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The subject of research is the kinematic parameters of a biplanetary mechanism of the intermitted mixing 
machines. The article substantiates analytical expressions for determining the kinematic parameters of 
the drives of the working body of the intermitted mixing machines with planetary ones with double sat-
ellites and biplanetary mechanisms; the laws of change of displacements, velocities and accelerations of 
the points of the working body for drives with planetary one with double satellites and biplanetary mech-
anisms are determined; the regularities of the influence of the velocity parameters of the driving links on 
the kinematic characteristics of these mechanisms are established. 
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 Introduction 

Biplanetary mechanisms of periodic action are 
widely used in various sectors of technology and 
industry. When designing such drives, an important 
role is played by the determination of the kinematic 
parameters of the drives and the laws of change in 
displacements, velocities and accelerations of the 
points of the working body.  

Ways of operation and determination of kinematic, 
dynamic parameters of various mechanisms are widely 
highlighted in literary sources [1–10] . For example, a 
cam mechanism is a commonly used mechanism. An 
extensive review and systematization of the current 
state of kinematic and dynamic studies of the cam 
mechanism were conducted in [1] . Based on an in-
depth analysis of existing mechanisms, a new coaxial 
eccentric indexing cam mechanism for high-speed 
automatic mechanisms was proposed and its 
advantages over other mechanisms were substantiated 
in [2] . Another type of mechanism is the friction 
mechanism. Based on the laws of the theory of 
mechanisms and machines, mathematical models for 
controlling the parameters and constraints of the 
friction mechanism were developed [3] . The theory 
and designs of friction mechanisms with controlled 
friction were developed in [4, 5] . Based on the results 
of the review of existing models, an analytical 
implementation of the mathematical model of the 
controlled motion of the positioning mechanism was 
developed and performed [6] . Based on the analytical 
expressions obtained according to the mathematical 

model developed, the patterns of changes in the 
angular velocity of the driven member in the steady-
state operation of the crushing machine were 
determined. The results obtained were used in the 
design of a universal planetary mill [7] . 

The article presents the results of the study of the 
kinematic parameters of the drives of the intermittent 
mixing machine working bodies with planetary with 
double satellites and biplanetary mechanisms. 

 Research methods  

Research methods are based on: the method for 
determining the number of teeth of the reducer; the 
determination of the kinetic energy of the James 
reducer; the method for determining the dynamic 
characteristics of the electric motor. 

 Materials 

Determination of the actual laws of motion of the 
working body of the mixing machine is a necessary 
factor in its design. Let us consider the working 
principle of the working body of a mixer. The working 
organ of the mixer receives motion from an 
asynchronous electric motor using a planetary reducer. 
To reduce the number of revolutions of the working 
disk of the working organ of the mixer, it is proposed 
to install a James planetary reducer. The kinematic 
diagram of the drive is shown in Fig. 1. Consider the 
method of determining the number of teeth of this 
given reducer [11] . 
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Fig. 1 Scheme for deriving the equations of the kinematics of 
the planetary mechanism 

As can be seen in Fig. 1, the following relationship 
can be written for this mechanism 

 ª«¬ � <1 : ª«�<¬@@                          (1) 

The angular velocity ­¬  of all members of the 
mechanism is equal in magnitude and opposite in 
direction to the velocity of the main driver ®. Then 
the carrier ® becomes stationary, and wheel 1 receives 
an angular velocity ­¬. This reversal of motion leads 
to the formation of a conventional planetary 
mechanism with two simple pairs of wheels 1 and 2. 
Its gear ratio is:

 ª«�<¬@ � ª��<1 : ª«¦<�@@ or ª«�<¬@ � : ¯�¯	 <1 : ª«¦<�@@ (2) 

Where <1 : ª«¦<�@@ is the gear ratio of the satellite 
planetary mechanism, which can be determined using 

the second reversal of motion, applying it only for this 
mechanism. 

