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ESDU TM 101
ESDU TECHNICAL MEMORANDA

ESDU Technical Memoranda are prepared from time to time to provide a formal means of presentation for work
that is not issued as a Data Item.  The main reasons for preparing an ESDU Technical Memorandum are as follows. 

• Much of the work done in the preparation of a Data Item, such as data correlations or analytical studies,
can be brought together in a Technical Memorandum which can then be quoted as one of the Derivations
or References in the Data Item.  Such a Memorandum therefore provides a formal record of the data or
methods given in the Data Item itself. 

• When ESDU takes on an external contract a Memorandum is used as the vehicle for formally reporting that
work.

ESDU Technical Memoranda do not, in general, go through the same rigorous Committee validation process as
ESDU Data Items, but they may be considered to be reliable sources of information supplementary to that in the
Data Items.

THE PREPARATION OF THIS TECHNICAL MEMORANDUM

The development and preparation of this Technical Memorandum was undertaken by

P.J. Carden — Senior Engineer, Mechanical Motion & System Dynamics 
Group.
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WITH SIX DIFFERENT TYPES OF FOLLOWER

CONTENTS

Page

1. INTRODUCTION 1

2. NOTATION 1

3. GENERAL FORM OF EQUATIONS 3

4. DISC CAM WITH TRANSLATING DOMED FOLLOWER 4

5. DISC CAM WITH TRANSLATING ROLLER FOLLOWER 7

6. DISC CAM WITH TRANSLATING FLAT-FACED FOLLOWER 9

7. DISC CAM WITH SWINGING DOMED FOLLOWER 12

8. DISC CAM WITH SWINGING ROLLER FOLLOWER 15

9. DISC CAM WITH SWINGING FLAT-FACED FOLLOWER 16

10. REFERENCES 20

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

--`,,```,,,,````-`-`,,`,,`,`,,`---

Full document details: ESDU TM 101 2011

http://www.avadocuments.com/doc/esdu-tm-101-2011
http://www.avadocuments.com/doc/esdu-tm-101-2011


 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

1

ESDU TM 101
DERIVATION OF LUBRICANT ENTRAINMENT VELOCITY FOR DISC CAMS 
WITH SIX DIFFERENT TYPES OF FOLLOWER

1. INTRODUCTION 

Expressions for the velocity of entrainment of a lubricant film between a cam and a follower are required
in ESDU 94008 (Reference 2) and the associated computer programs (ESDUpac A9408 and
VIEWpac W9408). The full derivation only for the case of a disc cam with a domed follower is included
in that Data Item. The full derivations for the other follower types are presented in this memorandum. 

2. NOTATION 

The units used in this memorandum are predominantly SI.

offset of cranked follower arm (measured in positive sense above 
-axis)

m

distance between cam rotational centre and follower pivot m

distance along x-axis from cam centre to point of intersection of 
contact normal with -axis

m

follower offset m

intermediate calculation parameter –

distance between follower arm pivot and roller centre (or centre of 
follower face radius)

m

radius of follower m

time s

velocity of cam surface at contact point (relative to contact point) m/s

components of velocity of cam surface at contact point (relative to 
contact point) in x- and y-directions, respectively

m/s

lubricant entrainment velocity m/s

components of lubricant entrainment velocity in x- and y-directions, 
respectively

m/s

velocity of follower surface at contact point (relative to contact point) m/s

components of velocity of follower surface at contact point (relative to 
contact point) in x- and y-directions, respectively

m/s

axes fixed in machine frame

B
Xm

D

d
Xm

E

g t 

L

Rf

t

Vc

Vc 
x

Vc 
y



Vent

Vent 
x

Vent 
y



Vf

Vf 
x

Vf 
y



Xm Ym
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ESDU TM 101

components of velocity of cam surface at contact point (relative to 
fixed machine axes) in x- and y-directions, respectively

m/s

components of velocity of follower surface at contact point (relative to 
fixed machine axes) in x- and y-directions, respectively

m/s

coordinates of contact point (relative to fixed machine axes) in x- and 
y-directions, respectively

m

components of velocity of contact point (relative to fixed machines 
axes) in x- and y-directions, respectively

m/s

translational displacement of follower m

translational velocity of follower m/s2

translational acceleration of follower m

instantaneous height of roller centre (or centre of follower face radius 
or point of intersection of flat follower with -axis) above -axis

m

intermediate calculation parameters –

pressure angle degree

rotational displacement of follower rad

rotational velocity of follower rad/s

rotational acceleration of follower rad/s2

angle between -axis and follower arm rad

angular velocity of cam rad/s

One or two dots above a variable indicates the first or second derivative, respectively, of that variable 
with respect to time.

