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ABSTRACT 

Computational algoritlm and various computer 

aided methods are now routinely being used in the 

d&ign of numerous kinds of engineering systems, 

subsystems and c ~mponents. T n p articular some of 

these computational methods perfam dynamic and 

on the comparative design analysis of such systetila 

possible. 
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Tlte role 0 f cams in modern mat hinery is of great 

import&ce. The contempnrary designer in the field - 
kinematics analysis of mechanisms. In this work an of machine aystctns centralization i s  faced with 

algorithm for the design and profile simulation of requirements for 'hcreascd sp ked and re1 i ab i lit y o I 

plate cams with flabface followers usitig standard operation. Sucl~ systems require it1 tricalc and 

precise positioning o f  the various elements 
can1 motions has been developed. The .developed 

throughout the cycle in a prescribed manner. One of 

algorithm computes the two critical design outp~~t  

parameters among. others namely; the prime circle 

radius and iollowar face width', and finally 

generates the cam coordinates for the cam profile 

being d4gned. The design algorithm developed in 

the various 11-tethods by which the. moving parts of  

such systems cou!cl be co~~trollcd is by tl~e use or 

various mecha~lically constrained systems one o! 

which is the can1 system, 

In can design, the motion of the can1 and its 

follower are normally prescribed. The designer 
his  work makes the design of cam systems less 

needs not only t o  select the type of cam- follower 

tedious, lherehy, making various extensive studies cornbinatio~~ required to produce those motions, b u ~  

also tile crifica\ diinknsions of both cam ~ I I I I  
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followerA The ,computer algorithm des.cribed ,in this ' P= Angular intqvals between stages of can1 angles . . 
work could be extended to provide considerabIe or follower motion; 

. . 
flexibility in the cl~oice of can1 and follower-typd' 

a$ well: . ps! their, . motions: mereby;, for a: given plate . Rise:_ 
cam and follower -type, the .me$o& when! adapted d;IFB Y =" i s  ); y =-rln- ; 
allnw .the user to :choose from differelit. 2 . ,  

H Zpm fl 
combinations of cq~n motions and follower motions. 

' L - # y =,cos- 
This is secn 'in works carried out on.the effect o f ,  zfi P 
design, parameters on cam profile (Sirnolowd-ah& 

Udoh, .2003) and the compuier aided design of cams . Return: 

sin - ; 
2P P - .  

2 . GFNETUL DESIGN MBTHOD-QLOGY - n ' ~  328 . 
y7i = --COS- 

e k ' ~  
In this- section;. the description of design procdures . 2P2 P (2)  

: for cam profiles is dope. for an arbitrarity selected 

cam h8ving the following design ~ritcria, . 

{i) Typ'e of cam:- PlanerlPlate cant 

( i i )  TYpeLof follower:F Reciprocating.Fl.at- Face 

. Fotlower. 

(iiQ Type of  cam motion:- Simple Harmonic 

Motion 

2.1 ~eneratioo of Pollowar Motion Curves 

First Dwell :- ( 0' - 200")or (0 - 1 W9 radians) 

Since,. at his stage, the follower dwells for lQd9 
I . '  

r a d i a ,  i.e; For 2 9 < 200°, Y=O thus, 

y=y'=y"=O . .  - 

(iv) Type of follower ,rnstlonir Dwell (0'-2004; 
, Rise I:- (200' - 280°+; (1 0d9 - 14d9 radians) 

Rise .(200°-2809; Dwell (28b " - 300 ") 
The values of Y, Y',>' are generated using 

Return (300'-3 60°).- .3 
equation (I) for 200 c 0 c 280' in st*s of 20'. 

(v) Maximum lift:- 9.57mm. 
p = Pod (the cam anglc'interval for the hse motion) 

The Simple Harmonic cam matian equation used in Second Dwell :- (2800 - 300') or (1 4nl9 - 1 9971 
. . . . 

explaining the cum design. procedure is ,given below radiani) 

(Slrigley and Miahke, 19$0) In the. equations listed . 

below; L= Maximum lift bn displacement graph for At thi8 stage the follower dwells for d9 rads. i .e, 
* I . .  ' I  . . r - 

follower motion ; 0 = Angles of cam rotation and ' f&r-2$0 << 0 < 300'; y = ~ .  tli& Y' Y"= 0 
. '  
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Retuna :-(300". 3GOU)or (151~/~-2nradians)- ..- . -, R-D-R bs considcred'in &&ion (2.1) in steps oT2W 

The Return cquation of  the Sinlplc.Hanmonic cam cam afigl&. 

