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Abstract: Based on work [3], the work below presents the algorithm for calculating the cross shaft 

mechanism, as both the symmetric and asymmetric mechanism without taking the Judge must also consider 
technical violations. Preparatory work is the calculation approach of linear elastic shafts with technical 
violations. 
 

1. INTRODUCTION 
 
This paper develops mathematical algorithm for calculating the reaction forces that 

arise in building components of the mechanism cross shaft using linear elastic calculation, 
a method that is based on relative displacements and coordinates plȕckeriene. 
  

2. THE MECHANISM ASYMMETRICALLY 
 
2.1  THE MATHEMATICAL MODEL 

 

Asymmetric mechanism is considered in figure 1, in a given position ( 21,  -angles 

known) general reference system fixed load 000 ZYOX  and the  F  last element. 

 
Figure 1. Asymmetric mechanism 

 

By blocking the joint A , noting the efforts of A  and  AF  with    DCB F,F,F  reactions 

of the couplings D,C,B  of the balance equations, taking into account the principle of 

action and reaction, to obtain equations 

                   0FFF,0FF,0FF DCCBBA   (2.1) 

Rotational kinematics couplings of D,C,B  are defined [2] the column matrices of 

coordinates plȕckeriene. 
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where the angle 2 , resulting in kinematic conditions [1] and verifies the equation 






cos

tg
tg 1

2  (2.3) 

conditions that the kinematic coupling DCB ,,  to be written as rotation 

        TDCB U
~

U
~

U
~

U
~

  (2.4) 

equality is deduced 

      TDA FU
~

00FU
~

  (2.5) 

Next, using the relation (2.3) from [3],  to write the equalities 

                    
33221 DBCDCCBBCBBABA KF;KF;KF   (2.6) 

plus the relationship between displacements 

                 DDDCCCCBBBB U0;U;U
32312

  (2.7) 

where the notation has been noted 11 spins elastic kinematic couplings. 
From equations (2.5), (2.6), (2.7) using the notation 

            ;UUUU; DCBDCB   (2.8) 

            1

ADADCDBCABAD HK;HHHH


  (2.9) 

order to obtain the equalities 

                


UKF;FU
~

00UKU
~

ADA

1

D

1

AD  (2.10) 

and equations (2.5) from [3], is deducted then the reactions  BF ,  CF ,  DF . 

 
3. 2. STIFFNESS MATRICES. FLEXIBILITY MATRICES 

 
Reference systems is considered (fig. 1) 

- . ZYOX *

0  - obtained by rotating around the axis 0OX  of 000 ZYOX  system with the angle 

1 ; 

-. YZOX*  with axis *OX  perpendicular to the axis OY , OZ ; 

-. *

0YZXO   - obtained by rotating around the axis XO   of  XOZOZYXO 000
  system by 

angle 2 . 

Flexible arrays      *

CD

*

BC

*

AB H,H,H  respectively in relation to these reference 

systems are constant matrices and matrices of flexibility to fixed reference system 

000 ZYOX  is generally expressed by relations 

                  1

CD

*

CDCDCD

1

BC

*

BCBCBC

1

AB

*

ABABAB THTH;THTH;THTH


  (2.11) 
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(2.12) 

Still be considered in order sections (figure. 1) 

- BA,AA,AA  , denoted with indices 3,2,1 , with the general reference ZYOX *

0  and 

local systems (fig. 2. a, b, c) so that 01 OX||Ax  ; OZ||Az1  ; OZ||xA 2
  ; 02 OZ||zA  ; 

03 OX||xA   ; OZ||zA 3
 ; 

 

Figure 2. Sections BA,AA,AA   

 

- OC,OB , denoted with indices 5,4 , with the general reference YZOX*  and local 

systems (fig. 3. a, b), 444 zyOx , 555 zyOx  so that 4Ox  coincides with OY  and 4Oy  

coincides with OY ; 5Ox  coincides with OY  and 5Oy  coincides with OZ ; 

 
Figure 3. Sections OC,OB  

 

-  DC  , DD  , DD , denoted by index 8,7,6 , with the general reference *

0YZXO   

and local systems (fig. 4. a, b, c) so that XO||Cx6
  , OY||Cz6  ; *

07 OZ||xD  ; 

OY||yD 7
  ; XO||xD 8

  ; OY||zD 8
 . 
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Figure 4. Sections DC  , DD  , DD  

Noting with il , iA , ixI , iyI , izI , iE , iG , 8,.....,3,2,1i  , geometrical and mechanical 

characteristics of a section, then local flexibility matrices  ih  is determined by the second 

relation (2.5) from [3], and constant flexibility matrices  *

iH  reported that ZYOX *

0 , 

YZOX* , *

0YZXO   systems, are given by relations 

      1*

ii

*

i

*

i ThTH


 , 8,.....,3,2,1i   (2.13) 
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     IRR 86  ;  

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 










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











0XY

X0Z

YZ0

G

ii

ii

ii

i , 8,.....,3,2,1i   (2.16) 

 311 llX   ; 0ZY 11   ; 32 lX   ; 0ZY 22   ; 33 lX   ; 0Y3   ; 23 lZ   ;  

0ZZYYXX 545454   ; 0X6   ; 76 lY   ; 0Z6   ; 687 lXX   ; 

0ZZYY 8787  . 

