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ABSTRACT 
This paper dismses the development of unique so#ware for the daign of variolrs cam 
profiles for she plate cam operating a jlaf face follower. lXe method employed in this 
wark is f h d  of generating geometrical cam coordinates using standard cam motions, 
thereby avoiding the problem of undercurring rmulringfiom gra~hicul layout metho& 
for simiZar cam and foiIower w. Determination of critical desigh ditput parameters 
were carried out by the deveIoped s o j k r e  compurational algorithm. The so jhme 
was validated by using if to simuiu~e a number of srandard cases. For ;he standard 
case having the f i l l~wer  projfe Dwell Q O @ ) - R ~ ~  (28O@)-Dwell(30~)-~eturn'(36$) 
and perfoFming cycloid rise and return motions, the prime circle radius for the cam 
projilrytd the face widrh of the follower were cnlculoted as 55.72mm and 33.76mm 
while -;he maximum and minimum follower velocities were 13.70 m m / d  and -1 0.2 7 
mm/rad respecrively. Thee values, as well as those obicained for other slundard cases 
simulated, were found to be in agreement with earlier works done in this area of 
research 
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r n O D U C T I O N  
Zll myry cnginztrii~g applications and operations the production qf a prescribed motion to carry out specific 
opntions is  of primary importance. A cam m c c k m  is a device n.hose function is to produce. b!. means 
of a contoured can surface. a pre~~ribed motion of the output Id of the Idage. called the Fotlo~~tr. Cmls 
are used in m y  machines as \yell as reciprocating cnghcs. compressors. md rotatins machinery and in 
many other applications. One of the problem encountrirrd in im design. is that of the large number of 
d a i g  options due to the \-asious types of wns. fotl~vers and cam motions a~.ailable. An invaluable 
mntribution to the dzsign of cam profile design has therefore been mde  in this work bt. da-ellopins C.AD 
soft\~";tre capable of gnenthg urn profils for difkrent ~ p c s  of follower mot ions and c k  motions for tbz 
phtz cam and flat face foilo\ver, niis work has tnurwtd from earlier Wrb tfir artas of d!aa~nic 
analysis of cam qxtrrns (Hamilton and fed. 1978: Tear d hhthav. 1976: b k w j .  1980: Robert. 1987):. 
force and torque analysis (Virgil. 1965.): can profile design (Shigiq. 1995: Olmiyi. 1997 Lrdoh. 10[11). 
The standard follo\ser displacement profiles considered in this ~liorbt arc: (i) D\\eU-Rise-D\vell-Return (D- 
R-D-R) lii) Rise-Return-he (R-R-R) (iii) Di~eIf-Rk-Return [D-R-U) ( iv) Rise-D\ivsll-Rznl rn (R-D-R). 
fhs standard cslm motion equations used in this w ~ r k  art those which addres most high s@ cam motioa 
requirements IS ~.1998.).Thz cam motions are pairs of rise and return motions. They are simple ?! hrmoaic motion ( HMI. qtloid motioa. ;-I-5 polyonbl motion and eight order pol!nomial motion. The 

concern in this work is the development of a computer-hd m d d  for tbz design of~geomztrial 
sbpzs of cams for various desigu options 3s SPZCW by the re!mmt design criteria. 

CAhl DESIGN: M.QTHF.MATICAL PROCEDURE 
The design of w n  profiles for the combhrioas coasidzrzd in this work entails: (3 stmaara cam motions 
(iil d s i g  output parameters. 

Standard Cam Motions 
The rlisphccmmt prome of thr: foUoi\-cr aud its deri'~-ativ= y. and !-I1 with respect to the spwiiied cam 

0 at an>* point of rotation for the considered cam motions in this \\*ark \\-ere calculated as folfows: 
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Iii) Cydoid - Motion 

Y=L(;-& sin - 7 ) 
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FALL: ........... (4b1 

y = h[l - 1.631 1 ($1 1.78O55($Y + 1060($1 - 6.81791[+] + 2.56095(:1] 

Where LP maximum lift for disphment of fallowee; 8=mgles of cam rotation; /3= angular intepals 
between s t a g e  of cam angles. 

