong-Hyun Lim™ and Sung-Ki LYU™
(KOSME)

Abstract @ This study deals with the evaluation of bending fatigue strength in
shaving gears. We manufactured gears using manufacture processes that are currently
used in most gears manufacturing companies. The test gears are hobbed, then the
tooth surface are treated by a combination of shaving, carbonizing and shot peening.
The constant stress amplitude fatigue test is performed by using an electrohydraulic
servo-controlled pulsating tester. The S-N curves are obtained and illustrated.

In this study, we investigated the effect of shaving process and shot peening on
fatigue strength. The effect of shaving process and shot peening on the fatigue
strength is evaluated quantitatively. The enhancement of fatigue strength due to
shaving process and shot peening is clarified.

Key Words : Evaluation of Bending Fatigue Strength(¥3% = 27%% 7}), Shaving
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Table 1 Chemical composition of SCA420(wt%)

SCMy20 | C Si |Ma| P S {Cuf Ni|Cr|Me

018 | 0.15 | 0.60 0.
Range ~ -~ ~ | 7o
023 1035085

090 | 0.15

3] <03| <
0 120 | 030

31 <0

[31F-Y
o

0.
0

Measured| 0.21 { 026 | 0.70]0.014 [ 0015] 020 | 0.15 | 095 | 0.16

Table 2 Dimension of test gear

Module m [mm] 5
Number of teeth =z 18
Face width & [mm]) 8.0x0.01
Pressure angle {deg] 20
Teeth shape Involute
Tip diameter  [(mm] 100
Finish D Hobbed
@ Hob & shaved
Material SCM 420
Heat - treatment See Fig. 2
22 AMETjole Axel gEHTF2
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Table 3 Code of test gear

Code Surface-treatment process
HC Hobbing — Carburizing
HSC Hobbing — Shaving — Carburizing
Hobbing — Shaving — Carburizing
HSCSP .
— Shot peening

Table 4 Hardness & compress residual
stress value of test gears

Code of test| Hs Hn He | der (l\fﬂia
gear (H) | (H) | (H) |{mm) )
HC 551 758 | 332 | 095 | -302
HSC 580 | 782 § 334 | 094 | -311

HSCSP 780 | 846 | 334 | 094 | -486

Hs : Hardness of surface,

H. : Hardness of maximum,

H. : Hardness of core,

detr - Depth of effective carburized

0r - Residual stress of surface

930°C
Rough machining e H
of gear blank AC

Normalizing

Copper
plating

Finishing of
gear blank

—= Hobbing + (shaving) = Heat - treatment

Fig. 1 Machining process of test gears
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Fig. 3 Hardness distribution of test gears
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Fig. 4 Hardness distribution of non-martensitic
layer in test gears
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Fig. 5 Residual stress of test gear
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Fig. 6 Comparison of the surface
roughness on test gears

(c) HSCSP

Fig. 7 Photography of test gears by SEM
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Fig. 8 System of bending fatigue tester

32 M3lsET ojyelfigdinie A3Y

ool A

sZAYEe SFEAE A o|FILEH
S E AHgstE Aoz ok AlE7lel 9
3 Rat® AW YAHIHFS Palkeh), ATH
o ol¥dgAE SHetx ¥, EF A
A(rack)d FTTFANA 7]o} ojute] HEd 7
ofo thaiM 2xtY FELxHA A o
8 2ol @] "

P,
= Tl | (D F ()

+3.501exp[{2.50(—;)—0.50}-—;&]

od7]elM, b : olEF m : BERE,
Ap - A FAMAN o] Bo2RE AF5H
el A& (mm), ar : 250, az :
=3

E 7o Aed Agrield A, m=5,
2=18, b=8 mm, A,=0.8 mm& (1)l Y34,
g 2(2)¢ 2o

P,

S(MPa)=37.8 o

=0.945 P,

- (2)

2 AavdaE 4@ Assd AZEE
3 olmzgyans 4gyne wAg 7
st o,

4 mZAEHR 2 nF

ISO® 7]9) ZEAAAE Fnz o, &
AFd e Exg AYPriole #3AF7E N
>3x10% 4 1.02 AL miste] blmn wh
Balz4= N=3x1000z &gk A7) -+
Mqral J2AYrE A8sted HC, HSC,
HSCSPAIE71olel mzAge stgden, o
AN ARE APsld S-NIFA ZHALEe +
#HEBE 33ld, Fig 99 vebch

HC, HSC, HSCSPAIE A g7lol Ha3ds
= ~H|o}# o) A(staircase) 'S 6.,=So+ adE

M-97



ol &5t FEF oo Sie AlPE Al wl Table 5 Estimation example of fatigue

gHulziold, de SAHAWGY AL o
gz ok AF 4= A2 AN¥EEH Fd
AWzkel A AZRE, FEHA( Y ]
24 ANEd Z AE ANg7e FJ27E
& Table 59 o} o] 53] HEAHT gtel
Frgoez FaPoen HCAZ7AE 776
MPa, HSCAHIE7lelE 835 MPao] doizth
2 AgZA3} HSCALE Iole HCAE et
A2 757t o 8 % EA Jeiwr IA2RZE
7} AR olfE Aoy TS ¥oEM R
AR, FUAR7] 5 FEAYCl #A4E
Hz2457 F7td R Algdd.

a8 HSCSPAIE7ZIAE 1,098 MPa #
o] dojzth AZANFZHY LEIYE A
32 ¥e Agrlo] F, HC % HSCAZE7I
Axtt 2EINYE A 71} (HSCHP)7F
B ¥ 32~41 % AZAZE FH4E AL
2 vt

g

>
3

=3
8

8

Stress level S MPa

UV B
4 10° 10° 107
Number of cycles N

o
3

-
o

Fig. 9 S-N curve of test gears

O tH.)=0. WAH, - HI=0. Bh(d)=0.

T —
W
e —

Code of test gears
&
Q

FEPRSE B at
[} 500 1000
Estimated Fatigue strength MPa

1500

Fig. 10 Contributions of hardened layer and
residual stress to fatigue strength

strength by staircase method

Code of| S. MPa |Experimental Sﬁggg‘»’;&
gear d MPa results o J(MPa)
Se =780 | x x Of 4= -008
HC
d =60 o O oo =T05
X
S, = 780 =1.12
HSC o x |*71
d-= 60 O Q dy = 847
X
Se = 1,080 4= 031
HSCSP x O
d = 60 © o oy = 1,099
Note) X : Break before N = 3x10°
O : Not break at N = 3x10°
&
=
s 1200
2 L
% 1000 —
[
H i
= 800 O Hc
T - @ HsC
g8 600 A HsCSP
- 1 ' 1 1 1 1
w 600 800 1000 1200

Fatigue strengh obtained by experiment MPa

Fig. 11 Comparison between estimated fatigue
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