l~lotion of sample study given is equation (2) above 

is applied at this stage. The values of Y, Y', and Y". ' 3. DEVELOPMENT OF COMPUTA- 

arc also generated for 300 ' < 8 < 360 TIONAL ALGORITHM 

p = GOU (the cam angle interval fo; the return- The cl~oice. of an appropriate high-level languag 

 nori ion) begins the proccss of de~lelopii~g a comp~~latio~~al 

algorithm for the dcsign and analysis o r  cams. Tllc 

FORTRAN,lBorse, 1 99 f),whs itlitially used to wrirc 

the program . algorithm while the C high-lcvcl 

, ianguage was later er~~ployed in the development or' 

a more versatile sofhvare (Simolo~vo, 2004) for thc 
I 

design .of cam profiles.' T11e i u n i m a j  of now cl~ati 

2.2 Determinntioa of  design output 

parameters 

Prime circIe radius (Ro) 

The equation for obtaining the prime circle radius is 

given as (shiglty & Uic kerr) ; 

- ....... Ro > (pmin - Y Y" min) .... .: i 3  1 
Y is that at Y" min obtained from the values 

gei~eratcd insection @ , I ) .  

Followcr face width (Fw) 

The equation for obtaining thg Follower face width 

is given as (shigley & Uicker); 

~ w b y ' r n a x -  Ymin .................. (4 b 

2.3 Generation of cnm coordinates 

The equations used for gen~rating . . . . .  .the cam . 

coordinates in all the stages of  the follower motion . . : . . .  ' 4 ,! 

are give11 bdow. 
: ., :* . .  . . 

u= (RotY) sin0 + Y'cos (0) ............... ( 5 )  

............... v= (Ro+Y) sin8 +Y' sin (8) (6) 

' 0  

These values of u and. v are .also calculated far all . . 

cam a~rgles (0) froy 0' - 360' for thk four stages D- 

fur the developed ptogram algo~.itl~~n L I S ~ I > ~  tI1c 

FQTRA-N ' language '(Olai~iyi , 1 9?7) is presented i 11 

the appendix, 

3.1 ' Program Divisions and Description 

The developed program algorithm is cat cgori zcd 

into three parts as explained below. 

(I) Input Design Ynltles 
F The input values for *the developed program 

includes; 

The can1 angle intervals bdsed on tile lypc or 

follower motion. These are represented by PI (firsi 

dwell motion); P2 (rise motion); P1 (second diwll 

motion); P4 (return motion). 

(i) ' ' Maximum didplacaneni (L) 
. . + ( i i ) .  Minim~mradiusofc~rv~ture(~,~i .)~ 
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' 2 '  - liaternnlly generated Vulues; 

'Tl~c ~alucs  computed and generated by thc program 

:~lgori thm ;consisrof.th~ foHbwins . - . . I ,  

( i )  Foll~wer ~ot!omprofil,e~. : . 
; (i i) Cam ge9,rnetry coord.ivale$ : 

l'hc follower motion prufi.16 .parmeters are the 

displacement (Y),  vcloci t y (Y') and aweleralion 

(Y !).. ,for -. all canr angle : inkrvals.,, These , are 

ctllculatod .based on ,wqtiqns (11, andh,,(.3}. Also 

applying equatigns .(S) and .1.(6.) -the cam profile 

desi ~ I I  coordinates. u,. Y a cgmp!ltqd and, generated -3 
Tor the f ind :@tting..af i the,-:inn~ geoqetry being 

designed. 

(3.1 The 0utpu.t design parametem 

These include the prime ci~b.,radius Rai and the 

rollower face width Fw,, and the Cam profile 

(geometry). Ro and Fw are determined using 

equations (3) and (4) where Y,,,. Ymi.7 y',,. ~ ' ' m h  

are *$elated, from values- gyerated interndly for the 

follower .motion profiles., The ; ~;im . mrdinates 

generated internally are plottq@ t@gi.vq $he geometry 

(profile) of the cam. 

3.2 program ~ e ~ i i & ~ .  . . . 
The seqr!mce of the program operations, is: 

-1 . Start with fmt c0m angle 0,for the first stage 

of fdower motion, : . 
2. Compute the values for Y, Y.', Y" from 

. equations (1 ) and (2) for the first stage of 

FQIIOW~I I ~ D ~ W I I .  

3. Determine Y'min.. Y 'mnx., Y"min 

-4.  Ci\c,uIyiq .lhe ne;u! cam augk Ikam step 1 . 

5. Coqputc-111s . . v y l r ~ g , f o r , Y , ~ Y ' .  YT' J~.CIIII 

equations (1) and ( 2 )  for the tlext sbgc of' 

