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ABSTRACT 

The ine r t i a ,  f l e x i b i l i t y ,  and daatping of the driving shirft, 
are  important factors  i n  the  dynamic Leksvior of a cam mechanism. 
Theae fac tors  w i l l  be studied by u t i l i z ing  a two degrees of free- 
dom dynamic model. The formulation of, the model in which each of 

the follower and cam posses one degree of freedom is presented and 
the investigation is carried out by the 'use  of the nondimennional 
parameters. 

An algorithm f o r  computating the posi t ional  and accelerational 
errors  during the cam rise usd d w e l l  periods, is preoented here, 
along with the l i s t i n g  of the associated coraputer program. The n u -  
srical resu l t s  a re  shawn i n  the figures and also i n  the  table& i n  
Appendix 

2 ,  INTLPODUCTION 

I n  t h i s  paper the mutual effecta of the iner t ia ,  f l e x i b i l i t y  
and damping between the follower urd cam set6 on t2.w dynamic reg- 
p n s e  of cam mechanism w i l l  be investigated. - The cam ntechdm is 
tepresented by the two degrees pf freedam model one f o r  the fo l l -  
ower (gl) and one of the  cam sha f t  (q2) a13 shown i n  Pig. 41). In 
reference [d , Koster gave the e f f ec t  of the f l e x i b i l i t y  of the 

driving sha f t  on the dynamid behavior of a cam raschaniem, by driv- 
ing a s ing le  degree of freedam model, but still many queetioae 
concerned w i t h  the e f f ec t  of i ne r t i a ,  and damping of the cam shaf t  
remain Bloom and aodclif f e [2 11 have conaidered the w i n d  up of the 
ciua shaf t ,  assuming t h a t  the follower is i n f i n i t l v  s t i f f .  In  - - 
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taking in to  account the deflection d f  the cam sWt i n  the dir- 

ection of movement of the follower. In  contraat t o  the mentioned 
investigators Chen and Polvanicn [14] studied the damping ef fec t  
on a single degree of freedom either l inear  or  onon-linear duped 
sinulatect caa p ~ ~ c h r a n i u .  itecont~y ~ . u  I53 i n v e ~ t i g a t d  the egg- 
ect & the f l ex ib i l i ty  of the cup shaft  on the dyaamic behavior 
of a single degree of freedom l inear  damped madel. However m y  

qpestians i n  the d y d c  uralyais such as the ine r t i a  and damping 

characteristics of the cam ahaft are still vague. 

X n  the present work irraorrg the several type8 of follower mot- 
ion the cycloidirl cam curve, wur  chosen fo r  the present inveatig- 
ation. The inertia;  f l ex ib i l i ty  as well a8 dimping cliarlcteriotice 
of the follower and crop set8 are expre88ed as n o ~ n a i ~  para- 
meter# throughout the analysis of the sirPulrted cam mechanism. A t t -  

entian wall be given particulatly to the poritional, and accelerat- 
isnal  errors of the outprt mdar i n  tbe priaary and reeiduaL reg- 
ions 

I n  coarputing the mentioned errors,  the coaputer solution Fig. 
(5) by applying Runge-J(utt;P lnethod is derived. The numerical tes- 
ulta and a coarplete l ie t ing  ot the caapueer program written i n  
FORTOWT LV language are ahown i n  the appendix. 

2 .  OP THE WO-DEGiWSS OF ERNWOM SYSTEM 

- 
In  reference [IJ it is possible t o  draw up fo r  the mechanism 

of Pig. (1 ) the dynamic model shown i n  Fig. (2 ) . In t h i s  dynamic 
model it is irssuraed thatr- 

I. The input angular velocity of the cam ehaft can be considered 
t o  be constant ( W =  constant). 

2. The damping characiari8tic is conaidered as a l inear  virBcou8 
damping. 

3. The backlash, s tar t ing  from the driving eleftrsnt up t o  the end 

of follower linkage can be neglected. 



