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Abstract. The submitted paper presents a kinematic analysis of Stirling 

engine by the vector method. Position equations are written for various 

points of the mechanism, and values of velocity and acceleration are 

obtained from derivation of the equations, depending on time. Equations in 

matrix form are solved by means of the Matlab program. Graphic 

dependences of kinematic magnitudes of some points are given in 

dependence on the angle of rotation of the drive member. Position 

equations are utilised for the animation of the mechanism. The 

computational model of the Stirling engine was created in the SolidWorks 

software program. 
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1 Introduction  

In the case of kinematic analysis of planar as well as spatial mechanisms [1-3] and their 

simulations [4-6], it is possible to use the specific software Matlab program. The advantage 

of this program is based on the simplicity of programing process, while the obtained results 

are high accurate in relation to the numerical equation solutions in the whole range of the 

mechanism movement. 

2 Kinematic analysis of planar mechanism 

Considering the ten-item planar mechanism, the vector method [7] is used for solution 

relating to field of positions, velocities and accelerations. The numerical solution 

procedures are carried out for predefined input values (1) if the angular rotation of the drive 

member (2) is: radq 0864.21  . The computational model of the Stirling engine is in 

Fig. 1 and  the kinematic scheme can be seen in the Fig. 2. The position equations (3) are 

derived on the basis of  8,1ii   variables and by this way, the equations of velocities (4) 

are obtained and subsequently, the given equations of velocities are transformed to matrix 

form (15). If the equations (4) are derived again, the equations of accelerations (5) are 

obtained and then, they are transformed to the matrix form (16). The equations from (6) up 
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to (14) are valid and used for calculation of kinematic values of distance, velocity and 

acceleration for D, K, J points. The given solution procedures were carried out by means of 

the Matlab program and results of kinematic analysis are shown in Figs. from 3 to 8. 

 

Fig. 1. The computational model of the Stirling engine 

 

Fig. 2. Kinematic scheme of mechanism 
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Input parameters: 

cmcarad

cmcaradq

0,52745,1

0,60864,2

155212

14511








 

cmcarad

cmcacmr

8,43818,0

4,20,7

17834

16623








 

                    
cmcLrad

cmcLrad

8,62003,0

4,92101,0

19256

18145








           (1) 

cmcLrad

cmcLcmr

0,70973,1

9,14,2

21478

20367








                            

cmcLcmca

cmcLcmr

0,64,2

0,77,1

23691

22589




 

radccmca

radccmca

6338,00,1

4907,00,5

251122

241021








 

radccmca

radccmcb

1411,01,5

6258,14,0

27134

2612








 

1
21 .1  srad ,                 2

21 .0  srad  

 

Variables are:  

                        9876543287654321 ,,,,,,,,,,,,,, rrr         (2)        

Considering ABDA, ABCEFGHJA, EFGHJE and FKLMNF, the position loop equations 

are: 

0sin)sin(

0cos)cos(

112122

11211





qaaf

qaabf




 

0)sin(sin)sin(sin

0)cos(cos)cos(cos

64513412214

134513412213





Laaaqaf

LLaaaqaf



                      (3) 

0)sin(sinsin

0)cos(coscos

24515666

34515665





Laaf

Laaf




 

0sinsin

0coscos

48784528

5784527





Laaf

Laaf




 

When the position equations (3) are derived on the basis of      8,1ii   variables, the 

system of velocity equations (4) is obtained and after further derivation, the system of 

acceleration equations (5) can be obtained. 

                              

qqaaf

qqaaf

cos)cos(

sin)sin(

1112122

111211











                                        (4) 
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qqaaaaf

qqaaaaf

cos)cos(cos)cos(

sin)sin(sin)sin(

1445133411224

1445133411223












                               

                              

0)cos(cossin

0)sin(sincos

445155666

445155665













aaf

aaf
                             (4) 

0coscos

0sinsin

877844528

77844527













aaf

aaf
 

 

qqaqqaaaf

qqaqqaaaf

sincos)sin()cos(

cossin)cos()sin(

2
111

2
121112122

2
111

2
12111211












 

             

qqaqqaaaa

aaaf

qqaqqaaa

aaaaf

sincos)sin()cos(sin

cos)sin()cos(

cossin)cos()sin(

cossin)cos()sin(

2
114

2
45144513

2
34

3341
2

12211224

2
114

2
4514451

3
2
343341

2
12211223

























      (5) 

0)sin()cos(sincossin

0)cos()sin(cossincos

4
2
45144515

2
5655666

4
2
45144515

2
5655665













aaaaf

aaaaf  

0sincossincos

0cossincossin

87
2
787784

2
45244528

7
2
787784

2
45244527













aaaaf

aaaaf
 

 

The equations from (6) up to (14) are valid and used for calculation of kinematic values 

of distance, velocity and acceleration for D, K, J points. 

