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Lecture 5

Cam-follower mechanisms.
Dynamics of planar mechanisms.
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Cam-follower

Inspirations

source:
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Cam-follower

art inspiration

™

TT4
EEq

Mechanics Alive! Cabaret Mechanical

Theatre Automata Exhibition
https://www.youtube.com/watch?v=kv1CpJi60xQ

The "Draughtsman-riter" automaton by Henri Maillardet N'_/]&O\\)/\

https://en.wikipedia.org/wiki/File:Maillardet%27s_automaton_at_th
e_Franklin_Institute.webm
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Cam-follower

Cam-follower mechanism — mechanism build of a cam and a follower

(tappet) connected as a IV cla%% Iéinematic pair.

Cam is rotating (sometimes is translating)

Al

follower is reciprocating (sometimes is swinging/oscillating) N\

advantages
e simple to construction,

disadvantages
e N0 adaptation possible.

e simple to create, ———

e any dimensions, }>v\®

e simple to create advanced

motions. (\Qg
T
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Cam-follower

Classification

ADIL P
o flat / spatial

e with in-line (central) follower / with offset (eccentric) follower
—

® closed with geometry / closed with force
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Cam-follower

Followers
Iiﬁ t1)
- Tk /;
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o o = ' 2 I knife-edge
flat-faced o o S roller M s s T
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AN,
f ¢ [N |\ i
5 S
spherical-faced y: =N flat-faced
€
&4, B
% ___, source: T. Kofacin, ,Podstawy teorii
maszyn i automatyki”, OW PW
1<
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Cam-follower

Followers

flat frame

swinging

source: T. Kofacin, ,Podstawy teorii
maszyn i automatyki”, OW PW
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Cam-follower

examples

D

cylindrical cam
J)

|
S S o
AW%\\\\\\\\\\\\N ﬂ
) globoidal
Jﬁ/\Ms\. {Ol | c) E Coqn

translating cam

o) o) A~ v
'n‘\'\\\\\\‘\\\.\\‘\‘\\\\\\\\\\\\\\\\\\\'\\\\\'\‘\‘\\\\'\\\‘\1

source: T. Kofacin, ,Podstawy teorii
maszyn i automatyki”, OW PW
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Analysis and synthesis of cam-follower mechanism

®| Analysis — calculation of displacement, velocity and acceleration
functions for a follower motion with respect to a cam's rotations angle
for arbitrary given geometry.

@Synthesis — calculation of a cam geometry needed to obtain given
displacement/velocity/acceleration functions. Limitations must be
included, i.e. some maximum values, geometry limitations and jerk
values (Eggl derivative). —

)
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Analysis and synthesis of cam-follower mechanisms

Analysis Syntesis

4 substitution of V. class kinematic pair
with V. class kinematic pairs +

«)&\W graphical method (velocity and graphical determination of cam

acceleration scheme) outline by a base circle rotation with
graphical determination of a follower llowermovement

movement and graphical analytical designing with a function

description
Zanalytical metho (substltutlon@

polygones of vectors)

05.11.2019 TM&AC, Lecture 5, Sebastian Korczak, only for educational purposes

11



Analysis of a cam-follower mechanism
—_— ——2

Graphical method with V. class kinematic pair substitution with
V. class kinematic pairs.

N
N
@ N R
e
B of - Oy
-

L/ !
AB — radius of curvature in

the contact point
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Analysis of a cam-follower mechanism

Graphical method with V. class kinematic pair substitution with
V. class kinematic pairs.

for a rectilinear part
of a cam
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Analysis of a cam-follower mechanism

2 . Graphical determination of a follower movement

DD SO
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Analysis of a cam-follower mechanism

Graphical determination of a follower movement

T

_

n T
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Analysis of a cam-follower mechanism

Graphical determination of a follower movement

DD SO

A

displacement

M

angle
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Analysis of a cam-follower mechanism

Graphical determination of a follower movement

displacement

A

DDA

A
\ "
v o\ A

angle
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A

Analysis of a cam-follower mechanism

Graphical determination of a follower movement

displacement

A

_

Y5

%

velocity

angle
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A

Analysis of a cam-follower mechanism

Graphical determination of a follower movement

displacement

Y5

A

%

o)

velocity

angle
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Analysis of a cam-follower mechanism

