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ABSTRACT.Continuously variable transmission is the system which provides a step-less change 
in transmission ratio between two rotating shafts. When it can provide zero ratio, it is known as 
infinitely variable transmission (IVT). These systems are mainly classified into two categories; 
traction and non-traction types. In the traction type, the power is transmitted by friction force that 
develops between the active elements in the mechanism, while in the non-traction systems, the 
power is transmitted via direct contact. A very common type of non-traction IVT is the cam-based 
system. In this type, the rotating motion of the input element is converted to oscillatory motion 
with continuously variable amplitude. Eventually, the oscillatory motion is rectified to one-way 
rotational motion by means of a one-way clutch (rectifier). The rectifier is considered an essential 
element in the IVT system, as it is subjected to an extreme dynamical condition. In this study, the 
performance of  one-way clutches (rectifiers) in a cam-based IVT is presented. The IVT system 
under consideration is a combination of two identical units and in each one, a rectifier is fitted at 
the output shaft. It is required that this rectifier is able to efficiently transmit the power during its 
engagement. It should also generate minimal power loss during disengagements, when aggressive 
relative motion is presented between its parts. It has been found that the operation of the one-way 
clutch is mainly determined by the designed cam profile. For this study, the profile is a combination 
of constant speed and trapezoidal forms. It was also concluded that the value of the selected 
transmission ratio controls the amount of fluctuation in the acceleration, velocity and displacement 

and hence, the energy lost due to slippage of the clutches.  
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1. Introduction 

Infinitely variable transmission (IVT) is the system which allows for continuous change (step-less) 

in speed ratio between two rotating elements. In IVT systems, the range of speed ratio includes 

zero value, when this is not the case, the system is called a continuously variable transmission 

(CVT), which is more common than the IVT. The importance of these systems is to provide the 
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required speed ratio precisely, for application through large variety of conditions. In addition, they 

allow for smooth load changes that are applied to the mechanical elements within the machine, 

which serves to extend their life. Furthermore, applying these systems in some applications, for 

example in automotive, may contribute greatly to user comfort. Because of these advantages, the 

CVT and IVT systems are ideal for use instead of the traditional transmissions in transportation 

vehicles. Moreover, these new transmissions can also be integrated inside wind power electric 

generator systems [1]. This can help in maintaining the constant rotational speed of the electric 

generator part for variable speed wind turbines that depend on wind speed.    

 

There are two main categories of the CVT; traction and non-traction, depending whether traction 

force is used in power transmission or not. The V-belt CVT is the most common traction type, 

where a V-belt is used to connect two pulleys on each of the movable sheaves [2-4]. A review on 

this type CVT can be seen in [5]. Toroidal transmission [6-8] is another traction CVT type, where 

the power is transmitted between two contacting surfaces by means of friction force or viscous 

fluid shearing strength. As these systems rely on traction force in their power transmission main, 

this is considered as one of their main limitations. 

In the non-traction CVT, the power is transmitted by direct contact between the contacted surfaces: 

the mechanisms in [9, 10] are examples of this type. In general, the non-traction CVT include a 

ratchet or one-way clutches in their combination. Benities et al [11, 12] developed a ratcheting 

IVT which includes a number of one-way clutches and two epicyclical gear train. A non-traction 

IVT system using one-way clutches (ratchet) was introduced in [13]. This system contains number 

of identical units where each unit is based on a three-dimensional cam and follower mechanism.  

In general, ratchets (one-way clutches) are the weakest links in the ratcheting IVT systems. 

Morales and Benitez [14] proposed several rectifying designs in their study. Analytical and 

numerical studies were applied in order to determine the most applicable design.   

 

This paper presents an investigation of the motion and performance of one-way clutches used in a 

cam-based ratcheting type IVT [15]. This investigation studies the kinematics of the clutches 

installed at the IVT, and this will add to knowledge of the clutch features that are compatible with 

such applications.  
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2. Operation of the IVT System  

The components and configuration of the IVT system under consideration is shown in Figure 1. 

