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A m  C o ~ ~  have made the patest  impact in the a d w u r m m t  and development of 
elmost all aspect of human endewour, particularly in the engineering field. In this mearch, effort is 
geared towads impruving the universal daigu and final m811ufa-g of commercial c a m  in many 
automotive and other related complmies around the wdd A software package for the d d g n  and 
profile simulation of plate cam with a possible choice of two h l l o ~  (RoUer and Flat-Face) using 
eight standard cam motions for over one brmdred and eighty-nine different followr profiles has been 
developed. The dewloped software provides Ce tools to anaiym critical aspcts of cam desigrr before 
physical prototyping or production of such cams and followers, t h d y  increasing their reliability and 
performance. The developed software does not only tett~we the tedium asociated with cam d&gn 
process but dso -At up dramatically thereby making tbe process of comparative design analysis 
and optimization easier and faster. 

The w e d  objective of this w r k  is to assist mm designm sad manufacturers dcsign cams in 
Im time by developing a Compuber-Aided Design (CAD) wham package that muId be used for 
better dbgn andysis; and to genera& good cam profile having smooth dynamics at their operating 
speak. The required versatility and flexibiIity in the design of cam system due to the different types 
of cams, foUowers, followr pmfila and cam motions in 6stmc.e underlia the need for the 
development of application software to handle rheir We, mdysis end simulation. It is in this m t a x t  
that the present mmrch wrk has bban mdertakm. The &ware haloped for the design of cam in 
this mar& work has overcome d l e  problems in cam dssign as various profils can be synthesized 
and ttsted within s m d s  during the design taui manufactming stages respectiveIy. 

Works have been done in almost all azspecto dating to cam systems since their invention and 
intrnduction into the engineering world Some of these wrks indude; computational approach to 
profile generation of planar csm rnechnkm [l]; object oriented cam e g n  &rough internet [2]; 
prome simulation mffware for ttigonomeik and polynomial cams design, [3]; the development of an 
analysis-intensive ~~0 for improved cams systms dssigu [4]; &grt and simulation algorithm for 
cam analysis [S]; synthd of inertidly ~ornpmsated variab19-sped c a m  [6]; dynamidly 
compmsaed cams for rigid forces [7] 

Design Steps and Manrrfachriag Criteria for Cam Systems 

Cam have been said, over the y m  to be easy to design but hard to make [S]. This is because 
various tes~s must be canid out on the cam systems at the manufacturing stage befbre their final 
production; one of such b the profile test for disconhuity. This tprst involves the generation of several 
profile9 of a particular cam (using various input design criteria) so as to see if there are dismntinuities 
in their p m f i k  Synthesized cam systams with noticed discontinuities on the profiles of higher 
derivatives of motion such as aderation will be indqute for high-speed operations bucause of 
multiw high vibrations. Thus the pracess of desigping prototyping and manufacturing an adequate 
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c a m w i l l ~ ~ e a ~ ~ ~ ~ I ~ b i f ~ ~ p ~ w b ~ b ~ f c r p e a t d d l y d u r i n g t f i a  
of tsst for *pi@. 

The design rnmbidotl d d a d  in this wu& cows plate cam with twrr Mower typm (flabface 
and r o h x  one f o l I o ~ 4 h m  oPtput motion, ei@ d n  segments &$ ~gl l t  cstrl mbm This 
m e n a s t h a t f o r t b s p I a t e c m , a r r p o f l h b t m f o ~ ~ b e ~  Abfaranyofthehliowm 
ososstt b r d p r w & g ~ ~ o u p t i s ~ ~ d s s i g n .  R t ~ f o r t h e f o U o w -  
~outputmotionatmyofthsmOtio11~between~~tmbssefslctedfor~gn.Tbe 
desigaddce tinftv m&withbsboio8Ofanyofbieei&tc&tn naotioPs fbr edofthedected 
d o n s a g e ~ e n ~ s .  'Ihisgivssal x 2 x  l x 8 ~ 8 ( i . a 1 2 8 ) d e s i ~ a m b ~ ~ ~ .  

The dtsQp of pS&o cam using flat-fwe followw am d t d  in six steps. (i) ObW3ng &put 
sps#p&: The input paramaters nawmy fw Wgn me &e*lbw3r digpIacaent profile; type of 
cam motion; dm lift value (L); dm cam mgle(0) ; the immmt of mm (B) CaIc~yWpg dues  of 
fin(s10w 1+phmrM md tkir dsn'wtivts: T h m  valw are the value of dispiucement (y), velocity 