Follower motion 

'6. Repeat steps 3-5 f0~,46$.~ . . 

~~~rnp.ute.&o.gnd.,~wus~geqwtiqns(3)and 

IdL4ii;. 

Cg,qpy~c~,cap .caaydiaatcs U ?nd V , wwg 18, ., . . ., < .. 

. qva~iqns  ($),and (.GI. . . 
' ,  

1 . -  ' - . - 

,3;3 . Swmplq Designs . . an4 $irnulations. : , 

ph,.this sw~ion. sm~ple.designg, are ca~ried oyt using 

the finally developed program. The plate can1 w i ~ h  

flat face follower described by the eight-order 

i ~ p p l p p i a l  Sam yotion is  hereby chosen arbil~xrily 

,,fay the sample sjp,ula~ions. Preseqted below are [he 

; . . fdllower p q ~ f i I ~ s  and, cam. angles c hasen. 

a .  ,Sample , desigq, . speci fications ( I ) 

. ,Folimer. motion;- Dwell , (0°-200"); Rise (200"- 

. 1 .  28O");,.Dwell (280'-. 300'); Return (300"-360 "), 

, (b) , Smplc d e s i y p ~ ~ i f i g i i q p s  (2) 

. , Follower .motiop;- iie (On-200"); Rcalrn, (200"- 

, , 3 6 0  . . . t t  

. (c):. ,: Sample.des,ign specifications.C31 

, ~ o l l o w p ~  mo$joq:- owell - Dwdl (00,- 200"): Rise 

- CZQO>.?l OO)i, Fejuv (21 0g36Q'i'). 

4. RESULTS PRESENTATION 

Sllniun in table (1 ) are the results obtained for tlle 

sample designs presented a b o v ~  tlsing the final 
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algorithm.developed. Tabi'w (2)-(4) and bgures (1 j- REFERENCES 

(6) are the results and profiles for the sample 

dasignd: 

5. CONCLUSION" , .  I 

The main objective of this work which is'to make 

(1) Shigley J,E. . and' Mishtie C,R, (1990): 

"Mechnnid, Endneering Workbook on 

- Mechanhms". McGraw Hill Book 

the procedure in cam desib less curnbeisbn~t ,and , _  a .  
. - 

faster has been-=achlekd. Ttil algorithmfor c a m  (2) Olaniyi M; 0. (1997): "Cam Design: 
.. ', 

develop4 in t h i m  nrr' if mio Xtrnlicahl~ tn o i t r  Appri3a~h": A. Bachalur of 

plate. cams kith .flat- .,.. .-..- .. 
*. 

extended in i$:uselto. inediuin'r~i&low'speed cams .  

However the hig~'spdd'  onm~'have'bekn ,designed 

Tor in tllis'wbrk. . 

. - jepartment . o l  
.Mechanicat" Engineering, University or 

(3) Borse G, J. (1991): "FORTRAN 77 md 

The dkkloprnktt of thk desig$4lg~i'ih lias:dBed NumQical ' MetH~ds -for Engineers'!. PWS 

the comm'enccm.ent oEcampzwaii& analpis of can , ., - i - . KENT Publishing Company, Boston. 

syslems thereby resulting in m6iq predictive dbsign . , ,' I. 

o~~ipots. Sample sirnhlatetl firdiles .hib cam design '(4). -'Udah' E. Mi (200f): "Computer Aidcc 

using the develop,e'd. compukr" 'blg6d thm !'and . -' . D&ign .of Cams" A Bachelor of Science 

application softv;r&ri: have ' been . generated : : aqd 

presented in this gaper as to show the extent of its 

design capsrbili ties. 

Project: -@pqtrneot of Mechanical 
< L 

" Engineering; .Uni'versi ty of Ihadan, Nigeria, 

This project carried buf''b80 h d e  'the procedures 

involved in' the design of an important systdm in ( 5 )  Simolowo 0, E. & Udoh (2003): "Effect of 
. ~ r . ~ '  

automobile industries appwiable. Complete Dohiign Parameter$ :+ ~ f i  Cam ' Profiled"' 

production and machinhi$' of *tht!"'k$~tn andL -its 

follower can be achieved by c i d i f &  6 9 ' 7 ~ 1 e r  

works in s h s s  analysis to'dete&nhbi tllk apprdpdate 

Nigeiian - ' Joumaf , of Engineering 

'Reearcb'arid Development, Vofttme I No.2 
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Table 1 : t ~ r i g h '  R&lu tdr SnnipY 'Ddpns 

Table 2: Design'hmIt$ for Sampie Idesigqs (I) 
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- JIgurk -:., t .  1: Motion gmfilcq . . : . .  rir sa&ple , . design (1) 
< .  . 
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Table 3: Design Results for SampIe designs (2) 

earn angle 

Figurc 3: Motion profiles for sample dcaign (2) 
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Figure 4: Cam profile for sample design (2) 
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Tnble 4: Design Results farBample designs (3) 
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Cam Angle 

Figure 5:- Motion Profilcs for Sample desigh 3, 

Figure 6: Cam Profile for Sample Design 3 
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STARS 

COMI*UlE 
Ro AND FI* 

Dl~lTkMlNIi  
Y'MAX. 
Y' MIN. 
Yu MIN 

- - 
- COMPU1.E: '\ 

_ I '  t)(O) AND V(O! 

*0+ 
f 

u.v,n : 

.YES 
4 

Figure 1: Main flow chart for cam design algorithm 
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