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Vibration of Timing Belt Subjected to Fluctuations of Tension

Eiki Osaki**, Katuyuki Koga*®?, and Yoshihiro Miyoshi**

It is well known that timing belts are subjected simultaneously to forced displacement and a

fluctuation of tension which are caused by the eccentricity of the pulley shaft, impacts of the

encounter and detachment of the timing belt and the pulley, and the fluctuation of torque given

to the pulley shaft. This paper describes the resulits of analytical and experimental investigations

of the regions of resonance with subharmonic oscillations of the order 1/2 of the parametric

excitation of a timing belt. The resonance treated in this report is one of the resonances excited

under parametric excitation by the influence of the tension fluctuation upon one end of a timing

belt stretched vertically. The experimental results nearly agreed with the analytical results.

1 GLaHic

B A~ M2, BT TR T <, BlERIR X
(FIEAEN T — 5 F 2 — LTI WAoo, SN2 ds
FUs AL I IBHMHE LTRILC ST L5, oD
B~ M, P2 BERNL P YT =) DA
49 L A3ELAMEN RN EMARINLT, LITLIE
MLOEBME LTS, COBRYUIVWbDBIFTA—F
Wik -EEE B L Hi, WO E R - T, K
B SV NN H N FHHTRL ONShE L), KX
B IEINC RIET B faRtt S 5. Z DRI
DD, M EBIBOMI LR EH L 60D,

fER. MTa -~ bRz L T, B>, b1
PNV EIND D DD 3T A — FEHGES B F R
3G A — G AT IO THEEG SILT WL B A5, D)
WA 2oy, ISR T AL LT, £2
T AT, RACIZH S SU A & AL b RIS G
)7 N FH M 5 = 31238783 5 Bk §0 F 4 A8k
BNz L. B b4 TREMRTHN® 2 17 MRS & 1be
Wit L2, s H - T, 2~ b 2352 T,
ATEENEEL S L MR L» 5 ENHME <L
2 =NHRXIZFE, BB 5T 4~ 5
Uhisi AR S8 2 5 2 b, B X2 ERITIE
Da—lEHMNEBE NG THYIZRETELI LM,

IR R RHT $51552%. 19969 6 1200 21+,

Contribution from National Fisheries University, No.15352.

=L 0 AAINRMZE 2 1 T SFIEE R 2 TR

Received Jun. 20,1996,

* 2 kel AR R R 300 1°73B M (Laboratory of Instrument and Control Engineering, Department of Marine

Engineering) .
*3 Jkifilit (Fisheries Agency).

RO ARG BERL (Training Ship Koyo-Maru. National Fisheries University).



80

Mzl B 3L ORI L TRERtLY o h
Wi B N5, FHhEMDRMED~N b DI dn
D 2{EMIHTRET B, 0 b B 1/2:K5 B Mk 18
RIS HLT2Y 2= HRRAD HRD L/ 259 BRI i
SR BIAR & JCORIA & % TEOOMRAE L 2o, BB IREIN G
TR AT~ L DTN T D,

2 Eikies

ARTHEMT RGBT TFEDEL Y THS,
LRk~ bR DS [(m]
m LR~ PN E M) DAL (ke/m )
To s MM S [N]
AT RIMENC b 5585188 [N)
xR R~ KT o fiE [m]
¥R~ P DK B (m]
@ W EHNmE MR [rad/s]
f=w/2x [Hz]
W, : R~ b L RIEA BN (rad/s)
=gc/L
fi=wo/2x [Hz]
c=(Ty/m)r2
wa - REE R
1 =wlw,
e=4aTI!T,
Ea={t&k~<n b s 74 L it e N [N]

{m/s]

3 RREBSLUSZE

KEIRERNEM S Fig. 1, kA~ FOFRE Fig. 2,
ik 2 BIGHITHES Table 1 (22 FdURT, Fig. 1 135
FT&IS, LHLHIZLTFTEIR-LRT 40, Qi
R L2 B F v 2@E F¥F v 7 DD RIS
DR Lo~ FPDIS, K=V ad L OB LUDE
FES TN %5 2 5, MBI K& S133DhT
@THILL, VFAMEBOTIMY S, MABELE 452
72t MOHLE@ETHEE— sDTHRICPIREL,
S b D PRI EN DRI SR N BN E ML B, K
BT, (X~ M2 5N LR NEHA T
%ML H LWL E -~ IS LT, B E-F % 1 H2
fRE TP S ETRDLME, A ETR2ZIZEF T E
235 4 = 7 U X AEIHSRET b, SDRMOPT Y,
& iz1/2:kor SR RN, BhisR N FAL T <2

P R

-

=

DHTHRBENBR TR T L0, £5
PR R R BTk, RV P2 FETHHMELT
W% 2wtz E0MH, MERERZICF T 25BN
Y % 3 IMIIRINECE WOl 5 2 RIS & ) B MIAOIE
YL EMEMNL, T, MOYAILEBET N0
BB IR, ik~ b 1 RE— Folidhiz
K~ b R PR T U =PRSS TR
Lo SHHETHOMELIIERY L 075 70Tk
’e

-5

=

®

-
Y [@-®
~®

P =
Q)

®Test belt, @Ball spline, (DBall spline, DUpper
end chuck, ®Lower end chuck, ®Ball joint, ®
Ball joint, ®Load cell, @Strain meter, @Eccen-
tric cam, @V ariable speed motor, @Eddy current
type displacement meter, @Laser type displace-
ment meter, @Electromagnetic oscillograph
recorder

®

Fig. 1 Schematic diagram of experimental
apparatus
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Fig. 2 Test belt configuration

Table 1 Dimensions and properties

Testbelts alea] blas] 60 ] d(mm] e{=m] h (o] Ea [N] m [kg/m]
A 9,525 3.25 40 3,62 1.91 12,7 10. 45 % 10* 5.08x10°?
B 9, 525 3.25 40 3,62 1,91 19.0 11,50 % 10* 6.41x10-2
C 9,525 3.25 40 3,62 1.91 24.5 19, 50 x 10* 9,36x10?
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(a) 7, =19.6 N, AT = 2,94 N
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(b) 7, = 39.2N, AT =441 N

Fig. 3 Parametric resonance of test belt A



82 PO U « R 12

x107°
10 (') s e S — —
8 8 €=0.1250 =
6 6 '®) -
S s * 1
4 4 5 -
2 2 g -
9 9
14 16 18 2 22 24 4 16 18 2 22 24
2 2
(a) T, =196 N, AT =3,04 N (b) 7, =392 N, AT = 4,9 N
Fig. 4 Parametric resonance of test belt B
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Fig. 5 Prametric resonance of test belt C
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(8) Testbelt A (7T, =39.2 N, 47T =17.93 N)
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(b) Testbelt B (7; =39.2 N, 4 T=15.8§ N)

Fig. 6 Parametric resonance of test belt A, B
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Fig. 7 Vibration model of timing best
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Fig. 8 0% and ¢ curve in the unstable region
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