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Force Distribution of Incomplete Meshing Teeth in Timing Belt Drive
—on the OHC Drive Timing Belt System—
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ABSTRACT

Force distribution of incomplete meshing teeth for the QHC drive timing belt system is
investigated analytically. Finite difference equations of the belt tension are derived based on
the force equilibrium and the deformation of the belt tooth. From the numerical results, it is
found that the force distribution prior to the boundary point shows higher values compared
with those of the complete meshing state and the force distribution after the boundary point

" shows lower values. Also, the magnitude of the incomplete meshing region increases as the rota-
tional speed increases and the tight side belt tension decreases.
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Fig. 5 Elongation of belt tooth

WA olsh i+ 1WAl o] Aolola] WE ofa
AR Fe olER Aele] whae] oot P
7o Wshe 2 W WY o gez 2ol
A g

T; =T(Z) e_”e (2)

wet WE oWewel Eold 04 45
(DE Ted B,

dS(t')=A—];%r d& (3)

A7 r & E29 olTE Wy, Ax u

E9 Fauwiz, E= WESY A el

H2)E @R st HFEFIE 014 28
72 HESE A oIk i+ 1WA o] A}
olel g WE oW Fold W& 7
+ St ' ‘

S(D=75 7 A=) T () )

1
)7

o

TH WE o) Rpd FHFAwae Foid 2
ol v gk

]

i

s

1G) =R TGY )

A WEC| 9] ¥ F(deflection) L T}-S
Now FAg '

B#IETTBe/ Vol.l4, No.l 1992/57

AGE)=F({) QUi) wa
AG+HD=Ff+1) QUi+1) wa (8)

A7A f(E)e {HA o9 HIETo|da
(compliance), Q(i)E #¥A old) &5}
= 3%, ax FEHZelth (13 @), (5).(6)
22 gidshd HEMFEY g ohee] A
SER=

LA PR Y vy L :
A5 m (=D TG+ 70

=fEH{QUD-QG+ 1D }mwa (7)
e By
Fig.2o 7} ofe tig P9 HPzzNA
& 4 78 + Uth
T(l) wp+Q(1) wa=T, Q)

T(G) wp4Q() wa=TN—1)" g

TN+ a¥+QW+1) ma=T(N) wg
(8)

714 T(idE i oo Hgshe 9,
N+1& ZEg|9 gEe gl WEe glso,

AR AP QUIDE AASH T (i)

B FAVANE G2 F Atk
TC)=AX() To+vY () T(N+1)(9)

. Cs Pzi_c4 ‘Oli
714 X =t “Ael
o714 X(#) C.C—C G,

. Cy Pzi —C, Pli
Y =t =
(l ) Cz C3 -_Cl C4

1,2 =Co £/6* —4 ac)/(2¢)

a=f(i) e g
g o r 1
b=f(i) wp(l+e ‘“‘“5‘)+1UE -

—g=2eBy . L
(A—e™+ 7%



58/ W X

c=f (i) wsg
A=f(i) Q)
v=F(i) =¥

Cl:bpl_fplz’ C2 :bP2_6P22

(N-1)

Cy=am —bplN,

a9 2ERE AR 27 o)uR B
‘?-:] TSZOO] E]%%EH 0'1}19“_-3 Tﬁﬁ_é_, 1:131;]
wHE 5o g42le] g olgE WE o]

2t Z22 Relub] AlasEA B

dEs B BUETHS 4H 2BYY
3 2ol REYYYoR e gd 28
gaede ol Wz 14 2o wEPel A
A57] A9 o] j-17AACln Bl RE
e w9y wEPO AFHE of joilA
o) N+ 174xe]eh j-19A ol j¥ia} ol
A}ou R e olF REFYAL A

& Sith o AN WEY %A
% %_aqolsﬂr Yolx Eejoll olEWH WE

Fig.8 Incomplete mashing of belt and pulley

9] oj¥gldl Apolell & whate] EASMA] ¥
olmjo] WE Y T(;i—1)S AA=A T*
2 3ok weld g9 REFIFHY 42
Koyama $| 495 A-43lu AA=d TN+
1)o] T*= nlfoizich

