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Abstract: In order to design a new manipulative system with intermittent motion, an analysis of purely mechanical solutions 
with possibilities for adjustment of output displacement is performed. Solutions are chosen based on simple lever and cam 
mechanisms combined with one-way clutch. In order to evaluate those mechanisms for the proposed task a calculation of 
regulation characteristics for various mechanisms with different regulation parameter, different output motion interval and 
design parameters is performed. Attention is also payed on working coefficient change which occurs during the regulation .  
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1. INTRODUCTION 
 
A great number of mechanical systems in various 
machines have such a motion characteristics that, for 
continuous input motion, output motion achieve intervals 
of dwell as well as intervals of motion. This kind of 
mechanisms is known as intermittent mechanisms. 
This analysis presents a first phase in a design of a new 
manipulative system with a conveyer with intermittent 
motion [2]. Present system is based on electromotor with 
a clutch that is regulated by an electric signal from a 
position sensor. This solution shows weaknesses in 
positioning precision, and the decision has been made to 
replace it with purely mechanical system.  
In order to design a new system for adjustable intermittent 
motion, a detailed feasibility study was conducted [3]. 
Usual choice for pure mechanical systems of that kind is 
found in specialized intermittent mechanisms [1] such as 
Geneva mechanism, ratchet mechanism and others which 
are characterized by interruption of joint between two 
links in certain intervals, that leads to the dwell of output 
link. Important disadvantage of them is that, due to its 
structure, they can not provide continuous regulation, but 
a discrete one with relatively great steps. Output motion 
cycle that can have dwell periods can also be found in 
various cam mechanisms. Unlike in intermittent 
mechanisms, a return stroke is always present, which is 
not convenient for large number of problems.  
For those reasons, a solution is found in combination of a 
mechanism that gives oscillating output motion with a 
one-way clutch which is placed after it. One-way clutch is 
such a device in which an input motion of particular 
characteristic (certain direction or dynamic feature) can 
be passed to output element, while the opposite one is 
blocked and results in output dwell. They are well deve-
loped and standardized and can be purchased as easy as 
bearings, having almost the same dimensions as well [7].  
Many types of lever mechanisms can be used in proposed 
combination. In analysis we included only the simplest: 
fourbar linkage and inverted slider-crank mechanism. A 

cam mechanism can also be used, in which dwell period 
of follower, as well as its return stroke will result in 
output link dwell. All of previously mentioned mecha-
nisms can be easily adjusted in order to precisely regulate 
output motion interval. Detailed analysis of regulation 
properties of those mechanisms is the topic of this paper. 
 
2. GENERAL CONSIDERATIONS 
 

2.1. Regulation of intermittent motion 
 

Two important parameters of intermittent motion are: 
displacement interval (angle or length) that is achieved in 
the motion period and working coefficient that presents 
ratio of working and idle time. The main issue in design 
of intermittent motion mechanical system is assuring that 
those parameters can be regulated. From the design point 
of view, an important problem is the amount of 
regulation. Higher amount is used to change working 
parameters of the system. In this case, regulation can be 
discrete and can be accomplished by exchange of some 
system element (taking a new rod of different length, new 
cam plate etc.). Smaller amount of regulation - adjustment 
is used to correct errors occurring in machining, assembly 
or production. Adjustment must be continuous and must 
be accomplished by variation of some design parameter 
(location of joints, element lengths etc.). The choice of 
adjustable design parameter is as much a matter of design 
as a matter of kinematic-dynamic analysis. This analysis 
has to state influence of regulation parameter variation to 
functional, kinematic and dynamic behaviour of the 
system. Design problems have special importance if the 
adjustment is carried out on line, during the working 
process. We will assume that required amount of 
adjustment will be 2 percents of an output interval.  
In this analysis we will primarily discuss an adjustment of 
displacement interval. Adjustment of working coefficient 
will not be addressed per se, but it will be noticed that 
during the change of regulation parameter for the 
adjustment of displacement, the working coefficient will 
be disturbed as well. Therefore, an analysis will be 
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performed to examine the amount of that disturbance and 
to conclude if it will affect functioning of the system. It 
will also present a factor for mechanism evaluation. 
General analysis of working coefficient for simple 
mechanisms can be found in [5]. 
 