              

21211 )sin(sin  



aqay

bx

D

D                                                                             (6) 

 

              

211211 )cos(.cos.

0

 







aqqay

x

D

D                                                                      (7) 

 

               

211
2

211121
2

11 )sin(.)cos(.sin.cos.

0

 







aaqqaqqay

x

D

D                    (8) 

 

              

84678

452451341221

sin

sin)sin(sin)sin(sin











LLa

aaaaqay

bx

L

L

               (9) 

 

               

87784452

445133411221

cos.cos.

)cos(.cos.)cos(.cos.

0

















aa

aaaqqay

x

L

L
                    (10) 
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87
2
787784

2
4524452

4
2
45144513

2
34334

1
2

1221122
2

11

sin.cos.sin.cos.

)sin(.)cos(.sin.cos.

)sin(.)cos(.sin.cos.

0























aaaa

aaaa

aaqqaqqay

x

L

L

              (11) 

 

              




cossinsin)sin(sin

coscoscos)cos(cos

62656341221

6156341221





LLaaaqay

Laaaqax

J

J            (12) 

 

              





sincos.cos.)cos(.cos.

cossin.sin.)sin(.sin.

655633411221

655633411221









aaaqqay

aaaqqax

J

J             (13) 

 

              









sinsin.cos.sin.cos.

)sin(.)cos(.sin.cos.

coscos.sin.cos.sin.

)cos(.)sin(.cos.sin.

65
2
565563

2
34334

1
2

1221122
2

11

65
2
565563

2
34334

1
2

1221122
2

11

















aaaa

aaqqaqqay

aaaa

aaqqaqqax

J

J

               (14) 

 

The system of equations (4) is transformed to matrix form (15) and the system of 

equations   (5) is transformed to the matrix form (16). 

 



























































































































0

0

0

0

cos

sin

cos

sin

1cos00cos000

0sin00sin000

00sincos)cos(000

00cossin)sin(000

0000)cos(cos0)cos(

0000)sin(sin0)sin(

0000001)cos(

0000000)sin(

1

1

1

1

8

7

6

5

4

3

2

1

78452

78452

56451

56451

45134122

45134122

121

121

qqa

qqa

qqa

qqa

aa

aa

aa

aa

aaa

aaa

a

a

























































 (15) 
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








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


















































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
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
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
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6

5

4

3

2
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1cos00cos000
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
























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
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






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

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










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
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

7
2
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2
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7
2
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2
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4
2
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2
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4
2
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2
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2
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2
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2
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2
122

2
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2
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2
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2
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2
111

2
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2
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2
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)sin(sin

)cos(cos

sincos)sin(sin)sin(

cossin)cos(cos)cos(
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






















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
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  (16) 

3 Results of kinematic analysis 

-1

3

7

122 182 242 302 362 422 482

Angular rotation of crank q (º)

r9
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r3
, 

r7
 (

cm
)

r 9 r 3 r 7 

 

Fig.3. The course of shifts for D, L, J points in dependence on angular rotation of crank 
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9

, 
r ´

3
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)

r´9 r´3 r´7 

 

Fig. 4.  The course of velocity for D, L, J points in dependence on angular rotation of crank 
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Fig. 5. The course of acceleration for D, L, J points in dependence on angular rotation of crank 
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Fig. 6. The course of angular position for individual bodies in dependence on angular rotation of 

crank 
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Fig. 7. The course of angular velocity for individual bodies in dependence on angular rotation of 

crank 
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Fig. 8. The course of angular acceleration for individual bodies in dependence on angular rotation of 

crank 

4 Conclusion  

Based on the evaluation of the results, the utilisation of the Motion Program is significantly 

useful because it is effective way to determine all kinematic parameters of any mechanism 

and moreover, the loading for any point of the body system is able to be specified. The 

tolerance for the position deviation was also tested while the predetermined deviation was 

10-9. It is important to point out that from the aspect of convergence, it was not necessary to 

use more than five steps for each one position. On the other side, the convergence failure 

was connected with specification and entering of inaccurate parameters. 
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