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Analysis of Gear Noise and Design for Gear Noise Reduction

Koo-Young Yoon*, Wang-Jun Park™*

ABSTRACT

The area of gear vibration and noise, has recently been the focus of many studies. The proper kinematic
and geometric design of gears, the mathematical modeling of gear system are essential for a good design.
This work present a gear design for reducing noise, and practical approaches used for machinery noise
reduction along with the summary of methods available for predicting gear noise in terms of the transmis-
gion error, and show a comparative study with other methods,

A new tooth profile modification is proposed for reducing vibration and noise of involute gears. The
method is based on the use of cubic spline curves. The tooth profile is constrained to assume an involute
shape during the loaded operation. Thus the new gear profile assures conjugate motion at all points along
the line of action. The new profile is found to result in a more uniform static transmission error compared
to not only standard involute profile but also modificated profile thereby contributing to the improvement of
vibration and noise characteristics of the gear.

Key Words: Gear Noise(7]o]4%), Transmission Error(¥$%] £3}), Cubic Spline (33} AXe}el),
Involute Curve(SVEHE Z4), Harmonic Analysis(23} #4), Profile Modification(X&+4),
Conjugate Motion(F9 &%), Mesh Stiffness(v4] 7243)
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Table 1 Spur Gear Data

m=4.0, p=12.5664 mm, t=6.2832 mm, a=4.0 mm,
d=5.129 mm, 2=20°
Input torque = 791 Nm, contact ratio=1.68

Pinion Gear
D(outside), mm 144 148
D(pitch), mm 136 140
D(root), mm 126 130
Face width, mm 28.45 28.45
D(base), mm 127.7982 131.5570
Number of Testh 34 35 .
t'(chordal thickness), mm | 6.2810 6.2811
a'(chordal addendum), mm| 4.0726 4.0705
Pitch Point: p(x.y)= | p(-3.1405.67.9274)

Az AP RoA= 448 A3 TE. & &
8130 SEAME AFH7) AL, o312 2 did
A A e (AR E] AH7tR £ g5 9
old Q@A o2 Agdle: Ao Erlsditke Aw v
FEd o 2 Fdol €k $3AH £3F9 34
TE. & slds7] 9s)M FFT & o|88W 1 dds
oS B3] g4 g Aotk BHAHLR 7] 2gd
Aol AE37N9 Ry FE 7o ot Ay
He AL Fx(EFE4)2 ARSI, Fig. 69
BAH FAF] SR 9] FAgE gho| wlmH gict,
2 A7) dA@ AARE KB 7lolE 7)o A
A T2 g 0.64/12.20 = 0.0525 3 v 23
A B4 & 0.23/15.45 = 0.0149 7R w390
W olo) Whslel MY T 24U ol fM 22
AL dole T.E. & 72T ohzt 43¢ 29 E
T #9814 Eoto] DB 7] Bl sHETA] ¥
of 234 9% wAT, FARGE, AME XPo] 2

€ Azd dEFRE S

22 F715% HEE W

#71 @71 Mol B Fael g N MEH P

L] ab
i

7)o},

1A e

AZelA slopuA siA o271

oj A2
A<

A& DE F e ARl doh
Al zgle] glold 2Hg, dojd WD 2 oY
13 &g 2 AF2UEE 712XPE QURE

&S TAATAE,
Ak 2L e 8 o 28 1T N2
Aego ey 49 & gs Aotk

Modified profile == =-
Involute profile
3 42
=
=
E‘ |
-
|-
o
=20
=]
10 . . . .
0 10 20 30 40
Fig. 5 #EAA
Objective fun.= .0023E+0 2 [ pm]
with mmodification
Objective fun.= .1545E+0 2 [# m]
without modification
7 3
[ wn
4} B witox

Error Amplitude

134

n
T

Fig. 6 A&F7]449 st2Y



2L 3] A13R A4E (19963 49)

NAE AFL ot 2L
g 5 Aot
(1) F2 T.E. ¢ ¥58
2) 23R EPAA A5

JEANTHE FRonA AP A9 B
s il © 22U S48 et

wee ARG 9 B2E 7294 47
7 9RgoEA AR, 294 A5Rae) AR

(5) NAE ¥ 2AA 02 7)o 752 BAHE
3 AsE Y 73U

rek

HILEE

1. Mark, W.D., “Analysis of the Vibratory
Excitation of Gear systems Basic Theory ,
Journal of the Acoustic Society of America,
Vol. 63, No. 5, pp. 1768-17817, May 1978.

2. Houser, D.R.. “Research in the Gear
Dynamics and Gear Noise Research Labora-
tory , SAE paper 821066, 1982.

3. Winter, H. and Gerber, H., ‘Investigations
on the excitation of Vibration and Noise at
Spur and Helical Gears , ASME Power
Transmission Conference, Vol. 2, pp. 765~

135

772, 1989,

4. Masuda, T., "Prediction Method of Gear
Noise Considering the Influence of the Tooth
Flank Finishing Method”, Journal of Vibra-
tion, Acoustics., Stress, and Reliability in
Design, Vol. 108, pp. 95-100, 1986.

5. Attia, A:Y., "Noise of Gears: A Comparative
Study’, International Power Transmission
and Gearing Conference, Vol 4, 1989.

6. Cornell, R.W., “Compliance and stress Sen-
sitivity of Spur Gear Teeth’, ASME Journal
of Mechanical Design. Vol. 103, No.2, pp.
447-459, 1981.

7. Yoon, K. and Rao, 8.8., “A Novel Gear
Design Procedure for Reducing Vibration
and Noise in Gears’, ASME 19th Design
Automation Conference, Albuquerque, New
Mexico, 1993.

8. Tavakoli, M.S., and Houser, D.R., "Modifi-
cations for the Minimization of Static Trans-
mission Errors of Spur Gears , Transactions
of the ASME, Vol. 108, pp.86-95, 1986.

9. Lancaster, P. and Salkauskas. K., "Curve
and Surface Fitting . San Diego, Academic
Press, 1986.

10. Yoon, K., “Analysis of Gear Noise and
Design for Gear Noise Reduction”, Ph. D. in
Mechanical Engineering, Purdue University,
1993.