xc
.

yc
.

xf
.

yf
.

xp yp

xp
.

yp
.

y

y
.

y
..

ym
Ym Xm

Z1 Z2  Zn 






.


..

m Xm

c
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ESDU TM 101
3. GENERAL FORM OF EQUATIONS

The lubricant entrainment velocity is defined as

 . (3.1)

It is therefore necessary to derive expressions for  and .  However the contact point moves as the cam
rotates and so great care is required. It is most convenient to work with x-and y-components of velocities
until the final evaluation of entrainment velocity. 

The components of velocity of the cam surface at the contact point (relative to the contact point) are given by 

(3.2)

and . (3.3)

Similarly the components of velocity of the follower surface at the contact point (relative to the contact
point) are given by 

(3.4)

and . (3.5)

With use of Equation (3.1), the components of the entrainment velocity are given by

(3.6)

and . (3.7)

The magnitude of the entrainment velocity is given by 

. (3.8)

Entrainment velocity is calculated in ESDUpac A9408 at intervals of one degree of cam angle during one
full rotation of the cam.  It remains to find expressions for , , , ,  and for each follower type. 

Vent 0.5 Vc Vf+=

Vc Vf

Vc 
x xc

.
xp
.

–=

Vc 
y yc

.
yp
.

–=

Vf 
x xf

.
xp
.

–=

Vf 
y yf

.
yp
.

–=

Vent 
x

0.5 Vc 
x

Vf 
x

+=

Vent 
y

0.5 Vc 
y

Vf 
y

+=

Vent Vent 
x

2
Vent 

y

2
+

 
 
  1/2

=

xp
.

yp
.
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.
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.

xf
.
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.
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ESDU TM 101
4. DISC CAM WITH TRANSLATING DOMED FOLLOWER 

Firstly, equations for the velocities of the surfaces of the cam and follower at the contact point relative to
the fixed axes ( , ) can be derived. Sketch 4.1 shows the cam and follower in contact at a point defined
by coordinates  and  relative to the fixed axes. 

Sketch 4.1   Disc cam with translating domed follower

By observation of Sketch 4.1 it can be seen that the instantaneous velocity of a particle on the cam surface
at the contact point (relative to the fixed axes , ) in the x-direction is given by 

(4.1)

and similarly in the y-direction by 

. (4.2)

The negative sign in Equation (4.1) arises because of the conventional direction of rotation of the cam and
the fact that  is always positive. 

The coordinates of the contact point are given by 

(4.3)

and . (4.4)

Xm Ym
xp yp

Xmxp

yp

Rf

E

Follower line of actionContact normal

Contact Point, p

ym

ωc

α

Ym

Xm Ym

xc
.

 c yp–=

yc
. c xp=

yp

xp E Rf sin+=

yp ym Rf cos–=
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ESDU TM 101
The instantaneous velocity of a particle on the follower surface at the contact point (relative to the fixed
axes , ) is known. The x-component is given by

       (due to constraint provided by follower guide) (4.5)

and the y-component is given by

 . (4.6)

Note that  because  + constant.

The next step is to find the x-and y-components of velocity of the contact point relative to the fixed machine
axes. 

It is necessary to differentiate the expressions given in Equations (4.3) and (4.4) with respect to time.
Differentiating Equation (4.3) gives 

. (4.7)

The pressure angle is given in ESDU ME2 (Reference 1) by 

. (4.8)

An expression for the rate of change of pressure angle with respect to time must also be found and by
observation of Equation (4.8) the following substitution is required. 

(4.9)

and so ,

i.e. (4.10)

and by the quotient rule of differentiation

. (4.11)
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.
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 
 
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