Drawing the Cam-
Profile — Part #3

Cam Profile or Shape. Drawing the Cam
Profile.




* Review of Module #7-Part #2 :

* Desired motion of a cam-follower system and
displacement diagram.

g

» Cam-Follower Kinematics Profiles (Tables 9.1 — 9.4)
* In-line, Knife-edge, and In-line Roller Follower.

,‘ « Construct Cam Profile with the Desired Cam-
Follower Motion.



Cam-Follower Systems — Construct Cam Profile
with Prescribed Cam-Follower Motion

* Once the desired motion of a cam-follower
system has been defined through a
displacement diagram (Part #2), the actual Base circle
shape of the cam can be designed. S

* The shape of the cam depends on the size \ b Roller follower circl
of the cam and the geometric features as | |

defined in Module #7, Part #1, in Cam /
nomenclature. Figure (a) shows the Cam  comprofie™ . ° \
nomenCIature: \Mh'”"--— - - Pitch curve

Figure (a)
Source: Myszka, D.H. Machines and Mech. Applied
Kinematic Analysis. Prentice Hall. 4th Edition. USA.



Cam-Follower Systems — Construct Cam Profile
with Prescribed Cam-Follower Motion

* Procedure to Draw Displacement Diagram for Cam-Follower System:
Calculate the “Time for a Full Cycle”.

From Eq. (8-2), calculate the “Required Rotational Speed of the Cam”.
Determine the Cam Rotation for Each Follower Motion Interval, {3;.

Calculate the displacement during Each Follower Motion Interval. The displacement
diagram for a rise or fall interval is divided into two halves, one of constant acceleration and
the other of constant deceleration.

5. Construct the shapes of each half of the displacement diagram as mirror-image parabolas
[as shown in Figure (d)] .

6. Calculate the displacement during each follower motion interval using the cam-follower
kinematics profiles as presented in Tables 9.1 — 9.4.

=~ L~



Cam-Follower Systems — Construct Cam Profile
with Prescribed Cam-Follower Motion

* Procedure is used to graphically construct a Cam
Profile Design:

1. Draw the base circle of radius Rgz. The size is typically a Base circle
function of the spatial constraints of the application.

/ — .
/ —", ~— Trace point, F

2. Draw the follower in the home position. Prime circle

3. Draw radial lines from the center of the cam, corresponding t
the cam angles identified on the displacement diagram. For
construction purposes, the cam will remain stationary, and th \
follower will be rotated in a direction opposite to the actual e
cam rotation. camprofile™

e Pitch curve

4. Transfer the displacements from the displacement diagram tc
the radial lines on the cam. Measure these displacements Figure (a)

from the base circle. Source: Myszka, D.H. Machines and Mech. Applied

Kinematic Analysis. Prentice Hall. 4th Edition. USA.



Cam-Follower Systems — Construct Cam Profile
with Prescribed Cam-Follower Motion

 Procedure is used to graphically construct a Cam
Profile Design (cont.):

5. Draw a smooth curve through these prescribed
displacements.

6. To accurately construct a profile consistent with the
displacement diagram, it may be necessary to transfer
additional intermediate points from the rise and fall
intervals.

Base circle

—_— - Pitch curve

Figure (a)
Source: Myszka, D.H. Machines and Mech. Applied
Kinematic Analysis. Prentice Hall. 4th Edition. USA.



Construct Cam Profile with Prescribed Cam-Follower Motion

Figure (b) General Follower
Displacement Diagram.

Follower displacement
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Figure (c) Cam Profile Design—In-line, Knife-edge
Follower.

Source: Myszka, D.H. Machines and Mech. Applied
Kinematic Analysis. Prentice Hall. 4th Edition. USA.




Follower displacement

In-line Roller Follower:

Construct Cam Profile with Prescribed Cam-Follower Motion

Figure (b) General Follower
Displacement Diagram.
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Figure (d) Cam Profile Design—In-line Roller

Follower.

Source: Myszka, D.H. Machines and Mech. Applied
Kinematic Analysis. Prentice Hall. 4th Edition. USA.



Construct Cam Profile with Prescribed Cam-Follower Motion - Offset Roller Follower

Follower displacement

Offset Roller Follower:

Figure (b) General Follower
Displacement Diagram.
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Figure (e) Cam Profile Design - Offset Roller
Follower.

