U—FF z— VOERENCOWT—T!

%ﬂrg’ﬁj@]‘ l/)i%A

On the Transversal Vibration of the Roller Chain—1.
In the Case of Low Linear Density

By
Eiki Osaki

The roller chain is so suitable for power transmission and for timing that it is applied to
various purposes. But the vibration phenomena of the roller chain is so complicated that
few papers explained theoretically have been published yet. In the present paper, consider-
ing the vibration system as indicated in Fig. 1, the author intorduced an equation of roller
chain vibration, on the basis of the following assumption.

(1) The roller chain is low linear density and regarded as the multidegrees of freedom
system composed of the finite number of links and rollers.

(2) There is no effect of gravity.

(3) There is no effect of travelling velocity.

(4) There is no damping of the vibration.

(5)Inertia forces in the =z-direction are neglected.

(6) The roller chain vibrates only in one plane.

(7) The vibration displacements are so small that the chain
tension is the same in all points of span.

The equation of chain vibration was expressed by the following difference equation:

da’ e 2y (d py dyk ) -
m 2 k m _ k-1 _ +1y =
7(1 + K ) + (1—K )< P e ) Orer1tye ) =0

where K is the parameter related to the moment of inertia of link, m is the mass of chain
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per pitch length (Kgsec’/cm), P is the pitch length of chain (cm), T is the tension in
chain (Kg), y, is the vertical displacement of the kth chain from the equilibrium position,
k is the position number of roller and linkand d”y, [dt® is the acceleration of the kth
position,

And the present paper dealt with both the case of the free ends and that of the fixed
ones as the boundary value problems, although the boundary condition of the roller chain
generally was applied to the fixed ends in free vibration.

Some of the theoretical results were compared with exprimental ones, and good agree-
ment was found between them.
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Fig. 1. A system of the chain and forces and their directions acting on links and rollers,
NotesP : Pitch length of chain
T : Tensionin chain
Yi : Vertical displacement of the k th particle from the equilibrium position of chain
k : Position number of roller and link
N Total numbez of links per span length
% : Longitudinal coordinate of chain
vy Transversal coordinaie of chain { in sprocket plane )
F,Fo Fit Transversal forces from the adjacent links
ke = 0s &



RREFHR 21 (2)

5
e
itk

252 PN

(d) = FADEBENEEZ v
(e) Vv oallitkenLT
(£) =9 F 2=V IZMbBBHATE—E LT 5,
PDEDRENDS L CEIXNEBRLC, O—5F 2 — Y BEIZ OV CGESFRERL2FET 5, 3, Vv
7 kO Y HEOEMIZET 5B HERI
72 2
ZZ; <‘ddty2k+dd3;k2~l> =B —F §eeeremsncnsesinsessn e (1)
THERDbES, Tz, ¥ -y @AOREEICET 2 ESHFER I
(d v d'y
I

) -—T(yk—yk_1)=%)— (F Ay ) eremssremnemeesonnns(2)

di?  di?
TEHES,
. I m )
ZZT F—FK K
BABEERRIRAL, 1) ORI DGR FLEL Fy 2ilET5 L
(l—I-K ) 3'1(_'_ ( )ddjt,lél_F;( v, ) =2F, B 623!

PRI T B, if:, V4 "k+ 1HzonT s ) o7k e@igicEz 3L, Y HROENICEE+ 2E8H
BRI

m (d*y, dzyk) +

n{%n B ettt eeiere e s nenes e ee e )

2( M2+dﬂ Fo=F,
@%bﬁéoit,x—y@W@@%uﬁiéﬁﬁﬁﬁﬁu

I /d* d?
_< yk+1_i«> FT (%, 7)) = (F(-)F+Fk) B 53]

P\ dt? di?
THEhE5,
I mP
2z —=—-K*
TR P
ZAMEEMRAL, @), BREY Fr &WET3 &
d?y Y T
%(H—K ) k+ ( )—,jt_k;J”E;(yk+1_yk):—2F" ............... (6)
ﬁ&ﬁ#éoit,ﬁx<ﬁ;nf¢§@f¢5a
2 d? 42
L e o

ALY B, ZHARD ZEMSEHHERTH S, 22 Tu—FMRIERT3EAEONERD S & (3)
6} kv
Eig (k=0) Tk

1 d*y d¥y, T
0=="2 [ (1+K ) i ;+ (1—K 2)75;21—?(3{1‘—3/0) ] """"" (8)
Ly
Hig (E=N) Tk
1 , i’y d?y T
1%=E-E%M+K)f 2 5 (1-K )d£1+P(M Y1) ] aaaaaa (9)

Ehb, 2L, Yy Y1k ’”N”%SE‘K%D—‘? 707 L TN DFFEETIE Y HROESNINELZ
IS CTIES NG A, EBRIIEES B,

— 60 —



00— 55 ¢ — v OFEEHz VW T— 1.

