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Abstract
A design method of gear tooth profile which can reduce the noise of gear is studied. The tooth
profile is generated by combining involute and cycloid tooth curves in which the involute tooth
profile is near the pitch point and cycloid tooth profile at the addendum and the dedendum.
Considering parameters which have an influence on the reduction of gear noise and buliding up
a design conditions for the noise reduction of gear, the lower-noise combined gear tooth profile
is designed. For the check of noise reduction of the combined gear profile, two pairs of combined
profile gear, two pairs of involute gear, and a pair of cycloid gear were manufactured by the NC
Wire Cutting Machine, and the experiment for measuring of the gear noise was carried out on
each pair. The noise reduction of the combined profile gear was obtained.
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Table 1 NEF value of experimental test gears
involute cycloid combined
tooth profile
Pair A Pair B Pair C Pair D Pair E
contact ratio ¢ 1.674 2.031 1.815 2.177 2.518
manufacturing error
(runout) 2/100 mm
flexibility of tooth ’
1/kgx10-*[m/N] 4.812 7.638 5.908 6.459 10.312
noise excitation
factor NEF X 10° 2.483 1.289 1.865 1.422 0.770
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Table 2 Dimensions of gears for experimental process

tooth profile involute cycloid combined

Pair A Pair B Pair C Pair D Pair E
module m 1
addendum £, m 1.25m m m 1.256m
dedendum p, 1.25m 1.5625 m 1.25 1.256m 1.5625 m
number of teeth 7,/2Z, 33/33
dlameter of addendum 35 mm 35.5m 35 mm 35 mm 35.5 mm
fillet radius r 0.25 mm
backlash 0
pressure angle o 20° — 13°
radi.us o’x: - 5 mm ~ 8mm
rolling circle ¢
face width F 3mm
contact ratio ¢ 1.674 2.031 1.815 2,177 2.518
Material brass
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Table 3 Noise level of measurement

frequency span 12.8 kHz
items total level average level
rotational speed of gear[rpm) 1180 2315 1180 2315
meshing frequency [Hz] 649 1273.25 649 1273.25
involute Pair A 81.7dB 88.9dB 46.6dB 55.5dB
Pair B 81.4dB 87.6dB 45.8dB 54.2dB
cycloid Pair C 81.1dB 87.2dB 45.0dB 53.8dB
combined Pair D 80.1dB 86.4dB 43.2dB 52.8dB
Pair £ 78.8dB 85.7dB 40.4dB 50.1dB

A, aE|n AP Hsle] vlo]lmzE
FFTE ol&38led Aae A7+ 1180 rpm3}
2315 rpmg] 7 fof] £&8WE FA s

Fig. 102 FFT% o] &3le] 43 FANYAA
o &Fdds g S agalava 288 Aol
o A¥E ARy 4£gHEE 349 Ads
Table 33 7oy,

Q¥ FEX ) Pair A(k.=m)<]l Pair B{hy=
1.25m) 9] £5ddE wlmslsd 1180 rpmoll A+
Pair B & &-&alwlo] ¢ ¢.4dB rx 2315 rpmoj
AE 9% 1.3dB ¥& AAE At

A2 Pair D(he=m) 2} Pair E(ha=
1.25m)e] £ WE wlmwsty 1180 rpmoll A&
Pair E4] 4&&#®e] ¢ 1.3dB w2 2315 rpmoej
A < 0.7dB 22 ARE dd

282z FYT AYes AHAY Az A%
o] Fo)7t £& Az AgHde] 2 A °;.P T
Aotk elEelE A d EHEI AY FdAe
F7k8t7] wigelth, 2R A &g 7

A717] e E-ES 24 AAsE Ao
2] st

olEEel h=mel YHEFFEAA Pair A9}
A A Y At Pair D 9] £-5a4& vasid, &
A A3 2 zkql Pair D o] £-&awloe] 1180rpm0ﬂ/l1
+ < 1.6dB ¥ 2315 rpmel| 4= ¢F 2.5dB S
AE Atk

ol¥¥Eol h=1.25mel J¥WFEXX Pair Bs}
BAAY A Pair E9] 44 vlastd, 3
AAPA Akl Pair B9 A& do] 1180 rpmeoi 4
+ <2k 2.6dB Y3 2315rpmoljA{= <F 1.9dB -
<+ AFAE 4o

s

44 MEZEe 24 ¢ D
A7) 1180 rpme 2 3| A Tuw] FHZFEnis

s

6

49 Hzo]x 2315rpmeo.2 3AE wi+ 1273.25Hz
olch, xztel £Fsty e EFsiqe a9 33
z3Foe, agn AY IFAFFolA peak
noiser} iehel Feh, zev £ AgAse 4
YN BTG EAol FgeA et
A eksket,