HE 27
Fig. 7¢ 4428 o5l WET ETo| &
Hojg o] WME g H&d= ?‘JEEA]@-

Aot BE ool d4bo] Fgslu HE
7 £4 8 gojvdor dE olg &9 o
Atolell s mbEE - (MO7F FHEFoh =@
A ey Ao WE ol o wER A
g} ofefl w3t zf 0U¥ﬂ =) g Aol
Fig. 72] M@ ojoix & AB2l e°]few
HEEe g LEHEAs 2 vhEe] A

51X gow E}EJF]- ol UEehd 2= gtk

SQD) == TOD ()

WE o9 HYPe By wEF FEA
= f¥zio] Zvim rHE R MAA olsk M
+197 ol WP Fe the 4oz FAEG

AQD=FQ) {es(at 9)+,usin(a+0)}
XQ (M) {11)

Fig. 7 Forces on a belt element in Incomplete
meshing with centrifugal force



BEET 8@/ Vol.14 No.l, 1992/59

A+ 1D)=FAD{ os(a+ 60D+ psin(a+6)}

XQ(M+1) 12)
WE o)e] HAAA (1) A(5), W), 1),
12 st g ey *JEH—J Wy
-‘%’i—lﬂ’i]% AadL 5 Q)
S+1
[ g JT(M) FOD (a5 Cat0)+

psin(a+ 0 HQUD—Q WM+ 1)) 19

FHel By

Fig. 7oA 2z} WE o]2] g9 @HPN A ot
S4]0] Aot}

T(G)as(p—0)+H{w(a+6)+ psin(a+6)}

XQ(j)=T*ws(¢p+6)

TADws(p—0)+{ew(a+8) + psin(a+6))
XQUM=T (Mas (p+ 6)

TN+ 1D es(p—0)+{cos(a+ 0D+ sin

(a+0)} QW+ 1D=T@)=s(p+0)
(1)

218), welA 5 Q7)) QWD QW+

o 275 WEAE ANE 7Y 5 U

TWM)=uXi MT*+ oY, MOTN+1) @15

A7 u=f M) w(p+8)

o=t a0 (g +0)+
w(p—8))
X, (=G 28=Ca o

Cs C7 —C5s Cg

Cs p—Cs pM
Y, =21 TR 08
G Cs C7 —Cs Cs

23,6 = ﬁ(wiv w—4duy

Cs =wp3’ —Dpa(‘”'l)y

G+1)
¥

=wpd —vp,

(N-1)

Cr=up; _wP:iN’

(N—1»

Cy =ups —wp N

223 oA WE olo] argal

DE FRLANE o550 2t
JE’H WA P83 oA 6;191
BAwel U Ang +

BARHTT

A g2d el FHWANmE S0
Hoted e od e god waEY A
ClRARA AAYH 77 & pahof def. T

& Fig.69) j—149m olst ;A ols] w
FuANA Fe + gk,

o]

iz

57+ 25| TT=FOD (@G~ Dasa

—{wCa+0)+psinCa+8)}Q(5)] 6

Aol Hge] +5 PollA wEbY A}
°l= j—1wuA olst juiA o9 Yo BY
Al T o] dejxith

QU —1Dwa—Q (i) {m(at+0)+
psin(a+0)) =—T* {as(p+0)
+os(p—0)} +T (e (p—0)
+eM T (-2 )

Aws el o s

(2t e (¢+0>%m(¢ —0)]7*



60/ | X

=fAD{T G os(p—0)+T(5—2)
e—z#ﬁm¢} (18)
AAEER T #e e 27 Asd+=
AAE Ao AERZH T(), T(J—Z) =
olo} shn o)A L 217} 9d REUDH B

A ="l dE AEAAY A0 ,éhsoﬂfﬁ
T8 7 gk

T* =Ty*/Ty* (19)

71N TW¥F=f QOCs(p—8) oY,y (5)
XTI+ e m g

X2AX(G~2)T,]

=%, Liran

XA{as(p—0) (1—uXy ()
tas(p+0)—e 7 (wg)

X oY (F—2)}]

23 E2M UEE WMEH

golm WEe) Bgd HEYL oy W
£¢) 949, $249%F, WES FY ==
o] gglo] Hol WAY 4 vk £ AT
MNe g9 1% HAAd Bed REIL
WYY 5 gle AAGe] o F APNe 1