4. B B ik B &

U CEERENS & L OREhT— Fask
i?‘-q yk:ﬂke-i‘”t, 7,=fun. {k}

3. TROLERPESHFERIZEVROLIIC

crx, MATRALTCEHSBET 2 &, (DRI

___Qz( 1+K277k+ 1_K277k—1—77k+

2 2 2
2 2
=L, 2= o =<ﬂ>
=L, _T_(_Z>2 o
Pm \ N
k5,

EmL L, R

77k+1‘2 (IMB) 7]k+1_+»77k_1= () socnoersrosnencaonrecioriossaciecronsaniosassrconconsane

L% B,

ZIT, ##'[%Em L35 L, BRofFEAEN,

~2(1—B) A+1=0-
% l:‘%lﬁﬁ;

—B)+ /B —2B=(1-B)+.J 2B—BY

=L 0<B<2
j=1-1
E%b,
ZZT, BERTELTE,
1—B=cos 4,
OR%R LY,

A=C08 Ghj Sin G «reveeremrecmmimemrie s e

EhBb,
&7, BRoO—RIT

7, ——C’ej9k+C' ALy 1cos k6+C, sin kf
b, 72720, C, Ch, C, HEU CUEBREMIL . TRESNDZEE

I -BERfEEYy &1 5L,

Bz eickd

B=23in? <;—;)

&y, (181

k . :
77k==C1005 yrr— - Cg SN U reorrersmrerensnotmsamimiciiisioiosos
N

N
LB, TNERODI—BETH S,

«/ 2B-— Bl=gip fececrreorrerecorsionas

253

W5 LIRS,

~{10

\ N\
1)‘ + <?> <277k'“’7k—1—77k+1 ) =0

{16}

17

...................................... 18

19

20

o)



254 * I e = KAFFR 21 (2)

CIRZES L, RIEREFIISHLET o DEL2525E C, CldkEsN3,
¥ - HEREOIE A vy DEAROENS &, @ MRESHS,
2o, —RERREIE LT, v OEARSSNT TwES, IR0L (EmrTiEEE) 1, 12, 00k

R&D
g]ﬂ z;i,\ /(OA(>

Jor (K‘—lsu1<2 )

L, UEofEREYy, 0, REOR0ESE— FE L UEEREEEROT,

5. BHREMEL LTORE

4. 2B0T, —EIREEIE— P X UEEBERERY SN, JITHEERREEBE L
HOEEIE— P LUBREREHERD 5, SREFREOFEIIRDE I 1225,
E=0, k=N 10T

i 3
(ii) B B . F =0
(iii) TREI 7N | F = —F el F=flet (7272 L, dllfi-Flel, FlAUET 5)
(iv) BBIZEprss @ 7=y, (7271, Yo IHNET2)
iz, oo (i), (i) o%FE8), 9L

P
WO(COSUW\;v' i (N)/ﬁ is—:Ol

e (sorrf) =T (L

Lha, WREEO—HE LT, BEBE-RENROEEEEL L L, BREME, Fo=0, Fy = F el
LB B, REL, FYLREEREICh L, '
9, F=0 0k s@R

E=0:7,=C,

I
=

‘ T T
h=1:7=Cyeos v -+ Cysin v

£h 5, EREQRIZRATS &,

-
cos v +C sin u-*) =0
2 N

N \ 1
DR LD
Fid
Czsjﬂ U”[\;]‘“:D ,M“““”“,.....,.,n,e.,.c“MM.,”:M”.,mM“””u.”“.M,..MM”.”“,(Z[!:)
LB,

%72, FeFlet ol zlRix
E=N:1=Ceosvr+Cysinva
o N—1 N—1
h=N—11%y =Ccosvr—r7 AL Cosinymr—— 7

N

_6?,_



0= 5% — Y OERENIOWT— T

s, ERBERIZRAT S &,

2535

7 / N—1 N—1 PFY /N \°
(Ceosvr+Cysinvr) cosu%— ‘“{\CICOSVJ?T I +Cysinva N > — To (?>/A
Enb, EREEET S L
0 P2
—C sinvr - sinyZt esin ZoPE0 LIy
C sinvr sinv C,cosym - sin ™ T (ﬂ Arecernmnniione, (25)

s, Fim, BRICORERAT B &

4
—1i

c, =T (0

1 T 7

R 2

v=1 2, 3,
F 7 HHREIE— M

Asinvm -

sinpZ
siny—
N

3 &, R, [C| meom & B IZRET B, Ko T, EHEREENE, 04

Table 1. Solutions for the muliidegrees of freedom without consideration of gravity.
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Fig. 2. Natural frequency characteristics for multidegrees of freedom system.
(Boundary condition “fix - fix’")
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Notes
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- : Experimental values
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