As can be seen in this figure that the main components of the system are two cams, with their 

followers fitted to the input shaft, two slotted links, and two grooved wheels fitted to the output 

shaft by means of one way-clutches.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The infinitely variable transmission system under consideration [15]. 
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The rotary motion of the input shaft is converted to reciprocating motion of the followers of both 

cams that fitted to the input shaft. This reciprocating motion makes the slotted links oscillate about 

their center of rotation, with continuously variable amplitude depending on the position of that 

center. At the other end of the slotted links, the grooved wheel actuators are connected and hence 

they reciprocate with amplitude that is independent of the amplitude of the cam followers. 

These reciprocating motion (of the actuators) actuate the grooved wheel to move with two-way 

rotational motion (oscillatory). In order to achieve one-way rotation for the output shaft, the 

grooved wheels are connected to it, by means of one-way clutches. These clutches connect the 

wheels with the output shaft for one direction of motion and allow for relative rotational motion 

between them at the other direction.  

 

There many types of one-way clutch, but they all provide the feature of connecting in one direction 

and disconnecting in the other direction. The type of clutch selected depends on the dynamics and 

performance of the system that the clutches are intended to be used in. The next sections provide 

an insight on the dynamics of the one-way clutches that are used in the cam based IVT described 

previously.  

 

3. Kinematics of the IVT 

In this section, a brief description on the kinematics of the whole IVT system is presented, which 

leads to the dynamics of the one-way clutches, which is the aim of this work. 
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The schematic diagram shown in Figure 2 illustrates the motion of a single unit in the infinitely 

variable transmission (IVT).  

 

This system is designed to deliver a uniform output angular velocity for uniform input, so that the 

relation between cam angle of rotation, ��  and the follower displacement, �� can be written as: 

 �� = ����    (1) 

Where ��is constant of proportionality for the cam. 

In the same way and similar designation, the relation between wheel angle of rotation, ��  and the 

actuator displacement, �� is written as: the relation between groove profile and the actuator is 

written as follows: 

     �� = ����                                                                   (2) 

Where �� is a constant of proportionality for the wheel. 

Figure (2): motion of a single unit in the IVT system.  
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It is known that the velocity and acceleration are obtained by first and second derivative of the 

displacement relation with respect to time, respectively. So that, the velocity of the cam profile is 

equal to �� and the acceleration is zero. If uniform speed profile is used for out and return stroke 

of the cam profile, the displacement, velocity and acceleration of the cam follower for one 

revolution can be seen in Figure 3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Displacement, velocity, and acceleration of uniform speed cam for 

one revolution (c1=0.01). 
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It can be noted from Figure 3 that the acceleration moves toward +∞ and - ∞ when θ1 equal to zero 

and π respectively, because of the step change of velocity for these positions. The infinite value of 

acceleration needs an infinite value of force to be applied throughout the whole mechanism, 

especially at the contact regions. Accordingly, this will increase the chance of damage of these 

regions. For solving this issue, a combination of uniform speed and trapezoidal profile is designed 

for the cam outstroke and return-stroke respectively. The follower displacement, velocity and 

acceleration relations for one revolution of the cam is shown in table (1) and are depicted in 

Figure 4.  

 

Table 1: Follower displacement, velocity, and acceleration through one cam revolution. 
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4. One-Way Clutch Kinematics 

As described previously, the grooved wheels are mounted on the output shaft via one-way clutches, 

so that the function of these clutches is related to the motion of the wheels and the output shaft. 

The wheels’ motion is of two-way oscillation with different amplitude depending on the selected 

value of transmission ratio. Unlike the cam, the groove profile is designed to have a uniform speed 

Figure 4. Displacement, velocity, and acceleration for a combination 
of uniform speed and trapezoidal cam profile.  
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profile only, as it may have variable amplitude of angular displacement for different transmission 

ratio. Accordingly, for particular transmission ratios, the angular displacement, �� , velocity, �� , 

and acceleration, �� , of the one-way clutches can be written as follows:  

�� = �
��

��
��

��          (3) 

�� = �
��

��
��

��         (4) 

�� = �
��

��
��

��          (5) 

Where: 

 ��, ��, �� are the linear displacement, velocity and acceleration of the cam follower detailed in 

table (1). 

