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Abstract: By statically balancing of the plane mechanisms and especially those functioning at 

high speeds is being pursued the decrease of the value of the resultant force of all inertia forces 

that work on the component elements, thus obtaining a significant decrease in vibrations and 

shocks during the functioning. On the other hand, the existence of balancing masses which 

ensure the balancing of the mechanism leads to increased gauge and its mass. In this paper are 

presented some possibilities of statically balancing a plane mechanism which is composed of 

three independent contours. First is analyzed the case when the mechanism is totally balanced. 

Then a solution is proposed for a partial balancing of the mechanism based on the balancing of 

the first harmonic of the inertia force developed in a piston of the mechanism. Finally, are 

presented some simulation results concerning the variation of the value of the resultant inertia 

force during a cinematic cycle when the mechanism is unbalanced and when it is partially 

balanced. Also, it is analyzed the variation of the motor moment when the mechanism is 

unbalanced and when is totally and partially balanced. 
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1. Introduction 
During the operation of the mechanisms, the forces and moments of inertia that work on the 

component elements vary over time, which leads to the occurrence of dynamic forces in joints whose 

value increases as the mechanism is faster. When the values of these dynamic forces exceed certain 

limits, a premature wear of the joints comes out that generate vibrations, sometimes even shocks 

during operation. By statically balancing of the mechanisms is being pursued the decrease of the value 

of the resultant force of all inertia forces that work on the component elements [1, 2]. This is achieved 

by introducing some balancing masses mounted in the prolongation of the component elements which 

leads to the increase in the gauge of the mechanism and its mass. So, the problem of balancing the 

mechanisms has to be studied very carefully. Finding solutions of partial balancing that lead to the 

diminution of the values of the resultant inertia force without a significant increase in the gauge of the 

mechanism is highly indicated. 
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In this paper are presented some possibilities of statically balancing a plane mechanism. First, is 

analyzed the mechanism kinematics. Then a statically total balancing solution of the mechanism, when 

the resultant inertia force is cancelled, is presented. Also, it is proposed a solution for a partial 

balancing of the mechanism based on the balancing of the first harmonic of the inertia force developed 

in a piston of the mechanism. Finally, are presented some simulation results concerning the variation 

of the value of the resultant inertia force during a cinematic cycle when the mechanism is unbalanced 

and when it is partially balanced. Also, it is analyzed the variation of the motor moment when the 

mechanism is unbalanced and when is totally and partially balanced. 

2. Mechanism kinematics 
In figure 1 the analyzed plane mechanism is presented. With 7,1, �iCi , were noted the mass centres 

of the component elements. The dimensions of the component elements are: m 14.0�OA ; 

m 07.01 �OC ; m 9.0�AD ; m45.0�AB ; m8.0�BF ; m4.0�BE ; m5.0�FG ; m25.06 �FC ; 

m6.02 �EO ; m3.05 �EC . The coordinates of the G point as against the Oxy coordinate system are: 

m 75.0�Gx , m 7.0�Gy . The nominal angular speed of the leader element of the mechanism is 

rad/s201 �� . The positional and cinematic analysis of the mechanism was realized by applying the 

method of the projection of the closed and independent vectorial contours [3, 4].  

 

 

Figure 1. Plane mechanism. 

 

The mechanism has three closed and independent contours: O-A-D-O, O-A-B-F-G-O and O-A-B-E-O2-
G-O. By projecting on the x and y axes the vectorial closing equations corresponding to the three 

contours the following systems of equations were obtained: 
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where: OAl �1 ; ADl �2 ; BFl �4 ; 25 EOl � ; FGl �6 . 
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By solving the equations system (1) results the angle 2�  and the displacement 3s , then by solving the 

equations system (2) results the angles 4�  and 6� , and finally by solving the equations system (3) 

results the angle 5�  and the displacement 7s . The kinematics study of the mechanism was transposed 

into a computer program using the Maple programming environment [5] that holds o lot of packages 

of powerful symbolically computation functions, so that solving the three equations systems became 

extremely easy. Once established the angles values mentioned above, it were determined the 

coordinates of the various points of the mechanism, including those of the mass centres of the 

component elements. The projections on the x and y axes of the speeds and of the accelerations of any 

point on the mechanism may be calculated by deriving in relation to time the expressions of its 

coordinates, for example in the case of the mass centres 7,1, �jC j , by using the following relations: 

 

�
�

�

�
�

�

�

�
���

�
�

��

�
���

�
�

��

1

1
1

1

1

1
1

1

d

d

d

d

d

d
)(

d

d

d

d

d

d
)(

jj

jj

jj

jj

CC
CyC

CC
CxC

y
t

y
yv

x
t

x
xv

�

�
 (4) 

 

�
�

�

�
�

�

�

�
��	

�
����

�
��	

�
����

2
1

2

2
1

1

1

2
1

2

2
1

1

1

d

d

d

d
)()(

d

d

d

d
)()(

jj

jj

jj

jj

CC
yCyC

CC
xCxC

yy
va

xx
va

�

�
 (5) 