Here m m represent the mas8 of kha follower and the 

mass of th~1camq~a8ured in the ql and q2 direction8 respectiively. 
The stiffness of the follower set io K 

9' 
the stif fnese of cam 

set is K . The damping of the followei is characterized by C . 
q  q.l 

The dacnPi&g of corn set is given by C . Refering to references 
q  

1 , 6 the transmission ratio is gidn by i = dy/dq2 whore y 
is the cain curve displacetl~snt. 

Referring to the lagrange's equations, the equation8 of motion 
based on a two degrees of freedom model Fig. (2) can be derived in 

tenas of the kinetic energy (T), potential energy (V)  urd dissip- 
ation function ( 0 ) .  Here *s 

the equations of #notion aZot 

and 

Znttoducing the parameter u as the deviation between the 
output and input motions 

u = q l -  Y 

The equation (5) becomes 



The prmit of arriving at an expreeeion in diPrenoionle8e 
Wiuaeters, l e t  ue introduce a number of definitioas: period of 
natural vibration of follower set: 

period of natural, vibratioa of cam set: 

The t h  ratio of  the follower set: 

The tiam ratio of the clpp s@t:- 

tan sBlrO - h / r c B  ......*rr.(13) 

Where h : etroke at cam, 5 conetat pitch radius arad 
B r c u  angle of rotation for maximum doll-r r im C71 . 

Inertia ratio 

Stiffness ratio 



Tkeref ore 

Where 

Introducing the following dimensionless plruaetters 

Quation (8) can be recast  as 
* 2 -+ (482 1 ) 3 +  ( 2 7 2  ) 2  U - - Y  ...........( 20) 

q1 q1 q1 

m the cam of cycloidi l  cam curve [7] u sham i n  Pig. (4) 

we have I 

Y* = 2 r s i n   KT 0 < ~4 1 ( t i e e  period) 

Where T2 is the kinre of dwell period. 

4 - ME- OF SOLUTION 

a. Solution Within The Rise Period 
In  the r i ee  period tl;re nonhemogenusua E q .  s solved num- 

e r i ca l ly  by using the Runge4utta method (taking AT a 0.01). since 
t h i s  method may be most reliable one f o r  dealing with vuciow typea 
of c- [8J. 

The numerical results f o r  various values of the  n0ndimnsi'ona.l 
parameters F,, and Fd are  shown i n  Figures. (6-23) A d  a lso  i n  
Tlblea (I ... .III) (See Appendix). 



b. Solution Wikhin Dwell Period 

In  this period the hemogenuous Eq. (22) can be solved exactly, 

and the solution is given by: 

U2 = edT [ U1 cos (BT) + C/B s i n  (BT) ] . . . . . . . . . . . (23 ) 
4 = eoAT [-(UIB +AC/B) sin ( B T ) + ( C y ) c o a  (BT) . . . . . . (24) 

and 

1 
2 2 - eWAT l ( B C - 2  UIAB - A ~ C / B )  s i n  (BT) -(2 AC-A Ul+UIB )cos(BT) 3 

Where, 

\ 
@ = U1 + UIA 

and 
\ 

U1, u1 a r e  final c o n d i t i o ~  a t  the  
numerical r e su l t s  f o r  various values of 
Pm,Q and Pa are  s h o w n  i n  Bigure (6-23) 
(See Appendix). 

end of rise period. The 
nondimenaional parameters 
and also i n  Tables (f..IXf) 

5. DISCUSS ION 

In  studying the sample curves of the posit ional and accelerat- 
ional  e r rors  i n  primary and residual regions, f o r  the two degrees 
of freedom simulated model of cam m e c h a n i s i n s ,  several  characterist-  
ics have been observed. 