Source: Myszka, D.H. Machines and Mech. Applied
Kinematic Analysis. Prentice Hall. 4th Edition. USA.



Construct Cam Profile with Prescribed Cam-Follower Motion - Offset Roller Follower

Figure (b) General Follower
Displacement Diagram.
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Figure (f) Cam Profile Design - Flat-Faced Follower.

B Source: Myszka, D.H. Machines and Mech. Applied
Kinematic Analysis. Prentice Hall. 4th Edition. USA.




Cam-Follower Systems — Construct Cam Profile
with Prescribed Cam-Follower Motion

» To draw the cam shape, a Cartesian coordinate Camangle, 96—
system is used so that the origin is at the cam 2 / 4o :
BN S o offset, e |

center as shown Figure (g):

* |n this coordinate system, the positive y-axis is
along the direction of the follower motion in its
home position.

 And the positive x-axis is 90° clockwise from the
y-axis, consistent with a right-hand coordinate
system.

Figure ()

Source: Myszka, D.H. Machines and Mech. Applied
Kinematic Analysis. Prentice Hall. 4th Edition. USA.



Cam-Follower Systems — Knife-Edge Follower

« For Knife-Edge Follower the x and y coordinates of the cam profile are given as:

Rg + AR)sin(0.4m) (a)

Ry
Ry Rp + AR)cos(Bcqm) (b)

(
(
Where:

R,.:= x — coordinate of the cam profile.
R,, :=y — coordinate of cam profile.

Rg: = Base circle radius.

0.q4m = ¢:= Cam rotation angle measured against the direction of cam rotation from the
home position

AR:= Follower displacement at cam angle



Cam Profile Design for a Knife-Edge Follower: An
Example

® Example 7_3. Cam anE]E/,u‘i# q"'{:: Home 6 01
[l ] ] ij{ix‘“ ! (e OLHOWer i
* For the application stated in Example #7- x/ | omee |
2, analytically determine the cam profile NP N~
COOrdlnateS When a knlfe'edge fO”OWGr IS Cam profile ’jx : i?,;lil;ire;;
. coordinates / - g
incorporated. ey f K, 1\
at cam angle @ \"',I i ||

» Because of the size constraints of the
machine, a cam with a base circle .
diameter of 200 mm must be used. The i, Ry~ -
cam Is to rotate counterclockwise. —
Figure ()
Source: Myszka, D.H. Machines and Mech. Applied
Kinematic Analysis. Prentice Hall. 4th Edition. USA.




Cam Profile Design for a Knife-Edge Follower: An
Example

* Solution (cont.).

1. Calculate Coordinates of the Cam Profile; The base circle radius is half of the base circle
diameter; therefore:

Rg = 100 mm
Substitution into Egs. (a) and (b), we get:

(Rg + AR)sin(0,4m) = [(100 mm) + AR] sin(6,.4:m)
(Rg + AR)cos(8.4m) = [(100 mm) + AR] cos(6,4:m)

2. Summarize the Profile Coordinates for Several Cam Angles: Inserting these equations
into a MATLAB® script gives the results listed in Figure (h) in the next slide:



Cam Profile Design for a Knife-Edge Follower: An
Example

« Solution (cont.).

Time (s)
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Figure (h)



Cam Profile Design for a Knife-Edge Follower: An
Example

* Solution (cont.).
3. Plot the Profile Coordinates [see Figures (i) and (j)]

Note: A MATLAB script (see Cam_Profile_Design.mix) can be used to easily create a plot of
the profile coordinates. This plot is shown as Figure (j) below.



Cam Profile Design for a Knife-Edge Follower: An
Example

» Solution (cont.). Figure (i) shows the plot of the displacement diagram:

Displacement Diagram
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Figure (i) Knife-Edge Follower Displacement Diagram



Cam Profile Design for a Knife-Edge Follower: An
Example

» Solution (cont.). And Figure (j) shows the Cam Profile Design:

Cam Profile

100 ¢
0 1N
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50 ¢

-100 ¢

-100 -50 0 a0 100

Figure (j) Cam Profile Design for a Knife-Edge Follower.
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