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DEFINITION OF POSITIONS AND SPEEDS OF LINKS  
OF MECHANISMS OF HIGH CLASSES 

 
Abstract. In this work the analytical method of definition of positions and speeds of any mechanisms of high 

classes and an exact method of the kinematic analysis of transmission mechanisms of high classes are for the first 
time offered. The offered approach allowed developing the software according to the kinematic analysis of these 
mechanisms. The transmission mechanism of IV class is for the first time synthesized. 

Keywords: kinematics, mechanism of high classes, position, speed. 
 

1. Introduction. Mechanisms of high classes possess unique opportunities and properties of 
adaptation to external influences due to circulation of power on the closed contours. These mechanisms 
can maintain considerable power loadings, lift the mass of big size, operate many parameters, etc. There-
fore the classification of mechanisms on the low and high classes offered by academicians I. I. Artobo-
levsky [1], U.A. Dzholdasbekov [2] has very important scientific and practical value. Originally it is 
necessary to carry any mechanisms with group of Assur of high classes and special to mechanisms of 
general purpose – the transfer, directing and moving mechanisms of high classes. Such classification 
allows developing the general theory of mechanisms of the first group for the purpose of detection of their 
functionality, and for the second – theoretical bases of calculation of kinematic, power and dynamic 
parameters and design of mechanisms with the set certain characteristics.  

Further, these results can be used at design of lifting devices, working bodies of digging cars, robots 
with the closed contours, separate devices of aircraft, etc. 

2. Kinematic analysis of the mechanism of high classes of general purpose. For the kinematic 
analysis of any mechanisms of high classes we use approach of work [3]. 

Statement of tasks. Let the mechanism of high classes consist of n of mobile links. Numbers of output 

links change from mn ,1 , and entrance from j = nmn ,1  . Then the vector equations for the 
mechanism with group of Assur IV class with rotary couples and two degrees of freedom are representable 
in the form of (fig. 1). 
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Figure 1 – Any mechanisms with group of Assur IV class  

 
Originality of approach consists in transition from system (6) after application of universal 

substitution to system of quadratic equations: 

ሺܣଵ ൅ ଶݑଵሻܦ െ ݑଵܤ2 ൅ ଵܦ ൅ ଵܣ ൌ 0                                                    (7) 

ሺܣଶ ൅ ଶݑଶሻܦ െ ݑଶܤ2 ൅ ଶܦ െ ଶܣ ൌ 0. 

It is originally necessary to define materiality of decisions of nonlinear system (6). For this purpose 
we will find discriminants of these equations (7). 
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ଵܥ ൌ ଵܣ
ଶ ൅ ଵܤ

ଶ െ ଵܦ
ଶ, ܥଶ ൌ ଶܣ

ଶ ൅ ଶܤ
ଶ െ ଶܦ

ଶ. Then there are real decisions of system (2) and (6) if: or 
ଵܥ ൐ ଶܥ ,0 ൐ 0, or ܥଵ ൒ 0, ଶܥ ൐ 0, or ܥଵ ൐ 0, ଶܥ ൒ 0. These conditions provide independence of the 
equations (7). 

Discriminants represent algebraic inequalities of the fourth degree concerning a variable. Therefore it 
is easy to determine ranges of change of this variable on the basis of /4/. These provisions are the 
cornerstone of the offered algorithm of definition of provisions of output links of the mechanism IV of a 
class and allow solving a problem of speeds. 

The task 2 is set. To find speeds of output links of the mechanism with group of Assur IV class at the 
set speeds of the movement of entrance links.    

The system of the equations of speeds in a matrix form is: 

ቌ

ܽଵଵ ܽଵଶ ܽଵଷ
ܽଶଵ ܽଶଶ ܽଶଷ
ܽଷଵ ܽଷଶ ܽଷଷ

ܽଵସ
ܽଶସ
ܽଷସ

ܽସଵ ܽସଶ	ܽସଷ ܽସସ

ቍ

ۉ

ۈ
ۇ
цሶ ଵ
цሶ ଶ
цሶ ଷ
цሶ ସی

ۋ
ۊ
ൌ ൮

ܾଵଵ
ܾଶଵ
ܾଷଵ
ܾସଵ

ܾଵଶ
ܾଶଶ
ܾଷଶ
ܾସଶ

൲ቆ
цሶ ଺
цሶ ହ
ቇ                                       (8) 

where	ܽଵଵ ൌ ݈ଵݕଵ, ܽଵଶ ൌ ݈ଶݕଶ, ܽଵଷ ൌ ݈ଷݕଷ, ܽଵସ ൌ 0,ܽଶଵ ൌ ݈ଵݔଵ, ܽଶଶ ൌ ݈ଶݔଶ, ܽଶଷ ൌ ݈ଷݔଷ, ܽଶସ ൌ 0,                    
ܽଷଵ ൌ ݈ଵ

