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Abstract: In this paper was presented one approach for modelling intermittent mechanism with two lobes on each 
noncircular gears. In this case was examined synthesis of such motion where output shaft must generated four dwell 
position per one revolution. Described mechanism can easily achieved very complex motion, where input shaft have 
constant angular speed in relation to output shaft which combines smooth stop and go movement. This article also 
described some basic shape of this new mechanism and CAD model of circular and non circular gears which are 
constituent part of intermittent motion mechanism. 
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1. INTRODUCTION 
 
Non-uniform rotation mechanisms are required in many 
applications. Noncircular gear wheels can be used to 
produce rotary motion with variable transmission ratio 
and, compared to linkages, provide a number of design 
advantages such as accurate transmission, ease of 
balancing, and compact size. Furthermore, they are very 
versatile because of the great flexibility to obtain a 
desired transmission function. Automatic equipment in 
printing presses, textile industry, packaging machines and 
quick-return mechanisms represent the most diffuse 
applications [1] and [2]. Some authors, in particular, have 
studied the problem of assembly conditions. In 1998, 
Simionescu [3] proposed a unified approach to the 
assembly condition of epicyclical gear trains. A set of 
analytical relations, in order to determine the offset angles 
between the wheels of compound planets, was also 
provided for those cases in which an equidistant assembly 
is not possible. Research on noncircular gears has been 
very limited. Most of the research on these tooth bodies 
have concentrated on the development of pitch curves for 
different applications or to satisfy specific requirements 
[4-12]. Reviews on noncircular gears have been presented 
in previous works [12,13]. Noncircular gears generally 
cost more than competitive components such as linkages 
and cams. But with the development of modern 
production methods, such as the computer-controlled gear 
shaper, cost has gone down considerably. Also, in 
comparison with linkages, noncircular gears are more 
compact and balanced and they can be more easily 
balanced. These are important considerations in high-
speed machinery. Furthermore, the gears can produce 
continuous, unidirectional cyclic motion a point in their 
favor when compared with cams. The disadvantage of 
cams is that they offer only reciprocating motion. 

2. NONCIRCULAR GEARS 
 
Early version of non-circular gears (NCG) are shown on 
the sketches in fig. 1 made by Leonardo da Vinchi in the 
collection of ``Codex Mandridii``. In this document was 
presented the genuine idea of gears with eccentric circle 
and self-intersected pitch curve. The number of references 
of NCGs is very limited compared to another technical 
topics. The most important books in the subject are [14] 
and [15]. In more recent book [16] only few chapter deals 
with this subject. 
 

 
 
Fig.1. First sketches of NCG made by Leonardo da Vinchi 
 
A NCG is a special gear design with special 
characteristics and purpose. While a regular gear is 
optimized to transmit torque to another engaged member 
with minimum noise and wear and with maximum 
efficiency, a non-circular gear's main objective might be 
ratio variations, axle displacement oscillations and more. 
Common applications include textile machines, 
potentiometers and CVTs (continuously variable 
transmissions). It is always possible to design a specially 
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shaped gear to roll and mesh properly with a gear of any 
shape. The sole requirement is that the distance between 
the two axes must be constant. However, the pitch line of 
the mating gear might turn out to be an open curve, and 
the gears can be rotated only for a portion of a 
revolution—as with two logarithmic-spiral gears 
(illustrated in fig. 2). In fig. 2 was presented the 
logarithmic spiral gears shown in (A), are open-curved. 
They are usually components in computing devices. The 
elliptically shaped gears, shown in (B), are closed curved. 
They are components in automatic machinery. The 
specially shaped gears, shown in (C), offer a wider range 
of velocity and acceleration characteristics 
 

 
 

Fig.2. Variations of noncircular gears 
 
True elliptical gears can only be made to mesh properly if 
they are twins, and if they are rotated about their focal 
points. However, gears resembling ellipses can be 
generated from a basic ellipse. These “higher-order” 
ellipses can be meshed in various interesting 
combinations to rotate about centers. For example, two 
second-order elliptical gears can be meshed to rotate 
about their geometric center; however, they will produce 
two complete speed cycles per revolution. The difference 
in contour between a basic ellipse and a second-order 
ellipse is usually very slight.  
 

