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Development and research on electric vehicles in power transmission system are increasing as the demand for eco-
friendly and autonomous vehicles increases across the industry. In order to reduce noise, research on high efficiency
and low noise due to electrification of the gearbox system is being actively conducted, such as applying design
technology to optimize the shape of the gear and increase rigidity. In particular, research on low noise is active
because the noise of the electric gearbox could be easily recognized in a vehicle, even with small noise due to its
frequency characteristics. Therefore, in this study, effects of main specifications of gears on noise and power loss
were studied and analyzed through a Parametric Study. Characteristics of the proportional relationship between noise
and power loss according to major specifications were analyzed. Based on study results, NVH analysis in the gear
system was performed. After that, actual data were secured through test measurements and a noise reduction effect
of 4.4 dB was confirmed.
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Table 1 Gear specification of helical gear train

Description Unit Gear Pinion
Module Mm 1.5-3.0
Pressure angle Deg. 16-24
Helix angle Deg. 0-20
Face width Mm 25
Profile shift coefficient - -0.6~1.0

Sound pressure level according to Masuda Normal module [mm]

67.0 [ P

-

1R
650 — m

I

-

63.0 —

61.0 —

59.0 —

57.0 T T T |
1.0 2.0 3.0 4.0

Total contact ratio

Fig. 2 Gear noise changes with gear teeth and module changes
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Fig. 3 Gear noise changes with sum of profile shift coefficients
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Fig. 4 Gear noise changes with gear helix angle
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Fig. 6 Gear noise changes with gear helix angle
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Fig. 7 Gear noise changes with gear helix angle
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Table 2 Gear specification of helical gear train

Description Unit Before After
Center distance mm Fix
No. of teeth - Change
Profile shift coefficient - Considering sliding velocity
Transverse contact ratio 1.304 1.451
PPTE pum 3.321 1.272

Fig. 8 Geartrain system modeling with RecurDyn
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Fig. 9 Post analysis checking point with RecurDyn
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—Order 0

Orders
—Order 18

Order27

Order 3

Order 45

Orders4
— Order 83
—orger12

Orderst

Mag. 638.9 ~2427.81
© Mag. 2427 81 ~ 21672

4
¥ @ Mag. 421672600564
? @ g 600564~ 779455 |

@isg. 79455958345 |/

Trim

Fig. 14 Campbell diagram graph with motor input shaft

Frequency”} 2AY5LIth o]& E3 EA X711 s) T¢ke] 2
3A £ 5 =E31913, Housing?] E4 Jo HY 3|AEY
(Strain  History)S 2QI5tdct. Egh, 2% Motor Shafie}
Main Housing®|| th$t FFT ¥2-S 3l 250 Hzol| 4] Frequency
S urshe 22 SRIE 4 99l

3.5.3 NVH Analysis

Inertia Wheel-2 A 7|3}31 ZE](Rotor)ol] SE = (Counter Torque)
= 1:'0:1‘6‘ /;)H;H.g_ Fig. 123} 71—0] AAstc). e Fig. 1394
2E A (Motor Input)®] Motion> Z4:%= (Angular Velocity)
£ 0-4,000 RPM .2 423} NVH AnalysisE 4345} c).

NVH Analysise= 743 A% (Campbell Diagram)® 2213}
S, Fig. 149]4l+= Y4¥= AFZE Driving Torque?| 34 A1}
= vehdith. RPM3} Frequencyo]l tat 1afj oA 1¢t da)



248 / April 2024

—order0
—orders
—orger 18

orgerar

orger3s
]
—Order 54
—orae3
—Oroer 72

Oraer 61

Mag 6389~ 242781 y
O Mg 242781 ~ 421672 e s
@Mag 216.72~600564 Pl
@og 00854~ T78485 | 10
@vag 778485~ 56834

Frequency(Hz)

Fig. 16 Test equipment set-up for gearbox

7101%¢] Order Line 1804 Fukd: AHIEH o] F7 WAYsl=
21& 21et 4> glrh. Housingell tfeh 714 A= Fig. 15014
¢lo] 7155}, Order Line 1804 9FA 13t Fig. 149} u}
171212 RPM 17kl 3,000-3,500 RPM Afolof| 4] Feabgs Al
Hol =LA LAYk

lrn r>4' J

3.54 Al HIAE 3 At 2N

219 fﬂW 223} FAsHA AF7E AP ste] &
24 skelch Al 7] A2 Fig. 163} o] s}
= 7«14— Order A3} dB] gz z, A A =
Figs. 17, 182 UElfgict. A& =& v|wslt 2z
Order 18¥} Order 2204 Z|gigko] Uepyton, 7j4 Hej
136.2 dBo| 1l 74 Zof= 131.8 dBE 4.4 dBS] A20] A7t
shths A& 2IE 4= Uit

shAIRE Hatgke A A 987 dB, 7HA
6.8 dBo] Z7}5}git}. o
ol e it

AR, 71019 A= SHoA LT F ] 22p7F Lo
gl 2SR St SUteke] At &5 nAe JF
o] AXNEZ HEo] F4E £Fo] At