The angular speeds and accelerations 6,5,4,2,, ��� jjj , can be determined in the same way by 

deriving in relation to time the expressions of the angles 6,5,4,2),( 1 ��� jj : 
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3. Static balancing of the mechanism 
It is presented a solution of statically total balancing of the mechanism by using the method of static 

concentration of the mass of the component elements [1]. In figure 2 is presented the model of the 

mechanism with concentrated masses. Because it was considered the mass centres 6,5,4,2,1, �jC j , at 

the middle of the elements, it results that the concentrated masses Om1  and Am1  are equal to half of the 

mass of element 1, Am2  and Dm2  are equal to half of the mass of element 2, Bm4  and Fm4  are equal 

to half of the mass of element 4, Em5  and 
25Om  are equal to half of the mass of element 5 and Fm6  

and Gm6  are equal to half of the mass of element 6.  
First it is added the balancing mass 1Em  in the prolongation of the element 2 so that: 

 ABmlmrm BDEE �	��� 211  (7) 

where: DD mmm 23 	�  and BB mm 4� , 3m  being the mass of the piston 3. 

From equation (7) it is calculated the balancing mass 1Em  and the length of its arm 1Er , by imposing 

the value of one of the two unknowns. Neglecting the mass of the arm of length 1Er , it results that in 

point A will be now concentrated a mass whose value is DAEA mmmM 		� 1 , where AAA mmm 21 	� . 
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It is added the balancing mass 2Em  in the prolongation of the crank 1 so that: 

 122 lMrm AEE ���  (8) 

The balancing mass 2Em  and the length of its arm 2Er  are calculated in the same way, by imposing 

the value of one of them. Neglecting the mass of the arm of length 2Er , it results that in point O is now 

concentrated a mass whose value is OAEO mMmM 		� 2 , where OO mm 1� . Then, it is added the 

balancing mass 3Em  in the prolongation of the element 5 so that: 

 533 2
lmrm OEE ���  (9) 

where 75 22
mmm OO 	� , 7m  being the mass of the piston 7. After setting the values for 3Em  and 3Er  

by imposing the value of one of them in equation (9), it results (neglecting the mass of the arm of 

length 3Er ) that in point E is concentrated a mass whose value is EOEE mmmM 		�
23 , where 

EE mm 5� . 

 

 

Figure 2. Solution of statically total balancing of the mechanism. 

 

It is added the balancing mass 4Em  in the prolongation of the element 4 so that: 

 EFMrm EEE ��� 44  (10) 

equation from which results the value for 4Em  and 4Er , by imposing the value of one of them. So, in 

point F is now concentrated a mass whose value is 4EFEF mmMM 		� , where FFF mmm 64 	� . 

Finally, it is added the balancing mass 5Em  in the prolongation of the rocker 6 so that: 

 655 lMrm FEE ���  (11) 

wherefrom results the values of the balancing mass 5Em  and the length of its arm 5Er , by imposing the 

value of one of them in equation (11). Neglecting the mass of the arm of length 5Er , it results that in 

point G is now concentrated a mass whose value is GFEG mMmM 		� 5 , where GG mm 6� . 

It can be observed that after adding the balancing masses the entire mass of the mechanism has been 

concentrated in the points O and G. So, the mass centre of the mechanism occupies a fix position 

between O and G during operation, and in this way the resultant force of all inertia forces that work on 

the component elements is cancelled. On the other hand it is obvious that introducing the balancing 

masses leads to the increase in the gauge of the mechanism and its mass. That is why it is necessary 

9th International Conference on Tribology (Balkantrib’17)                                                                IOP Publishing
IOP Conf. Series: Materials Science and Engineering 295 (2018) 012016    doi:10.1088/1757-899X/295/1/012016

4



 

 

 
 
 

 

finding solutions of partial balancing that lead to the diminution of the values of the resultant inertia 

force without a significant increase in the gauge of the mechanism.  

Further, it is presented in figure 3 such a partial balancing solution in the case of the analyzed 

mechanism. In this case, first it is added the balancing mass Em  in the prolongation of the crank 1 so 

that: 

 1lmrm AEE ���  (12) 

The balancing mass Em  and the length of its arm Er  are calculated by imposing the value of one of 

them in equation (12).  

 

 

Figure 3. Solution of partially balancing of the mechanism. 

 

Then the balancing mass Em  is supplemented with the mass Esm  so that the horizontal component of 

the inertia force developed by it ( iesxF ), whose value is 1
2
1 cos����� EEs rm , balances the first harmonic 

of the inertia force developed by the mass Dm : DDiD amF �
� , whose expression is [1, 6]: 

1
2
11 cos ����� lmD , Da  being the acceleration of point D. From this equality it results: EDEs rlmm /1�� . 

It can be observed that this partial balancing solution leads to an insignificant increase in the gauge of 

the mechanism. However, the inertia forces developed by the other concentrated masses of the model 

of the analyzed mechanism remain unbalanced, as well as the higher harmonics of the inertia force 

iDF  and the projection on the y axis of the inertia force iesF . 