 
 

Fig.3. Hydraulic motor with noncircular planetary 
gears[17] 

Also today is possible to make very complex devices 
where NCG are used as part of planetary drive [17, 4]. In 
this case the square gear used in the hydraulic motor is 
taken as the example for the computation. The layout of 
the hydraulic motor is shown in fig. 3. The triangular gear 
(sun gear), square gear (annual gear), and the seven 
planetary gears constitute the work cavity of the hydraulic 
motor. Hydraulic oil is fed into the work cavity that drives 
the triangular gear rotation, and the triangular gear 
rotation drives the planetary gear rotation and revolution. 
 
2.1. Application of noncircular gears 
 
Application of noncircular gears can be can be classified 
into two groups: 

 Where only an over-all change in angular velocity of 
the driven member is required, as in quick return 
drives, intermittent mechanisms in such machines as 
printing presses, planers, shears, winding machines, 
and automatic-feed machines. 

 Where precise, nonlinear functions must be generated, 
as in mechanical computing machines for extracting 
roots of numbers, raising numbers to any power, or 
generating trigonometric and logarithmic functions. 

 
2.2. Mathematical description 
 
Assuming the gear teeth are very small, let r1(θ1) be the 
radius of the first gear wheel as a function of angle from 
the axis of rotation θ1, and let r2(θ2) be the radius of the 
second gear wheel as a function of angle from its axis of 
rotation θ2. If the axles remain fixed, the distance between 
the axles is also fixed[18]: 
 

arr =+ )()( 2211 θθ  (1) 
 
Assuming that the point of contact lies on the line 
connecting the axles, in order for the gears to touch 
without slipping, the velocity of each wheel must be equal 
at the point of contact and perpendicular to the line 
connecting the axles, which implies that [18]. 
 

2211 θθ drdr =  (2) 
 
Of course, each wheel must be cyclic in its angular 
coordinates. If the shape of the first wheel is known, the 
shape of the second can often be found using the above 
equations. If the relationship between the angles is 
specified, the shapes of both wheels can often be 
determined analytically as well [18]. It is more convenient 
to use the circular variable z = eiθ when analyzing this 
problem. Assuming the radius of the first gear wheel is 
known as a function of z, and using the relationship (3) 
 

θizddz =  (3) 
 

, the above two equations can be combined to yield the 
differential equation (4) 
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where z1 and z2 describe the rotation of the first and 
second gears respectively. This equation can be formally 
solved as (5) 
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where ln(K) is a constant of integration. 
 
3. INTERMITTENT MOTION WITH 

ONCIRCULAR GEARS 
 
This intermittent-motion mechanism combines circular 
gears with noncircular gears in a planetary arrangement. 
The mechanism was developed by Ferdinand 
Freudenstein, a professor of mechanical engineering at 
Columbia University. Continuous rotation applied to the 
input shaft produces a smooth, stop-and-go unidirectional 
rotation in the output shaft, even at high speeds. This jar-
free intermittent motion is sought in machines designed 
for packaging, production, automatic transfer, and 
processing. The basis for Freudenstein’s invention is the 
varying differential motion obtained between two sets of 
gears. One set has lobular pitch circles whose curves are 
partly circular and partly noncircular. The circular 
portions of the pitch curves cooperate with the remainder 
of the mechanism to provide a dwell time or stationary 
phase, or phases, for the output member. The non-circular 
portions act with the remainder of the mechanism to 
provide a motion phase, or phases, for the output member. 
The main competitors to Freudenstein’s “pulsating 
planetary” mechanism are external genevas and 
starwheels. These devices have a number of limitations 
that include: 

 Need for a means, separate from the driving pin, for 
locking the output member during the dwell phase of 
the motion. Moreover, accurate manufacture and 
careful design are required to make a smooth 
transition from rest to motion and vice versa. 