Bz =2 g

gloly WEe g WA& Fig.4 Fig- 5
o] o|e} oy om TAHo] glon I
el s FdFdgade] lejA AFHel A
g 5 9 T2 Hodoh makd ol F 4
BEe d49-g 2% mBs] Fojok grhet
ol WE ¥ Wx3F FFHGAL A g of
e AL vy, HAFALHE A ol
ZFEY ANH& V, 283 spFA B A
Ag V, s AE & gg dIme ¢}

m=yr (Vi +Vo )ty Vs (20)

A7NH 7 =BEIRY MFF, 7=
dgnel vEeoltt, agieE wely WE
@ A7 A4dL oed gol vekd &

sleh,

F=m-+r -@?* @)

e & vz P9 HYoM 4= Frl
whAg A wreke] ¥ o) 1:1_1-‘4 2 o dE o
E E9 ol dojun 43 nEFe] ¥4
Eig=

3. FAlsiM Hu & 1nF
o}

29 Aol wEh R
(1) & 57 el g EEANE
o]&3ld Elo|W WHE ol 3FEIG HE
e 7k

(2) A&z thek FE 3 F Ao 283}
= d4d"e FIh
(8) WEole AREAZ Fig-T)o WA
Akl o] fHy JAHAL] 2718 vz
Lig=

4) zt olol w3l (3} HPEa sl AHY
| A AERe FET AR A2 3
¢ 23 o Ae od REEH B9 28
gel AARA = 3oh

(5), @el Al F3 jE Ustd clME 1~
jv}:ﬂ% A el g 4, j~N+1
A e Sod 2ELC U FHHAAES
o) g3led FxEja g FaFch olw g B
Eod 22 g FH AL 940
o)gh whad o] ThE AL AHE-Foh
FA]s) o] AL&¥ OHC Elold W E 5
A2dEe Wau 2:124 West E7F @
A gwrEE Al g W 4 F= AR
Hell gl ol N+1e FEEHAA 1174,
FEZEA 237000 gy HE-]Y H
Zgold Ay 255m/N, HE IFda4ds]
BAAS EE 784X 10YN/m?, WE} &7

O

L=
=

ol
=



BEEETS&s/ Vol.14, No.l, 1992/ 61

Atele] ebdAS ui 0450t BehW #E
e WEZ 71g0l7 2 0 N+1HsA o
o MW e BYBA NN 66071 &
°l HX e ¢ 6<¢& 9}
Fig.8 2 $53% JHdEE w=0%F 94
o] T Y3 FEFH P=490N, I9%
:gfs] T, =490 N, °194% 9 T, =0N
T o wIEd dHe TE L 55
@EOMI g st Q)9 vxojrk Fs}
E3e IYUWEH fEgH] Fog BAY
o= T"rﬁ%}%}% F3te] 218 et
T AR FFF WECY 3

r£ A 1

£ 22 Fap gy FEEee
Bt 2ule] 9l<pef 6Hra o] A sl
2o}, wefr FFE zt ole HEZH L
FEZdc} 3 E_Q‘l.z-] DRI e EXZo)
WA dejtr] g}

3 olgtE Y T, = WEzRyFH]
A Bzl 242 0o gasin ojgE w

EFE o] 00 59 WEE 94", FY
RERlE o3 FeE Hoju Bodd 2EY

AHE °lFA gk weld B dpeas
=4H BEYAH] JE FFEEE W45
71 o] oS AY T, & 0oz 7MA3
Atk oA ddEE 1P FEZ WE 3
TEXE = g,

Fig. 9+ 589 3d4% «=5000rpm,
T,=196 N, T,=0NYd o dE s=LES
w=0dw2] sFEEY Hlw TAF Zo|T),
Fig. 994 <& ¢ sl vlejgre] FEZa) 3
HAEE wo=5000rpmellA] HEES 148 9
FFo = EA ol Bod wEHgH
7h Ho] B9 REHL 169 olRE wy
T ol f 159 ol 9 REYH B
A gtEYe] AAHo] Aok, HAAA oA 3}
TEEE 4d eI ER oz
&g Bola BFAA olF sFrE: ¢
1 shag/deld v zte ge B,
Fig.10-& 25237 3&EE ¢= 4000rpm
oAA Bekd wEHE ojE P& P T,
o] 4FE =AE Ao, AFE AY T, =

g rLu

50 :
T=0NT=490 N,o=0rpm
z. ] Driver pulley
E .
F 257 Driven pulley
o 1 .
a
A
0 . — . .
0 8 10 15 20 25
Tooth No.
Fig. 8 Force distribution for T, =490 N,
=0N
20 -
: T=0NTe =196 N
1
= 4
E Complete meshing
g 10+ =0 rpm
T
@
3
Incomplete meshing
wW=5000Tpm |
0 - T T v
0 5 10 - 15 20 25
Tooth Neo.