2.2. Factors that influence regulation 
characteristics 

 

Beside regulation amount that was addressed before and 
structural characteristics of particular type of the 
mechanism, there are three main factors which influence 
regulation characteristics. Those are:  

 a choice of the regulation parameter 
 an amount of output motion interval 
 design characteristics of the mechanism 

Length of any mechanism link can present a regulation 
parameter. That means that several parameters can be 
chosen, depending on the particular mechanism. All 
mechanisms have a ground link, i.e. distance between 
fixed joints. From the design point of view, this one is the 
most convenient and the only one that can offer on line 
adjustment. Therefore, after analysis of this parameter, 
others will be examined in order to conclude if some of 
them offer much better regulation characteristics that will 
pay off for the design inconvenience. 
Amount of output motion interval vary according to 
system function. In some cases it directly defines 
performance, while in others it is further transformed. The 
later gives the designer more freedom, which is important 
because some limitations occur in mechanism design. In 
order to compare different mechanisms properties in 
fulfilling the same requirement, three intervals are chosen 
for calculations, all of which can be accomplished by all 
mechanisms without severe design problems. Those are: 
15, 30 and 60 degrees. 
Since the most important conclusion should be the choice 
of the mechanism, the comparison is made of mechanisms 
that have a similar size. It is set that all of them have a 
ground link length of 10 units, while other design 
parameters were calculated in order to achieve required 
output interval and to occupy a similar area. It is also 
apparent that several solutions of each mechanism can 
achieve the same output interval. Therefore, 3 different 
designs are synthesized for every mechanism. 
 
3. DIFFERENT MECHANISMS ANALYSIS  
 

3.1. Inverted slider-crank 
 

 
 

Fig.1. Inverted slider crank mechanism 
In a mechanism presented in figure 1, one-way clutch is 
combined with a mechanism that is 2nd inversion of slider 

crank mechanism [1], sometimes known as slotted link or 
quick return mechanism. Output link can have a shape of 
straight rod, where sliding axis passes through the joint at 
O2. Generally, it needs not to be the case, and eccentricity 
parameter e appears as a distance. 
Regulation parameters can be ground link length d, input 
link length a and eccentricity e. Equations that express 
relation between regulation parameter O1O2 = d and 
output interval ψ are presented below.  
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Relations regarding parameters a and e are similar and 
can be found in [6] 
Three design solutions: d1 , d2 and d3  are cases in which e 
= 0, a > e (shown at Fig. 2) and a < e (shown at Fig. 1), 
respectively. Design parameters for each case are given in 
Table 1. 

 
Table 1. Design parameters of inverted slider crank  

 15 30 60 
 d1 d2 d3 d1 d2 d3 d1 d2 d3 
a 1.3 1.3 1.25 2.59 2.52 2.4 5 4.5 4.25 
e 0 0.87 2.85 0 2.2 3.62 0 3.78 4.57 
d 10 10 10 10 10 10 10 10 10 

 
Concerning working coefficient, Fig. 2 clearly shows that 
in this mechanism angle θ, which defines working 
coefficient (see Eq. 2 ), is the same as output interval ψ. 
Because of that it is not necessary to perform analysis for 
all design cases or derive equations that express relation 
between regulation parameters and angle θ. 
 

 
 

Fig.2. Angle θ   for slider crank mechanism  
 

3.2. Fourbar linkage 
 

A fourbar linkage is a mechanism that can perform 
several input and output motions, regarding relations 
between various link lengths. For this purpose, applying 
of Grashof conditions [1] has to assure that input link will 
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have full rotation, and output link oscillating motion. 
Synthesis procedures will lead to the mechanism that will 
obtain required output angle. 
 

 
 

Fig.3. Fourbar linkage  
 

Lengths of all four links – d, a, b and c can present 
regulation parameters. Equations that express relation 
between regulating parameters and output interval ψ  can 
be found in [4] and [6].  
Different designs that will be inspected refers to the 
positioning of output interval according to axes that is 
perpendicular to main axes of the ground link. In design 
case d1 the output interval is generally symmetrical, in d2 
it is positioned toward joint O1 (Fig. 3) and in d3 away 
from it. Design parameters for each case are given in table 
2. It can be noticed that link 2 (a) is very short which 
means that it should have a shape of cranked shaft rather 
then classic rod. 
 