1, Effect of Ine r t i a  Ratio F,: 

With regard t o  the primary postional e r ro r  (Ul), the e f f e c t  of 
cq on UI , f o r  d i f fe ren t  value8 of % is represented i n  Pip. (6.7 ) . 
Th& increasing of Zp caused a considerable decrease i n  the value 

U1. 
This is aprtdr f o r  a low a p e d  ( a) a la, -8 of cpn set, 

and a high torsional r i g i d i t y  of the can se t .  For the same P,, the 

r a t e  of decrease of U is r e l a t i ve ly  high f o r  va~.urr@ 02 1\(2 6 5. 
1 %! 



It can be noted also tha t  the increage of the mass r a t i o  causes 

an increase of the posit ional e r ror  U1. This is expectgd fob 

a l i g h t  weight of cam set and heavy weight of follower set .  For 
small values of Che MSS r a t i o  (Fm< 1 ) ;  the values of UL are san- 
s i t i v e  t o  the variations of Z and P,. 

q2 
U 

W i t h  regard t o  the p r h r y  accelerational e r ro r  (U1), the 
Q 

ef fec t  of Z on U1 f o r  various values of % is represented i n  
'4 

Pig. (8). F& sm11 values of (Fm< 1) the increase of Z is 
q2 followed by a decreasing of . It can be seen also tha t  the  + 

increase of the nuwe r a t i o  causes an increase of U1. For large 
values o f  \, it is noticed tha t  the increase of cawes  higher 

Q2 accelerational error ,  whatever the values of damping ratios. 

With the regard t o  the residual postional e r ro r  U2, it shown 
i n  Pig. (9) that tho increase of the MSS' x a t i ~  F~ i ts fo~oweci  by 
an i r a c r e ~ i n g  of the residual posit ional e t ro r  (UZ).  Also it can 
be seen tha t  the increasing of causes a decrease of U2 f o r  

4 
(Fm < 1) and an increase high v d e s  of maas r a t i o  i nc reu ing  
( Z ) causes increase U2* 

42 

w i t h  the regard t0 the residual acceleSationa1 e r rdr  %, aa 
shown i n  Fig. (1~3) generally inereatling P, i e  ioALrrweb by increas- 
ing oE UIB 8 It can be areen aLeo the increase of Z" ia f~l;towod 

'2 * '3 
by dearewlng of the % f o r  (F < I). For larger  val&e@ of the 

P 
mas. ra t io ,  it Been tha t  the h.4 is propotdona1 with i;l . Thia ex- 
pected f o r  heavy weight of follower e e t  and l i g h t  neigh8 af cam set. 

IT. Effect of Blexibi l i ty  u: 
W i t h  the regard t o  the primary positional e r ro r  ( U , ) ,  the cur- 

L 

ves of U1 against Z f o r  various values of s t i f fnes s  r a t i o  Fk Ca 
are plotted i n  Fig. tll) . Noting tha t  the increase of Fk is f o l l -  
owed by a decreasing of poflitional error  

U1. + With the regard t o  the primary accelerational e r ror  (U1), it 

can be noticed from Fjg. (12) tha t  the increase of Fk may be caused * a decreasing i n  the values of Ul. 



With the regard to the residual positional error (U2), the 

effect of Fk on U2 is represented in Figure (13). It can be 

seen that the residual positional error (UZ) is influenced by the 

variation of the stiffness ratio 5. 
B 

With the regard to the residual accelerational error (U2),Ule 
effect of the atiffneas ratio Fk on the U; ie presented in Pig. 

(14). It can be noticed that the increasing of the Fk decreases 

the values of U: for relatlve large value of '27 . 
92 

111. Effect of Damping Ratio (Fd): 

With the regard to the primary positional error Ul, the eff- 

ect of Pd on U1 is represented in figures (15, 16). It can be 

seen, that the influences of Fd on U1 are considerably small par- 

ticularly atrq equal unity, whilst the influence Pd on the 

value Ul is sig8ificant for Z > 1. It can be noted that the 
9 

inertia effect on the Ue vls vex$ si.gnifiiann in particularly for 

large Fm, whatever the values of damping ratio Fd Fag. (17)- 

% 
With the regard to the priaary accelerational error U18 it can 

be noticed from Fig. (18) that the increase of Fd nray be decreased 
the value of 3 particularly for the higher value. of Z For 

the heavy follower set it is noticed that the effect ofq2damping 

ratio Pd is considerably small Pig. (19). 

