
  

  
Abstract— The objective of this paper is to propose a novel 

standardized cam system with motion adjustable. First, 
generalized Oldham couplings are described. Then, the 
proposed system is presented. It is composed by a motor, a 
constant speed coupling, a gear reducer, a variable speed 
coupling, and a standardized cam mechanism. Then, the 
feasibility is validated by kinematic simulation using ADAMS 
software. Finally, the prototype of proposed system is 
illustrated. The results show that the proposed system can 
produce required adjustable output motion. In addition, it has 
the advantage of lower cost, easy accessibility, and high 
precision. 
 

Keywords: cam, Oldham coupling, kinematic simulation, 
ADAMS  

I. INTRODUCTION 
  A cam mechanism is composed by a cam, a follower, and 

a frame. And the cam is used to transmit motion to the 
follower through a prescribed motion program by direct 
contact. Since cam mechanisms are compact and can produce 
complicated output in a simple way, they are extensively 
used in various kinds of machines and intruments. Typical 
examples of their applications include computer, internal 
combustion engine, printing presses, textile machines, and 
automatic machines, etc [1]. 

Once a cam mechanism has been designed and made, its 
output motion can not be altered. Whenever there is a design 
change, the cam has to be re-designed and re-manufactured. 
Moreover, since a cam mechanism needs precision 
machining, and is not a standard component, its building cost 
is higher than other mechanisms. Therefore, how to find an 
approach to solve these problems is an open topic to be 
investigated. 

In 1991, Hsieh [2] firstly presented a novel approach to 
improve the state of the motion of the follower by varying the 
input speed using a servomotor. After that, Yan et al. [3-5] 
contributed to improve the output motion characteristics of a 
mechanism by a servomotor solution. Some researches [6-8] 
applied the method to a press. Although the method is 
effective, there are still some disadvantages exist due to the 
utilization of a servo motor, for instance, higher cost, a 
specially designed servomotor required, slow response, and 
limited output power. In 2007, Hsieh [9] investigated the 
feasibility of employing a cam-controlled planetary gear train 
to replace the servomotor. 
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The objective of this work is to propose a novel 
standardized cam system with motion adjustable. Firstly, 
generalized Oldham couplings will be described, and their 
kinematic characteristics will be examined. Then, the 
proposed cam system will be presented in details. Finally, the 
feasibility will be verified by kinematic simulation using 
ADAMS software. 
 

II. OLDHAM COUPLING 
An Oldham coupling has been used to transmit the motion 

or the power between two parallel shafts. It can be classified, 
by the shape of its slots or ribs, as classical Oldham coupling 
(straight slot), generalized Oldham coupling with circular 
slots, and generalized Oldham coupling with curvilinear slots 
[10], as shown in Fig. 1(a)-(c), respectively. The generalized 
Oldham coupling consists of frame (link 1, not shown), input 
disk (link 2), floating disk (link 3), and output disk (link 4), as 
shown in Fig. 1(b). The radii, r1 and r2, of the centerline of the 
slots need not be equal, and the two centerlines are usually, 
but not necessary, designed to intersect at the axis of the 
floating disk. The classical Oldham coupling will transmit 
uniform motion between the input and output shafts. 
However, the generalized Oldham coupling with circular 
slots and curvilinear slots will transmit non-uniform motion, 
as shown in Fig. 2. The former is called constant speed 
coupling. The latter is called variable speed coupling in this 
work, and it leads to many potential applications to devices or 
machinery requiring non-uniform transmission. 

 

(a) Classical 

Figure 1. Oldham coupling 
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(b) Circular slots 

       

(c) Curvilinear slots 

Figure 1. Oldham coupling (Continued) 

 

 

Figure 2. Output angular velocity of a generalied Oldham coupling 

 

III. NEW CAM SYSTEM 
Fig. 3 (a) and 3(b) depicts the block diagram and the 

schematic drawing, respectively, of the proposed new 
standardized cam system in which its output motion can be 
adjustable by replacing with some standard components. The 
system, is composed by a motor, a constant speed coupling, a 
gear reducer, a variable speed coupling, and a standardized 
cam mechanism. The motor is connected with the reducer by 
the constant speed coupling, and then drives the cam 
mechanism through the variable speed coupling. Since the 
variable speed coupling, in the proposed system, can be 
easily adjusted and changed its assembly configuration, the 
output shaft speed and acceleration can be altered at will. 

Moreover, the lift of the cam mechanism can be adjusted by 
its offset, hence the output motion of the proposed system can 
be arbitrarily changed to meet different motion requirements. 
In addition, the proposed system has the advantages of lower 
cost, easy accessibility, high precision, high reliability, and 
motion adjustable. 