Graphical determination of a follower movement

H‘_

i |-
angle angle
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Analysis of a cam-follower mechanism

Graphical determination of a follower movement

eI E

v v
angle angle angle
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Analysis of a cam-follower mechanism

Graphical determination of a follower movement

d =1
@“Ji‘c

eI E

angle angle angle
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Analysis of a cam-follower mechanism

CoOD; L

Analytical method example
e/\ -@ - [—%J(& W RN

D - ;J y g X' e ¢os %ﬂ/%ﬂwg @/ﬁ%
\:R 40‘45)[- 4 A ?/lLP,g i—{‘cosﬁo ‘/)/6)(055'0
H # ~eosh e, AT

=)ok o«v “ \ oo i )sm%‘
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e A\
%\‘%‘ %ﬂ ...
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displacement [mm]

—— -

Synthesis of cam-follower mechanisms

kGraphicaI me’@ B
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Synthesis of cam-follower mechanisms
Graphical method

displacement [mm]

time

Assumption: constant
angular velocity of a cam

p(t)=wt
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displacement [mm]

Synthesis of cam-follower mechanisms
Graphical method

_
time

angle

271
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displacement [mm]

Synthesis of cam-follower mechanisms

%I |/%
/
Q

time
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displacement [mm]

Synthesis of cam-follower mechanisms

%I |/%
/

05.11.2019 TM&AC, Lecture 5, Sebastian Korczak, only for educational purposes

28



displacement [mm]

Synthesis of cam-follower mechanisms

g

Graphical method

NN\
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time
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displacement [mm]

Synthesis of cam-follower mechanisms

Graphical method
|Z/

NN\

/
Y/
/
/// \
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time
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displacement [mm]

Synthesis of cam-follower mechanisms

g

Graphical method

NN\

/
Y/
/
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time
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displacement [mm]

»

Synthesis of cam-follower mechanisms

g

Graphical method

NN\
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displacement [mm]

n
>

Synthesis of cam-follower mechanisms

g

Graphical method

NN\
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displacement [mm]

»

Synthesis of cam-follower mechanisms

g

Graphical method

NN\
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displacement [mm]

[
>

Synthesis of cam-follower mechanisms

g

Graphical method

NN\
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displacement [mm]

[
>

Synthesis of cam-follower mechanisms

g

Graphical method

NN\
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displacement [mm]

»

Synthesis of cam-follower mechanisms

g

Graphical method

NN\
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displacement [mm]

»

Synthesis of cam-follower mechanisms

g

Graphical method

NN\
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displacement [mm]

[
>

Synthesis of cam-follower mechanisms

g

Graphical method

NN\
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displacement [mm]

»

Synthesis of cam-follower mechanisms
Graphical method
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displacement [mm]

»

Synthesis of cam-follower mech
Graphical method
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displacement [mm]

»

Synthesis of cam-follower mech
Graphical method
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displacement [mm]

[
>

Synthesis of cam-follower mech
Graphical method

time
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displacement [mm]

»

Synthesis of cam-follower mech
Graphical method
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displacement [mm]

»

Synthesis of cam-follower mech
Graphical method
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displacement [mm]

»

Synthesis of cam-follower mech
Graphical method
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displacement [mm]

[
>

Synthesis of cam-follower mech
Graphical method
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displacement [mm]

»

Synthesis of cam-follower mechanisms
Graphical method

05.11.2019 TM&AC, Lecture 5, Sebastian Korczak, only for educational purposes

48



displacement [mm]

[
>

Synthesis of cam-follower mechanisms

g

Graphical method

NN\
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displacement [mm]

»

Synthesis of cam-follower mechanisms

g

Graphical method

NN\
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displacement [mm]

[
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Synthesis of cam-follower mechanisms

Graphical method
|Z/

NN\
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displacement [mm]

Synthesis of cam-follower mechanisms

Graphical method
|Z/

NN
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time
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displacement [mm]

Synthesis of cam-follower mechanisms

g

Graphical method
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time

precision: 24 x 15deg
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displacement [mm]

[
>

Synthesis of cam-follower mechanisms

g

Graphical method

NN\
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displacement [mm]

Synthesis of cam-follower mechanisms

%I |/%
/
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Synthesis of cam-follower mechanisms
Analytical method
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Synthesis of cam-follower mechanisms
Analytical method

For a given function of velocity or acceleration, function of a follower
displacement can be found by integration.

