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COMPUTER AIDED CAM DESIGN

OF ROLLER-FOLLOWER CAM MECHANISM CONSIDERING
KINEMATIC AND DYNAMIC REQUIREMENTS

SUMMARY

Tran Minh Quang’, Nguyen Quang Hung
College of Technology - TNU

In this paper, a new method to design cam mechanisms with translating roller follower using
Matlab and Inventor software is presented. The minimization of the cam size and the contact stress
can be determined by controlling design parameters, such as the cam base circle radius, the
follower face width and the follower offset. During the design procedure, a number of constraints
regarding the pressure angle and the contact stress are taken into account. The finite element
aproach is used to perform the analysis. A specific design case has been done to prove the practical

applicability of this new approach.
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INTRODUCTION

A cam may be defined as a machine element
having a curved outline or a curved groove,
which, by its oscillation or rotation motion,
gives a predetermined specified motion to
another element called the follower. Cam
mechanism with roller follower is used
widely in many classes of machines because
due to the cam and follower it is possible to
obtain an unlimited variety of motions.
However, when a motion of follower is given
arbitrarily, designers are sometime very
difficult to build the cam profile to satisfy
kinematic and dynamic characteristics, such
as displacement, velocity, acceleration of
follower, pressure angle, and even contact
stress. There are a number of documents
presenting about how to construct these
profiles by using normal functions, such as
Cycloid function, Sin function...etc[1.2].
There are many new approaches executed to
improve smooth of the cam profile, but these
methods are still limited to kinematic
requirements [3]. The paper presents a new
method to design cam mechanisms with
translating roller follower concerning both
kinematic and dynamic requirements, using
Matlab and Inventor software. Firstly, the
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basic principle of designing a cam profile is
still used to determine the coordinates of
points at the center of the follower, then
coordinates of points at the cam profile.
NURBS is used to construct a smooth curve
from these separate points. Once the function
of cam profile is absolutely constructed by
using NURBS curve, a MATLAB program
will be done to demonstrate the curve and to
control the kinematic conditions. The cam
profile then can be exported into a CAD
software, such as Inventor. Finally, a
modeling of cam is expressed to simulate the
cam mechanism on the Inventor software.
Also a process of finite element analysis will
be executed to control dynamic requirements.
Furthermore, the results of the design process
using this method can be used to manufacture
cam on CNC machines. An example cam
design with translating roller follower from a
given displacement of follower has been done
to prove the practical applicability of this new
approach.

CAM PROFILE DESIGN PRINCIPLE
FROM A GIVEN DISPLACEMENT OF
THE FOLLOWER

The family of pitch profile can be determined
from the parametric equation [1].

FOYp) = (X-Xp) + (Y- Yp) — 17 =0 @
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Where (X,, Yp) are coordinates of points at the
center of the follower, as functions of the
variable ¢ ; r¢ is radius of roller.

Xp = (k+s)sing + e.cosp
Yp = (k+s)sing - esing ;
k=(r,+r,)*—¢° )

k is the distance parallel to the direction of
motion between center of the Cam and center
of the follower.

The coordinates of points at the cam profile
can be calculated with the following
equations [2].
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During the synthesis procedure the following
functional constraints are imposed:

1) The maximum value of the pressure angle
must be smaller than the maximum permitted:
a < [a]. The lower the value of pressure
angle, the best the transmitted force will be
transformed into the motion of the follower. If
the pressure angle is too high, the follower
sliding or friction will be increased.

The pressure angle can be calculated by
[1.3]:
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Where: s is displacement of the follower, v is
velocity of the follower, ry, is the base circle; e
iS eccentricity.

2) The roller follower radius r¢ is always
smaller than smallest absolute value of local
radius of curvature |1/p|< 1/rs, that keep the
contact between the cam and roller follower.
If we disregard for existence of pressure
angle, the minimum cam size can be
determined from radius of curvature for roller
follower [1.3].
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Where: a is acceleration of the follower

3) The offset e must satisfy the constraints:
O<e<s.

4) The contact stress of any point at the cam

curve is always smaller than permitted contact
stress for the cam: opax < [0].

CCAM PROFILE SMOOTHING BY USING
NURBS CURVESAM PROFILE
SMOOTHING BY USING NURBS CURVES

In the section, NURBS curve is used to
construct complex and smooth Cam profile
with many constraints about kinematics,
dynamics, such as displacement, velocity,
acceleration, jerk of follower and pressure
angle of the cam. NURBS is a flexible
function used widely on applications of CAD
to construct complex curves [4.5]. While most
basic curves, such as the circle, are not
represented by B-spline curves and other
parametric polynomial curves [5]. The
NURBS can be defined by generalizing B-
spline curve of degree p:

CW(U) = Zh: Ni.p(u)PiW

p

WiXi
h Wiyi
:%Ni’p(u) Wz ; (0<u<l (6)
Wi
Where: P = (wix;, Wy, wiz) are control
points; i = 0,1,2..., h, (h+1) are number of

control points, Niy(u) are B-spline basis
functions of degree p, w; is weights, u are knots.

