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Abstract 
 
A five-bar spatial mechanism named as a rotary clap mechanism is developed as a pumping device for positive displacement rotary 

pumps. The mechanism comprises a driving crank, a shaft link with two pins and two gears mounted on the middle and both ends, two 
rotors with jaws equally spaced along their circumferences, and two fixed internal gears. As the crank rotates, the gear pin-jointed to the 
crank rotates about the crank pin and at the same time rotates about the center of the fixed internal gears like a hypo-cyclic gear train. The 
gear-attached shaft link also rotates about the crank pin and about the fixed internal gears at the same time. This motion of the shaft link 
makes the pins rotate about the center of the fixed internal gears with a periodically varying radius. Therefore, two rotors driven by the 
pins rotate with different angular velocities. One rotor alternately leads and lags relative to the other rotor. These lead–lag motions be-
tween the two jaws of the rotors, which result in suction and discharge required for pumping, resemble hand clapping from which the 
mechanism was named. Construction and design parameters of the rotary clap mechanism are introduced, and kinematic analysis of this 
mechanism is performed. The relationships among design parameters, inherent constraints, and effects of design parameters on the dis-
placement of mechanism are also presented.  
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1. Introduction 

Pumping in the conventional rotary pumps takes place 
when the clearance is created between the rotating elements 
and pump housing that moves the fluid. As the pump contin-
ues to rotate, the motion of the fluid captured by the clearance 
progresses along the way and the rotating element forces the 
fluid out of the pump. Rotary pumps have many advantages 
including self-priming, relatively smooth discharge, and liquid 
delivery to high pressures. However, the small clearance be-
tween the rotating elements and the pump housing causes 
disadvantages such as small displacement and excessive wear 
caused by corrosion.  

The slider-crank mechanism has been widely applied to a 
considerable number of types of pumps such as plunger and 
piston pumps. However, as the pump speed increases, high 
levels of vibration and power losses caused by excessive fric-
tion between the reciprocating piston and pump housing arise. 
Numerous attempts have been made to develop rotary ma-
chines that will solve these problems [1-6, 9-11]. With the 

exception of the Wankel engine, none of them were practi-
cally successful primarily because of poor sealing and manu-
facturing techniques. The development of such machines have 
recently attracted considerable attention again as technological 
advances present solutions for problems associated with rotary 
machines. 

This study attempted to convert the reciprocating slide-
crank mechanism into a rotary version named rotary clap 
mechanism [7, 8] and apply it to the positive displacement 
rotary pump, with the purpose of increasing its displacement 
with less vibration and power loss. The mechanism is a five-
bar spatial mechanism where two rotors driven at different 
angular velocities make the clearance between the rotor jaws 
alternately open and close, resulting in suction and discharge 
required for pumping. The paper presents the description, 
motion analysis, correlation of design parameters, inherent 
constraints, and performance characteristics of the rotary clap 
mechanism as a pumping device. 

 
2. Description of mechanism  

The rotary clap mechanism is a five-link spatial mechanism 
comprising a crank as the driving link, a shaft link with two  
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pins symmetrically located on a plate rigidly mounted in the 
middle and two gears rigidly attached to both ends, two rotors 
with jaws equally spaced along their circumferences, and two 
fixed internal gears. The width of jaw is extended unilaterally 
twice the rotor width to allow complete engagement of the 
two rotors jaws. Fig. 1 illustrates the linkages of the mecha-
nism. As the crank rotates, the gear pin-jointed to the crank 
simultaneously rotates about the crank pin and the center of 
the fixed internal gears, making the motions of a hypo-cyclic 
gear train. The shaft link can also simultaneously rotate about 
the crank pin and about the center of the fixed internal gear. 
This motion of the shaft link makes the pins rotate about the 
center of the fixed internal gear with a periodically varying 
radius. The rotors are driven by the pins on the shaft link 
through a pin-in-slot joint where the pins move along a radial 
slot on the contacting faces of two rotors. The angular veloci-
ties of the two rotors also change accordingly because the 
rotational radius of the pin changes as the crank rotates at a 
constant velocity. The relative velocities of the two rotors 
results in the periodical lead–lag motion of one rotor with 
respect to the other. These lead and lag motions result in a 
continuous cycle of approach–contact–recess of two adjacent 
rotor jaws, which resembles hand clapping from which the 
mechanism is named. The continuous lead and lag motions 
can be used for the suction and discharge motions required for 
pumping. 