ଵݕ∗
∗, ܽଷଶ ൌ 0, ܽଷଷ ൌ ݈ଷ

ଷݕ∗
∗, ܽଷସ ൌ ݈ସݕସ, ܽସଵ ൌ ݈ଵ

ଵݔ∗
∗, ܽସଶ ൌ 0, ܽସଷ ൌ ݈ଷ

ଷݔ∗
∗, ܽସସ ൌ ݈ସݔସ, ܾଵଵ ൌ ݈଺ݕ଺, 

ܾଵଶ ൌ െ݈ହݕହ, ܾଶଵ ൌ ݈଺ݔ଺, ܾଶଶ ൌ െ݈ହݔହ, ܾଷଵ ൌ ܾଵଵ, ܾଷଶ ൌ ܾଵଶ, ܾସଵ ൌ ܾଶଵ, ܾସଶ ൌ ܾଶଶ. 
From system of the linear equations (6) speeds of output links of the mechanism are defined. 

However in this system (8) elements of a matrix A are unknown functions:	ц௜ ൌ ц௜൫цହ, ܲ൯, ݅ ൌ 1,4തതതത.  
The offered approach of determination of speeds of output links of the mechanism leans on the vector 

equations (5) which are presented in a differential form: 
ሺ݈ଷ ൅ ݈ହ െ ݈଺ െ ݈଴ሻ݈ሶଵ ൅ ሺ݈ଵ ൅ ݈ହ െ ݈଺ െ ݈଴ሻ݈ሶଷ ൌ ሺ݈ହ െ ݈଺ െ ݈଴ሻ൫݈ሶହ െ ݈ሶ଺൯                     (9) 

ሺ݈ଷ
∗ ൅ ݈ହ െ ݈଺ െ ݈଴ሻ݈ሶଵ

∗ ൅ ሺ݈ଵ
∗ ൅ ݈ହ െ ݈଺ െ ݈଴ሻ݈ሶଷ

∗ ൌ ሺ݈ହ െ ݈଺ െ ݈଴ሻ൫݈ሶହ െ ݈ሶ଺൯, 
݈ ሶଶ ൌ െ݈ሶଵ െ ݈ሶଷ െ ݈ሶହ ൅ ݈ሶ଺,                                                        (10) 

݈ ሶସ ൌ െ݈ሶଵ
∗ െ ݈ሶଷ

∗ െ ݈ሶହ ൅ ݈ሶ଺. 

In a scalar form system (9) we will write down in a look: 

                     ሺെܣଵݕଵ ൅ ଵሻݔଵܤ ሶ߮ ଵ ൅ ቀడ஺భ
డఝయ

ଵݔ ൅
డ஻భ
డఝయ

ଵݕ െ
డ஽భ
డఝయ

ቁ ሶ߮ ଷ ൌ
డ஽భ
డఝఱ

ሶ߮ ହ ൅
డ஽భ
డఝల

߮଺ሶ 	                      (11)  

ሺെܣଶݕଵ ൅ ଶሻݔଶܤ ሶ߮ ଵ ൅ ൬
ଶܣ߲
߲߮ଷ

ଵݔ ൅
ଶܤ߲
߲߮ଷ

ଵݕ െ
ଶܦ߲
߲߮ଷ

൰ ሶ߮ ଷ ൌ
ଶܦ߲
߲߮ହ

ሶ߮ ହ ൅
ଶܦ߲
߲߮଺

ሶ߮ ଺. 

где   
డ஺భ
డఝయ

ൌ െ2݈ଵ݈ଷݕଷ , 
డ஻భ
డఝయ

ൌ 2݈ଵ݈ଷݔଷ,
డ஽భ
డఝయ

ൌ ൅2݈ଷݔଷሺ݈ହݔହ െ ݈଺ݔ଺ െ ݈଴ݔ଴ሻ െ െ2݈ଷݔଷሺ݈ହݕହ െ ݈଺ݕ଺ െ

݈଴ݕ଴ሻ,
డ஺మ
డఝయ

ൌ െ2݈ଵ
∗݈ଷ
ଷݕଵ߮ݏ݋ܿ∗

∗ െ 2݈ଵ
∗݈ଷ
ଷݔଵ߮݊݅ݏ∗

∗ , 
డ஻మ
డఝయ

ൌ െ2݈ଵ
∗݈ଷ
ଷݕଵ߮݊݅ݏ∗

∗ െ 2݈ଵ
∗݈ଷ
ଷݔଵ߮ݏ݋ܿ∗

∗ ,
డ஽మ
డఝయ

ൌ

2݈ଷ
∗ሺ݈ହݔହ െ ݈଺ݔ଺ െ ݈଴ݔ଴ሻݕଷ

∗ െ 2݈ଷ
∗ሺ݈ହݕହ െ ݈଺ݕ଺ െ ݈଴ݕ଴ሻݔଷ

∗ . 