Table 2. Design parameters of fourbar linkage 
 

 15 30 60 
 d1 d2 d3 d1 d2 d3 d1 d2 d3 
a 0.45 0.45 0.42 0.9 0.9 0.81 1.7 1.6 1.28
b 3.67 3.53 3.59 3.69 3.49 3.72 3.56 3.3 3.52
c 10.65 10.15 11.06 10.61 9.7 11.48 10.47 8.93 11.89
d 10 10 10 10 10 10 10 10 10 

 

 
 

Fig.4. Angle θ  for fourbar mechanism 
 
Equations (2) derived for four bar linkage according to 
Fig. 4 presents relationship between output angle ψ and 
working coefficient k. 
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With change of regulation parameter d, angles α, β and θ 
get new values α1, β1 and θ1 and parameter k changes to 
k1. Disturbance ∆k can be expressed (in percents) as 

k
kk

k 1 −
=∆  (3) 

 

3.3. Flat follower cam mechanism 
 

A feasibility study shows that a most convenient type is 
oscillating cam mechanism. Since kinematic characteris-
tic of the follower is not important and we do not need to 
have dwell period in its movement, a cam plate can have a 
shape of a disc eccentrically connected to base in joint O1. 
This is by far simplest design solution.  
Regulating parameter can be ground link length d and 
eccentricity e, since it is not suitable to change radius of 
cam r. Equations that express relation between regulating 
parameters and output interval ψ   can be found in [4] and 
[6].  

 
 

Fig.5. Flat follower cam mechanism  
 

Different designs refers to different ratios of design 
parameters r (cam plate radius) and e (eccentricity of cam 
plate), having in mind the demands that r is always 
greater than e. In design case d1 the parameter r has the 
smallest value and e the biggest, in d3 the ratio is opposite 
(Fig. 4) and in d2 it has middle value. Design parameters 
for each case are given in Table 3. It can be noticed that 
this mechanism is not suitable for greater output intervals 
because combination of great values for r and e leads to 
some cumbersome designs. 
 
Table 3. Design parameters of flat follower cam  
 

 15 30 60 
 d1 d2 d3 d1 d2 d3 d1 d2 d3 
r 1.5 2.85 4.69 2.64 3.62 4.7 4.42 4.59 4.98
e 1.29 1.25 1.15 2.49 2.4 2.22 4.3 4.24 4.09
d 10 10 10 10 10 10 10 10 10 

 
Concerning working coefficient, Fig. 6 shows that in this 
mechanism angle θ is the same as output interval ψ. 
Because of that it is not necessary to perform analysis for 
all design cases or derive equations that express relation 
between regulation parameters and angle θ. 
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Fig.6. Angle θ  for flat follower cam mechanism  
 

3.4. Roller follower cam mechanism 
 

Most of remarks for previous solution applies for roller 
follower cam mechanism presented on Fig. 7. The only 
design difference is introducing of roller follower. Its 
length l is additional design parameter as well as the 
radius of the roller r1. 
Regulating parameters can be ground link length d, output 
link length l and eccentricity e. Equations that express 
relation between regulating parameters and output interval 
ψ   can be found in [4] and [6]  
Different designs refer to different ratios of design 
parameters l and (r+r1). In design case d1 the parameter (r 
+ r1) has the smallest value and l the biggest, in d3 the 
ratio is opposite (Fig. 7) and in d2 it has middle value. 
 

 
 

Fig.7. Roller follower cam mechanism 
 

Design parameters for each case are given in table 4. It 
can be noticed that mechanism is not suitable for greater 
output angles because combination of great values for e 
and r+r1 leads to some cumbersome designs.  
 
Table 4. Design parameters of roller follower cam  

 15 30 60 
 d1 d2 d3 d1 d2 d3 d1 d2 d3
e 1 1 1 2.1 2.1 2.4 4 4 3 
l 8.5 8.12 7.78 8.48 8.27 9.3 8.09 8 6.1

r+r1 3 3.9 5.2 4.1 4.8 5.1 6.4 7 7.7
d 10 10 10 10 10 10 10 10 10

 

 
Fig.8. Angle θ  for roller follower cam  mechanism 

Eq. (2) derived for fourbar linkage which presents rela-
tionship between output angle ψ and working coeffici-ent 
k can be applied for this mechanism as well,.with 
substitution of parameters: a = e, b = l and  c = r + r1. 
 
