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ASST RACT 

In the process of generating a cam proflle, input parameters such as lift, 
maximum allowable pressure angle, eccentricity and rdlpr-.radius are 
subjected b varhtlons. These variatbns are done in ordh to arrive at 
optimum output design parameters, cam profiles and ultimately optimum cam 
design. A computer aided analysis of cam p f i I es  with eight - order - 
polynornlal motion uslng a roller follower and having a Dwell - Rise - Return. 
displacement profile has therefore being carried out In this work. The 
analysis, in a similar procedure, .is also applicable b-carn profiles with 
difFerent standard cam motions, followers, displacement profiles and cam 
abg7ss. The followers l i f t ,  maximum allowable pressure angle, eccentricity 
and roller radius were varied within and outside design limits and their effects 
analysed on the generated cam profiles and other design parameters. 
Optimum values for the parameters mnsldeted were obtained from the result 
of the variation analysis, while characterlstlc changes were also observed 
from Ihe generated cam prafiles. . . 
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Over the years, cam mechanisms have always 
played important roles in the synchronization, control 
and timing sf various engineering systems, of whlch 
Vls internal combustion engine Is one of the 
prominent areas of application. This work is based 
on studies that have been wnducted In distant past 
and m n t  years on the design of cam mechanisms 
(Virgil, 1965; Tessar et ai, 1976 : Oledzki, 1980; 
Shiley d al, 1990). These earlier works have 
shown that the design, synthesis and analysis of 
cam systems Involve many sbps, calculatbns, 
brations and variation of parameters to arrive at . 
optlmum design., ,L 

--L 
An invaluable input to cam design and analysis 

has been made in this work by developing a 
computer aided method of tlestgning and analyzing 
cam pmfil?s (Olaniyi, 1997; Udoh, 2001) based on 
some of the standard equations developed earlier on 
(Shigley et al, 1905). Though the computer method 
developed is capable of analyzing designs for 
different displacement profiles, the analysis far the 
eight - order poIynomial motion with Dwell-Rise- 

Dwell-Return (D-R-b-R) displacement profile using 
the reciprocating roller follower 1.9 here presented. 

Various parameters Such as lift, maximum 
allowable pressure angle, eccentricity and roller 
radius are inputted into the computer prbgram that 
generates cam profiles and their effects ,on sjrch 
pmflles are observc<M~th the aim of bbtaining 
optimum design values. 

2.0 OVERVIEW DESIGN ME THO DO LOG^ FOR 
CAM PROFILES 

The procedures to be followed in the design of cams 
with roller follower describing the eight order 
po.lyncmial motlon are: 

I .  Evaluation of the follower motlon derivatives 
for various values of tarn rdtatronar angles 0 

II. Generation of varying pressure angles @. 
Ill Choice of maxlmum @ressure angle @,, 

and the deterrninatlon of Prime Circle pdius 
R* 

IV. Generation of varying radii of cunratuw. 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



NJERD, Vol. 2, No. 2,2003 

V Determination of maxmurn allowable radius 2.2 Genedon of Varying Preesure Angles 
of follower. 

W1.t Generation of coordinates of the cam of the The pressure angle, Q (as shown in Fig 1) is given 
cam prome u and v. by ( Shigley at al, 1995) 

VII . Plotting of cam profile. 
o = tan " (y' - E)I((R,Z . E?) )  * y)) ...( 7) 

2.1 . Evaluation of the F o l l m r  Motlon 
Derlvatfves 

The equations for the displacement y, Rrst and 
- w . n d  derivatives y' and y" of the eight wder 

' &lynomhl motion are as follows. For full rise 
moHon: 

For full return.motion: 

Y = L[l .ObOOO - 2.6341 5 ( 0 i ~ ) ~  + 2.78055(81~)~ * 

y l=  U 5.2683(81@) - 3.90275(&~)'* 

t g.02360(Q/p)~ + 48.14565(81p)~ - 20.48760(81p)'] 

- ...( 5) 

y" = up2[5.2~s30 - 56. I qo(wj31~ - 95.1 i800(eq)~+ 

2~8.6739(~lfi))s-143.4132O(W61p)~ ...( 6) 

In equations (I) - (6) given above 

Fig. I: Cam and rolier follower at the point of contact 

However. the conservaWe approach in which 
bere is no eecentrlcity as recommended also by 
Shigky and Uicker is used in the generation of the 
pressure angks and ia given as 

@ = tan *! ((yg)l(& + y)) 

2.3 Choice of Maximum Pressure Angle CD and 
the Determination of The Prime Circle Radius 

The maximum allowable p&~ure angle d& is 
between 25' - 30' for the roller foilower in order to 
avoid excessive friction, jamming of h e  followerand 
self - locking ( Shigley et al, 1995). However in b e  
mume of this work, the equations inferred from 
Equation (8) above and useti for determining the 
maximum pressure angle @,, and prime circle 
radius % are given below: 

Giving R, = ( y ' d t a n  @, ) 

where in Equations (7) - (103, E = eccentricity, y' , 
5 maximum velocity 

L = maximum lift on dlsplacernent profile for follower 2.4 Generation of Varying Radii of Curvature 
motion 
p =Angular infervab between stages of cam angles The radius of curvature of the cam profile at any 
or folbwer'motions. point is given by: 
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[(Ro + y12 + (y')"] I [ fRo + y12 + 2(y1)' + (Ro + y) yH] maximum praoticabb value, which is 30 - 35 
. .. ...( 1 I )  degrees. 