=4, 71019] 734 SHA T o] FYstaL HF &&=t
A3t Ae HEo] AdSE SUS WA= SRS
U947 HastEg 54 o] gt

lls

;9.
Ko

o of

B

1

it
N

J
S

-Il

L
Y
N
N

e

O

o 105.5 dBE
= F 7HA] SHA mEd TRo] 9l

Before

200.0
150.0

21000

50.0

0.0

00 50.0 100.0 150.0

Order

Fig. 17 Initial model order vs dB graph

After

200.0
150.0

£ 100.0

50.0

0.0 220 50.0 100.0 150.0
Order

Fig. 18 Final model order vs dB graph

2] QlojAl KISSsofts &-8-51o]
& Fo) 28 ALE A7 7lo] 44 YHE
of uj 7]o1e] F8 Aglo] wlAl YRS A}
HHJE:LE“OI RecurDynE 3] KISSsoft
Sasloict.

it 7o) ﬂ%_gi—ﬂra LE ATE T AAAE =
et AAMHES AAsHIE
& 9 1aEES 9% AHEAE

)
of

=3 PPTE} 61.7%

3) Z2o] AuE]: ¢Jel=3} Main Housing®] W& s|AE)
(Strain History)E E415}0] 250 Hzol| 4] ¢] Frequency”} Y3}
= S sk

4) NVH Analysise] 749iAzolx] 1ok dllg]d 7]ojae]
Order Line 18 9219] 2,500 RPM ©]A}2] 13| Hof|A Fab=
AHIEHo] T4 @Sl AL 3Hlskgo).



April 2024 / 249

TEE I4A7]= A4 U GMF (Gear Mesh Frequency)
Akt AR AEL) AR AT 280 HUZES 44

FAsl= F95H] iAo AFde =Y = Al

8) & dolde= HEA FEo] ALEe Aol Al
T8 2gdoRA 7019 8 AlY AAE Sl m Aol
2 ks A ERIge 2 Aea A Akl dig 719
Hrs AA 71g9) AlAskit
ACKNOWLEDGEMENT

B QT T B AL AL ANE] 7|2 A Q) (NRE-
2019R1A5A8083201)2} T8}7| S A HEAIR ] Zlo g FharelT
ko] x| ¢L: whol =35} 15161 (No. NRF-2023R12C003691).

REFERENCES

1. Kim, N. Y, Kim, D. S,, Park, S. B., Lyu, S. K., (2022), Effect of
gear tooth wear on noise of single-stage meteor gear,
Proceedings of the Korean Society for Precision Engineering
2022 Spring Conference, 401.

2. Lee, Y. S., Park, Y. W, Kim, N. Y., Baek, S. H., Park, S. H.,
Lyu, S. K., (2022), A study on the design of the driving part and
gear module for power train, Proceedings of the Korean Society
for Precision Engineering 2022 Autumn Conference, 563.

3. Kim, N. Y,, Kim, D. S., Moon, S. M., Park, S. B., Lyu, S. K.,
(2022), A study on the contact analysis of single-stage planetary
gears by center distance, Proceedings of the Korean Society of
Manufacturing Process Engineers 2022 Spring Conference, 87.

4. Kim, N. Y, Lee, K. H., Jeong, Y. S., Park, S. B., Lyu, S. K..,
(2022), Design of helical gear geometry considering noise and
strength, Proceedings of the Korean Society Manufacturing
Process Engineers 2022 Spring Conference, 92.

5. Lee, K. H,, Jeong, Y. S., Kim, N. Y., (2021), A study on the gear
profile shift coefficient design considering power loss and noise,
Proceedings of the Korean Society Manufacturing Process
Engineers 2021 Autumn Conference, 176.