 
3. Motion analysis 

3.1 Displacement 

Let O-X-Y be a rectangular coordinate with positive x axis 
to the right, y axis upwards, and its origin at the center of ro-
tors, which also coincides with the center of the fixed internal 
gear. As the crank rotates counter-clockwise (Fig. 2), the pin-
jointed gear simultaneously rotates clockwise with respect to 
the crank pin and counter-clockwise about the center of the 
fixed internal gear. Thus, absolute angular displacement of the 
gear can be expressed as Eq. (1). P1 and P2 represent the pins 
on the shaft link. The position vector equations for the pins 
can be expressed as Eqs. (2) and (3). 
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where f  is the absolute angular displacement of the gear, Zr 
is the number of teeth on the fixed internal gear, Zp is the 
number of teeth on the gear of shaft link, θc is the angular 
displacement of the crank, rc is the crank radius, L is the dis-
tance between pins P1 and P2, rp1 is the radius of pin P1 with 
respect to the center of rotor O, rp2 is the radius of pin P2 with 
respect to the center of rotor O, θp1 is the angular displacement 
of vector OP1, and θp2 angular displacement of vector OP2. 

Notably, the pins on the shaft link rotate negatively clock-
wise about the center of the rotors as the crank rotates posi-
tively counter-clockwise. In other words, θc is positive, 
whereas f , θp1, and θp2 are all negative in Eqs. (2) and (3). 

Substituting Eq. (1) into Eq. (2) and separating the real and 
imaginary parts of Eq. (2) yields 

 
Fig. 1. Structure of rotary clap mechanism as a pumping device. 

 

 
Fig. 2. Motion of the pins relative to the center of the rotors. 

 



 S. B. Shim et al. / Journal of Mechanical Science and Technology 29 (2) (2015) 759~767 761 
 

  

1 1
cos cos 1 cos

2
r

c c c p p
p

L Zr r
Z

q q q
é ùæ ö
ê ú+ - =ç ÷ç ÷ê úè øë û

 (4) 

1 1
sin sin 1 sin .

2
r

c c c p p
p

L Zr r
Z

q q q
é ùæ ö
ê ú+ - =ç ÷ç ÷ê úè øë û

 (5) 

 
Solving for rp1 yields 
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For the clap mechanism to make one complete cycle, the 

gear on the shaft link must rotate clockwise through f = 2π, 
and the crank should accordingly rotate counter-clockwise 

through an angle of 
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c
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-
 radians. Therefore, θp1 can 

be expressed as Eq. (7) for the first half of the cycle and as Eq. 
(8) for the second half. In other words, 
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Similarly, solving Eq. (3) for rp2 and θp2 yields 
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As the crank rotates with a constant angular velocity, the 
pins are constrained to simultaneously move along the radial 
slots on the rotors and rotate about the center of the rotors with 

rp1 and rp2 varying periodically with a period of 2 p

r

Z
Z

t p= . 

Fig. 3 shows that rp1 decreases as rp2 increases, and rp1 is at a 
minimum when rp2 is at a maximum and vice versa. 

When the two rotors having N jaws are assembled, a total of 
2 N clearances can be formed by sets of two adjacent jaws and 
the rotor housing. The volume of the clearance varies with the 
relative angular displacement, θrel, of the two rotors, which 

also varies with a period of 2 p

r

Z
Z

t p=  as shown in Fig. 4 

and determined as 
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Then, as the crank rotates, the front and back clearance an-

gles of a jaw can be respectively expressed as follows: 
 

( )maxfront rel relq q q= -  (13) 

( )max
.rear rel relq q q= +  (14) 

 
Fig. 5 shows the front and back clearance angles as a func-

tion of the crank angle. Notably, the clearance angle varies 

with a period of 2 p

r

Z
Z

t p=  so that when two adjacent jaws 

are in contact, the clearances in the front and back of the two 
jaws in contact reach the maximum (Fig. 5). Therefore, the 
maximum values of θfront and θback are given as 

 
Fig. 3. Rotating radius of pins when rc = 5 mm, L = 40 mm, Zr = 30,
and Zp = 20. 