 

 

(a) Block diagram 

 

(b) Shematic drawing 

Figure 3. New cam system 

 

IV. MOTION GEOMETRY 
Fig. 4(a) depicts the kinematic sketch of the proposed new 

mechanism, where points a0 and b0 denote the axes of 
rotation of the input and the output disks, respectively, and let 
r1 = a0b0 be the distance of centers of two fixed pivots. 
Furthermore, points a and b denote the arc centers of the slots 
on the input and the output disks, respectively, and the 
distance of two centers is set as r3 = ab, and point o is the 
point of intersection of the two arcs. Moreover, let r2 = oa and 
r4 = ob be the radii of the circular slots of input disk and 
output disk, respectively. Also, angle α = aob denotes the ∠

intersection angle between two circular arcs, angle β= cb∠ 0b 
is b0b makes with b0c, and 4 is the angular displacement of 
the link 4, all measured in counterclockwise. Moreover, b0c is 
the offset between the center c of the cam and the fixed pivot 
b0. In addition, R and Rb are the radii of the circular cam and 
the roller, respectively.  

The geometry of the new design is complicated and 
difficult to be analyzed, however, as indicated in the 
reference [11], the kinematically equivalent mechanism of an 
Oldham coupling is a four-bar linkage. Therefore, the 
equivalent linkage of the new design can be obtained by 
transforming Fig. 4(a) to Fig. 4(b). Fig. 5 shows the 
displacement of the follower. The cam and the follower 
initially are in position 0 (in dashed line), and then move to 
position 1 by rotating the cam with a displacement θ4.  From 
Fig. 6, the displacement S of the follower can be obtained by 
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(a) Kinematic sketch 
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(b) Equivalent linkage  
Figure 4. Standardized cam mechanism 
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Figure 5. Displacement of the follower 
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Differentiating Eqs. (1) and (2) with respect to time, 
respectively, it yields 
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where Vf is the velocity of the follower. Substituting Eq. (4) 
into Eq. (3) and simplifying, we have 
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Differentiating Eqs. (5) with respect to time, we obtain 
 

4404
2

40 )cos()sin( αβθβθω ⋅−⋅+−⋅⋅−= cbcbA f
 

γβθωγβθα cot)cos(cot)sin( 4
2

40440 ⋅−⋅⋅+⋅−⋅⋅+ cbcb  
dtdcb /csc)sin( 2

440 γγβθω ⋅⋅−⋅⋅−  (6)
 
where A f is the acceleration of the follower. Substituting Eq. 
(4) into Eq. (6), we have 
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If θ4, ω4, and α4 are known, then S,  Vf, and Af can be found by 
Eqs. (1), (3), and (6), respectively. In addition, they can be 
derived by performing kinematic analysis using the vector 
loop approach [12]. The derivation is well known, hence it is 
not given here. The kinematic equations are 
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(a) Without the coupling 

 

(b) With the coupling 

Figure 7.  Solid models 
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V. KINEMATIC SIMULATION 
To investigate the feasibility, kinematic simulation is 

conducted by using ADAMS software. The solid models of 
cam systems without and with the generalized Oldham 
coupling (new design) are established by CAD software, as 
shown in Figs. 7(a) and 7(b), respectively. Then, their 
kinematic pairs can be added to the models by introducing 
them into ADAMS as shown in Figs. 8(a) and 8(b). 

                    

(a) Without the coupling 

 

(b) With the coupling 

Figure 8.  Solid models with kinematic pairs 
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(a) Without the coupling 

 
(b) With the coupling 

Figure 9.  Kinematic simulations 

Fig. 9 shows the kinematic simulations of the two models. 
The velocity of the model without the generalized Oldham 
coupling is shown in Fig. 9(a), and it is a simple harmonic 
motion. And the new cam system is shown in Fig. 9(b). It can 
be seen that its output velocity has been changed. Obviously, 
its output acceleration has also been varied. If different 
velocities and accelerations are required, then we can use 
various Oldham couplings to meet the demand. Moreover, 
the different output displacement and the stroke can be 
generated by adjusting the distance between the centers of the 
cam and the output disk of the coupling. Since the profiles of 
the cam and all the disks, ribs, and slots in the generalized 
coupling are circular, they can be machining with high 
precision and low cost. In addition, they can made with mass 
production, therefore can become standardized mechanical 
components with various sizes. If different output motions 
are required, the designer can obtained them from hardware 
stores, therefore building time and money could be 
enormously saved. 

 

VI. PROPOSED PROTOTYPE 
Figure 10 depicts the prototype of proposed system that 

consists of a motor, a generalized Oldham coupling, a 
circular disk cam mechanism, and a frame. The angular 
motion of the cam shaft is measured by the encoder installed 
on the shaft. In addition, the follower is replaced by a LVDT 
(Linear variable differential transformer) with a roller, hence 
the linear output motion can be measured directly by the 
LVDT. 
 

 
Figure 10.  Prototype 

VII. CONCLUSIONS 
In this work, a novel cam system has been proposed, and 

its feasibility has been verified by kinematic simulations. 
First, different Oldham couplings have been described and 
their kinematic characteristics have been discussed. Then, the 
detailed architecture of the system has been presented. 
Moreover, the kinematic equations are derived from its 
geometry. Finally, kinematic simulations have been 
conducted by using ADAMS software. In addition, the 
prototype of the proposed system is illustrated. The 
simulation results indicate that the proposed system can 
produce required motion, and its output motion can be 
adjusted by replacing with standardized components. In 
addition, the advantages of the system are low cost and 
building time, easy accessibility, and high precision. 
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