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Estimation of Bending Fatigue Strength of Case-Carburized Helical Gears
Using Finite Element Analysis
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(Kengo NOJIMA)  (Kengo OGATA) (Motomu TANAKA)
(Ryosuke NISHI)  (Yuichi ONO)  (Takao KOIDE)

Abstract

Case-carburized helical gears are widely used for mechanical devices. Since fracture of a tooth of a helical
gear may lead to the total loss of a helical gear device, we need to accurately estimate the bending fatigue
strength of helical gears for designing helical gear devices. In this paper, we developed a method for
numerically estimating the bending fatigue strength of case-carburized helical gears in three steps. First,
we calculated the tooth root stress of helical gears by the finite element method (FEM). Second, we
calculated the carbon concentration, the residual austenite amount and the residual stress of helical
gears using FEM-based heat treatment simulations. Third, we estimated the bending fatigue strength
of helical gears by applying the first and second results to the endurance limit diagram. To verify the
validity of our method, we compared the estimated values of the bending fatigue limit of the helical gears
calculated by our method with the experimental values obtained from bending fatigue tests. For the helix
angle Bo=25°, the estimated values agreed with the experimental values within the error range of +10%.
However, for $,=30°, the estimated values did not agree with the experimental values. Thus, we
demonstrated that our method is applicable to Sy = 25°.
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Table 1 Dimensions of test helical gear pairs

Normal module I 3
Number of teeth 2zl z1 36/36
Normal pressure angle on (deg) 20

Face width b2/ b1 (mm) 30/20
Helix angle fo (deg) 10, 20, 25, 30
Circumferential backlash  ji (mm) 0.60
Material SNC815

3 FEM [Z & 58T AfEN

31 HEETI

FENTFH OB BT 7 /U1, EREDORVMEREIZTIIHETH Y, 1(@)Z~7T MEEHRY 7 & GCSW
for WebW| o H) S sthiEANEE (B 1(@)H OMfRIZA=10°O %4 ~7) &b 12, SolidWorks®
201620~ NI —TBLIOAAL —THEEZH W T, B1(b)Ird & 572 3D X FIiEwde T V2Bl L
7.

So=10° So=20° So=25°
(a) Gear tooth profiles in the transverse section

$o=10° Po=20° Po=25°
(b) 3D gear models (Drive gears)
Fig.1 Helical gear models for root stress analysis by FEM
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Fig. 2 FEM mesh for root stress analysis
4 FEM (2 & 50247
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WM T BRSO B 2 AT 5720, fo=20°DIFTITHEIZHOWTIE, FUEB IV S div/hEL R
DHEMA L, REL2D5M C TOMIT HITo 72 BMANREIZNTHOEFIZENTE 850CTHY, =
OIENSL 65 COMPTHHASIND DL LTz,

AL CTITRRBEAN LFEZ, OME LR, (DR - I CRS LOWHH TR AL LR) o3 LT
R, AT LR 2% TRICSEE 7203 BRAT U7z, ST 2 480069 2 720, QBT X OV
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R JERCCRE T, (T BRSNS IS b DL EL TS, 22T, H# LR THEmT S
HARHY L BT ORI, RO LBV TH S, OB « BMREARAT — HHZS RB AR AT — SEOEMEE T AT,

()i « PR TR -

JERESRAT — BEBPEIS IR T H 5.

Temperature

BRI — BOIEIS T BRAT — DR AERdT, Qi) A T -

g - BT — A1

Th
850°C
tc(Cp) td (Cd) 10min OQ
Carburizing  Diffusion 65°C
AC
Time

Fig. 3 Heat treatment conditions (OQ: Oil quenching, AC: Air cool)

Table 2 Heat treatment conditions

Symbol A B C

Treating temperature 7L (°C) | 900 | 930 | 930
Carburizing time t (min) | 80 180 | 480
Carburizing carbon potential G (%) 1.1 1.2 | 0.9
Diffusion time ta(min) | 30 90 360
Diffusion carbon potential G(%) | 08 | 08 | 0.9

4 | ZEEENEEO FEM A v = (UEEEESR) 27, BAEMBERSM 25252 81289, 36 Ftow o

55 1M E RN & Uie. BVLBRRNT ClX, RIRED A v ¥ 2P A REFHTMN<SRE L, RIREO A >
Yot A XX 0.2~0.3mm FRE L LTWD. BRLEENTIZIX, B 5 (2”3 SNC815 DHEMKAY « BARIMEE 72
EOEFMELT — % 0% e, BTV U lvis KO EpOfEILZ—E & L, 1=0.3 35 L p=7850kg/m3 % 4-
iz PO olZ OV TL, & =y (1.C)+ H(T.C)e CRSNDBIBWLET L Wil L CH
U7, 72720, TIiRE, CIXRFRE, Y(T,C) XWHRERIES (B5(b), H(T,C) L% kiR
¥ (B5(c), elINBHOTHTHD. B, A4 M, &—ATF A M, w794 MR

Fig.4 FEM mesh (%=30°)
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(d) Thermal conductivity (e) Specific heat (f) Thermal expansion coefficient
Fig. 5 Material characteristics (SNC815)
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Pressure controller Injection pump
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Supporting gear
Test gear
Fixing flange
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Fig. 7 Test helical gears pair
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Fig. 8 Distributions of normalized maximum principal stress at tooth roots
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Fig. 9 Root stress wave forms
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Fig. 10 Root stress distributions on worst meshing positions
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Fig. 11 Vickers hardness distributions (£=20°)
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Fig. 12 Results of heat treatment analysis (£=20°)
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