LJ:{owqauWD"”%pp&xg} (7)

p+l p+1

is knot vector

u-u, ui+p+1_u
Ni,p(u): : i,p—l(u)+ Ni+1,p—1(u);Ni‘0(u)
ui+p_ui ui+p+1_ i+1 (8)
1 u<u<u,
|0 uefu u
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I Where: t; is parameter of initial data’s point i
R (U)= ;NW(U)W‘P‘ Cu)= h R (U)P and can be calculated by the chord length ©)
e = _g Lp A method: t, =0; t, =1.

h
2 Ni,p(u)Wi

Rip(u) are called B-spline basic Rational
functions.

Suppose there is a data set of (n+l) data
{Do(Xo, ¥0),--->» Dn(Xn,¥n)}, An NURBS curve
of degree p is constructed from the data as
using approximate method. It always get
through the beginning point and the ending
point, therefore the sum of the squared errors
between the point of initial data and its
corresponding point at the NURBS curve can
be detected [3]:

f =1f(R,P,...R, Wy, W,... W)
h 2
n '70Nj'p(ti)ijj (10)
=, ‘*h—_Di
LN H)w,
j=0

]

FINITE ELEMENT ANALYSIS PROCEDURE

Finite element method is one of the most
accepted and widely used tools for the solution
of linear and non linear partial differential
equations which arises during the mathematical
modeling of various processes [6].

Once the function of cam profile is absolutely
constructed by using NURBS curve, a
MATLAB program has been done to
demonstrate the curve and to test the
kinematic conditions. The cam profile then
can be exported into a CAD software, such as
Inventor. Finally, a modeling of cam is
expressed to simulate the cam mechanism.
Also a process of finite element analysis will
be executed. The cam design flowchart was
applied in the paper as shown in Fig.1.
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Fig.1. The flowchart
demontrates a computer
aided cam design from a
given follower displacement.
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Motion of follower of the variable cam angle
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Permitted max. pressure angle is 25deg
Cam base radius range from 60 to 120mm
Permitted max. contact stress is 1500N/mm?
Fig.2. Kinematic and dynamic requirements

RESULTS AND DISCUSSION

In this section, an example cam design is
exhibited with translating roller follower from
a given follower displacement S(¢) as shown
in Fig.2.

The input parameters are set: r, = 80mm; e =
20mm and r; = 15mm. The NURBS curve of
degree p=3, i=90points and h=80. The cam
profile and pressure angle are shown as in
Fig.3. The results indicate that the maximum
error fg™ =0.0587. The pressure angles
range from 4.75deg [min] to 12.15deg [max],
the maximum radius of curvature is 24.03
mm. All of these results absolutely satisfy the
kinematic requirements.

Considering kinematic requirements the
displacement, velocity and acceleration
of the follower are determined as shown in
Figure 4.

To perform finite element analysis of roller
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follower, the solid model of the same is
essential. Figure 5 shows a solid model of
roller follower. The accuracy of the FEM
depends on the density of the mesh used in
the analysis; the outer surface of cam loaded
by the follower so that to obtain the correct in
the region of high stress.

The results of finite element analysis, as
shown in Fig.6, indicate that the maximum
contact stress, according to Von-mises Stress,
at surface of cam is 6.4MPa with a pressure
load 100N in rise cycle at angle of 19.5°
respectively. It absolutely satisfies the given
dynamic requirements.
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Fig.3. Cam profile and pressure angle of the cam
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Fig.4. The follower motion diagrams
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Fig.5. 3D model of the cam

CONCLUSIONS

For design cam mechanisms with translating
roller follower using Matlab and Inventor
software have been studied in this paper
taking in the consideration the kinematic and
dynamic requirements for solving the
NURBS curve that proposed to satisfy the
curvature and minimum cam size.
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Fig.6. Contact stress at cam surface

In this approach, the contact stress
distribution along the contact between the
follower and the cam edge which give good
agreement with the numerical analysis using
F.E.M have been investigated. The results
show some advantage in solving non-linear
programming for designing cam mechanisms
with translating roller follower.

The entire data of the design process can be
used for manufacturing process on CNC
machines.
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TOM TAT

THIET KE CO CAU CAM CAN PAY DAY CON LAN VOI SU TRQ GIUP
CUA MAY TINH KHI KE PEN CAC YEU CAU

VE PONG HQC VA PONG LUC HQC

Tran Minh Quang*, Nguyén Quang Hung
Truong Pai hoc Ky thudt Cong nghiép - PH Thai Nguyén

Bai bao nay trinh bay mot phuong phap mdi, sir dung phan Matlab va Inventor dé thiét ké co cau
Cam can day day con lan. Trong do, cac gié tri kich thudc cam va tng suat tiép xuc t6i thiéu dugc
xéc dinh bang viéc diéu khién cac thong s6 thiét ké nhu ban kinh vong co sd, bé rong ctia cam va
d6 léch tam. Trong toan bo qua trinh thiét ké, cac rang boc vé gbc ap luc va ung suét tiép sic s&
dugc dua vao qua trinh tinh toan va duge xem nhu cac diéu kién bién. Phuong phap phan tir hiru
han dugc st dung dé mé phong su phan bd ung suit tiép xuc trén bé mat cam. Mot vi du thiét ké
cu thé da dugc tién hanh dé ching minh dugc kha ning 4p dung vao thuc té cuia cua cach tiép can
mdi nay.

Tir kKhéa: Bién dang cam, Thiét ké cam, Tong hop, Cam can ddy, Phdn tich phan tir hitu han
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