with the regard to the residual positional error U2, the eff- 
ect of Q on U2 is represented in Pig, (20). Z t  can be seen that 

the increase of Fd causes a decreasing in U2 within the region of 
intermediate values of For high values 05 P, the effect of 
damping ratio Fd on U2 considerably small a8 shown in Pig.(21), 

while the effect of Fd drs considerably smaJ.1 at = 1- 
92 

f 
With the regard to the residual accelerational error U2: 

Figure (22) indicated the relationship 3 and for varioh 

values og Fd. It can be seen that the increurin6 of Fd cause 

a decreasing of 3. Noting that, the effect of Pd m y  be ignored 

for high values of mass ratio as shown in Fig. (23). 



CONCLUSION 

It is evident that  the nondimensional parameters, of her- 
t i a ,  of f l ex ib i l i ty  and of damping have significant effects in 
the dynamic behavior of the cam ilarachanismsl. I n  the analysis oE 
primary and residual nondieocsneional errora of output motion of 
the two degree of f oedom siululated cv .mechanism, one deduces 
from the careputed results,  the following conclusions: 

1. The iner t ia  rat io,  i a  kept smalher as pomible t o  minimize 
the harmful iner t ia  effect  of the follower on the response. 

2. As the m a s s  moment of ine r t i a  of the cant s e t ,  decreases and 
as the torsional r igidi ty of the cam set increases, the dev- 
iation errors decrease. 

3. In order t o  dninrize the errors,  the f l ex ib i l i ty  ra t io  is kept 
sufficiently larger by the use of morelrigid componanta of the 
follower linkage. 

4. The assrumption that no dampirig of the simulated cia mechardarn 
exists, baa a significant effect  on the functional requirmenea 
ga~cicular ly  fo r  the amall nus8 ratio. 

5. Tkc3 noribenefical charnqer in Uae barric ~ ~ t e r 6  may lead t o  
unZavoulable effects i n  the funct&c)nal requirem(urte, oE t h  C ~ M  

PrecSrimSsmrr such a@ for example, when the mass ra t io  bee-8 
larger khan unity the values of aaoat exrora were found ta be 
pr6portional with the tima ra t io  0g the can s e t &  

6. Tke Ilaodel of the cam mecbanlorn iw two degree of freedcnn oyateaP 
providers sufficiently accurate result fo r  studying the dynamic 
behavior (the positional and accelerational errore) of a cam 
mechanism rather tkul the models given i n  references (1,2,3,4,5) 
as indicated i n  Figures (24). 
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Big (1) Diagrram of 2 UF Cam ~rechmxlara 

F i g  ( 2 )  Dynamic model of 2 DP System 
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[%,(I) =TGpl /FX(J ) /FH ( K )  ' I 



method. 

I 

alculation 09 Ure,U';eand 
during dwell period 

- 
Pig. (3 - b ) SUBKOU'SS l~id KUTA 
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Fig( 6 ") primary P ~ ~ i t i o n a ~  Error 



Fiq ( 7 + ) primary positional Error 











Fig I I 2  I Primary Accelerakional Error  





Fig ( 1 4  ) ~ e ~ i d u d l  Accelerational Error 
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f i g  ( 1 6 ) Primary Position4 E r r o r  
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) Primary Positional ~ r r o r  



Fig( 1 8 ) Primary Accelerationat Error 



Fig( 1 g ) Primary Accelcrational Error 





F ~ J  1 2 1 1 Residual Positional Error 







I P .  P . ?  ? P .  P ? 0 
0 0 0 0 0 0 ( 3 \  
O O O O O P W  0 . w  W 4 .+ U? W  I U1 



i i . .  o p o o o o p  1 1 %  . . .  



Table : (11) 

I 
OI 
a ) '  

'i4 : 



P P I P ? ?  r 


