4. CALCULATION RESULTS 
 
Calculation based upon previous analysis is performed in 
three stages - taking all 4 mechanisms, 3 design cases and 
3 output intervals, regulation curves are derived with 
ground link as a regulation parameter [4]; following by 
analysis for other regulation parameters [6], and 
concluding with calculation of working coefficient 
disturbance for regulation ranges calculated in first two 
stages [5]. Because of the lack of space, only the 
illustrating results – diagrams will be presented here. 
The result of analysis is presented as regulation curve – a 
curve of required regulation parameter change ∆r (in 
percents) according to output interval angle change ∆ψ 
The most important value is maximal regulation – 
regulation parameter change needed to achieve maximal 
adjustment (2 % of output angle interval). 
 

4.1. Inverted slider-crank 
 

A principal (for ground link length d) regulation curve for 
this mechanism is simple, symmetrical, almost linear and 
inverted proportional (increase of parameter results in 
decrease of output angle). For smaller output angles it is 
almost not affected by output angle or design case, having 
the same maximal regulation of about 2%. Only for 
greatest output angle (Fig. 9) some difference between 
design cases can be observed, where maximal regulation 
decreases for cases where eccentricity is present (d2 and 
d3) to 1.4 and 1.2 %.  
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Fig.9. Regulation curve for d,  ψ = 60° 
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Fig.10. Regulation curve for a, ψ = 60° 
 
Almost the same conclusion can be applied for regulation 
parameter a (input link length), but the curve is 
proportional. The difference at 60° angle (Fig. 10) is even 
smaller and maximal regulation is 1.7 and 1.6 %. 
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On the contrary, changing of output link eccentricity e has 
much more complex influence on ψ. It strongly depends 
on design case. In case where e > r (d3) (Fig. 11), 
regulation is possible for all output intervals. Regulation 
curve is proportional, it is not symmetric, maximal 
regulation is declining depending of output interval from 
22 % for 15˚ interval to 4.5 % for 60˚. In case e < r (d2), 
complete regulation curve is obtained only for 60˚ 
interval, where maximal regulation is 7 % . 
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Fig.11. Regulation curve for e, design d3 
 
As stated before, angle θ which defines working 
coefficient is the same as output interval ψ. Therefore it is 
possible to directly calculate actual parameter k and its 
change from the original value ∆k for every change of 
output angle, applying equation (1). In order to compare 
these mechanisms with other two, Table 5 is presented 
that contains results for maximum adjustment of  2 % for 
3 output angles. 
 
Table 5. Change of working coefficient  

Output angle [°] 15 30 60 
k 1.182 1.4 2 
∆k1 [%] 0.34 0.69 1.52 
∆k2 [%] -0.34 -0.68 -1.49 

 

(∆k1 corresponds to increase of output interval and ∆k2 to 
its decrease) 
 

4.2. Flat follower cam mechanism 
 

Having in mind structural similarities of this mechanism 
with previous one, it is not surprising that regulation 
characteristics are almost the same. It applies both to 
ground link and input link lengths (note that later is here 
denoted as e and not a) as regulation parameters. Some 
small differences in maximal regulation (see Fig. 12) are 
related to design parameter values. 
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Fig.12. Regulation curve for d, ψ = 60° 
 
Notes for working coefficient given for inverted slider-
crank also applies here, together with calculation results 
given in Table 5. 

4.3. Fourbar linkage 
 

Regulation curves for ground link d depend heavily on 
design solution. Solution d1 (symmetrical) and d3 
(“outward”) have similar – linear characteristic where d1 
have greater maximal regulation. Design solution d2 
(“inward”) characteristic depends heavily on output 
interval: for smaller values it offers best results, for 
middle it can not be used at all (see Fig. 13) and for 
greater it becomes proportional, contrary to other solutions.  
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Fig.13. Regulation curve for d,  ψ = 30° 
 

Changing of floating link length c gives regulation curve 
that is similar to the curve of ground link d. All previous 
statements can be applied here, but curves are inverted 
(see Fig. 14) 
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Fig.14. Regulation curve for c,  ψ = 30° 
 

Changing of input link length a gives simple, symmet-
rical, almost linear, proportional curve. Design case seems 
to have almost no influence on regulating curve for 15˚ 
interval. For greater output intervals some differences in 
design cases occurs and maximal regulation slightly 
decreases to 1.7 % to 1.5 % at last case. 
Changing of output link length b gives similar results as 
a, but it is inverted (increase of b leads to decrease of ψ). 
For greater output intervals some differences in design 
cases occurs and maximal regulation decreases to ±2 % to 
±1.6 % in second case and ±1.8 % to ±1 % in final case. 
. 
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Fig.15. Working coefficient disturbance, ψ = 30 
 