Fig. 9 Comparison of force distribution for
complete and incomplete meshing

50

T=0N, w=4000rpm

Load Q(k), N
n
h

0 5 10 15 20 25
Toot_.h No.

Fig. 10 Comparison of force distribution for
1ight side tension



62/ @ X

20
T=0N, T =198 N

=

-y E

L)

& 101

- w=2000rpm
d

A

=5000rpm
0 r — . .
0 5 10 15 20 25
Tooth No,

Fig. 11 Comparlson of force distribution for
pulley speed

196 Nl A T, =490 Nog Z=7}aly 2o
BEHo] Ayl AADS ojgHo T o)Ed
ot o)A AFE AP FrtdaE, F @
ExZFEE aA &5 Eodd g2y o)
A 9] PAage =g, ey
EF HERH L dESTHS DEANORE F
’éfﬂ" " E e o] Melo] g o Fir

Fig. 112 E9kd ZEHo 3 ZHFZ7
AgEe] P EAY Rolth AFE
Hq 7, =1%No= Jg3r S5 A
F27F w=2000rpm°] 4 @ =5000rpmo s
S7Hel mel f4de] ARA Hns B

A gEdel NAss AAYe 3 QRS

o2 olFsk] 2o REY Felo] Fyhuc

Fig. 9~Fig. 11e]A & o= glKo] 914 He|
2)sle] Bebd giEe] uwgd o) ok g
Y 992 945 AY, 89 HdEET
o o3le] F7lEAY Fagoh Bobd 9
H g9l F715Hd o] B35 HEC: F
g Welut B9 o)l7F A &F-E AW}
A HAY B WEs F4 Aole] REYol
Aoz Ml He
ol e AL dEE FHHA Ay ¥}
2A85e Wwise| Fyo] 243 Bastu
o4 H%o] dojiz A Hold WEe
7€ A 59 3 24 (positioning) 715 4
A3l QHC A9 Aol AHHA 9FS
FA 4 Aelth Aol o= 2 ATH

FJ%

Hgol s Eoh

Fg 7lzg F54¢ ndd A&KFA F7F
A77F Bastny Az,
4 2 E

(1)

290 2Bl BT W Bed g

shepEe AW oM E gd %
2 Aol ws)A okt A, AAF ol F

2t 97 REYRT e g non

) Q4% Aol Z7hael Wt BARL

olghZ o olFstd B4H REH FHo H
A%,

(3) Eg]o] HAK=F FoHgel wet A7
He AA AGFon o)Fe Bobd BE
H d9o] Skt

z -7

°] ;%% 1990 = Ba¥ :q 9 shZae
AEA A AT EIHA shed T2gH 9
stod < El&’ioml ofel 47411}7}1] A EY
Lmr.

& 1 & ©

1. T. Koyama, et. al., “A Study on Strength
of Toothed Belt, 1st report,” Trans. of
JSME, Vol. 44, pp. 357-366, 1978.

2. T. Koyama, et. al., “A Study on Strength
of Toothed Belt, 2nd report,” Bulletin
of JSME, Vol. 22, pp. 982-987, 1979,

3. T. Koyama, et. al., “A Study on Strength
of Toothed Belt, 3rd report,” Bulletin
of JSME, Vol. 22, pp. 988-993, 1979.

4. T. Koyama, et. al., “A Study on Strength
of Toothed Belt, 4th report,” Bulletin
of ISME, Vol. 23, pp, 1235-1239, 1980.

5. M. Kagotani, et. al., “Load Distribution
on Toothed Belt Drives under a State
if Initial Tension,” Bulletin of JSME,
Vol. 27, pp. 1780-1787, 1984.



BEIETS|R5E/ Vol.l4, No.l, 1992/63

6. K.M. Marshek, M,R. Naji, “Toothed Belt- 7. G. Gerbert, et. al.,, “Load Distribution
Load Distribution,” Trans. of ASME, in Timing Belts,” Trans. of ASME, Mecha-
Transmission and Automation in Design, nical Design, Vol. 100, pp. 208-215, 1978,

Vol. 105, pp. 339-347, 1983.