This equatbn 'is used to &culate the radius of 
curvature at each of the 360' during the rotauon. 

. .. '- 

2.5 ~etamlnatiin rf Maximum Allowable Radlus 
of Rdller Follower 

~he%radlus of the followaf Is chosen In such a 
way tha! it is at no time ,equal or greater than the 
absolute minimum value of the radlus of curvature 
of cam profile. Hence, the Input radius should be 
less than R,, given in Eqn. (12). 

where R, = maximum allowable roller radius. This 
value af R, will avoid cusps or points on the profile 
and imperfect closure of cam profile. . 'is 
minimum radius o-ature of cam profile. 

, ."- 
2.8 Genetation of The Cam Profile Coordlnatea 

The reetanguhr coordinates, u and v of the cam 
profile of a plate cam with reciprocating roller 
follower is given by: 

u = ( ( R O ~  - E*) + y)sin 0 + ~cos  0 + R - sin (+ 8) . . . (13) 

3.0 METHOD OF ANALYSIS 

A computer program was developed using an" 
ideal high-level tanguage (Jesse, 1997) for analyzing 
the effect of the design parameters on cam profiles. 
The variation of the cam profile design parametem la 
such that as one parameter is varied, others are 
kept donstant During the variation af the lift, 
maximum allowable pressure angle. eccentridty and 
rdler radlus, the prlme circle radius am not imputed ., 
but the pmgra?. leulates h, so that the 
oonMbution of the., %J r paramehm on the prime 
circle radius circle are investigated. 

The eccentrlcity:'fha-ntricity is varied in steps 
of 5mm from 0 to l0nl.h. These values are below 
the maximum dictatect'by tiie factor (R,- E' ) In the 
coordinate equations (1 3) and (1 4). 

The roller radius: The roller radius is varied from 
ldmm to 38mh and 45mm. The value i4mm is far 
below the value- suggested. by the program, 38 is 
within desun limits while 45mm Is beyond design 
limits. The efhct and wntribution are observed and 
docwsn@d. . . .  ? 

4.1 Variation of Llft,. . % .  ,: 

,. ..I 
Effect on Cam Profile: The higher the lift, the'bibger- 
the profite as evident in the increase. of ha' prime 
circle radius. Variation of the lift does not inV6dbce 
cusps, undercutting and incomplete closure. These 
profiles are shown In Fig. 2. 

Effects on other Output Parameters: When the Ift 
was inrxeasud from 10mm to 2Omm, the maxlmum 
velocity and acceleration increased h m  
16.965mrrrlrad to ?2.7365mmlrad and from 
47.9824rnmlrad to B 5 . 9 6 4 8 r n ~ ~  respectively 
whib the prime circle radius increased from 
36.38180mm io 72.73650mm. It can therefore be 
deduced that the lift exhibits linear and proprtional 
relationship with the displacements, velocities, 
accelerations, and prime .circle radii. Also, the 
increase .in Ilft caused the maxlrnum radius of 
curvature to h e  from 1183.32mm to 2356.64rnm 
while the suggested roller radius increased from 
16.7817mm to 39.5635mm. M can therefore be 
further deduced that the lift varies proportionally to 
the radius of curvature and the suggested maximum 
roller radius. However, this variation does not affect 
the generated .maximum and minimum pressure 
angles. The results for the analysis are presented in 
Table I. ' 

4.2 VarIatlon of Inputed Maxlmurn Allowable 
Pressure angle (@,) 

Lift variation: The lift is arbitrarily varied from 20mm Effect on Cam Proflle: Increasing the maxlmum 
to 10mm in .steps of 5mm and its effects on other attainable pressure angle causes the appearance of 
design parameters are observed and documented, cusps; and irregularities on the profite makes the 

profib smaller. These cusps and irregularities are 
The inputed marlmum allowable pressure angle: removed and profile made bigger as the preeure 
This parameter is varied from 30 to 20 degrees in angle is decreased. Tese  effects are illustrated in 
steps of 5 degrees; the variation is below the Fig. 3. 
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Table. 1: Effect of Uft on cam design output parqmeters 

* k $.. ! . . 
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Figure 3: ERect~ofWariatioWof~M'axiinud PdssssuntAngle 
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Sobare  Output Screen Shot 3: Output cam pmfile for sample design 3 

Fig. 3: Motion Profiles for Sample Design 1 
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Pig. 4: Motion Profiles Tor Sample Design 2 

Fig.5: Motion Profiles kr Sample Design 3 UNIV
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Figure 4: Effect of Variation of Eccentricity 
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I EXF3: CAM PROFILE I 
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Figure 5: Effect of Variation of Roller Radius 
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Effect on Other Parametem: The prime circle 
radius R, displays a proportional relationship with 
the maximum allowable pressure angles (increasing 
cP,& from 20' - 30' causes R, to decrease from 
83.225mm ta 58.768Qmm). The.radii of curvature 
aud gknerated prprsrswe angles also changed from 
2366.Wmm -tax '808.3671~1 'and from 18.3853 to 
26,52820 retspbctlvelg: Thesq results are presented 
in Table 2. I .  