Then from system (11) we determine speeds цሶ ଵ andцሶ ଷ, and then – from (10) 

ሶ߮ ଶ ൌ ሺ݈଺ݕ଺ ሶ߮ ଺ െ ݈ହݕହ ሶ߮ ହ െ ݈ଵݕଵ ሶ߮ ଵ െ ݈ଷݕଷ ሶ߮ ଷሻ ݈ଷݕଷ⁄ , 

ሶ߮ ସ ൌ ሺ݈଺ݕ଺ ሶ߮ ଺ െ ݈ହݕହ ሶ߮ ହ െ ݈ଵ
ଵݕ∗

∗ ሶ߮ ଵ െ ݈ଷ
ଷݕ∗

∗ ሶ߮ ଷሻ ݈ସݕସ⁄ . 

This offered approach of determination of speeds directly comprises an analytical method of 
definition of provisions. 

3. Design of the mechanism of high classes of a special purpose. In case of mechanisms of a 
special purpose, i.e., the transmission gear has to consider communication between angular coordinates of 
some output links with the entrance. Here for simplicity of calculations it is supposed that l6 = 0. Without 
loss communities, it is possible to put that communication has a concrete appearance: 

53 3

1                                                                        (12) 

Originally we will substitute the angular coordinate (12) in known coefficients ,,, 111 DBA

222 ,, DBA , then 33 , yx  functions will take a form: 
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)
3

1
cos( 53 x ,    )

3

1
sin( 53 y                                                  (13) 

Thus, coefficients ,,, 111 DBA 222 ,, DBA only in an obvious form depend on the generalized angular 

coordinate 5 and lengths of links. Then from system (10) we define 

1221

1221
1 BABA

BDBD
x




 ,    
1221

1221
1 BABA

DADA
y




 .                                       (14) 

Substituting the found sizes (13) in system (2) taking into account (12), we find trigonometrical 
functions 4422 ,,, yxyx , and speeds of output links are determined by differentiation by time. 

The essence of an exact method of definition of provisions and speeds of links of the special 
mechanism IV of a class consists in it. This exact method of the kinematic analysis easily extends on other 
mechanisms of high classes.  

For confirmation of the received results the transmission gear IV of a class providing communication 
between angular coordinates of entrance 5l  and output 3l  links in the form of a ratio (12) (fig. 2) is given. 

The special mechanism of high classes with rotary couples possessing the set properties according to 
communication (12) is synthesized. 

This transmission mechanism of IV class has the following geometrical sizes: 

,510 mmODl  ,261 mmABl  ,19*
1 mmACl  ,772 mmBFl  ,993 mmFDl 

,109*
3 mmEDl  ,564 mmECl  ,265 mmOAl  ,06 mml  0

1 46 , 0
3 8 .  

At the solution of a problem of kinematics it is considered set the law of change of the generalized 
coordinate of an entrance link 5 from time t . Then the equation of communication (12) has an appearance: 

)(
3

1
)( 53 tt   . Other angular coordinates are determined by a formula (14) and from initial system (2) 

which represents already linear system. In this case speeds of links are differentiation of the found angular 
coordinates. 

4. Algorithm of the solution of a problem of kinematics of mechanisms of high classes. Step 1. 

Input of dimensional parameters: lengths of links - 0l , 1l , 2l , 3l , 4l , 5l , 
*
1l , 

*
3l , corners of links 1 and 3- 

1 , 3 . Range of change of angular coordinate of an entrance link 5:цହ
௠௜௡, цହ

௠௔௫. Possible range of 
change of angular coordinate of an entrance link 3: цଷ

௠௜௡, цଷ
௠௔௫Iteration step – h, accuracy – ߝ..  

