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ABSTRACT 
Mechanism with rotational cam and rotational bar has important application in technique.    In target  
of  regular   work of  this  mechanism,  contact  between  plate bar and cam must be  provided,  in 
other words,  force between cam and bar must  exist.  For satisfaction this conditions, we often  use    
elastic elements (springs). This paper presents  analysis of influential  parameters on this  conditions.  
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1.  FORMULATION OF DYNAMIC  MODEL 
Figure 1. presents mechanism with rotational cam and rotational bar, where angular velocity 
of cam ( ) has same course like  angular velocity of bar (ω

r
1ω
r

).  Let we introduce next signs:  N
r

, T
r

- 
perpendicular force and  force of friction between cam and bar;  τ , n - tangent and normal axis in 
point of  contact of these two elements of mechanism;  ϕ - angle of rotation of cam;  - beginning 
angle between bar and axis which goes through centres of rotation cam and bar (O, B);  - working 
angle of rotation of bar;  

γ
ψ

vr - velocity of pick of bar.  
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Figure 1.   Mechanism  with rotational cam and rotational bar  with same course  
of angular velocity of cam  and  angular velocity of bar 

 
We put dynamic equation of rotation of bar  [1] 
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where:  - inertia moment of bar by point  B;  t- time. BJ
 
On other side, we can write 

                                             ε⋅ψ′+ω⋅ψ ′′=ε
ϕ
ψ
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ϕ
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 where:  - angular acceleration of  cam. ε
 
We can write 
                                        ( ) C

2
B MLsinTLcosNJ −⋅α−⋅α=ε⋅ψ′+ω⋅ψ ′′ ,                              …(3) 

 
where:     L - length of bar;   - moment of spring  which is need for contact between cam and     CM
                bar,  for point B as pole.     
 
Moment of spring has value  
                                                                    ψ+= cMM 0CC ,                                                        …(4) 
 
where:    - beginning moment of spring,    - stiffness of spring,   - pressure angle of                       

mechanism. 
0CM c α

 
Pressure angle is defined as angle between normal on cam in point of tangent between cam and beam 
and velocity of pick of bar of mechanism.  Absolute value of pressure angle of cams must be in 
definite borders, in target prevention of blockade of such mechanisms.   On other side, with increase of 
absolute value of pressure angle we have decrease level of utility of mechanism [2]. Maximal  
permissible pressure angle is directly connected with  characteristics of friction between beam and cam 
of mechanism.  Its value can be until  500  [3].    
 
When  
                                                                           NT μ=                                                                  …(5) 
 
where:   μ - coefficient of friction between cam and bar,  it is following 
 

                                     ( ) ( ) ( )ψ+−αμ−α⋅=ε⋅ψ′+ω⋅ψ ′′ cMsincosNLJ 0C
2

B .                          …(6) 
 
According last term  we obtain perpendicular force N 
 

                                                  
( )

( )αμ−α⋅
ψ++ε⋅ψ′+ω⋅ψ ′′

=
sincosL

cMJ
N 0C

2
B .                                            …(7) 

 
Condition that contact between cam and bar exists, is:  . 0N〉
 
From term  (7)  and last condition  we obtain 
 

                                                     
( )

( ) 0
sincosL

cMJ 0C
2

B 〉
αμ−α⋅

ψ++ε⋅ψ′+ω⋅ψ ′′
.                                             …(8) 

 

With regard to  maximal  permissible pressure angle is , and:  0
max 50=α 1,0≈μ   (for still at still), it 

is following 
 
                                                                    0sincos 〉αμ−α ,                                                        …(9) 
from (8)  next term following 
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                                                      ( ) 0cMJ 0C
2

B 〉ψ++ε⋅ψ′+ω⋅ψ ′′ .                                          …(10) 
 
For mechanism  with rotational cam and rotational bar, with opposite course of angular velocity of 
these elements  (Fig. 2),  we obtain same term  like  (10).     
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Figure 2.   Mechanism  with rotational cam and rotational bar, with opposite course  
of angular velocity of cam  and  angular velocity of bar 

 
Last term presents fundamental condition of contact between cam and bar for mechanism with 
rotational cam and rotational bar. 
 
2.  EXAMPLE  
For mechanism with rotational cam and rotational bar,  low of change of angle rotation of cam is: 

( ϕ−⋅
π

=ψ 2cos1
12

) ,  in interval: π≤ϕ≤ p0 .  It is need calculate  beginning moment of spring  

necessary for contact of cam and bar, if next values are known:  inertia moments of bar: 
 kgm

0CM ,

006,0JB = 2;   number of revolutions of cam in minute:  700n =  0/min  (= const.);   stiffness of 
spring:   Nm/rad. 20c =
 
Solution: 
Second  derivation of angle of rotation of  bar by angle of rotation of cam is   
 

                                                                    ϕ⋅
π

=ψ ′′ 2cos
3

.         

 
Figure 3. presents angle of rotation of bar and its second by angle of rotation of cam.    
 
Angular velocity of bar is 

                                                                    3038,73
30
700

30
n

=
⋅π

=
π

=ω    s-1. 

 
According term (10)  and  when   we obtain   .const=ω
 

                                                      ( ) ( )max
2

Bmin0C cJM ψ−ω⋅ψ ′′−= . 
 
 
 
 

 889



 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

( )ϕ−⋅
π

=ψ 2cos1
12

ϕ

ψ

6/π
)a

)b
3/π

ψ ′′

ϕ⋅
π

=ψ ′′ 2cos
3

ϕ

4
π

2
π

4
3π π

3/π−
 

Figure 3.  Diagram of angle of rotation of cam (a) and  its second derivation  
by  angle of rotation of cam in example (b) 

 
We  observe  function 
                                                               ( ) ψ−ω⋅ψ ′′−=ϕ cJF 2

B , 
which for our example has form 

                                      ( ) ( )ϕ−
π

⋅−⋅ϕ
π
⋅−=ϕ 2cos1

12
203038,732cos

3
006,0F 2 , 

                                                                   ( ) 2359,52cos5264,28F −ϕ⋅−=ϕ . 
 

Maximal value of function  is for: ( )ϕF
2
π

=ϕ  and  it is 

                                                             ( ) 2905,23F max =ϕ   Nm. 
 
Consequently,  minimal value of  beginning moment of spring ,  necessary for contact of cam 
and bar, is 

0CM

                                                            ( ) 2905,23M minC0 =   Nm. 
 
3.  CONCLUSION 
In target of determination of  conditions  of contact  between  cam and bar  of mechanism with 
rotational bar and rotational bar,  equation which describe these conditions is derived.  These 
conditions are depend of:  lows of motion of  cam,  first and second derivation of  angle rotation of 
bar by angle rotation of cam  and of stiffness of spring  which is need for contact between cam and   
bar.   In target illustration this problem, one example is shown. 
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