DetermInadon of Output Dmigu Parametem 
A schematic of the mlysed carn and follower at point of matact is show bif&ure I .  % (the Prime circle 
radius) is the radius of the smallest circle drawn with center at the cam ro $* ilon axis and tangent to the pitch 
curve. C denotes the i n s o m s  center of curvature while the radius of curvature corresponding to the 
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Proflla Simulation Sonware for Trigoromctric attd Polynomial r e ~ a s  Duign 

ounant oolllad point is shown as p. ~maidimLes of Lhc ccnlaol p i n l  in a coordlnalc syslsm allachal Lo 
Lhs a m  are depicled as u, v. The distance or travel ol i l ~ e  poi111 of conkel eidier side of ihe cam rolalion 
oentw is given as s while s is o f f .  pf the follower rucc and 8 is the anglc of cam rolaiion. Thc displacanenl 
of follower is y and r is  thedistance of he inslantaneuus mbr or curvature LO the can1 calw. 

Prime Circle Radius (Ro) 
Baaed on works done earlier (Andrezej, 1980; Hamilton, 1991 ; Sliglcy, 1980.) we can wrilc a Imp closure 
equation wing vcetm shown in F i m l .  Equation (5) mulling from (he wmplcx analysis of the vectors has 
been-& in =timating rhe values of  Ro. ......................... Ro > (pmin - Y- Y" )lira%. ,151 

Pace width 
The Face widB of the flat lihce ioltower is JRterrni~lwi b d  on qua l ia~~  (6), which is oblaind rro111 atlotl~cr 
loop cioswe equation analysis of figm 1 (Shigley, I Iamilton and Andmej) 

Face Width > T (inax] - Y' (min) ............ (6) 

Coordinatei of .Cam Pro* 
Coftsideting Figure 1 again and using complex polar-notations we Gail  write. anotl~er Imlxlosure equalio~~ 
udng the vectors u and v (Hamilton, Shiglq, t 9801, To obtain equation 7a and 7b below 

u = (Rwl-Y) sin0 +Y'cos(O) ........... .7a 

v=(Roi-Y)aB -Ysin(O) ............. 7b 
Equations 7a and 7b are Lho equations used to gemrate the profile or gmn~elry oflkelam. Values of u and v 
m t d  for variws cam angles (0) are plolted as cmdinatm against each o t k .  The values of y and y' in 
equations 7a aml7b are obhined from lbe. specified shndad cam mdions as listed in equations 14. 

DEVELPEMENT OF SIMULATION SOFTWARE 
Sohare  Structure n d  Capability 
The CIC* high-iwd language was used in the development or ihk saflware codes. This language was 
chaeen because it is well-struckwed and widely used in complex graphics display. 11 also has a powerrul and 
vatied repertoire of operations (Daviea & Roboham, 1991). It is also widely used in sonware development. 
The soflware has the capability of gmating various types or cam proli les for a selection rn~nbil~alion 
(txlx.2~4) i.e. one cam type, one follower t jpq four fdlower moiions, and Tour cam nlotions Tor the 
specified follower displacement profile as discussed in inlroduclion. The sonware has as ils outputs design 
detait the Brim circle radius (RJ, follower face width (Fa m i m u m  velocity of  lbllower (Y) max and 
minimum velocity or foflowa motlorn (Y') min for every can1 profile designed. Thus, all rl~e necessary 
parameters for the desfgn of a chosen can1 are generaled by designers to accai~plisli diITeren1 tasks. 

Imprwed Featurn ofDwdopd Sobare  
The featurn of h e  developsd sunware thar makcs it peculiar il~clude (i) the distinct graphics denlarcation or 
different m d o n  segmsats on every generated cam profib as shown in screen shots 1-3. This makes for easy 
correction and re-design of the sfleclcd segments that can be easily identified. (ii) Tlie ability lo resire very 
large profiles and tllsrsby m e h  the scaled profile visible on the computer interface. Thve features among 
others makes Lhe developed soitware more extensive in dcsign analysa, syl~lhesis and sin'datiot~ based on 
its ability to give pmiss scgmcnt defects such cursp and carry out fsstu. a q r e  accurate radcrign 
p d k  based on graphics distinction for each segment. 

Olperatlonal Sequeace of Software Algorithm 
T)re qmationd quwtce of t)le arithmetic a lgor ih  used Tor design calculations and proIile generatios1 
based on the flow chart of the overall softw&re'algorithm in .figure 2 are prmted blow.  
1. Declaration of various header film to be used in complete sonware algorithm. 
2. IniMimtions of mad= for visual profile simulation display. 
3. Calculations of diplacementa and its derivaliws in Ilia arresponding displaa~lent- time profile Ior 

evay csm profile degign using equations 1 d b .  
4. Determination of minimum and maximum values of velocity, acceleration and displacement values. 
5.- Calculation of output design parametws such as Face width (F,), and Prime circl8 radius (RJ using 

equatiom 5 and 6. 
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6. The transfa of mult from one part of the program to other part of the program 'used as input for 
Wcr catculations. 