 Kinematic characteristics in the geneva that are not 
favorable for high-speed operation, except when the 
number of stations (i.e., the number of slots in the 
output member) is large. For example, there is a 
sudden change of acceleration of the output member at 
the beginning and end of each indexing operation. 

Relatively little flexibility in the design of the geneva 
mechanism. One factor alone (the number of slots in the 
output member) determines the characteristics of the 
motion. As a result, the ratio of the time of motion to the 
time of dwell cannot exceed one-half, the output motion 
cannot be uniform for any finite portion of the indexing 
cycle, and it is always opposite in sense to the sense of 
input rotation. The output shaft, moreover, must always 
be offset from the input shaft. 
Many modifications of the standard external geneva have 
been proposed, including multiple and unequally spaced 
driving pins, double rollers, and separate entrance and exit 
slots. These proposals have, however, been only partly 
successful in overcoming these limitations. 

3.1. Differential motion 
 
In deriving the operating principle of his mechanism, 
Freudenstein first considered a conventional epicyclic 
(planetary) drive in which the input to the cage or arm 
causes a planet set with gears 2 and 3 to rotate the output 
“sun,” gear 4, while another sun, gear 1, is kept fixed (see 
fig. 4). Letting r1, r2, r3, r4, equal the pitch radii of the 
circular 1, 2, 3, 4, then the output ratio, defined as: 
R=angular velocity of output gear/angular velocity of arm 
is equal to: 
 

R=1-(r1r3/ r2r4) (6) 
 
Now, if r1 = r4 and r2 = r3, there is no “differential 
motion” and the output remains stationary. Thus if one 
gear pair, say 3 and 4, is made partly circular and partly 
noncircular, then where r2 = r3 and r1 = r4 for the 
circular portion, gear 4 dwells. Where r2 ≠ r3 and r1 ≠ r4 
for the noncircular portion, gear 4 has motion. The 
magnitude of this motion depends on the difference in 
radii, in accordance with the previous equation. In this 
manner, gear 4 undergoes an intermittent motion. 
 

 
 

Fig.4. Intermittent motion mechanism 
 
3.2. Design of mechanisms 
 
Now it can be performed kinematics design of 
intermittent motion mechanism. The design techniques 
work out surprisingly simply, said Freudenstein. First the 
designer must select the number of lobes L3 and L4 on the 
gears 3 and 4. In the drawings, L3 = 2 and L4 = 2. Any 
two lobes on the two gears (i.e., any two lobes of which 
one is on one gear and the other on the other gear) that are 
to mesh together must have the same arc length. Thus, 
every lobe on gear 3 must mesh with every lobe on gear 
4, and T3/T4 = L3/L4 = 2/2, where T3 and T4 are the 
numbers of teeth on gears 3 and 4. T1 and T2 will denote 
the numbers of teeth on gears 1 and 2. 
Next, select the ratio S of the time of motion of gear 4 to 
its dwell time, assuming a uniform rotation of the arm 5. 
For the gears shown, S = 8. From the geometry, 
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3 30 3( ) 360oLθ θ+ ∆ ⋅ =  (7) 

and 
 

3 30/S θ θ= ∆
 (8) 

 

Hence 
 

( ) 0
30 31 360S Lθ + =

 (9)
 

For S = 8  and L3= 2, 
 

0
30 20θ =   and  

0
3 160θ∆ =  

 

But in relation to ordinary Freudenstein mechanisms in 
this example was examined motion where NCG pair have 
constant ratio not only during dwell but also during one 
part of motion when the speed of output shaft is 
maximum. This constant angle during maximum angular 
speed is shown on next fig. 5. It can be noted from the fig. 
5, that shape of the both gears are very complex, but in 
relation to output gear , input gear have concave and 
convex pitch curves. Before we analyses motion of output 
shaft it is interested to see changes of gear ratio between 
these gears in function of angle of rotation of input gear. 
Ignoring the real movement of all parts of intermittent 
motion mechanism, in the fig. 6 is presented gear ratio 
between this pair of non circular gears. It can be 
concluded that gear ratio law has portion of movement 
where this pair have constant and variable gear ratio.  
 