As it was necessary to perform complete analysis of 
working coefficient disturbance, diagrams for all cases 
showing working coefficient change ∆k [in percents] for 
output angle change ∆ψ [in degrees] were calculated. 
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Those diagrams show strong resemblance to regulation 
curves for floating link c. Again, we saw dependence on 
design case, with d1 and d3 with quite different linear 
curves and d2 with character depending of output angle. 
The disturbance generally rises with increase of output 
angle. Actual values of maximal disturbance ∆k (in %) are 
0.3, 0.6 and 1.5 for design case d1, and 0.2, 0.4, 0.5 for d3 
 

4.4. Roller follower cam mechanism 
 

This mechanism shows design problems from the 
beginning. Designs for greater output angles, although 
theoretically possible, are actually very difficult to realize. 
The same problem appears in terms of regulation with 
ground link length d as a parameter. Only three cases 
obtained full regulation range ( d1 and d2 for 15° and d1 
for 30°). Although they have somewhat smaller maximal 
regulation (see Fig. 16), it can not be recommended. 
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Fig.16. Regulation curve for d,  ψ = 15° 
 
Better results are obtained with regulation parameters e 
and l. Regulation curve for e resemblance all other input 
links. It is symmetrical, almost linear, proportional curve 
with maximal regulation of around 1.8 % for all cases. 
Regulation curve for e is similar – but inverted – that has 
different maximal regulations depending on design case 
and output angle. It varies between 0.7 % and 2.5 %. 
Working coefficient disturbance is examined only for 
regulation parameter d. For cases mentioned above 
disturbance curve is almost linear, inverted curve with 
maximal disturbance of around 2.5 % for output angle of  
15° and 5.5 % for 30°. 
 
5. CONCLUSION 
 
In this paper, a combination of simple oscillating mec-
hanism with one-way clutch is proposed as a solution for 
a mechanical system with intermittent motion. Different 
mechanisms are evaluated regarding design qualities, 
output interval regulation characteristics and disturbance 
of working coefficient during the regulation, in particular: 
inverted slider-crank, fourbar linkage, flat follower and 
roller follower cam mechanism. Several case studies of 
output intervals and design solutions are inspected for 
every mechanism in order to generalize the evaluation. 
Conclusions can be summarized in several notes: 
From the design point of view, lever mechanisms are 
more efficient than cam mechanisms, even if a cam has a 
simple, circular shape. Cam mechanisms that produce 
large output angles are very cumbersome and complicated. 
Every mechanism has a ground link whose regulation is 
by far the simplest and can be done on-line. According to 

this, inverted slider crank is the most suitable solution, 
having regulation curve which is simple, linear and not 
much affected by design and operational parameters, 
although some satisfactory solutions can also be based on 
other mechanisms. General amount of regulation needed 
to achieve 2 % adjustment is about 2 % of regulation 
parameter. 
Using other regulation parameters will generally not give 
some spectacular results. It will bring some better 
regulation on fourbar linkage and roller follower cam 
mechanism, but it is not enough to recommend this kind 
of regulation. Nevertheless, an interesting result is 
obtained for change of eccentricity e in slider crank 
mechanism. It is feasible only for design cases where e > 
r and gives much greater maximal regulation (up to 20 % 
depending on operational parameters). That means that, 
while it is not suitable for expected adjustment of about 2 
%, for small adjustment it can provide very precise 
regulation which can be quite useful. 
It is concluded that inverted slider crank and flat follower 
cam mechanism have a common characteristic that 
working coefficient depends solely of output interval (not 
design parameters) and therefore disturbance can directly 
be calculated for required amount of adjustment having a 
value of 0.35 % to 1.5 %. In other two mechanisms this is 
not the case, but it is important to notice that it is possible 
to designed fourbar linkage in a way to minimize working 
coefficient disturbance having the amount of 0.2 to 0.5 % 
of initial value. 
Apart from reaching these general conclusions, detailed 
analysis that can be found in [4] to [6] can help the 
designer to find the best solution in cases where some 
specific requirements are present. 
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