Follower displacement as a function of cam angle could be used to obtain
cam outline directly (or after change of coordinates).

For a knife-edge follower we will obtain exact real displacement.
For a roller-ended follower some errors are possible.

Roller-ended follower give us limitation of a maximum velocity (there is a
relation between roller radius and cam size).

Usually we are designing symmetric and smooth cams.

[

05.11.2019 ' TM&AC, Lecture 5, Sebastian Korczak, only for educational purposes

o7



Synthesis of cam-follower mechanisms
Analytical method — example

Design profile of a cam cooperating with eccentric knife-edge follower to

obtain constant acceleration of uplift and downlift with constant angular
velocity.” i — -

05.11.2019 TM&AC, Lecture 5, Sebastian Korczak, only for educational purposes 58



Synthesis of cam-follower mechanisms
Analytical method — example

Design profile of a cam cooperating with eccentric knife-edge follower to
obtain constant acceleration of uplift and downlift with constant angular
velocity.

A SRS

R
° e

Jounlf!

O
=

2T (ang;e \

acceleration [m/s?]

|
=
< 3

}

I

\

/

I
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acceleration [m/s?]

Synthesis of cam-follower mechanisms
Analytical method — example

Design profile of a cam cooperating with eccentric knife-edge follower to
obtain constant acceleration of uplift and downlift with constant angular
velocity.

A

¢(t)5ot

O
=

2 1| angle
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acceleration [m/s?]

Synthesis of cam-follower mechanisms
Analytical method — example

Design profile of a cam cooperating with eccentric knife-edge follower to
obtain constant acceleration of uplift and downlift with constant angular

velocity.
A ‘r
Qo
()]
p(t)=ot > & 1T
S # )
> e 0} >
0 ! 2 1| angle g 0 T time [s]
N
@
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acceleration [m/s?]

Synthesis of cam-follower mechanisms
Analytical method — example

Design profile of a cam cooperating with eccentric knife-edge follower to
obtain constant acceleration of uplift and downlift with constant angular
velocity.

A (\'I\ ‘r

()]

—_— N

¢(t)=ot £

<

O

> "FU' >
7 S T AR
0 2 1| angle 9 0 - 255 | time [s]

&)
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©
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Synthesis of cam-follower mechanisms
Analytical method — example

Design profile of a cam cooperating with eccentric knife-edge follower to
obtain constant acceleration of uplift and downlift with constant angular

velocity. I
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Synthesis of cam-follower mechanisms
Analytical method — example

Design profile of a cam cooperating with eccentric knife-edge follower to
obtain constant acceleration of uplift and downlift with constant angular

velocity.
3
%
S
s @
= .
3 0 JT 2L\ time [s]
§ 0 @ 0
®©
a,=d, d,=- dy
v, (t)=a,t+C, v,(t)=- a,t+C,
a0t2 —(Jotz
hl(t): : +C, t+C, hz(t)z > +C,t+C,
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Synthesis of cam-follower mechanisms
Analytical method — example

Design profile of a cam cooperating with eccentric knife-edge follower to
obtain constant acceleration of uplift and downlift with constant angular
velocity.

A Cam base-radius

7 h,(t=0)=h,(t=2%)=R
s @

g T 2L tim;[s]
O

§ 0 @ 0

®©

a,=d, d,=- dy

v, (t)=a,t+C, v,(t)=- a,t+C,

a0t2 - (Jotz
hl(t): +C,t+C, hz(t)z > +C,t+C,
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Synthesis of cam-follower mechanisms
Analytical method — example

Design profile of a cam cooperating with eccentric knife-edge follower to
obtain constant acceleration of uplift and downlift with constant angular
velocity.