 

 
Fig. 4. Relative angular displacement of rotors, θrel when rc = 5 mm, L 
= 40 mm, Zr = 30, and Zp = 20. 
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2 .back rel rel relq q q q= + =  (16) 

 
As the clearance angle increases from zero to the maximum, 

a sucking motion occurs between the two adjacent jaws. By 
contrast, as the clearance angle decreases from a maximum to 
zero, a discharge motion occurs. These suction and discharge 
motions occur as frequent as the number of clearances formed 

by the rotors during a period of 2 p

r

Z
Z

t p= . Fig. 6 illustrates a 

sequence of the suction and discharge motions that can be 
developed during one complete cycle of a rotary clap mecha-
nism having 3-jaw rotors (N = 3), 20-tooth gear (Zp = 20) and 
30-tooth fixed internal gear (Zr = 30). 

Fig. 4 shows that the two rotors come in contact at crank 
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and θrev between rp1 and rp2 becomes 
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Then, ( )maxrelq  can be obtained as follows (Fig. 2): 
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3.2 Velocity 

As the crank rotates with a constant angular velocity, cq
·

, 
the absolute angular velocity of the gear on the shaft link is 
obtained by taking the time derivative of Eq. (1) as follows: 
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Differentiating the position vector Eq. (2) with respect to 

time yields 
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Eq. (22) can be resolved into two Eqs. (23) and (24) by 

equating the real and imaginary parts. In other words, 
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Similarly, the following equations can be obtained from Eq. (3). 
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Solving Eqs. (23) and (24) for 1pr

·

 and 1pq
·

 gives veloci-
ties of pin P1 and rotor 1 as 
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Fig. 5. Clearances angle between two adjacent jaws when rc = 5 mm, L 
= 40 mm, Zr = 30, and Zp = 20. 

 

 
Fig. 6. A sequence of suction and discharge motions by the clearance 
angle between two adjacent jaws. 
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Similarly, velocities of pin P2 and rotor 2, 2pr
·

 and 2pq
·

, are 
obtained from Eqs. (25) and (26) as follows: 
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Figs. 7 and 8 show 1pr

·

, 2pr
·

, 1pq
·

 and 2pq
·

 as a function 
of the crank angle during one complete cycle of the clap 
mechanism. 

 
3.3 Accelerations 

Accelerations of the pins and rotors are obtained by taking 
the time derivative of the velocity vector equations. Differen-
tiating Eqs. (27) and (28) with respect to time and equating the 
real and imaginary parts yield a set of two simultaneous equa-
tions. Solving these equations for 1pr

··

 and 1pq
··

 gives the 
accelerations of pin P1 and rotor 1 as follows: 
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Similarly, the accelerations of the pin P2 and rotor 2, 2pr
··

 
and 2pq
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, can be obtained from Eqs. (29) and (30). Thus, 
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Notably, the accelerations cq

··

 and f
··

 become zero if the 
angular velocity of the crank is constant. Figs. 9 and 10 show 
accelerations, 1pr

··

, 2pr
··

, 1pq
··

, and 2pq
··

as a function of the 
crank angle when the crank rotates with a constant angular 
velocity.  

 
4. Mechanism parameters 

4.1 Parameters of driving links 

Driving links of the rotary clap mechanism, which include 
the crank, the gears on the shaft link and the fixed internal 
gears, drive the rotors. The parameters of these links are re-
lated to each other as follows: 
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Fig. 7. Pin velocity when rc = 5 mm, L = 40 mm, Zr = 30, Zp = 20 and 

740c rpmq
·

= . 
 

 
Fig. 8. Angular velocity of rotor when rc = 5 mm, L = 40 mm, Zr = 30, 
Zp = , and 740c rpmq

·

= . 

 

 
Fig. 9. Pin accelerations when rc = 5 mm, L = 40 mm, Zr = 30, Zp = 20, 
and 740c rpmq

·

= . 
 