6. Lee, K. H, Jeong, Y. S., Kim, N. Y., (2021), An analysis on
effect of bending strength for gear dimension, Proceedings of the
Korean Society Manufacturing Process Engineers 2022 Spring
Conference, 43.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Cho, S. J., Kim, J. G, Park, J. S., Kim, Y. S, Lee, D. K., (2022),
Development of the 80-kW test tractor for load measurement of
agricultural operations, Journal of Drive and Control, 19(4), 46-53.

Kim, J.-G,, Cho, S.-],, Lee, D.-K., Oh, J.-Y., Shin, M.-S., Park, Y.-
J., (2021), Gear rating and contact pattern analysis for rotavator
gearbox using actual working load, Journal of the Korean Society
of Manufacturing Process Engineers, 20(6), 92-99.

Kim, N. Y., Baek, J. U., Gwak, G M., Lyu, S. K., (2023), Noise
and PPTE analysis of electric gear system with parametric study,
Journal of the Korean Society for Precision Engineering, 40(3),
223-228.

Kim, N. Y., Park, S. B, Lyu, S. K., (2022), A study on the
optimum design of planetary gear train for air-starting motor,
Journal of the Korean Society of Manufacturing Process
Engineers, 21(12), 135-140.

Lee, N. G, Kim, Y. J., Kim, W. S., Kim, Y. S., Kim, T. J., Baek,
S. M., Choi, Y., Kim, Y. K., Choi, 1. S., (2020), A study on the
improvement of transmission error and tooth load distribution
using micro-geometry of compound planetary gear reducer for
tractor final driving shaft, Journal of Drive and Control, 17(1), 1-
12.

Choi, J. H., Lee, G H., Sohn, J. H., Moon, S. G, Kim, J. S,,
Kim, S. C., (2022), Gear macro geometry optimization of
rotorcraft engine gearbox, Journal of the Korean Society of
Manufacturing Process Engineers, 21(9), 21-27

Lee, J. Y., Moon, S. G, Moon, S. P, Kim, S. C,, (2021), A study
on the effect of macro-geometry and gear quality on gear
transmission error, Journal of the Korean Society of
Manufacturing Process Engineers, 20(11), 36-42.

Lee, S. H,, Lee, H. K., Kang, S. C., Kim, S. Y., Yoo, D. K.,
Won, K. M., Chae, G M., Lee, T. H., (2014), A research for the
development of the transmission error measuring system and
transmission error specification for the gear noise quality,
Transactions of the Korean Society for Noise and Vibration
Engineering, 24(6), 470-475.

Chun, H. D., Chang, S. H., Kim, K. W., Kuk, Y. H., (2014),

Failure analysis of carburized gears by microstructural
observation, Journal of the Korean Society for Heat Treatment,

27(4), 191-201.

Jung, B.-H., Hwang, S.-Y., Kang, K.-T., (2010), A study of
improvement on the torsional vibration of input shaft and
structural vibration of vehicle using tunable dual stiffhess type
clutch in auto-transmission, Transactions of the Korean Society
for Noise and Vibration Engineering, 20(10), 883-890.

Kim, K.-W., Lee, J.-W.,, Jang, J.-S., Oh, J.-Y., Hong, J.-H., Lee,
K.-J., (2019), Design modification of marine turning gear based
on spur planetary gear, Journal of the Korean Society of
Manufacturing Process Engineers, 18(12), 7-14.

Jianwei, D., Weichi, P, Haiyang, L., Jing, C., Hongchao, J.,
(2020), Solution of spur gear meshing stiffness and analysis of
degradation characteristics, Mechanics, 26(2), 153-160.



250/ April 2024

Nam Yong Kim

Ph.D. candidate in School of Mechanical &
Aerospace Engineering, Gyeongsang National
University. His research interest is gearbox
optimal design.

E-mail: kny10109@gnu.ac.kr

Jin-Uk Baek

Master’s degree candidate in School of
Mechanical & Aerospace Engineering,
Gyeongsang National University. His
research interest is gearbox optimal design
and gear system NVH analysis.

E-mail: tony3176@naver.com

Sung Ki Lyu

Professor in the School of Mechanical Engi-
neering of Gyeongsang National University.
His research fields are mechanical parts
design, gear, gearbox, mechanical system
design, power transmission system, and so on.
E-mail: sklyu@gnu.ac.kr



	A Study on the High Efficiency and Low Noise Design of Electric Industrial Gearboxes
	1. 서론
	2. 저소음 특성을 고려한 설계 이론 및 조건
	3. Parametric Study Analysis
	4. 결론
	REFERENCES