A Cam base-radius

¥ h,(t=0)=h,(t=2%)=R
é @ C,=R 2 -
© ” — CAL N CA
3 0 e 2L\ time [s] Ci=R+2a,75- 2055
§ Q) @ W
©
a,=d, d,=- dy
v, (t)=a,t+C, v,(t)=- a,t+C,

a0t2 - (Jotz
h,(t)=—2—+C,t+C, hy(t)=——+C;t+C,
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Synthesis of cam-follower mechanisms
Analytical method — example

Design profile of a cam cooperating with eccentric knife-edge follower to
obtain constant acceleration of uplift and downlift with constant angular

locity.
‘:/e oe Cam base-radius
% h,(t=0)=h,(t=2Z)=R
E _& @ ﬁ?ﬁ) ‘ C2:R ﬂjz .
0 L/ (O Ci=R+2a”5-2Cy;
7 @
&
a,=da, a,—- d,

( a0t+C \% (t) - d, t+C

H(EC5> = L\L UT:\
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Synthesis of cam-follower mechanisms
Analytical method — example

Design profile of a cam cooperating with eccentric knife-edge follower to
obtain constant acceleration of uplift and downlift with constant angular
velocity.

A Cam outline continuity

acceleration [m/s?]

@ h,(t=15)=h,(t=3)

0 I @2% time [s]
a,=d, d,=- dy
v,(t)=a,t+C, v,(t)=- a,t+C,

. - a, t’ 2 -
h(t)=—4—+C,t+R hy(t)=———+C,t+R+2a,”5- 2C,

~ ) o
LSNP - g T

(XO_Z—;L J(C/"") ) O\OL\,\) tC SL\) " ?/‘Xo(u‘t - ?'@
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Synthesis of cam-follower mechanisms

Analytical method — example

Design profile of a cam cooperating with eccentric knife-edge follower to
obtain constant acceleration of uplift and downlift with constant angular

Cam outline continuity

h,(t=55)=h,(t=5)

velocity.
$

)

~

s | @

c

Q

©

3 0

)

O

o

®©

a,=da,

@ 2 % timé [S]

a,—- d,
v,(t)=- a,t+C
— a tz 2
,(t)= —,—+C Jt+R+2a,%-2C, &
(D
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Synthesis of cam-follower mechanisms

Analytical method — example

Design profile of a cam cooperating with eccentric knife-edge follower to
obtain constant acceleration of uplift and downlift with constant angular

Cam outline continuity

ho(e=5)=h,(t=5)

velocity.
$

)

~

s | @

c

Q

©

3 0

)

O

o

®©

a,=da,

cla

C,=a,=- C,
T i
@26 time [s]
02:— aO
v, t)=- a,t+a C,
(0=- apt+a, - C,

+R+ao%t+C1(2%— t)
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acceleration [m/s?]

4 { 1

Synthesis of cam-follower mechanisms
Analytical method — example

Design profile of a cam cooperating with eccentric knife-edge follower to
obtain constant acceleration of uplift and downlift with constant angular
velocity. 4

@

-

time [s]

velocity [m/s]
o
cla 5
S
No
cla
L[ o
< ]
-

cla

v @2

S Q/

=

S 4

S

Y

R

© T time [s]
T vu ime (S
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Synthesis of cam-follower mechanisms
Analytical method — example

Design profile of a cam cooperating with eccentric knife-edge follower to
obtain constant acceleration of uplift and downlift with constant angular

velocity.

h(t)=

(

\

2
a,t

+C,t+R, for te (0,%)

+R+a, L t+C (25 ¢), for te (& 28
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Synthesis of cam-follower mechanisms
Analytical method — example

Design profile of a cam cooperating with eccentric knife-edge follower to
obtain constant acceleration of uplift and downlift with constant angular

velocity.

f a.t’
: (0,55)

- a,t
) R rrra B e C (25 ), for te (X 2 )

From polar to Cartesian
coordinate

| x t COS wt
O y(t)=p(t)sinwt
05.11.2019 TM&AC, Le Sebastian Korczak, only for educational purposes j
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Synthesis of cam-follower mechanisms
Analytical method — example

=V,

N
_
\\
O
)

7
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Synthesis of cam-follower mechanisms
Analytical method — example

Design profile of a cam cooperating with eccentric knife-edge follower to
obtain constant acceleration of uplift and downlift with constant angular
velocity. \

(e

time [s]

acceleration
[m/s?]

velocity
[m/s]

displacement
[m]

o
gla

No
gla
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acceleration [m/s?]

Synthesis of cam-follower mechanisms
Analytical method — example 2

Design profile of a cam cooperating with centric knife-edge follower to obtain
harmonic acceleration with constant angular velocity.