��  and ��  are the displacement of the follower and actuator from the slotted link pivot, 

respectively. 

Figure 5 shows the angular displacement of the wheel versus the cam angle of rotation for a range 

of  �� ��⁄ . It can be noted that when this ratio is equal to zero, the groove wheel is stationary while 

the input shaft is rotating. As �� ��⁄  is increased, the amplitude of the angular displacement is also 

increased including minus values. These values imply that the wheel moves in reverse direction 

than the input and output shaft and it represents the slippage stroke of the one-way clutch. 
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Figure 6 shows the wheel angular velocity for a range of �� ��⁄  through one revolution of the input 

shaft. When �� ��⁄  is zero, the velocity of the wheel is also equal to zero, which means that it is 

stationary, where that is compatible with the behavior depicted in Figure 5. The amplitude of the 

angular velocity is increased when �� ��⁄  is increased. For the particular value of this ratio, the 

velocity is constant for 0 ≤ θ1 ≤ π.  For the rest of the revolution, the velocity varies according to 

the relation mentioned in Table 1 that includes minus value representing the reverse direction of 

the wheel.  

 

Figure 5. The angular displacement of the grooved wheel 
versus the input shaft angular position and a range of �� ��⁄  
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Figure 7 shows the angular acceleration of the grooved wheels for a range of �� ��⁄  and a 

revolution of the input shaft. Similar to Figures 5 and 6, Figure 7 implies that the wheel is stationary 

when �� ��⁄  equal to zero. The acceleration continues to have zero value for the range 0 ≤ θ1 ≤ π 

even when  �� ��⁄  increased. On the other hand, when π ≤ θ1 ≤ 2π, the angular acceleration 

fluctuates with trapezoidal form which its amplitude is increased when  �� ��⁄  increased. 

 

 

 

 

 

Figure 6. The angular velocity of the grooved wheel versus the input shaft 
angular position and a range of �� ��⁄  
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5. Conclusions  

This work focused on the kinematic analysis of the one-way clutches that are used in a cam-based 

infinitely variable transmission. The kinematics of the whole IVT led to the fact that for achieving 

uniform output angular velocity and acceleration for uniform input, the cam profile should be 

designed of a constant velocity type for cam outstroke and similar to this, is designed for the groove 

profile of the wheels. It was also concluded that to avoid infinite values of forces through the 

system elements and at the contact regions, a trapezoidal profile is designed for the return stroke 

of the cams.  

The one-way clutches are used to engage the grooved wheels with the output shaft during one 

direction of rotation, and disengage them in the other direction. This process is applied periodically 

for the two wheels, keeping at least one engaged wheel throughout the time of operation. During 

disengagement, the one-way clutches’ outer and inner races are slipped to each other. The relative 

Figure 7. The angular acceleration of the grooved wheel versus the input 
shaft angular position and a range of �� ��⁄  
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angular displacement, velocity, and acceleration between the two races of each clutch depend on 

the features of the cam return stroke and on the selected transmission ratio of the IVT system.  

At zero transmission ratio, the wheels and the output shaft are stationary. For non-zero 

transmission ratio, the clutches’ slippage is developed with trapezoidal angular acceleration form 

and its corresponding angular velocity and displacement (during the cam return stroke only). The 

value of fluctuation of the acceleration, velocity and displacement are increased as the transmission 

ratio is increased. For the case studied in this research, when the ratio �� ��⁄  is equal to 3, the 

amplitude of the slippage angular displacement is reached about 11.3 rad while the total fluctuation 

of the angular acceleration is about ±10.2 rad/s2. This means more friction losses within the 

clutches as a result of larger slippage angular displacement. It can be also concluded that for high 

relative angular acceleration, a higher amount of movement is required to return the wheel during 

the return stroke.   
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