 
Fig. 10. Angular acceleration of rotors when rc = 5 mm, L = 40 mm, Zr 

= 30, Zp = 20, and 740c rpmq
·

= . 
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where m is the gear module. 
In addition to this relationship, the number of teeth on the 

gear in the shaft link and the fixed internal gear must satisfy 
the integer requirement that determines the relationship be-
tween the number of cycles for suction and discharge motions 
and the working period of the mechanism. In other words, the 
frequency of the suction and discharge motions during a 
working cycle of the mechanism must be an integer that com-
pletes the motions during the cycle. This relation can be ex-
pressed as follows: 
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where N is an integer. 

This equation also determines the number of jaws that 
should be mounted on the rotors and the suction and discharge 
ports. The driving links must satisfy Eqs. (35) and (36). 

 
4.2 Rotor parameters 

Rotor parameters describe the configuration of the rotors. 
They include the inner diameter, outer diameter and width of 
the rotor, number of jaws, pitch angle, thickness angle, height 
and width of the jaw, and length of the slot (Fig. 11). 

From Eq. (36), the number of jaws is determined as N. Then, 
the pitch angle of the jaw, ψ, defined as an angle between the 
jaws is given by 
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( ) ( )1 2max maxrel p pq q q= - , must be known. Let tq  be the thick-
ness angle of the jaw, then the maximum relative angular dis-
placement can be expressed as  
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Substituting Eq. (20) into Eq. (38) and solving for the thick-

ness angle of the jaw yields 
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The inner radius of the rotor should be smaller than the 

minimum value of rp1 or rp2 , and the outer radius should be 
larger than the maximum value of rp1 or rp2, which all depend 
on the values of rc and L. The length of the slot, s, on the rotor 
also depends on the values of rc and L, and is given in equa-
tion form as follows: 
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The width of jaw, Wj, should be twice the rotor width, W. 
 

5. Performance parameters 

Displacement and flow may be the most important parame-
ters to evaluate the performance of the rotary clap mechanism 
as a pumping device. During the suction motion, the volume, 
V, displaced by the two adjacent jaws can be expressed as 
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where ro is the outer radius of rotor, h is the jaw height, and Wj 
is the jaw width. 

When the crank completes one revolution, the number of 
cycles for the suction and discharge motions become 
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Therefore, the displacement of the clap pump mechanism 

can be expressed as 
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If the crank rotates at a constant angular velocity of cq

·

 
rpm, the theoretical mean flow of the rotary clap pump can be 
calculated as follows: 
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Fig. 11. Rotor parameters. 
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6. Interrelations of parameters 

To evaluate the performance characteristics of the rotary 
clap mechanism as a pumping device, the effects of a number 
of mechanism parameters on the displacement were investi-
gated. As shown in Eqs. (15), (20) and (42), displacement of 
the rotary clap mechanism is primarily affected by the number 
of jaws, crank radius, pin distance, and number of teeth on the 
gears. However, identification of unique effects of these pa-
rameters on the displacement is difficult because these pa-
rameters are inter-related. 

From Eqs. (35) and (36), the crank radius and number of the 
fixed internal gear teeth can be obtained from the number of 
the gear teeth on the shaft link and rotor jaws (Fig. 12). 

Another constraint that limits the crank radius is the thick-
ness angle of the jaw. The thickness angle is affected by the 
crank radius, number of rotor jaws, and pin distance. The 
thickness angle should be positive and greater than a given 
value; thus, the crank radius must be determined under such a 
constraint. Fig. 13 shows the positive thickness angles that can 
be obtained by the combinations of the crank radius, number 
of rotor jaws, and pin distance. As the number of jaws in-
creases, the crank radius must be reduced to obtain the posi-
tive thickness angle (Fig. 13). If necessary, the crank radius 
can be increased by increasing the pin distance. However, 
increasing the crank radius is limited because the thickness 
angle becomes negative as the crank radius increases regard-
less of the pin distance. Therefore, the crank radius must be 
determined to satisfy the lower limit required to drive the 
mechanism, taking the number of jaws and the pin distance 
into consideration. 

The crank radius and pin distance are also affected by the 
minimum and maximum radii of the pin rotation with respect 
to the center of the rotor, from which the inner and outer radii 
of the rotor can be determined. The maximum rotating radius 
of the pin increases with the crank radius and pin distance, 
whereas the minimum rotating radius increases only with the 
pin distance but decreases with the crank radius (Figs. 14 and 
15). The maximum and minimum rotating radii of the pin also 
determine the length of the slot on the rotor face as shown in 
Eq. (40). 