 Since ª«¦<�@ � : ¯°¯±  then ª«�<¬@ � : ¯�¯	 <1 � ¯°¯±@ � : ¯�¯	 : ¯°⋅¯�¯±⋅¯	                               (3) 

With this in mind, it is possible to write: 

 ª«¬ � <1 � ¯�¯	 � ¯�⋅¯°¯	⋅¯±@
  

(4)  

Thus, the absolute angle of rotation of the bisatellite is relatively equal to: 

 ³« � ³´ µ1 � ¯�¯	 � ¯°¯± ⋅ ¯�¯	¶  (5) 

The absolute angular velocity of bisatellite is  ­« � ­´ µ1 � ¯�¯	 � ¯�¯	 ⋅ ¯°¯±¶ 
�·�/¤� , the angular 

velocity of bisatellite 4 relative to the bicarrier h is ­«� � ­´ µ¯�¯	 ⋅ ¯°¯±¶ 
�·�/¤�, the angular velocity of 

bisatellite 4 relative to carrier H is 

 ­«¬ � ­´ µ¯�¯	 � ¯�¯	 ⋅ ¯°¯±¶ 
�·�/¤� , the absolute 

angular velocity of satellite 2 is  ­� � ­´ µ1 � ¯�¯	¶ 
�·�/¤� . 
In turn, the consideration of the kinematics of this 

biplanetary mechanism, considering the study given in 
[8], the kinematic equations for the point "C" of the 
bisatellite of the biplanetary mechanism can be written 
in the following form: 

 �¸<�@ � ¹ ⋅ º�¤<­´ ⋅ �@ : » ⋅ º�¤<�� ⋅ ­´ ⋅ �@ : � ⋅ º�¤<�� ⋅ ­´ ⋅ �@  
��  (6) 

 �̧ <�@ � ¹ ⋅ ¤¼�<­´ ⋅ �@ : » ⋅ ¤¼�<�� ⋅ ­´ ⋅ �@ : � ⋅ ¤¼�<�� ⋅ ­´ ⋅ �@ 
�� 
  

(7)  

Where �� � ª�´ � �1 : ª��<´@�  or �� � µ1 � ¯�¯	¶ , 
�� � ª«´ � �1 : ª��<´@ : ª«¦<�@� � µ1 � ¯�¯	 � ¯�¯	 ⋅ ¯°¯±¶ , ¹ � �� � �� 
�� ;  » � �¦. � �«
�� ;  � � �« ;   

��, ��, �¦, �«  
�� are the radii of pitch circles of gears 
1,2,3,4. 

The velocities ½¾of point “C” of bisatellite 4 were 
determined by the following equations:

 ½¸¿ � �¿À�� � :¹ ⋅ ­´ ⋅ ¤¼�<­´ ⋅ �@ � » ⋅ �� ⋅ ­´ ⋅ ¤¼�<��­´ ⋅ �@ : � ⋅ �� ⋅ ­´ ⋅ ¤¼�<�� ⋅ ­´ ⋅ �@ Á�� Â ,   (8) 

 ½¸¢ � �¢À�� � ¹ ⋅ ­´ ⋅ º�¤<­´ ⋅ �@ : » ⋅ �� ⋅ ­´ º�¤<�� ⋅ ­´ ⋅ �@ : � ⋅ ­´ ⋅ �� ⋅ º�¤<�� ⋅ ­´ ⋅ �@  Á�� Â.
    

(9) 
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Then the absolute speed of point "C" of bisatellite 4 is:  

 ½¸ � Ãµ�¢À�� ¶� � µ�¿À�� ¶� � Ã½¸¿� � ½¸¢�   Á�� Â.   (10) 

Likewise, the acceleration of point "C" of bisatellite 4 was determined by the following expressions: 

 ·¸¿ � �	¿À��	 � :¹ ⋅ ­�́ ⋅ º�¤<­´ ⋅ �@ � » ⋅ ��� ⋅ ­�́ ⋅ º�¤<�� ⋅ ­´ ⋅ �@ : � ⋅ ��� ⋅ ­�́ ⋅ º�¤<�� ⋅ ­´ ⋅ �@, Á��	Â ,  (11) 

 ·¸¢ � �	¢À��	 � :¹ ⋅ ­�́ ⋅ ¤¼�<­´ ⋅ �@ � » ⋅ ��� ⋅ ­�́ ¤¼�<�� ⋅ ­´ ⋅ �@ � � ⋅ ­�́ ��� ⋅ ¤¼�<�� ⋅ ­´ ⋅ �@, Á��	Â ,
  

(12) 

The absolute acceleration of point "C" of bisatellite 4 was determined by the expression: 

 ·¸ � Ãµ�	¿À��	 ¶ � µ�	¢À��	 ¶� � Ã·¸¿� � ·¸¢�  
�/¤�� (13) 

The kinematic parameters of the bisatellite point Ä«were determined by the following formulas: 

 �Å±<�@ � ¹ ⋅ º�¤<­´ ⋅ �@ : » ⋅ º�¤<�� ⋅ ­´ ⋅ �@ 
��, (14) 