4.3 Varlatton df Eccentricity (r) 
.. ' 

Effed on Cam Profile: Increase the eccentkity 
causes.$ha, profile to decrease in the negative x- 
direction and increase in the other dlmctions. The 
emntriclty should not be i n v a e s  above the 
prime circle radius h u s e  'of the ( R O ~  - E') ' term 
in the coordinate equation. Exceding this limft will 
physically Imply that the follower goes beyond the 
m m  proflle. The program does not allow this 
situation. This is shown In Fig. 4. 

Effect on Other Output Parameters: .Varying the 
-ntriclty has effect on anty the values of u and v 
mrdlnates and hence on only the profile. The 
~r lat ion does not have df~cts on other output 
parameters as shown in Table 3. 

4.4 Vatlation of Rolbr Radius 

Effecb on Cam Proflte: lncrsaslng the roller radius 
decreases the s b  of the profile and causes the 
appearance of cusps, irregularities and Incomplete 
ctosure, Dacr~aslng the roller radius makes the 
profile bigger and the shape more reflned. These 
effects are evident in Fig. 5. 

Effects on Other Output Paramet6m: Varying the 
rolter radius has effect on onty the u and v 
eoordlnates, hence only on the prole. The variation 
does not have effect on other parameters as shown 
on Table 4. 

6.0 CONCLUSION AND RECOMMENDATIONS 

The main objectives of this work, which is he  
computer aided analysis of four design parameters 
namely; lift, maximum allowable pressure, angle 
eccentrlclty and roller Fadius for piate cams with 
eightdrder polynomial follower motion, has been 
achieved. The results of analysts show bat 
variatlon of the four parameters with111 and oulside 
design limits produced notable changes on the 
genemted cam profile. 

The cam profiles decreased in size with increase 
in eccentricity, white cuspy-and irregularities 
appeared on the profiles it@ inwe'ese in maximum 
sllowabte pressure and ro y lor radius. However, the 
higher the Ilft, the bigger the profile as Is also evident 
In the increase in the prime circle radius. 

The analysis carried out serves as a guide as 
regards the extent and llmlt of the above mentioned 
variations so as to achieve optimum design 
obJeetives in the least possible time. This work can 
further be adapted for the computer - akled design 
of medium and low speed cam systems as well as 
for other follower motions. A means of 
campu@rlzing different types should be sought. For 
instance. the comblnaNon of simple harmonic motion 
an cyclold rnofion or other motions. 

REFERENCES 

Jesse L. (1997): "Teach Yourself C in 24 Hours", 
Sams Publishing, Indianapolis, USA. 

Olaniyl M. 0. ilSg7): " Cam Design Computer 
Approach", Bachelor of Science Project, Department 
of Mechanical Englneering, l$niversity of Ibadan, 
Nigeria (Unpublished). 

Oledzkl A. A: (1980): " Cam Mechanisms", The 
iowa State University Press, Ames, USA. 

Shlgley J. E. and Mishks C. A. (1990): Mechanical 
Engineering Workbok on Mechanisms, McGraw Hill 
Book Company, New York. 

Shlgfsy J. E, and Ulcker J. J. (1095): * Theory of 
Mechanismsu, McGraw Hit1 Book Company, New 
York. 

Tesar D. and Matthew G, K. (1976): " The 
Dynamics Synthesis, Analysls and Design of 
Modeled Cam 8ystemn. D.C Health, Lexingtan, 
Mass ,  USA 

Udoh E. M. (2001): * Computer Aided Design of 
Cams", Bachebr of Science Project, Department of 
Mechanical Engineering, University of Ibadan, 
Nigeria (Unpublished). 

Vlrgil M. F. (1965): ' Mechanical Engineering 
Deslgn', United States Post 6ip'duste School, The 
McMitbn Company, New Wfk. UNIV

ERSITY
 O

F I
BADAN LI

BRARY


	ui_art_simolowo_effect_2003(15)-1.pdf
	ui_art_simolowo_effect_2003(15)-2.pdf
	ui_art_simolowo_effect_2003(15)-3.pdf
	ui_art_simolowo_effect_2003(15)-4.pdf
	ui_art_simolowo_effect_2003(15)-5.pdf
	ui_art_simolowo_effect_2003(15)-6.pdf
	ui_art_simolowo_effect_2003(15)-7.pdf
	ui_art_simolowo_effect_2003(15)-8.pdf
	ui_art_simolowo_effect_2003(15)-9.pdf
	ui_art_simolowo_effect_2003(15)-10.pdf
	ui_art_simolowo_effect_2003(15)-11.pdf