Notably, the inner radius of the rotor must be less than the 

 
 
Fig. 12. Determination of the number of internal gear teeth and crank 
radius by the number of the gear teeth and rotor jaws. 
 

 

 
Fig. 13. Combinations of crank radius, number of rotor jaws, and pin 
distance for positive thickness angles. 

 

 
Fig. 14. The maximum rotating radius of the pin. 

 

 
Fig. 15. The minimum rotating radius of the pin. 
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minimum rotating radius of the pin, whereas the outer radius 
must be greater than the maximum rotating radius. 

The crank radius and pin distance are limited by the thick-
ness angle of the jaw and the inner radius of the rotor; thus, 
they must be determined within the allowable range of the 
overall size of the clap mechanism. Once the crank radius and 
pin distance are determined, the number of gear teeth and its 
module can be determined accordingly using Fig. 12. 

 
7. Performance characteristics 

Displacement of the clap mechanism varies with crank ra-
dius, pin distance, number of jaws, and jaw width and height. 
Fig. 16 shows the displacement of the mechanism when the 
width and height of jaw are kept constant with a rotor of 65 
cm outer radius. Displacement increases with the crank radius 
at a given number of jaws and pin distance. However, at a 
given crank radius, it increases with the number of jaws and 

decreases with the pin distance. The crank radius is limited as 
the number of jaws increase; thus, the displacement perform-
ance of the clap mechanism is also limited by the number of 
jaws. However, it can be optimally increased by increasing the 
jaw width and height once the crank radius, pin distance, and 
the number of jaws are determined because they are not inter-
related with other parameters of the mechanism. 

 
8. Conclusions 

A five-bar spatial mechanism named a rotary clap mecha-
nism was developed as a pumping device for positive dis-
placement rotary pumps. The mechanism was intended to 
convert the reciprocating piston pump into a rotary version 
that will reduce the high level of vibration and power losses of 
piston pumps caused by excessive friction between the recip-
rocating piston and pump housing as the pumping speed in-
creases.  

The mechanism comprises a driving crank, a shaft link hav-
ing two pins and two gears mounted on the middle and both 
ends, respectively, two rotors with equally spaced jaws along 
their circumferences, and a fixed internal gear. The crank 
drives the shaft link through the gears so that the pins on the 
shaft link simultaneously rotates about the crank pin and about 
the center of the fixed internal gear, which periodically varies 
the radius of rotation of the pin about the center of the fixed 
internal gear. The two rotors driven by the pins, therefore, 
rotate with different angular velocities as the crank rotates at 
constant velocity. One rotor alternately leads and lags relative 
to the other. These lead and lag motions between two adjacent 
jaws of the rotors result in suction and discharge motions re-
quired for pumping.  

The working principle of the rotary clap mechanism and its 
design parameters were introduced together with the kine-
matic analysis for the pins and rotors. Vector equations devel-
oped for the analysis can be used to easily depict the motion 
characteristics of the mechanism by changing the design pa-
rameters. The relationships among the design parameters were 
also presented to determine the proper crank radius and pin 
distance within the allowable number of gear teeth and rotor 
size. The thickness angle of the jaw and inner radius of the 
rotor were the most significant constraints affecting the crank 
radius and pin distance of the mechanism. 

The displacement of the clap mechanism varies with crank 
radius, pin distance, number of jaws, jaw width, and jaw 
height. It increases with the crank radius at a given number of 
jaws and pin distance, whereas it decreases with pin distance 
and increases with the number of jaws at a given crank radius. 
However, the displacement can be optimally increased by 
increasing the jaw width and height once the crank radius, pin 
distance, and the number of jaws are determined because they 
are not inter-related with other parameters of the mechanism.  

The rotary clap mechanism can be applied to a pumping 
device despite a number of limitations caused by constraints 
on the crank radius and pin distance. 

 
Fig. 16. Displacement of the clap mechanism having a jaw with 50 mm 
width and 40 mm height and a rotor with 65 mm outer radius. 
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