4. Simulation results 
It was considered that the elements of the mechanism are made of aluminium, the elements 1,2, 4, 5 
and 6 having circular cross section with a radius of 0.015 m. The mass of each of the pistons 3 and 7 is 

1.5 kg. 

In the case of statically total balancing of the mechanism we have imposed the lengths of the arms of 

the balancing masses in this way: 21 8.0 lrE �� ; 12 lrE � ; 53 8.0 lrE �� ; 44 8.0 lrE ��  and 65 2.1 lrE �� . So, 

the balancing masses have resulted with the following values: kg948.21 �Em ; kg3.62 �Em ; 

kg59.23 �Em ; kg226.44 �Em  and kg555.95 �Em . 

In the case of the partial balancing solution by imposing 1lrE � , it has been obtained 

kg351.3�	 EsE mm . 
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In figure 4 it is presented the variation on a cinematic cycle of the total inertia force itotF  in the case 

when the mechanism is unbalanced (curve 1) and when it is partially balanced (curve 2). The total 

inertia force itotF  has been calculated by considering its projections on the x and y axes with the 

relation: 
2/122 )( itotyitotxitot FFF 	� , where: 
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when the mechanism is unbalanced and: 
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when the mechanism is partially balanced. In relations (13) and (14) with jm  was noted the mass of 

the element j and with xEa )(  and yEa )(  were noted the projections on the x and y axes of the 

acceleration of the point where is concentrated the balancing mass EsE mm 	 . 

 

 

Figure 4. The variation on a cinematic cycle of the total inertia force itotF  in the case when 

the mechanism is unbalanced (curve 1) and when it is partially balanced (curve 2). 

 

Figure 4 shows a significant decrease of the total inertia force in the case of partial balancing of the 

mechanism under conditions of very small increase of its gauge. 

Also, it was analyzed the variation of the motor moment when the mechanism is unbalanced and when 

is totally and partially balanced. 

The variation on a cinematic cycle of the motor moment mM  may be obtained by expressing the 

dynamic equilibrium in instantaneous powers of all the forces and moments that work on the 

component elements of the mechanism [1, 7]. So, when the mechanism is unbalanced the motor 

moment may be calculated with the following relation: 
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where: 7,1, ��� jgmG jj , are the weight forces corresponding to the component elements (

2m/s81.9�g  is the gravitational acceleration); 7,1, ��
� jamF
jCjij , are the inertia forces; 

}6,5,4,2,1{, ���
� jIM jCij j
, are the inertia moments, where }6,5,4,2,1{, �jI

jC , are the inertia mass 

moments of the elements; 7,3, �jFj , are the technological forces equal to 7,3, �jF dr
j , when the j 

piston moves to the right and equal to 7,3, �jF st
j , when the movement is to the left (figure 1); Dv  

and 
2Ov  are the speeds of the points D and O2, respectively. 

The simulations were performed considering N15003 �drF ; N8003 �stF ; N8007 �drF  and 

N15007 �stF . 

When the mechanism is statically total balancing the relation (15) becomes: 
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where: 5,1, ��� jgmG EjEj , are the weight forces corresponding to the balancing masses; 

5,1, ��
� jamF EjEjiEj , are the inertia forces corresponding to the balancing masses; 5,1,, �jav EjEj , 

are the speeds and the accelerations, respectively of the points where the balancing masses are 

concentrated. 

When the mechanism is partially balancing the calculus relation of the motor moment becomes: 
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where: gmmG EsEE �	� )( ; EEsEiE ammF �	
� )( ; EE av , , are the speed and the acceleration, 

respectively of the point where the balancing mass EsE mm 	  is concentrated. 

Figure 5 shows the variation on a cinematic cycle of the motor moment mM  when the mechanism is 

unbalanced (curve 1) and when is totally balanced (curve 2) and partially balanced (curve 3). 

 

 

Figure 5. The variation on a cinematic cycle of the motor moment: mechanism unbalanced 

(curve 1); mechanism totally balanced (curve 2); mechanism partially balanced (curve 3). 

 

Figure 5 shows that by partially balancing the mechanism the variation of the motor moment 

practically does not change, while in the case of totally balancing the extreme values of the motor 

moment have slightly decreases. 
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5. Conclusions 
In this paper were presented some possibilities of statically balancing a plane mechanism. After 

presenting a statically total balancing solution of the mechanism it was proposed a solution for a 

partial balancing based on the balancing of the first harmonic of the inertia force developed in a piston 

of the mechanism. The simulations results showed a significant decrease of the total inertia force in 

the case of partial balancing of the mechanism under conditions of very small increase of its gauge. 

Also, it was analyzed the variation of the motor moment when the mechanism is unbalanced and when 

is totally and partially balanced. The simulations results showed in the case of totally balancing that 

the extreme values of the motor moment have slightly decreases compared to cases where the 

mechanism is unbalanced or partially balanced. 
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