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Transmission Error and Meshing Stiffness Analysis due to Design
Parameter in Gear System
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The gear has a wide range of transmitted force as various gear ratios are possible using a combination of teeth. It can
transmit power reliably and cause relatively little vibration and noise. For this reason, the application of reducers of electric
vehicles is being expanded. Vibration noise generated from gears is propagated into the quiet interior of a vehicle, causing
various claims. In most gear studies, transmission error has been pointed out as the main cause of vibration noise of
gears. Transmission errors have various causes, including design factors, manufacturing factors, and assembly factors. In
general, when predicting transmission error through finite element analysis, design factors play an important role without
considering manufacturing factors or assembly factors. In this study, relationships among important design variables (gear
module, compensation rate, load torque, and transmission error) in gear design were investigated using analytical and
experimental methods. In addition, a method of predicting gear meshing stiffness through the predicted gear transmission
error was proposed to obtain variation of meshing stiffness due to changes of gear design parameters.
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Table 1 Target gears design parameters

Parameter Spur

#1 #2

Number of teeth 36 24
Normal module [mm)] 1.59 2.39

Normal pressure angle [°] 20 20

Normal helix angle [°] 0 0
Face width [mm] 14.50 19.50
Center distance [mm)] 57.29 57.29
Tooth addendum [mm] 1.59 2.39
Tooth dedendum [mm] 1.99 2.99
Shaft diameter [mm] 42.00 42.00
Total contact ratio 1.69 1.60
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() SPUR #1 (m = 1.59)

(b) SPUR #2 (m = 2.39)

Fig. 2 FE modeling of target gears for analysis

Boundary Condition

Botton'
Fig. 3 Boundary condition for analysis

Table 2 Analysis condition of design parameter

Condition
Gear module 1.59(SPUR #1), 2.39(SPUR #2)
Load torque [Nm] 50, 100, 150
Compensation rate [%] 0, 5,10, 15
Rotation speed [RPM] 10 (1/6 rev per 1s)
Friction coefficient 0.1
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Fig. 4 Transmission error according to compensation rate and load
torque in spur gear #1, #2

Table 3 Transmission error value of Spur gear due to design
parameter variation

Compensation Spur #1 (m = 1.59) Spur #2 (m = 2.39)

rate/ Max Min PTP Max Min PTP
Loadtorque  [ym] [um] [um] [um] [um] [um]

S50Nm 1.01 -099 2,00 177 -1.16 293
0% 100Nm 239 -2.08 447 316 -2.04 520
I50Nm 333 -337 670 3.82 -348 7.30
50Nm 1.62 -1.19 281 216 -087 3.03
5% 100Nm 298 -194 492 306 -221 527
I50Nm 396 -341 737 426 -323 749
S50Nm 136 -1.87 323 199 -133 332
10% 100Nm 2.85 -245 530 3.18 -226 544
I50Nm 3.79 -373 752 434 -337 771
50Nm 1.67 -1.59 326 248 -0.79 3.27
15% 100Nm 2.75 -2.66 541 384 -1.76 5.60
I50Nm 428 -361 789 520 -279 7.99

u

AAE A9 71EoR & o, 2 o] #1, 23 7o #2
ol APt F7HISE HejaEgio] B wellA ARAo
2 FhEe A ¢ 4 Ak BAR Hat 232 5094
150 Nmiz 5718t uf Zej21Egke] 27} Zo] 74 74 3 o4
o ghE e R & 4 ek AAE BEo| T2 A o]



266 / April 2022

Powder brake

3| Acceleration
Sensor

0~200Nm Load

[Drive shaft]
10RPM

Fig. 5 Test bench for gear experiment
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Fig. 6 Transmission error according to compensation rate and load
torque in spur gear #1, #2

(b) Spur #2

(a) Spur #1
Fig. 7 Contour plot of transmission error PTP due to load torque

and compensation rate variation in spur gear #1, #2

Table 4 Transmission error value of spur gear due to design
parameter variation

Compensation Spur #1 Spur #2
rate/ Max Min PTP Max Min PTP
Loadtorque  [ym] [um] [um] [um] [um] [um]
50Nm 1020 -8.69 18.89 12.51 -1549 28.00
0% 100Nm 14.92 -1626 31.18 16.53 -17.12 33.62
150 Nm 15.56 -1821 33.76 21.51 -2537 46.89
50Nm 9.89 -8.94 1883 1251 -1549 28.00
5% 100Nm 17.78 -17.22 35.00 1726 -26.17 43.43
150Nm 20.51 -15.95 3646 2951 -27.79 57.30
50Nm 11.86 -11.04 2290 13.75 -1527 29.01
10% 100Nm 1879 -1942 3822 2147 -31.74 5321
150 Nm 24.13 -17.75 4187 34.01 -34.61 68.62
50Nm 1232 -10.84 23.16 1524 -21.13 3637
15% 100Nm 22.89 -21.69 44.59 24.04 -3548 59.52
150Nm 2623 -21.03 4726 3812 -37.56 75.67
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Table 5 Contact force due to load torque

Load torque
Contact force
50 Nm 100 Nm 150 Nm
Spur #1 [N] 1,750 3,500 5,250
Spur #2 [N] 1,750 3,500 5,250

Spur gear #1 (m = 1.59) Spur gear #2 (m = 2.39)
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