 
 

Fig.5. Cross-section of described non-circular gears 
 

 
Fig.6. Average and current gear ratio of non circular 

gears pair 

From the fig. 5 it can be seen that every NCG have angle 
of constant radius, in this case was chosen angle of 20 
degrees.  
 

 
 
Fig.7. Motion law of output shaft (b)in relation to input 

angle of input shaft (a) 
 
It is interesting to make an analysis of movement of 
output NCG. Such motion is presented with graph on fig. 
7, where is shown changes of angle of the driving and 
driven gear. In fig. 8 is shown motion of drive and driven 
gear for situation where this gears are placed on fixed 
axis. 
 

 
Fig.8. Motion of the drive and driven NCG gear for the 

case when these gears are placed on fixed axis 
 
On the next fig. 9 and 10 is presented pitch curves of 
NCG pair. 

 
Fig.9. Pitch line of output NCG 
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Fig.10. Pitch line of input NCG 

 
Finally in this paper was also presented some render 
pictures of this mechanism.  
 

 
 

Fig.11. CAD model of intermittent motion mechanisms 
 

 
 

Fig.12.CAD model of intermittent motion mechanism with 
removed circular gears 

 
After synthesis and analysis of this mechanism it is easy 
to perform 3D CAD model of this intermittent motion 
device, in this case model was made with CATIA V5 
R17. Renders in fig. 11 and fig. 12 described this 
mechanism, for better clarity of the mechanism in the 
CAD model from the fig. 12 was removed pairs of 
circular gears. 

4. CONCLUSION 
 
In this paper was presented one approach for modelling 
intermittent motion with non circular gears. Described 
mechanism allows to perform very complex movement of 
output shaft. In this paper was examined prof. 
Freudenstein idea of devices with intermittent motion. In 
relation to ordinary intermittent motion mechanisms this 
way of realizing such motion has several advantages. The 
pulsating planetary approach demonstrates some highly 
useful characteristics for intermittent motion machines:  

 One of them are the fact that in this mechanism there 
is no slip motion only rolling in relation to geneva 
devices where is slip motion unavoidable. 

 The gear teeth serve to lock the output member during 
the dwell as well as to drive that member during 
motion. 

 Superior high-speed characteristics are obtainable. 
The profiles of the pitch curves of the noncircular 
gears can be tailored to a wide variety of desired 
kinematic and dynamic characteristics. There need be 
no sudden terminal acceleration change of the driven 
member, so the transition from dwell to motion, and 
vice versa, will be smooth, with no jarring of machine 
or payload. 

 The ratio of motion to dwell time is adjustable within 
wide limits. It can even exceed unity, if desired. The 
number of indexing operations per revolution of the 
input member also can exceed unity. 

 The direction of rotation of the output member can be 
in the same or opposite sense relative to that of the 
input member, according to whether the pitch axis 
P34 for the noncircular portions of gears 3 and 4 lies 
wholly outside or wholly inside the pitch surface of 
the planetary sun gear 1. 

 Rotation of the output member is coaxial with the 
rotation of the input member. 

 The velocity variation during motion is adjustable 
within wide limits. Uniform output velocity for part of 
the indexing cycle is obtainable; by varying the 
number and shape of the lobes, a variety of other 
desirable motion characteristics can be obtained. 

 The mechanism is compact and has relatively few 
moving parts, which can be readily dynamically 
balanced. 
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