Derivation of the Cam Shape Equation for Constant Cam Angle:
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In polar coordinates the cam shape is given by the vector location versus angle:
r(0) =r(0)e.(0)  where e,(0) =icos0 + jsin0
A tangent vector (not a unit vecrtor) to the cam curve is:

t(0) =r'(0)e.(0) + r(0)e,(6)  where e,(0) =—isin 0 + jcos

The objective is to find the cam shape that holds the angle v constant as 0 varies.

Since the dot product is the product of the magnitudes times the cosine of the angle, note that:

e(O)+1(0) = r(O)0 (07 + r(07]"cos(§ ~ 1) = | 1 41 071) + r(0)]"
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But also using the vector forms directly:
£(0)+£(0) = r(0)r (0) = 55 [r(0]
Equating these two expressions:

3 atrorl=[ 4 Gior1) + o]
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Now solve for r(0) assuming v is held constant.

Squaring both sides gives:

4 0 071) + r(oy

sin’y = (d [r(9)2]>2
T=4\q0
After regrouping terms:

W(je[r(@)z])z = [r(0)sin*y



Using a trigonometric identities and taking the square root of both sides:

3 S r(0)] =+[(6)]tany

Carrying out the differentiation and canceling the extra factor of r(0) gives two first-order linear
governing equations, one for each sign choice:

%r(@)i r(0)tany = 0

The solutions of the two equations are:
n (e) = C]e(lan*{)e and 7"2(0) — Czef(tany)e

Choosing the solution with the increasing exponential (assuming positive angle v), gives a very
simple result:

I (e) — Cle(tan“{)e
which is also the logarithmic spiral form:
In[r(6)] = Ci(tan )0

When written in exponential form, the appearance of tany in the exponent is interesting. Also
note that typically tany<<1. Reinterpreting the constant in front of the exponential, the expres-
sion can also be written as

r(0) = Tet

For physical understanding, and a much easier derivation of the governing equation, note the fig-
ure below. Because the tangent of the cam must have a fixed angle gamma to the radius vector
to keep the same cam angle as a function of gap, namely:




