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Cam _mechanism — a very versatile mechanical element for
transforming an input motion into another. It is mainly
composed of two parts:

Cam: Input linckage. Motion is usually rotation.

Follower: Output linckage. Translation or oscillation.
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© Advantages of cams

* Many possibilities of motion transformation. Very versatile.
* Have few parts.

* Take small space.

* Widely used in industry. Known technology.

® Limitations of cams

* Suceptible to vibrations.
o Wear.

* Fatigue.

* Lubrication needed.
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® Cams are usually classified according to the cam geometry:
» Planarcams ... ||

__________

> Disc or plate cams -

> Linear cams: Cam do not rotate. Backwards and forwards motion.

O

FLAT PLATE PROFILE
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» Spatial cams (three-dimensional)

» Cylindrical cams: The roller follower operates in a groove cut on the
periphery of a cylinder. The follower may translate or oscillate

—

> Conical cams:

FOLLOWER il
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> Globoidal cams: compact structrure, high load capacity, low noise and
vibrations and high reliability. Widely used in industry.

> Spherical end cams
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® Cams can be classified according to the follower motion respect
the rotation axle of the cam

» Radial Cams

» Translational or Axial Cams
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Desmodromic cams use two higher pairs (closed form) so that
both impose the same kinematic restrictions.

There are four types of planar desmodromic cams:

' Cams with Cams with ,
. constant width ~ constant diameter
(double flat faced (double roller follower)
+follower)

Cams with
Conjugate a grooved /
cams with face

double follower \ |
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® Followers can be classified by the geometry of the contact
surface. E.qg.

» Roller: Less susceptible to wear.
Easy to replace the roller with a short
delay. Widely wused in production
machinery

» Flat-face: More compact and less
expensive than roller. Widely use in
automotive industry

lower
=t ollower — _

ypring

» Knife edge follower and others "
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® Followers can also be classified according to their motion:

» Translational st ot
b ' -
. 1*;1'.;_ - ',,-‘! '.-'J: ==
‘rlrll -
] T
» Oscillatin '.
g £l *,’“_-"}tﬁ S A\
" \ » Serh g et T
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® Joint closure between the cam and the follower is an important point to
take into account when design a cam mechanism. It is a high kinematic
pair (See Introduction to kinematics and mechanisms)

» Force Joints: An external force assure permanent contact between the follower
and the cam surface. Springs, gravity and inertial systems.

13
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» Form joints: An appropriated form of a groove in the cam provides the path
to be covered by the follower. No external force is needed.

Half joint —
Half joint — Follower =
'\ Follower 3
' \
Peam S \ .‘ . '
‘ w
‘N & ) -
\ \ vf-o'r-'f-'mz
\
\\
4 S— Track or roove

8 / :
Cim — Cam -/
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® Cam mechanisms can be classified according to motion
restrictions:

» CEP: Critical extreme position. Only define start and stop position of the
follower.

» CPM: Critical path motion. Path and/or one or more of its derivates are
carefully specified.

® Cams can be classified according to their motion program:

» RF: Rise-Fall. CEP (No Dwell)
» RFD: Rise-Fall-Dwell.CEP (Single Dwell)
» RDFD: Rise-Dwell-Fall-Dwell. CEP (Double Dwell)

15
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- The first step when design cam is to define the mathematical
functions to be used to define the motion of the follower.

- SVAJ diagrams are a useful tool:

S. displacement of the follower vs 6 of the cam. S
V: velocity. ds/ ot
A: acceleration. 0°s/ ot?

J: Jerk. (golpe) 03s/ ot

16
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E.Q.

A cam mechanism will be designed for a
driller machine.

Operation conditions:

Input part

RN

A-B

varill

One part each 20s. Initial position; A l

DRILLIN: 25 mmin5s. B-C
DWELL.: 5 s finishing the drill.C-D
DRILL OUT: 25 mmin 5s.D-A
DWELL: Wait for another part.A-B 5s

¢.,? QUESTION 4 ? What is the motion program? How many dwells are there?

OWELL

(-0

-

B-L

J-A

17
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E.Q.

A cam mechanism will be designed for a A-B
driller machine.

Operation conditions: Input part varill
One part each 20s. Initial position; A l
DRILLIN: 25 mmin5s. B-C e [_D
DWELL.: 5 s finishing the drill.C-D

[ ]
DRILL OUT: 25 mm in 5s.D-A
DWELL: Wait for another part.A-B 5s

¢.,? QUESTION 4 ? What is the motion program? How many dwells are there?
RDFD: Rise-Dwell-Fall-Dwell. 2Dwells

B-L

RN

J-A

18
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- First step:

< Define the displacement diagram:
s diagram AR B-[

25
/C D\ InpuT pur’r

DWELL

dr|

T~
P

[—D 0-A

- w

[mm]

T~
A

Displacement of the follower (s)

’m\
‘>/

o

90 180 270 360
0 cam [9]
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It is very useful to divide the displacement function in several parts. This functions are called:
piecewise functions:

s diagram FromAto B
2> / \ 0=6<90 s =0 [mm)]
» D
2 20 FromBto C
e
IS Ar 2% 5 ,
% — 15 / \ 90 =6 < 180 s=K;-[6 —90]where K, = =90 = E[mmf“]
ZE / \ FromCtoD
SIS
O 1806 <270 s =25[mm]
8 5 From D to A
o
o ~ , . As —25 5
[a) 0 ‘\ B/ \A 270 =6 < 360 s =K,-[6 —270] where K, = = [mmy,]
0 90 180 270 360
0 cam [°]
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= A-B B-C

Vdrill g
s=K1-(0-90) 5= K2-(0-270)

~ | | | ‘ OWELL | [—D 0-A

25

InpuT pur’r

Displacement of the
follower (s) [mm]

5 I
180 270 360"
8 cam [°] Velocity= s/ ot or ds/ 08
v diagram

Wie g = AB/AL
Wieyg =18[%/s]=3 r.p.m constant.

V= As/ At = w,,,"As/ AB= w,,,,"Kn=constant

K=5M18 [mm/°] V,=5mm/s
K,=-5/18 [mm/°] V,=-5mm/s

_ | | _ , VELOCITY IS USUALLY EXPRESSED IN FUNCTION OF THE
8 a6 d86 59 86D ROTATED ANGLE OF THE CAM [lenght/angle]. In this
8 cam [°] example it qould be v= 5/18 [mm/°] 21

[ T

velocity of the follower (v)
[mm/s]




Displacement of the
follower (s) [mm]

N
o

[
(W}

—_
o

wu

o

>

s= K1-(6-90)

90

180
0 cam [°]

s=K2-(6-270)

270

360"

a= ov/ ot or ov/ 9@

velocity of the follower (v)
[mm/s]

[

90

v diagram

180
8 cam [?]

270

360

; a diagram
g - 4 © A
o 3
© 2
N
g‘g ! VA B C i
A
BE 0+ & . $
e -1
(=}
= 2
o
g 3
S 4
® 5 -0 vy WV _o0
6 I !
0 90 180 270 360
8 cam [°]
o a, « F?¢iiiiiiiiii- Dirac Delta

function. SPIKES
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|= odal ot or da/ 0O o
jdiagram
6
2

ﬁ . A oo °°2 A
E .
g 3
Q
— 1 +
& A B C D A
g 0
S 17
-
g7

-3

4 -

= \L - oin & \L o

-6

0 90 180 270 360
8 cam [?]

CONCLUSION= BAD DESIGN OF
DISPLACEMENT FUNCTION
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1. “The cam function must be continuous through the first and second
derivatives of displacement across the entire interval”

2. “The jerk function must be finite across the entire interval”

SOME CONSIDERATIONS

1. In any but the simplest of cams, the cam motion program cannot be defined by a single
mathematical expression, but rather must be defined by several separate functions, each
of which defines the follower behavior over one segment, or piece, of the cam. These

expressions are sometimes called piecewise functions.
2. These functions must have third-order continuity (the function plus two derivatives) at all
boundaries.

3. The displacement, velocity and acceleration functions must have no discontinuities in
them.

24
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= A-B e , "4 i Rise | E‘;ﬂl Fall
H 1
Input part g varill| |:1 _1:;;.'-:1]
i H o
, Discontinuities By
OWELL | (-0 = [)-A . v ik \‘/ f\r/ \ \
7 ( .
vV =— 0 *u'} ('Mr 5’/’\ Ky e
Pels. L ) ( ) 8 deg
7 .

a Infinite spikes
d=— — /"‘g ;ﬂw oy -
dB ‘ g * g deg
i On s |
rl o=z on el %)
. da ‘
F="7Z 8 ‘
Q

The example analyzed before does not comply with the fundamental law of cam designjjj;
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8.1 Simple Harmonic Motion

The simple harmonic motion is a mathematical function that remain continuous throughout any

number of diferentiations.
m| AR B[ RISE 0<6<90°; , .
input part | dmll% s Z[I—COS[REH
OWELL | [—D D-A v=££qin[n2]
B2 B
& -E- 72 h ( }
= —cos| T—
B* 2
j=—£hsin(nﬁ]
s diagram Where B3 2 B

Displacement of the
follower (s) [mm]
= (=Y N N
o wnn o un

o wuvi
>

= |
0 90 180 2
8 cam [?]

* h is the total stroke of the follower.
* O is the camshaft angle in each moment.
* 3 is the maximun angle in this stage.

70 360" | Footnote 6/ B is a dimensionless parameter that oscillate

between 0 and 1. 26
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© — 1.E+09 : 4
g 0015 P
H 3 8.E408
o =
s ool £ 6.(+08
] 2
< 0.005 = 4.E+08
o
5 E 2.E+08
® 0 | == \
] 0.0400 600000000 080¢000094
¢ 0005 2 E408
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Camshaft angle 8 Camshaft angle 8

Despite this deficiency, this profile is popular for cam design in low-speed applications

because it is easy to manufacture
27
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® This class of motion function is one of the more versatile types
that can be used for cam design. They are not limited by the
number of dwells. The general form of a polynomial function is:

s=Cy +C1x+C2x2 +C3:xc3 +C4x4L + C5x5 +C6x6 + - +Cpx”

® Where x is the independent variable (6/8).

® The degree of the polynomial is defined by the number of boundary
conditions minus one (because constant C,).

® The constant coefficients must be determined for an specific design.

28
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® In our example there are:
» We divide in fall and rise.

RISE
€=0°-s=0v=0a=0
€=90°- s=hv=0a=0

= A-B B-L

Vdrill ? FALL
(6.-8)=0°- s=h;vy=0a=0

6
OWELL | [—D D-A 9=(8,-8)=(270- 180 90% s= Oy= (1=

ié- |
& There are six boundary conditions for each stage.

Then, a 5 degree polynomial equation is needed.

InpuT pur’r

29
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d=0°. s=0v=0a=0

RISE  g-900. s=hwv=0a=0 Constant | Condition | Evaluation
S:wqﬁm{ﬁf+CS[£T+C{£T+C5 ﬁf C, B, s=h |h
B B B B B c 0 0 0
e R Gl P e
2 3 C, 0,,a=0 |0
a:i 2C +6C[£j+123 [gj + 2@ [gj . 10h _2
,82 2 3 3 4 3 5 J; C3 990, edq. =250
j :i{acs+24c4(£j+60c5(£j2} C4 990; ed. -15h =-375
B B B
Cs Oqo; €9. | 6h=150

6= -s=0=C,+C,+C;
gzﬂHV:O:K:3+£[:4+K:5—>—>—>—>C3: 1 C4:_15 C5: 6
6=p - a=0=6C,+1ZT,+ 2C,

30
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d=0°. s=0v=0a=0

RISE  g-900. s=hwv=0a=0 Constant | Condition | Evaluation
e R DTN
2 3 4 , V:
R e
a?{z‘zz*ﬁcg[zj*m[ﬁj 2w g) } C, Bgo; €9. | 10h =250
j=%{6C3+24C4(%j+60C5(%T} C, Oq; €. -15h =-375
C5 990; eq. 6h=150

THIS POLYNOMIAL FUNCTION IS CALLED 3-4-5 POLYNOMIAL
MOTION.

31
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S

30 S

25 |-y =150x - 375x" +250x° 30
s 25
IQ _"‘] 2
lﬁ -g 20
v 1% T
O - S
Q. o 15
— (]
g bid g 10
(@) 5 8 5
o
(N 0 0

) » o » 0 30 60 90 120 150 sto 210 é40 270 300 330 360
0 0.2 0.4 0.6 0.8 1 1.2 Camshaft angle

/8

C, | Ogp; €q. | 10h=250

C, | 8yp; €9. | -15h=375

C5 990; eq. 6h=150
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0=(6,-6)=0°- s=h,v=0a=0

FALL  6-(g-g)=(270- 180 90> s= o= = Constant | Condition | Evaluation
S:wqﬁm{ﬁf+CS[£T+C{£)“+C5 zf C, B, s=h |h
B B B B B C e 0 0
V:%[C1+2C2[%)+$3[%) +4c4[%] +BC, %) ] 1 0) V=
2 3 C, 0,,a=0 |0
a:i 2C +6C[£j+123 [gj + 2@ [gj . 10h_
,82 2 3 ,8 4 ,8 5 ,8 C3 990, eC ] - —'250
j:i{6C3+24C4(£j+60C5(£j2} C4 990; eq. |19h=375
B B B
Cs Oqo; €9.  |-6h=-150

6= -s=0=h+C,+C,+C;
QZ,BHV:O:K:3+Z[:4+ &5—>—>—>—>C3:_101 C4: 16 C5:_ 6
9=/ - a=0=6C, +1X, + 2C,

Footnote: Please notice that C factors are the opposite to the RISE stage A
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® Design is acceptable. No discontinuities and jerk is finite for any
camshaft angle (fundamental satisfied). However, jerk is “out of control’!

S Vv
30.00 |
20,00
0.00 ¥
] 30 60 0 120 150 18 10 10

Camshaft angle 8

Follower velocity v

Follower position s
v = v = I 151 e &
3 8 8 8
&
ot
[
[ J
2

Camshaft angle 6

B j

Follower jerk j

Follower acceleration a

Camshaft angle 6 =2 Camshaft angle 8
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® The 4-5-6-7 POLYNOMIAL MOTION

» We can control jerk by adding two more restrictions and therefore
avoid the initial jerk (6=0°j>0) which could be harmful:

Fall
=0°-s=0yv=0a=0; =0
8=90°- s=h,v=0a=0;] =0

Rise
0=(6.-6)=0°- s=h;v=0a= 0;j =0
0=(8,-8)=(270-180)= 90% s= Oy= = ;=0

35
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8.2 Polynomial Functions

POLYNOMIAL 4-5-6-7 JERK CONTROL

Constant

Condition

Evaluation

el w(3] ol e(3]-
14 B B B 14 14

= ZCZ+603(£J+1$4(£J +2005[£j +3(1:6(£j T 42:7[2
B B B B

] B
= 603+24C4(2j+ 6&35(£j T 12@{% + 210{%
| ; ; ; ;

‘%|H ‘%||_\

e 3] (3 3] (305
B B B B B B B

(ﬁ
Vv

/|

)

0,; s=0

0

0,; v=0

0

0,, a=0

0

0,; =0

0

0=C,+C,+C,+C,
0=4C, + 5C, + 6C,+ T,
0=1X, + 2@, + 3T, + 4L,
0=24C, + 6(C, + 12C, + 210,

D © O
T [ TR |
DR ®H™ID®
bl

— o < O
(I I B

Oq0; €0

-35h

Oq0; €0

-84h

Ogo; €9.

70h

Ogo; €9.

-20h
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® Comparing both polynomial methods:
1. The follower position is

s P 3-4-5and P 4-5-6-7 v
the same.
. 2. Maximum and
lg-l ? 0.000 30 60 90 120 150 18 210 240 /270 300 330 360 minimum VelOCitieS are
E g lower in P 3-4-5,
0 30 60 90 120 150 lgD Ziﬂ 240 270 300 330 360 o0 th e refo re ! th e ki n eti C
Camshaftangle 0 Camshat angle 0 energy is also lower.
; | 3. Max  and  min
. o] acceleration are lower
: £ P 4-5-6-7,
g g-loz \20 300 330 360 . .
3 = “ Initial jerk=0 P 4-5-6-7.
z & Jerk function

Camshaft angle 0 L Camshaft angle 6 Conti n uous 37
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® There are many other motion functions which can be used
(see literature).

» The best function motion will depend on the concrete application:

Single Dwell

Double Dwell

Low-speed applications

High-speed applications

Displacement, velocity or acceleration specifications.

Some examples are: cycloidal displacement, modified trapezoidal
accelerations, modified sinusoidal acceleration....

vV V V V V V
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simulation and evaluation software.

® Extremely easy to use. Very intuitive
® We will use it again in laboratory sessions.

Archivo Ver Exportar-Excel Imprimir Modificar Ayuda

m gﬂ @m Leva Plana de Rotacion con Seguidor de Rodillo de T
/' Datos Iniciales _;J Diagramas Cl'nemiﬁ(os| &I Perfil Le\:a| _ﬂ Pnémetrovs| 7] Cun(lusiones| @ Simulacién de Movimiento

Célculo Realizad S5in Titulo

0371072011

Forma del Seguider Movimiento del Seguidor Graficos
& & 1r . Dt
s
&) & {mam)
Magritudes Geométricas ¥ Valoaidad Anguler
Badio Bass= - mm
Radio Seguidor S
)
Construccién del Movimisnto de Salida
| Actie-
Py
Tramo Tipo de Movimisnts L B ~ fmadl
1 Folinémico 345 50 20
2 Detemtments 0 15
3 Polinbmico 4567 15 15
4 Detenizmiento 0 20 AWy
5 Felocidad Constants 35 iJ‘L] —
1 3 T

We will provide you SC levas. Itis a cam design,

Very useful tool. Many motion functions available.

9. SC Levas

Archivo Yer Erportar-bxcel [mprimir  Modificar Ayuda
0| || & (] |Leva Flana de Rotacién con Seguidor de Rodillo de Movimiento Traslacional (Céleulo Realizado | SinTitle | 03/10/2011

# Datos niciales | ] Diagramas Cinematicos | 34 vertil Leva | (1] parametros |fec ! $ simulacién de Movimiento
ET Leva inaceptable: Discontinuidad en velocidad Elevado Angulo de Prasién
Cencapts Misame Mame Cosntariss

Darplazamiants (smen) 50, o Centinaa

Valocidad (/s 9,68 172 Discontinua
Assleracitn (aan/s*2 18227 18227 Continaa

Scbraacslaracién (sm/5"3) 162066 130018 Discontiniza

Radio de

atara Conves (s} = 937 E perkl esté Tibe de céipides y/o 1ebajes

Angulo de Presidn 55 57 Angalo de Presign=30°
Archive ¥er Exportar-Excel [Imprimir Modificar Ayuda
) |2 B | & ]| Leva Plana d= Rotacién con Ssguidor de Rodillo ds Movimisnto Trasl 1 Céleulo Realizad Sin Titulo 03/10£2011

4 Dalos[nkhle;| %] Diagramas Ci‘nemitl‘ms| P pertil Leva | 1] Pnimetms| @ Conclusiones || 5 simulacion de Movimiento

Datos de la Simulacién
118 Angulo de Rotacién (%)
Tiempe (x)
5.29 Angulo de Presién (%)
Desplazamiento Aceleracian

[5080 | wem

o2

on/off | on/off |

Velocidad

/s

Scbreacsleracion

/s

Coordenadas del puntero

Coordenada (mm}: 63 Coordenada Y(mm}: -111

Opeiones da Visualizacién
] [ CurvadePaso | NNNSMMBMEIEEN | Eje: Coordenados onfoff | on/off |
Velocidad de la Sirmulacién

' il

Detener

39



Universidad

Carlos Il de Madrid 10 What can do cams?

http://www.youtube.com/watch?v=2Ah9Mhd6CRA

http://www.youtube.com/watch?v=ykx1DettTDM

http://www.youtube.com/watch?v=ocflYUc5bpU

http://www.youtube.com/watch?v=ttZJQIldd6gM

http://www.youtube.com/watch?v=ESRsd1TeOSg&feature=related

http://www.youtube.com/watch?v=MagklyL OwkVM

http://www.youtube.com/watch?v=0dDiXJsmDOQ
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© Erdman, A.G., Sandor, G.N. and Sridar Kota Mechanism Design. Prentice Hall,
2001. Fourth Edition.

® Robert L. Norton. Design of Machinery. Ed.Mc Graw Hill 1995. Second Edition

® Shigley, J.E. & Uicker, J.J. Teoria de maquinas y mecanismos. McGraw-Hill, 1998

o SOFTWARE
» SC levas
o VIDEOS

»  http://www.youtube.com/watch?v=2Ah9Mhd6CRA
»  http://www.youtube.com/watch?v=ykx1DettTDM

»  http://'www.youtube.com/watch?v=ocflYUc5bpU
»  hitp://www.youtube.com/watch?v=ttZJQIdd6gM
»  http://www.youtube.com/watch?v=ESRsd1TeOSqg&feature=related

»  http://'www.youtube.com/watch?v=MgklyLOwkVM
»  http://'www.youtube.com/watch?v=0dDiXJsmDOQ
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