Step 2. We set initial approximations for an external cycle цହ ൌ 	цହ
௠௜௡and internal cycle цଷ ൌ 	цଷ

௠௜௡ 
Step 3. We calculate coefficients ܣଵ, ,ଵܤ ,ଵܦ ,ଶܣ	 ,ଶܤ  ଶܦ
Step 4. We calculate determinant ܪ ൌ	ܣଵܤଶ 	െ 	ଵܤଶܣ ് 0, discriminats- C1, C2 .  
Step 5. Check ܥଵ	 ൒ 0, 	ଶܥ ൒ 0	, ܪ ് 0If conditions are satisfied: 

	ଵݔ ൌ
Сభ஻మିСమ஻భ

ு
, ଵݕ ൌ 	

஺భ஼మି஺మ஼భ
ு

, ܴଵ ൌ ଵݔ	
ଶ ൅ ଵݕ

ଶ െ 1, ߮ଷ ൌ 	߮ଷ
௠௜௡ ൅ 	݄ 

Step 6. We calculate Aଵ, Bଵ, Cଵ	, Aଶ, Bଶ, Cଶ	, Hଵ	, 	Dଵ, Dଶ; 
Step 7. Check ܦଵ	 ൒ 0, 	ଶܦ ൒ 0	, ଵܪ ് 0 

If conditions are satisfied ݔଵ	 ൌ
Сభ஻మିСమ஻భ

ு
, ଵݕ ൌ 	

஺భ஼మି஺మ஼భ
ு

,ܴଶ ൌ ଵݔ	
ଶതതത ൅ ଵݕ

ଶതതത െ 1 

If conditions aren't satisfied, we pass to a step 9, otherwise 
Step 8. Check Rଵ ∗	ܴଶ ൏ 	0  
If yes, that exists a root 
We remember 

 ߮ଵ ൌ ݃ݐܿݎܽ
௬భ
௫భ
	 , ଵݔ ൌ 	

௫భ	ା	௫̅భ
ଶ

, ଵݕ ൌ 	
уభ	ା	௬തభ

ଶ
ହݔ;  ൌ ,ହ߮ݏ݋ܿ ହݕ ൌ ଷݔ	;ହ߮݊݅ݏ ൌ cos൫߮ଷ

௠௜௡ ൅ ݄൯ , ଷݕ ൌ

sin൫߮ଷ
௠௜௡ ൅ ݄൯ ; ଶݔ ൌ

ሺି௟భ௖௢௦ఝభା௟య௖௢௦ఝయି௟ఱ௖௢௦ఝఱା	௟బ௖௢௦ఝబሻ

௟మ
ଶݕ, ൌ

ሺି௟భ௦௜௡ఝభା௟య௦௜௡ఝయି௟ఱ௦௜௡ఝఱା	௟బ௦௜௡ఝబሻ

௟మ
; 

ଷݔ
∗ ൌ cos൫߮ଷ

௠௜௡ ൅ ݄ െ ଷ൯ߙ , ଷݕ
∗ ൌ sin൫߮ଷ

௠௜௡ ൅ ݄ െ ଷ൯ߙ ; 
ସݔ ൌ ൫െ݈ଵ

∗ cosሺ߮ଵ ൅ ଵሻߙ ൅	 ݈ଷ
∗ cosሺ߮ଷ െ ଷሻߙ െ ݈ହ cosφହ ൅ ݈଴ cosφ଴൯/݈ସ 
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6. Conclusion. In summary it is possible to note that analytical methods of definition of provisions 
and speeds of links of high classes mechanisms of general purpose and an exact method of the kinematic 
analysis of transmission gears of high classes are for the first time has been developed. This approach 
easily extends on mechanisms of higher classes and will allow developing the universal software on 
design of high classes mechanisms for various devices and cars. The program of Delfi which defines 
provisions and speeds of links of any mechanisms IV of a class has been written. Computing experiment 
has been made. The transmission mechanism of IV class has been synthesized for the first time. 
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ЖƏНЕ ОРНЫН АНЫҚТАУ 
 

Аннотация. Жұмыста алғаш рет аналитикалық əдіспен жоғарғы класстардың еркін механизмдерінің 
жылдамдығы мен орналасуын анықтайтын жəне жоғарғы класстардың ауыстыратын механизмдерінің кине-
матикалық талдаудың нақты əдісі ұсынылған. Ұсынылып отырған механизмдердің кинематикалық талдау 
тəсілдемесі бағдарламаны қамтамасыз етуді əзірлеуге мүмкіндік береді. Алғаш рет IV класстың ауыстыру 
механизмі синтезделген.  
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ОПРЕДЕЛЕНИЕ ПОЛОЖЕНИЙ И СКОРОСТЕЙ ЗВЕНЬЕВ МЕХАНИЗМА ВЫСОКИХ КЛАССОВ 

 
Аннотация. В работе впервые предложены аналитический метод определения положений и скоростей 

произвольных механизмов высоких классов и точный метод кинематического анализа передаточных меха-
низмов высоких классов. Предлагаемый подход позволил разработать программное обеспечение по кине-
матическому анализу этих механизмов. Впервые синтезирован передаточный механизм IV класса. 
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