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Low Noise Gears without Lubrication

Kosuke NAGAYA*®, Noriaki TAKAHASHI, Kazuyuki TOGAMI,
Hiroyuki KUMEHARA and Akio OHNISI

*> Department of Mechanical Engineering, Gunma University,
1-5-1 Tenjincho, Kiryu-shi, Gunma, 376-8515 Japan

A low noise gear without lubrication is presented, which is made of COPNA material involving
Graphite. The noise between steel gear and the present gear is investigated experimentally. The
experiment is also performed to the gear mechanism using ordinary plastic gears. It is elarified that
the noise from the gears is small as compared with ordinary plastic gears without lubrication.
Especially, the noise of the present gear is significantly small when the gear is rotated under a load.

The mechanism of noise suppression in our gear is investigated.

Key Words: Gear, Low Noise, Non-Lubrication, High Speed, Copna, Graphite, Plastic

1. #

i

EEaYE 2 — Y BBORRICHE Y, £ ORI
KHWSNE 7Y vy 2R LT 2 BEAKEIA
ML Tw3, ZhsDBBRRABOBET 2%
BlicBrn 20, ¥ & 5 BIEERIEE I D
haio, BEEETHILEND S, ZT0RD, 5
BEMEEEOD 2 77 AF v 7 sEEIERENZEE O R
McHWSNTWS, UL, IRHEESIERE2H T 5
728, ZhoBRBOEERTEEDHEANRD ST
2, BEOEERREALCES, HHEBICLVEE
PHAT S, FIAFy 7 BEITRBICIB OO
T, BENLEETLLEBBIRIZOAL ST, B
HMOBEHESAE RS, £, ZIETORBILES
RWEERT Y, RS E D B R0, EEEA
ToEAL, BEC L ABEMENELL, Lo
T, 75 AF vy 7lEE, BEWECHEATE2H00,
EWEEICHEHT 2 I LR TH B,

* FEREAT 2002 45 H 16 H.

*FE, BEKRYTEE(® 376-8515 4 RwEM 1-5-1).

* BERERERALE.

* HBEARELEREE.

* (B RPE T A b LEFF(® 379-2206 B£E R ELRIBHT &
Fk 1284).

E-mail : nagaya@me.gunma-u.ac.jp

AR, T U CEBEABRBCAVONIERR
FERSTHEEESEEYHER T AL RENET S, 1
KDTSAF v 7 WETE, BRO XS BRESH Y
FhrAvicERbiIRETH L, 22T, XPRT
X, Hi7212 COPNA g B8 2 RE L - REFRH
B cEEL, 20MEHC X DIES MR & SN E
DHEREERWE L RRET 3, REEIIEBRE
MFIRF w7 LD RFTHBDT, b5 AEEE
THWBZENTE, 270, BELSBOBMSIE
WELSHL, HEEES L VO T, BESBE /NG
e d, REIJHFEICOWLTIE, + CIREMME R
BEF I ATV S5O, 20 HIILEERIN B &
BHANTLE70, BRTHOEMBCHEATSE 3b
IR, FRBEHEOE S bEYITRY, &
I Cid, M CHEEE BREOES» S H i
COPNA tEE»FF L, ERAKOBSEA» 6, 772X F
v 7 BEE X O HERET 2175,

2. WIEOSMES L UEREKEE

HEAEBCAVONAREIHRER TRAVY o
2 E0%0LOT, (1) BE, (2) HEE, (3) &R

¥, (4) ZERALoBmENIERsRS, i, @Rk T
G, TASIKMAT, (5) BERBENKE

— 186 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

A W E R

W OE O B OR 1375

W, (6) BEARD/NS W EOEEERRHEZ T
5ZEMNEF LY, COPNASRIX, K& ickD
EHRENIHDT, F 75V BLUETALENLF TS

vyOWEFnh—HER T, 1 BUEOEEE

ENLTAFUVUERIDBEELREREER2E Y
LEEBRKICAZBIETHZ, ZhCEHBE2HEML,
BFEL2E 5 L, B THEREORWITESE R
Z2ZEBHSNTWBED, ZD#k T, COPNA g
0EEY, B EEYL LI & BERER
0.26, 117 35 80.3 MPa, BAZ TR 1t 291°CT 5
DO ZOEB/REORI»S, ¥ TWWEEEL R b
YIHWONTWS, Thbb, KEHM 2B L
LTHW3EA, EERD(2), (4)~(6)D&MENZ
BWHEINTVDE, —F, BERSIFAFv 7 Li3IF
FRETEL, (1)OLRGELMET S, Lizdi>TK
WRETIE, ZoMBlcEEL, £ L TESFEROR
H» S5ME T 5., £, COPNA K5 (60 E &%) 12
BHRUWEER) RPHRML, BRFEMIE TER 36
mm OFBHEONELBEL, 22 EHYIE CEYID
Uiz, BEODEY 2 — VI3 1.5 wEIE 28 TH 3
UTZOWEY COPNARE LT 2), Tt
BOTRO 77 A F v 7 8 & gl % R L 72