(2.17) 

Flexibility matrices constant  *

ABH ,  *

BCH ,  *

CDH  is defined by relations 

       *

3

*

2

*

1

*

AB HHHH 
 ; 
     *

5

*

4

*

BC HHH 
 ; 
       *

8

*

7

*

6

*

CD HHHH 
 (2.18) 

and then the relations (2.9) - (2.12) is calculated for given values of grade 1  degree 

angle, variable arrays  ABH ,  BCH ,  CDH ,, necessary to determine the matrix   ,  AF , 

the relations (2.9). (2.10). 
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2.3. THE CALCULATION ALGORITHM 

 

- are known geometrical and mechanical characteristics of il , iA , ixI , iyI , izI , iE , 

iG , 8,.....,3,2,1i  , is determined by relations (2.5) from [3], (2.13) - (2.18) constant matrices 

 *

ABH ,  *

BCH ,  *

CDH ; 

- determine the position arrays      CDBCAB T,T,T  and      CDBCAB H,H,H  flexibility 

matrix for each value of angle  1 , the relations (2.7) from [3], (2.11), (2.12), (2.13) ; 

- determine the matrices  BU ,  CU ,  DU ,  BU
~

,  CU
~

,  DU
~

,  U ,  U
~

 with relations 

(2.2), (2.4), (2.6), (2.8) ; 

- determine the matrix displacements of kinematic couplings with (2.10) and  AF  

with reaction matrix equation (2.9) ; 

- determine the reactions of  BF ,  CF ,  DF , and relations (2.1). 

 
3. CROSS SHAFT. SYMMETRICALLY MECHANISM 

 
For this mechanism to consider the representation and notation of fig. 5, the 

kinematic coupling of A  blocked 

 
Figure 5. Symmetrically mechanism 

 

Noting with  1 ,  4 ,  7 , displacements 1 , 4 , 7 , knots,, with,  s

2 ,  d

2 ,  s

3 , 

 d

3 ,  s

5 ,  d

5 ,  s

6 ,  d

6 ,  s

8  movements of left and right sections of rotational 

kinematics couplings 2 , 3 , 5 , 6 , 7  with 2 , 3 , 5 , 6 , 7  shifts in the same kinematic 

couplings relations can be written 

     22

s

2

d

2 U  ;      33

s

3

d

3 U  ;      55

s

5

d

5 U  ;      66

s

6

d

6 U  ; 

     77

s

8 U0   
(3.1) 

Noting with  ijK  stiffness matrix of nodes    jiij KK   and j,i  that elastic equilibrium 

conditions of the nodes i , 7,..,3,2,1i  , are written as 

                0KKK s

3113

s

2112111   ; 

             0KK 4

d

2241

s

212  ;              0KK 4

d

3341

s

313    

                         0KKKK s

6446

s

5445

d

3434

d

2424  ; 

(3.2) 
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             0KK 7

d

5574

s

545  ;              0KK 7

d

6674

s

646   

                   0KKK s

8778

d

6767

d

5757  . 

and if one takes into account the relations (3.1) and the notation 

       1312A111 KKKK   ;      242122 KKK   ;      343133 KKK   ; 

         4645434244 KKKKK   ;      575455 KKK   ;      676466 KKK   

       78767577 KKKK  . 

(3.3) 

results 

          0KKK s

313

s

212111   ; 

             0UKKKK 2242124

s

222121   ; 

             0UKKKK 3343434

s

333131 
 

                      0UKUKKKKKK 34332422

s

646

d

545444

s

343

s

242 

             0UKKKK 5575757

s

555445 
 ; 

             0UKKKK 6676767

s

666446 
 ; 

                   0UKUKUKKKK 878866765575777

s

667

s

557 
. 

(3.4) 

If we note with  s

2E  effort from the left section 2  and  2R  kinematic coupling 

reaction of the coupling when the condition of equilibrium results 

     0RE 2

s

2   (3.5) 

and given equal     0EU
~ s

22   or     0RU
~

22   we get the relation 

         0KU
~

KU
~ s

21321122 
 (3.6) 

Similarly longer obtain the equations 

         0KU
~

KU
~ s

31331133   ;          0KU
~

KU
~ s

54554455   ; 

         0KU
~

KU
~ s

64664466   ;           FU
~

U
~

KU
~

KU
~

8878887787  . 
(3.7) 

The system consists of equations (3.4), (3.5), (3.7) is a system that contains 47 

scalar equations with 47 unknown namely unknown 42        7

s

6

s

54

s

3

s

21 ,,,,,,   and 

5 unknown matrices 76532 ,,,,  . 

 
CONCLUSIONS 

 
This approach makes it possible to develop mathematical model to calculate 

reaction forces in mechanisms gimballed and technological deviations, as will be shown in 
a following paper. 
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