  �Å±<�@ � ¹ ⋅ ¤¼�<­´ ⋅ �@ : » ⋅ ¤¼�<�� ⋅ ­´ ⋅ �@ 
��, (15) 

 �Å± � Ã�Å±� <�@ � �Å±� <�@ 
��. (16) 

Where �� � ª�´ � µ1 : ª��<´@¶, or �� � µ1 � ¯�¯	¶ ; ¹ � �� � �� 
�� ; » � �¦. � �« 
�� ; 
 ½Å±¿ � �¿Ç±�� � :¹ ⋅ ­´ ⋅ ¤¼�<­´ ⋅ �@ � » ⋅ �� ⋅ ­´ ⋅ ¤¼�<��­´ ⋅ �@ Á�� Â, (17) 

  ½Å±¢ � �¢Ç±�� � ¹ ⋅ ­´ ⋅ º�¤<­´ ⋅ �@ : » ⋅ �� ⋅ ­´ º�¤<�� ⋅ ­´ ⋅ �@ Á�� Â, (18) 

 ½Å± � Ãµ�¢Ç±�� ¶� � µ�¿Ç±�� ¶� � Ã½Å±¿� � ½Å±¢�  Á�� Â, (19) 

 ·Å±¿ � �	¿Ç±��	 � :¹ ⋅ ­�́ ⋅ º�¤<­´ ⋅ �@ � » ⋅ ��� ⋅ ­�́ ⋅ º�¤<�� ⋅ ­´ ⋅ �@ Á��	Â, (20) 

 ·Å±¢ � �	¢Ç±��	 � :¹ ⋅ ­�́ ⋅ ¤¼�<­´ ⋅ �@ � » ⋅ ��� ⋅ ­�́ ¤¼�<�� ⋅ ­´ ⋅ �@ Á��	Â, (21) 

 ·Å± � Ãµ�	¿Ç±��	 ¶ � µ�	¢Ç±��	 ¶� � Ã·Å±¿� � ·Å±¢�   Á��	Â, (22) 

Kinematic parameters of the bicarrier Ä� center of gravity is: 

 �Å�<�@ � ¹ ⋅ º�¤<­´ ⋅ �@ : È� ⋅ º�¤<�� ⋅ ­´ ⋅ �@ 
��,  (23) 

 �Å�<�@ � ¹ ⋅ ¤¼�<­´ ⋅ �@ : È� ⋅ ¤¼�<�� ⋅ ­´ ⋅ �@ 
��,  (24) 

 �Å� � Ã�Å�� <�@ � �Å�� <�@ 
��, (25) 

Where �� � ª�´ � µ1 : ª��<´@¶,  or �� � µ1 � ¯�¯	¶;  ¹ � �� � �� 
��;  » � �¦. � �« 
��; 
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 ½Å�¿ � �¿Ç��� � :¹ ⋅ ­´ ⋅ ¤¼�<­´ ⋅ �@ � È� ⋅ �� ⋅ ­´ ⋅ ¤¼�<��­´ ⋅ �@ Á�� Â, (26) 

 ½Å�¢ � �¢Ç��� � ¹ ⋅ ­´ ⋅ º�¤<­´ ⋅ �@ : È� ⋅ �� ⋅ ­´ º�¤<�� ⋅ ­´ ⋅ �@ Á�� Â ,  (27) 

 ½Å� � Ãµ�¢Ç��� ¶� � µ�¿Ç��� ¶� � Ã½Å�¿� � ½Å�¢  � Á�� Â,  (28) 

 ·Å�¿ � �	¿Ç���	 � :¹ ⋅ ­�́ ⋅ º�¤<­´ ⋅ �@ � È� ⋅ ��� ⋅ ­�́ ⋅ º�¤<�� ⋅ ­´ ⋅ �@ Á��	Â, (29) 

 ·Å�¢ � �	¢Ç���	 � :¹ ⋅ ­�́ ⋅ ¤¼�<­´ ⋅ �@ � È� ⋅ ��� ⋅ ­�́ ¤¼�<�� ⋅ ­´ ⋅ �@ Á��	Â, (30) 

 ·Å� � �A�	¿Ç���	 B � A�	¢Ç���	 B� � Ã·Å�±¿� � ·Å�¢�   Á��	Â. (31) 

 Results and discussion 

Calculations were carried out based on the 
regularities obtained. The graphs of the change in kin-
ematic parameters of the point "C" belonging to the 
bisatellite for É� � 72, É� � 18, É¦ � 36, É« �18, � � 5mm  �¬ �20 rpm are shown in Figs. 2-8; 
for�¬ � 40 rpm in Figs. 2-8.  

