27 A 7233 A, A208, A123, pp. 44~53(2021.12) ISSN 1598-6721(Print)
Journal of the Korean Society of Manufacturing Process Engineers, Vol. 20, No. 12, pp. 44~53(2021.12) ISSN 2288-0771(Online)

https://doi.org/10.14775/ksmpe.2021.20.12.044

Simulation Mode| 2 0|28t AMI|AE T4 H&2
7101 Zx "I}

=L=] O *, ** K Kk kkk *hkKk =< *kkkk H2 *kkkkk 1

ehei "™, HF&E , O|7|&™", 279 , #4384

‘Metietm vlo|2A|AMZ e, M esn SFMEIRYANEY, A D
soMgnsi e, TTHLZU(F) TladTa, TTUEEYMAY | TY Mo IIERYANTIE,

Gear Strength Evaluation of Electric Axle for Construction
Machinery using Simulation Model
Hyun-Woo Han™”, Young-Jun Park™™"", Ki-Hun Lee™", Joo-Young Oh™""*, Jeong-Gil Kim™""#!
“Department of Biosystems Engineering, Seoul National University
“Convergence Major in Global Smart Farm, Seoul National University
"Research Institute of Agriculture and Life Sciences, Seoul National University
“*Technical Laboratory, Seil Industrial Co., Ltd.
Advanced Mechatronics R& Group, Korea Institute of Industrial Technology
Smart Agricultural Machinery R&D Group, Korea Institute of Industrial Technology
(Received 25 August 2021; received in revised form 14 September 2021; accepted 23 September 2021)

ek ok

ek k kA,

ABSTRACT

As environmental issues have emerged worldwide, emission gas regulations have been strengthened. In the
construction machinery sector, studies have been actively conducted to utilize the power source of electric motors
owing to the increasing demand for zero emissions. In this study, the gear specifications of an electric axle for
construction machinery were selected by considering the specifications of the motor, gear tooth contact pattern,
and face load factor. The gear strength evaluation was performed at the system level using the simulation model.
The bending and contact strength of the spiral bevel gears and the bending strength of the planetary gear set
showed a safety factor of 1 or more. However, the contact strength of the planetary gear set showed a safety
factor of 0.92. Conservative results were derived by performing the analysis under the rated load condition of
the motor. However, the ratio of the equivalent torque to the rated torque of the motor was 45% or less, hence,
it was determined that no difficulties should arise regarding the durability of the axle.
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Table 1 Specifications of spiral bevel gear set (Jacobian (0%) 0%) | (0%) | (0%) [(0.0007%)
<0.65)
Bevel pinion | Bevel gear
Number of teeth 14 31 Housing
Facewidth, [mm] 30 30
: Planetary gear set
Profile shift 0.3514 0.3514
coefficient
Outer pitch diameter, 185.0 .
[mm] ' ik Vretical load
Pressure angle, [deg.] 20 T
Spiral angle, [deg] | 32(Right) | 32(Left) Spiral bevel gear set
Shaft angle, [deg.] 90.0 Vretical load Input

Table 2 Specifications of planetary gear set

Sun Planet Ring
gear gear gear
Number of teeth 13 23 59
Facewidth, [mm] 45 40 53
Profile shift 0.3398 | 0.0796 | -0.4990
coefficient
Module, [mm] 3.0
Pressure angle, [deg.] 25
Number of planets 3
Center distance, [mm] 55.2
Table 3 Details of finite element model
Shaft Planetary Housing
carrier Front Rear Axle Swivel
support | support | housing | housing
. . |ISCM
Material 420H S45C FCD450
Young’s
Modulus,| 206 206 206
[GPa]
Poissons™| 31 g3 021
ratio
Element Beam Tetrahedral
type
No. of | _ 62,509 | 133,579 | 71,074 |1,253,801| 470,556
nodes

Output
Fig. 2 Simulation model of the electric axle

Planetary carrier R
Swivel housing§ \

Front support

Rear support
Axle housing

\ Swivel housing L
Planetary carrier L

Fig. 3 Finite element model of the electric axle
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Table 4 Mesh misalignment of spiral bevel gear set

AE [um)]

AXP [pm]

AXW [um]

Spiral bevel

gear set

-105.1

83.8

-64.7

Table 5 Mesh misalignment of planetary gear set

Pla“eEO]Angle 9.9 129.9 249.9
Loaded 1y 6 Flank | Left Flank | Left Flank
Flank
Gear A Sun Sun Sun
Gear B Planet Planet Planet

(At 9.9°) | (At 129.9°) | (At 249.9°)
Total
Equivalent
Misalignment 18.8 11.6 9.5
for Rating
[1m]
Loaded . . .
Flank Right Flank | Right Flank | Right Flank
Gear A Planet Planet Planet
(At 9.9°) | (At 129.9°) | (At 249.9°)
Gear B Ring Ring Ring
Total
Equivalent
Misalignment 12.1 20.8 24.6
for Rating
(im)

32 74 710 MES HF 4y
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, ol aame 54 el AES
NAk, 4714, 710l Awe] A%
gL 7101 BY Ao AE Yoz HEuUe ¥
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AFE 12 UEhY, BR98 A9eds 1n 2
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otstol ol Flols] v el AHE £

—
o

Roll distance, min
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Facewidth. mm

Roll distance, mm
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0 10 20 30 40
Facewidth, mm

(a) Tooth contact pattern of the sun gear
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(b) Tooth contact pattern of the ring gear
Fig. 6 Tooth contact pattern of planetary gear set

Table 6 Face load factor of planetary gear set

Face load factor Contact Bending
Planet 1 1.28 1.23
Sun-Planet | Planet 2 1.20 1.16
Planet 3 1.18 1.15
Planet 1 1.21 1.17
Planet-Ring | Planet 2 1.37 1.30
Planet 3 1.53 1.42
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Table 7 Gear safety factor of spiral bevel gear set
Bevel pinion | Bevel gear
To[cf; N 419.72 406.71
Limit strength tooth
root [0y N/mm?] 740.01 750.70
Safety f;)trretscS)oth root 176 1.85
%g’;aﬁ/gggzs]s 1046.68
e | 127649 1308.0
Safety for stress at
single tooth contact 122 1.25

Table 8 Gear safety factor of planetary gear set

Planet

Sun gear gear Ring gear
Tooth root stress
[0y N/mm’] 269.88 | 294.34 | 189.09
Limit strength tooth | ) o4 | 53535 | 700.81

root [0 g, N/mm’]

Safety for tooth root 275 1.82 371
stress

Contact stress

[0y N/mm?]

1421.17 | 1313.29 | 559.22

Pitting stress limit

[0, Nomm?] | 1212.59

1276.29 | 704.83

Safety for stress at
single tooth contact 0.92 0.97 126
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