ARz 42554
AEsA Jehta e e D}%Tn‘ 7o) 8.oF
T 4 Urh

(1) 4388 AA7 27 wlFo] 2E, WE, 4
HAgol ol DB 29 FETE "ol U
of, & Az Bl ¥ FaprEAJe] A aEA
vehtal gked

(2) REo} WE o] Y SHAS wEof
o8 Azkel BFAHQ FFol WAk Aty
HAsE 2o 2" FHAA AYE 243
of tiAE AEz¥AazE AHAEA Dol o
vt Zelo FFEE Aol AFeolx AL A
2ae WEo] o A4l HEo| A=)

m{n
j,-;
—h
O
m
X
2

5.4 B

(1) AL FEXNY 22 st ALF 23}
= AASHT AR LFe] HhEAFY Ao
vl dte] g #alagch

2) 3A (he=1.25m)8] A7} ZEAA (=

m)Ql X ARk 2gol Href,

(3) 2% 2AselA £eedol BE £4E
UUFEAR, AelgFzolexs, YAAAY ol
o},

iz

(1) Opitz, H., 1968, “Noise of Gears,” Philosophi-



10 As% -

cal Transactions of the Royal Society, Vol. 263,
pp. 369~381.

(2) Attia, AY., 1969, “Noise of Involute Helical
Gears,” Transactions of the ASME Journal of
Engineering for Industry, Vol. 91, No. 1, pp. 165
~171.

(3) Welbourn, D.B, 1979, “Fundamental Knowl-
edge of Gear Noise-A Survey,” Conference on
‘Noise and Vibrations of Engines and Transmis-
sions’ Cranfield Institute of Technology 10.

(4) William, S. Rouverol, 1979, “Maximum-
Conjugacy Gearing,” Power Transmission
Design, pp. 49~54.

(5) William, S. Rouverol, & B A 2, 1982,
“MC(Maximum-Conjugacy) ®#H," HMRI%,
264, 3%, pp. 51~56,

(6) ErEflesk, LHE £ BEAD 50, “WENIRE) - B
BN HERICHT 2%, BRMMEERT
#, 414, 345%, pp. 1597~1631.

(7) Yoshio Terauchi, Hiromasa Nadano, and
Minoru Nohara, 1982, “On the Effect of the
Tooth Profile Modification on the Dynamic
Load and the Sound Level of the Spur Gear,”
Bulletin of the JSME, Vol. 25, No. 207, pp.
1471~1481.

tsE

(8) Yoshio Terauchi, Hiromasa Nadano, and
Minoru Nohara, 1982, “On Design and Perfor-
mance of Involute-Cycloid Composite Tooth
Profile Gear,” Bulletin of the JSME, Vol. 25, No.
199, pp. 118~126.

(9) Yoshio Terauchi, Hiromasa Nadano, and
Minoru Nohara, 1982, “On Surface Durability of
Involute-Cycloid Composite Tooth Profile
Gear,” ‘Bulletin of the JSME, Vol. 25, No. 202, pp.
687 ~695,

(10) Lin, H-H., Huston, R.L. and Coy, J.J., 1988,
“On Dynamic Loads in Parallel Shaft Transmis-
sions; Part I-Modelling and Analysis, Part II
-Parameter Study,” Transactions of the ASME
Journal of Mechanisms, Transmissions, and
Automation in Design, Vol. 110, pp. 221~229,

(11) Elkholy, A.H., 1985, “Tcoth Load Sharing in
High-Contact Ration Spur Gears,” Transactions
of the ASME Journal of Mechanisns, Trans-
missions, and Automation in Design, Vol. 107, pp.
11~186.

(12) 243, 1988, “UHFFE-US FYAAY7]
o8 AF % &go] B AFH AT, AFH
o Akl eg,