md acdmafion fl The Mowat displacemeatst and dehiwdivm ate &bind for the diffemt 
c a m m o t i a m s u s i n g ~ m m ~ a ~ ~ T b e ~ ~ ~  thein-t, thebetterthew 
ovlerali desi8ps. [ r i i ) ~ ~ i m M m m r m d i w m i m m  whaofy, y',yw. Thm minimum and 
trraxitrmm p m m m  are used ?o &tab the prime circle radius &) and foUower fhm width (F,). (iv) 
l W m d n g  h e  wZwjbrprlllt8 &ik d u b  andfllowsr* w m :  'I[lw prime circle &us Ro and 
Eollowx face width Fw am calwIared. (v) W- tk ~aplo coodmm: tbe rectangular c o a m  
of the a n  pm6le a ~ e  gemmtd, (vi) PForrSrqg gene& whs of jWower molfons a d  cam 
&natgs. The pmmmtm y, y', f m p W  spinst cam an@ to prodwe L e  followr motion 
mes, ~ e t h e r a e ~ a n g t l l a r ~ ( u ~ ~ )  akplottedto @veth~cmpdda 

&putions l ( a ) - @ ) d q a ) - @ @ ) a r e h f o t m g y ,  yaandy"hrthe345 and4-5-6-7 
Folymmird am mtbu mgmaively [I 31. Other uam moths handled by the developed software arc 
cycfoid, Simple maWed hmmnic, double hatmanic. m d h d  aapewidet, 4-54-7 
Folyaomid and 8' ortk Polynodd P, 4,5,8,9,1q. 
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WdariPg the lroiler foil- @n, L e  MC g m d c  param- needed as ioputloutput 
valuers am PmBm mde +* Rfma d e  d u s  & Mu9 of tb mUw f 0 U 0 ~  I&. and Q m  
umdhatm y v. A l l ~ ~ ~ a r a c r h c u l a t b d w i t h ~ ~ 1 ~ 7 , 8 , P ,  10 and 11 twpaerively. 
Where ~t is the d c h y  md is the rHirdmum rudiw of amarm fbr cam profile. 
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The stnrcture of the =bare algorithm (Fig I) was implemented wing the Visual Basic 
(13) f ~ r s e t t i P g u p f h e m ~ 1 ~ u a t a d p e r & ~ o 0 m ~ o m T l w 3  ~and2'h~mode1swere&~meraosd 
using VB wbile the B x d  aras d in p d u k  life scale pro&les. The fa!lowhg are distinct feature 
of developed softwslw wben c m p d  with ohm. (i) Ability to design for both rothmal and linear 
follower mtim derivative3 for simulations ~~ (ii) %gmmt by wpent  applicaiion of limidcws 
& o h  ofincmmmt in wating cam and Mbwer profilm d calculation of other d & p  ~~ 
This mtms it h m l e  to vsry he i n m e m b  d within the & h t  segments* @i) Gmemion of 
2'h D mode! ofdl catns Pw he flat-fw bbwu option, (iv) D i d  barca t ion  of diffarant motion 
~ ~ ~ ~ g ~ ~ l l t l l p r o ~ e a s s h o ~ i n ~ s h o t a ( v ~ t i m i d ~ & i c e o f d ~  
i a ~ i r r g m ~ ~ a ~ d ~ ~ ~ l e d p r o P i l c s ~ i n , ~ e u l a t l n g d l d e s i g r r ~  

Softwam AppJialon and RtenlEs 

The software was applied in Wghg a four -ted d o n  (dwell-ridwell-return) €or fiat-face 
follower (F~gs. 2aad 3). The roller a n  pMle was a h  M ~ e d  for a 6+xgmentd motion (Fig. 4). The 
&ts &abed k g  tha d w a r e  compared hwm&Iy widr those from litemtam with standard 
deviations ranging behveen 2.25% and 1,50%, The ~ ~ s p s  appearing in figure 3 is eliminated at life size 
scale and by change of cam m#es and in-t 
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Piguru 3 : 2 D @cs display of cam profile fur 4-segment motion (flat-face followor) 
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A Conrpdm-Aided Design (CAD) p c k q p  W can be 4 to a t ~ &  cam & ~ ~ E N S  and manufacturws 
h d e s i g n i n g u m r s i n l ~ ~ h a s b ~ ~ ~ i s ~ f E g u r a d t o g i v e b e t t w M p  
analysis nad to gaiwate p d e s  tbat finally mwge to &md cams having smwth dynsmiw at their 
o p m b g  spds,  The mmy design ~~ mpetiion of cal&uns mupled with plotting of 
h u n W  of catll mad IbIhwur prome points involved in cam wms dssigp hes justified the 4 fur 

adtfije#43ofmmdard 
tri&onomt~ic a u d p o ~ m i s l  mm Amctiolls in !simulhrt$&e hbwr dea idw;  deeernaitliag 
the f d f m  and uun de&gn parametars; -8 the cant eoodnsta; and finally drawing the 
Mowm motions and m p d l e s  
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