 

Fig. 2 Patterns of changes in the projection of displacements of 

point "C" of the bisatellite for �¬ � 20 rpm 

 

Fig. 3 Trajectory of point “C” of the bisatellite for 

 �¬ � 20rpm 

 

Fig. 4 Pattern of changes in absolute displacements of point 

"C" of the bisatellite for �¬ � 20 rpm 

 

Fig. 5 Pattern of changes in velocities of point "C" of the 

bisatellite for �¬ � 20 rpm 

 

Fig. 6 Pattern of changes in absolute velocities of point "C" of 

the bisatellite for �¬ � 20rpm 

 

Fig. 7 Pattern of changes in acceleration of point "C" of the 

bisatellite for �¬ � 20rpm 
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Fig. 8 Pattern of changes in absolute acceleration of point 

"C" of the bisatellite for �¬ � 20rpm 

In order to study the influence of the number of 
revolutions of the carrier on the kinematic 
characteristics of the bisatellite point, the center of 
gravity of the bisatellite and the bicarrier, we 
determined the extreme values of velocities and 
accelerations of these points ½��¿ , ½��� , ·��¿ , ·���, ·  and the range of fluctuations in velocities and 
accelerations of points ®Î � ½��¿ : ½��� ,  ®� � ·��¿ : ·���, given in Tables 1, 2, 3.

Tab. 1 Variation of the number of revolutions of the carrier �´ for point "C" of the bisatellite 

 ÏÐ, ÑÒÓ ÔÓÕÖ  ÁÓ× Â. ÔÓØÏ ÁÓ× Â. ÐÔ ÁÓ× Â. ÕÓÕÖ ÁÓ×-Â. ÕÓØÏ ÁÓ×-Â. ÐÕ  ÁÓ×-Â. 
1 20 3.11 0.34 2.77 49.15 18.49 30.66 
2 30 4.67 0.51 4.16 110.6 41.6 69 
3 40 6.22 0.68 5.54 196.6 73.6 123 
4 50 7.78 0.85 6.93 307.2 115.5 191.7 
5 60 9.33 1.02 8.31 442.4 166.4 276 

Tab. 2 Variation of the number of revolutions of the carrier �´for the center of gravity of the bisatellite 

 ÏÐ, ÑÒÓ ÔÓÕÖ  ÁÓ× Â. ÔÓØÏ ÁÓ× Â. ÐÔ ÁÓ× Â. ÕÓÕÖ ÁÓ×-Â. ÕÓØÏ ÁÓ×-Â. ÐÕ  ÁÓ×-Â. 
1 20 1.88 0.94 0.94 15.79 13.82 1.97 
2 30 2.83 1.41 1.42 35.53 31.09 4.44 
3 40 3.77 1.88 1.89 63.16 55.27 7.89 
4 50 4.71 2.36 2.35 98.7 86.4 12.3 
5 60 5.66 2.83 2.83 142.12 124.4 17.72 

Tab. 3 Variation of the number of revolutions of the carrier �´for the center of gravity of the bicarrier 

 ÏÐ, ÑÒÓ ÔÓÕÖ  ÁÓ× Â. ÔÓØÏ ÁÓ× Â. ÐÔ ÁÓ× Â. ÕÓÕÖ ÁÓ×-Â. ÕÓØÏ ÁÓ×-Â. ÐÕ  ÁÓ×-Â. 
1 20 1.18 0.24 0.94 8.39 6.42 1.97 
2 30 1.77 0.35 1.42 18.88 14.43 4.49 
3 40 2.36 0.47 1.89 33.56 25.66 7.90 
4 50 2.94 0.59 2.35 52.43 40.1 12.33 
5 60 3.53 0.7 2.83 75.5 57.74 17.76 

 Conclusions 

Based on the research conducted, the following 
conclusions can be drawn: 

• Analytical expressions are substantiated for 
determining the kinematic parameters of the 
drives of the working body of an intermittent 
mixing machine with planetary with double 
satellites and biplanetary mechanisms. 

• A program has been compiled to implement 
them on a computer. Based on the results of 
computer calculations, the laws of change of 
displacements, velocities and accelerations of 
points of the working body for drives with 
planetary with double satellites and biplane-
tary mechanisms are determined. Regularities 
of the influence of the velocity parameters of 

the leading links on the kinematic characteris-
tics of these mechanisms are established. 
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