Table 1 Dimensions of the gears

Steel | COPNA | Plastic

gear | gear gear
Module [mm] 1. 5 1. 5 1. 5
Pressure angle [° ] 20 20 20
No. of teeth 22 22 22
Facewidth [mm] - 15 15 15
Center distance [mm] | 6 6 66 6 6
Shaft diameter[mm]| 1 8 18 18
Mass [kg] 102 18 14

Table 2 v Gear profile error

Material Left Right
Steel Total tooth form error(u m) 5.1 4.0
Pressure angle error(u m) 1.0 0.3
Tooth profile error(u m) 4.4 3.8
Grade (JIS) 2 1
Plastics | Total tooth form error(u m) 21.0 16.3
Pressure angle error(u m) 19.2 15.2
Tooth profile error( u m) 5.1 3.5
Grade (JIS) 6 5
COPNA | Total tooth form error( . m) 14.4 17.7
Pressure angle error(u m) -8.3 -17.7
Tooth profile error( u m) 10.4 7.7
Grade (JIS) 5 5
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" Fig.1 Experimental apparatus for the gear
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Fig.2 Sound pressure level (SPL) versus gear rotation
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Fig.3 Variation of sound pressure level with time
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rotations

Fig.5

— 188 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

£ OH W® KB ¥ B E 0 AR . 1377

COPNA BHEDOBEZ NI LD Ak 5T, LHKIE I
BLOLUETHEI LHBbh b,

3:3 COPNAWENEBERESEENAHNZXLD
8 HiRO X 512 COPNA lHIZEEF b /& <,

BEOLRVY, ZOAHZALE2UTTEET 5.
COPNAHHEIZ 77 A F v ZRBEICEHLN, B wb
nNTEY, £, BERZIZEET, S~ HEY
BWEIZR). 202 2EFHOE»5H LB L,
COPNAWHE L 7I R F v 7 REICEEIREERO=
BIZEA LRV, »dHVEOIEEIRIEIZ COPNA
WHEHDIZIBET/INSLS B EfEEShD, 22T,
WEOBEE DX 2 BRI EEOBERETH %
EDWEFERDL D, EELAFHBR TR LEL OFH
NP B15mps i DWW T, FRTEBH %2175 72,
61X COPNAKEELE 7T AF v 7EEMSHKT S
BECHNEOFFTBITOBRE2RLIHDOTH
3, ZOEE, WHEHEERD & D WA EEIZ 330 Hz
THY, d00HzEFED/NS L E— 7 B FNICHY T
%, £7:X6(a)(COPNAH) L K6(b)(FT <
Fv 7BWE)DART b VD 1 kHz EECETFRER
E— 7 BERICERD 5D, A —7 IREOHM
RENC & 25 1 ROBEBFRE L £ F 2, o ERE

10.0
=
S
s -30.0
e
e
o
% - B B
100.0 1.0k 10. 0k
Frequency [Hz]
(a) COPNA gear
10. 0
=
S
g -30.0
2
5
& , | -
_700_ : HEREEEE I i
100.0 1.0k 10. Ok

Frequency [Hz]
(b) Plastic gear

Fig.6 Frequency spectrum for the sound levels

WL TH FFT ¥ % fToTAIEZ 5, ZOE—
ZRNEL Y, BEIT B Eatbhots, $hbb,
IO —2 3 0aHNEDIFEOERFS EEZ >N
3, LizhdoT, 2O —7 3HEENCLI250T
FRw,

B 7 3EE (C ¥l ORZIBICE 25 L7z b0 T
HbH KT HBE COPNAEKEOREF K7
(a)] DIESIVBTIRF v 7BEOREE (”7(b)]
ED/NEBCZENEDONEN, ZOEWRZIKRER
LOTIERY, L L, KEEHTOEE LTI,
BLELAE->EDABNTWEEZ2THLDT,
B Z0b T RBEEEOEN THEN KIS 20
TERELZTOW, 22T, M7 ORFEOSEEES
P EoBE(T 7 700 2RIz LT 2,
B8 D& hilEsnBoni, M8 T, COPNA M
OHE [KM8(a)] , BEOFLBRIIIZTIZETH 5.
ZDZ LI COPNAHMEDEZTHES LULEREE T
HEZERX—HBLTWE, —F, 77AF v 7HED
zh [M8(b)] BhiroEsuwlliBeioTw
5, ZDZER, SIAFy VEEOTSF—F— Lk
VS MR SRR E £ o TR ABRE—BL T

Sound level [V]
o

-6.0

1000 200.0 300.0
Time [ms]
(a) COPNA gear

Sound level [V]

1000 2000 3000
Time [ms]
(b) Plastic gear

Fig.7 Time response of the sound level (Rotation
speed =15 ¢cps )
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Fig.8 Time response of the sound levels when high
frequency components are removed (Rotation
speed =15 cps )
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Fig.9 Surface roughness for the steel-COPNA gear
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Fig.13 Time response of the sound levels
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Fig.14 Comparison among sound pressure levels for
various combinations of gear materials
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