7. Calcuhtims and plotting of cak cmrdinatc~ u and v for dl h8ower and cam motion equations using 
equations 7% and 7b. 

8. Estimation df cam prorie size compared with the: display screen and scaling down to fit into ween.  

SAMPLE SIMULATIONS AND RESULTS. 
Three sample cam profiles were simulated using the deveIoped sohare. The simulations comprise of the 
thee cam motions and fallowcr profiles. Presented in this section are the specifications fat the input design 
parameters for the sample simulations. Thu maximum follower displacement (lift) of 9.57mm and typical 
v8lua of minimum radius of curvature @min) between 5.00mm- 6.00mm were used in the sample 
simufations. Shots 1-3 show the output design screens for the sample simulations and figures 3-5 gives the 
motion pro files for follower displacements and h i t  derivatives for the simulated profiles. 

1 
Sample Earn pto&e 1 
The first sample cam profile has the following specifications. ( I )  Follower motion: Dwell - Rise -Dwell - 
Return ID-R-D-R). (2) Cam motion: cycloid. (3) Cam specifications; (i) Dwell: 0'-200'. ( i i )  Rise: 200'- 
280" (iii) Dwell: 280' -300'. (iv) Return: 300" -566. 

Sample cam prome 2 
The design specifications far the smnd case study sample' profile are as follows ( I )  Follower motion: Rise- 
Return (R- R). (2) Cam motion: Simple harmonic motion (S. H.M). (3) Cam angle speei fiations; (i) Rise: O0- 
loob. (ii) Return: 1 00' -360a. 

Sample cam profle 3 
The fifth sample am profile has the following specifications, (1) Follower motion: Dwell Rise -Return (R- 
R). (2) Cam motion: cycloid. (3) Cam specifications; (i) Rise: 0" -12P . (ii) Return: 120" -360'. Shown in 
table 1 are the output design parameters for the sample profiles simulated. Screen shots 1-3 also shows the 
output seremu of the developed software for the sample designs carried out while figures 3-5 are the 
follower motion profiles for the simulated cams. In all the screen shots, Ihe different cam angular segments 
are depicted in different colours. Screen shot (1) shows four colour demarcations for dwell-rise-dwelbretrrrn 
displacement profile of sample simulation 1,  while screen shots 2 and 3 have two distinct colour 
demarcations depicting the rise-return displac~ment profile. Also, shown at the top right corners are the 
deign summaries of the profile being generatd. On the top laA corner are the cam angla used in the profile 
simulation and presented bdow are the output parameters used in the actual manufacture of the cam and 
follower components. 

cowctusx0~- 
In this work, the tasks of designing and manufacturing pIanar cam-follower systems have been improved by 
developing a computer-aided design soffware package configured to generate more accurate cam profiles 
while reducing the long time and tedium sssociated with such design prq&tes. The package has been 
developed from the fundamental stages of software development, namely, the use of high-level languages 
and soAware packaging techiqw. The software has ability to design cam profiles for plate cams and flat 
face followers using the Cycloid, Simple Harmonic, Potynomial and eight- order-poly mmial c m  motions. 
The foIiower displacwnent profile that ~ n r n  be handled by the software are Dwell-RiscDweli-Return ID-R- 
D-R); Rise-Return (R-R); Rise-Dwell-Return (R-D-R); DweU-Rise-Retum @-R-R). Numerous cam angular 
intervals muId also be specified in the software design for each the follower motions listed above. Finally 
the software has rhe additional ability to produce, as output, the cam profile ur geometry, the follower face 
width, prime circle radius, maximum and minimum velocity of follower. All these output parameters are 
employed in the &sign and ultimately in the manufacture of the follower and the cam 
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Sample Simulation Input Design Parameters 

SimuIalioa 1 

. ~ l r n a x  = 8.6 1 rnrnlrad 
~ ' m i n  = -3.3 1 rnmlrad 

Fig- 1: Can1 at point of coiltact wjtll follower 
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Figure2: Flow Chart of Algorithm fbr Devefoped Software 
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