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1 Disk Cam Profile and Reciprocating Flat-Face Follower Design using
MATLAB

Consider the disk cam with reciprocating flat-face follower shown in Figure 1 below (similar to text Figure 6.26). In
this figure, the cam rotates CW, so when the mechanism is inverted the follower rotates CCW. We assume the follower
axis is vertical; along the ycam axis. The follower is shown at an angular displacement θ, and corresponding lift y. The
radius of the base circle is Ro.
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Figure 1: The contact point between cam and follower is at point P , with coordinates (xc, yc). If
we find the contact point P for all values of θ from 0...2π that will determine the cam profile.

1.1 Geometry of Cam/Follower Contact.

Point C is the instantaneous center of curvature of the cam profile at the contact point, and vector ρ is the radius of
curvature. Vectors r and angle α are defined to allow the geometric analysis below.

From Figure 1, the following two equations must be satisfied:

r sin(α− θ) = s (1)

r cos(α− θ) + ρ = Ro + y (2)

Now differentiate (2) with respect to cam angle θ:

d

dθ
[ r cos(α− θ) + ρ = Ro + y ] =⇒ r sin(α− θ) +

dρ

dθ
=
dy

dθ
(3)
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However, point C (center of curvature of the cam profile) is an instantaneously stationary point, so

dρ

dθ
= 0 (4)

Substituting (4) into (3) yields

r sin(α− θ) = y′, (5)

where of course y′ = dy/dθ.

Comparing equations (1) and (5) we find that

s = y′ (6)

This is a very meaningful result! It tells us that the offset s from the follower axis to the contact point is exactly equal
to the first kinematic coefficient of the follower displacement function, which is y′.

1.2 Required Follower Radius.

As a designer, you want the cylindrical cam follower to be as small as possible, but it must be large enough that the
contact point doesn’t “fall off the edge.” To find this necessary follower radius, one can simply find the maximum
value of y′, and this is the required follower radius. Thus we have

Rfollower = (y′)max (7)

1.3 Minimum Cam Base Circle Radius Ro

As a designer, you want the cam base circle radius as small as feasible, so the cam is as physically small as possible.
To find the minimum base circle radius, start with the result from (6) above:

s = y′ = r sin(α− θ) (8)

Differentiate with respect to θ once more to get y′′:

y′′ = −r cos(α− θ) (9)

Now substitute (9) into (2) and solve for cam radius of curvature ρ,

ρ = Ro + y + y′′ (10)

To avoid any “cusps” on the cam profile, we want ρ > 0, thus

Ro + y + y′′ > 0 =⇒ Ro > −y − y′′ (11)

Thus the minimum value for Ro is given by the maximum value of (−y − y′′), or

(Ro)min = [−y − y′′]max (12)
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1.4 Cam Profile

The cam profile is just the locus of the coordinates of point P , which are (xc, yc). Referring to the figure, we can use
vectors Ro, y, and s to find point P . Recalling that s = y′, we have

xc = (Ro + y) cos
(
θ +

π

2

)
+ y′ cos(θ + π)

yc = (Ro + y) sin
(
θ +

π

2

)
+ y′ sin(θ + π)

(13)

(14)

Note that there is an angle bias of π/2 in the trigonometric functions to rotate the coordinates by 90◦ in accordance
with the follower axis being along the ycam axis.

These equations must be computed for 0 ≤ θ ≤ 2π to obtain the complete profile, with displacement function y(θ)
and first kinematic coefficient y′(θ) evaluated at each θ.

I wrote a simple MATLAB function called camprofile which will compute the values of (xc, yc). This function is
shown on the next page, and is on the class website.

1.5 MATLAB Function camprofile

function [xc,yc] = camprofile(Ro,y,yp,theta,dir)

%

% FUNCTION [xc,yc] = camprofile(Ro,y,yp,theta,dir_flag)

%

% This function finds the cam profile for a disk cam with an reciprocating

% flat-face follower. It accepts the base circle radius Ro, vectors of y

% and yp (all in displacement units), and cam angle theta (RAD). These

% vectors should all correspond to a full cycle of cam rotation from 0 to

% 2*PI. Obviously the smaller the stepsize the more accurate and smoother

% the final plot of cam profile.

%

% Vectors xc and yc containing the coordinates of the cam profile are

% returned. The cam profile points are generated so the follower axis is

% vertical (i.e. pi/2 has been added to follower angle).

%

% NOTE: The "dir" flag is either ’CW’ or ’CCW’ to denote the direction of

% cam rotation. The algorithm is written for ’CW’ rotation, but if the

% direction is ’CCW’ all that must be done is to change the sign of the x

% coordinates of the cam profile.

N = length(theta); % Find number of points in motion

xc = zeros(N,1);

yc = zeros(N,1);

for i = 1:N

xc(i) = (Ro+y(i))*cos(theta(i)+pi/2)+yp(i)*cos(theta(i)+pi);

yc(i) = (Ro+y(i))*sin(theta(i)+pi/2)+yp(i)*sin(theta(i)+pi);

end

% Finally, the above equations were for CW rotation. If the cam rotates

% CCW, all we have to do is negate the xc vector.

if strcmp(dir,’CCW’)

xc = -xc; % Flip the profile around the Y axis for CCW rotation

end