. /S\'w\ S ’-fj l/\}

21

O
=

angle
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Cam-follower mechanisms
Distance of cclijact and angle of contact

e o
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Cam-follower mechanisms
Distance of contact and angle of contact

g
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Cam-follower mechanisms
Distance of contact and angle of contact

g
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Cam-follower mechanisms
Minimal cam size

18t condition: minimum cam radius of curvature in case
of material strength and wear resistance.
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Cam-follower mechanisms
Minimal cam size

2"d condition: maximum angle of contact in case of
follower bending resistance and pressure inside the
socket.
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Cam-follower mechanisms
Minimal cam size

3" condition: maximum distance of contact in case of
follower's stem bending (for a flat-faced followers).
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Cam-follower mechanisms
Minimal cam size

Follower offset towards direction opposite to direction of
rotation decreases maximum angle of contact

s V e V
a
&
N a
<+
n
X
/ﬁ
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Dynamics of planar mechanisms

Overview

Members description as rigid bodies and and material points.

Graphical determination of inertial forces and torques.
Reaction forces in kinematic pairs.

Driving and operating forces/torques.

Inverse and direct dynamics problems.

Graphical, analytical and graphical-analytical method.

SRy e s
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Dynamics of planar mechanisms
Members description ——

For a planar mechanism member
represented by a rigid body:
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Dynamics of planar mechanisms
Members description

For a planar mechanism member
represented by a rigid body:

« Mass
. location of a center of a mass

« mass moment of inertia wrt the
axis perpendicular to the motion
plane in center of a mass

. location of connection points
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Dynamics of planar mechanisms
Members description

Material points method

a set of material pai

_

’SQK/\ b S 5 S
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Dynamics of planar mechanisms
Members description

Material points method

a set of material points

>

« Same masses
« same center of mass
« Same inertia
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Dynamics of planar mechanisms
Members description

Material points method - example

Given:

Geometry, mass m,
center of a mass location
(pt. C) and mass moment
of inertia IC
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Dynamics of planar mechanisms
Members description

Material points method - example

Given:

Geometry, mass m,
center of a mass location
(pt. C) and mass moment
of inertia IC

< a P b >
(> (&)
NI N
my m, ms X
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Dynamics of planar mechanisms
Members description

Material points method - example

Given:

Geometry, mass m,
center of a mass location
(pt. C) and mass moment
of inertia IC

m,+m,+m,=m

- am1+bm3_0 a b

m,+m,+m,
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Dynamics of planar mechanisms
Inertia forces and torques

€
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Dynamics of planar mechanisms

Inertia forces and torques
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inertia force

-

Inertia torque
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Dynamics of planar mechanisms
Reaction forces inside a kinematic pairs (without friction)

N\

Iy

05.11.2019 TM&AC, Lecture 5, Sebastian Korczak, only for educational purposes

94



Dynamics of planar mechanisms
Reaction forces inside a kinematic pairs (without friction)

N\

Iy

A

\

L
W
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Dynamics of planar mechanisms
Reaction forces inside a kinematic pairs (without friction)

N\

Iy

A

\

.
) o
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Dynamics of planar mechanisms
Reaction forces inside a kinematic pairs (without friction)
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Dynamics of planar mechanisms
Reaction forces inside a kinematic pairs (without friction)
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Dynamics of planar mechanisms
Driving and operating forces/torques

6!\\[\\1X %fUL me compressor )

direction of motion
\ h
o{uwm j

f>/<,a—
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Dynamics of planar mechanisms
Driving and operating forces/torques

example — compressor

driven member B
(crank)

A
............ .................................................................................................................................................................................... ' C —/
¥ T direction of motion / .
\ operating
force

driving torque
(balancing)
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Dynamics of planar mechanisms
Driving and operating forces/torques

example — engine

B driving
A element
(piston)

................ D T T T T T T e e e R e L PR C ﬂ_
Z_\ /
=T
direction of motion / Vs

\ driving force
(balancing)

operating torque
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Dynamics of planar mechanisms

® Inverse dynamics problem|— calculation of forces and torques that
cause given motion of a mechanism.

@ Direct dynamics problem — calculation of mechanism's motion caused
by external forces and torques.
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