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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical 

sciences scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of geology and technical 
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the 
most relevant and influential content of geology and engineering sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Геология жəне 

техникалық ғылымдар сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, 
the Social Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология жəне техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді 
геология жəне техникалық ғылымдар бойынша контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 

наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web 
of Science. Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the 
Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает 
качество и глубину контента для исследователей, авторов, издателей и учреждений. 
Включение Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по геологии и техническим наукам для нашего сообщества. 
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THE DESIGN OF UNIQUE MECHANISMS AND MACHINES. II 
 

Abstract. A cardinal breakthrough is possible in the transition of mechanisms of lower class (class II) to high 
class (class IV and above) to design new mechanisms and machines. For the first time a new concept based on 
approximation theory is offered for mechanisms of high class aimed at solving kinematic, kinetostatic and dynamic 
problems. Methods, algorithms and programs are developed to define the position of links and reaction forces in the 
joints for mechanism of class IV at any given accuracy. A numerical experiment has shown a huge advantage of 
mechanism of class IV to design a new mechanism for aircraft’s chassis (the mechanism of the robotics and auto 
crane’s boom outreach having a heavy payload), as well as for control devices of working bodies with high speeds 
for hydraulic hammers and presses. At the same time minimum of reaction forces in the joints for these mechanisms 
as well as the minimum of balancing force to select the required drive with low power is provided. 

Key words: kinetostatic, dynamics, mechanism of high class, mechanical engineering, robotics. 
 
Introduction. The kinematic-dynamic model for mechanism of high class is described by diffe-

rential-algebraic equations (DAE)[1]. Some questions of the investigation of DAE are given in [2-5]. The 
complete analysis of mechanisms of high class involves the simultaneous solution of kinematic, kine-
tostatic and dynamic problems. According to the classical theory of mechanisms and machines a separate 
solution of complex problems is considered. Planar lever mechanism of class IV as the basic mechanism 
out of all mechanisms of high class and in much the same way a four-link mechanism out of mechanisms 
of lower class II are going to be studied. 

This work is devoted to the development of a new calculation theory for the underlying mechanism of 
class IV done on the basis of the theory of differential equations and the approximation theory. In this 
article we consider singular differential-algebraic equations and a power analysis of these mechanisms. 

The proposed methods, algorithms and the held computational experiment made possibilities to 
identify the unique characteristics of the above mentioned mechanism of class IV and their use in various 
scientific and technological fields (in the mechanisms like departure chassis of an aircraft, load-lifting 
cranes, presses, robots and other devices). 

The common model for mechanism of high class. Suppose the mechanism of high class (MHC) 
consists of n moving links. Numbers of output links vary from 1 to n-m, and the number of input ones 
varies from n-m +1 to n, m is the number of input links directly related to drive units (Figure 1). The 
proposed mechanism of the numbering units enables the use of vector-matrix notation in solving various 
equations in kinematics and dynamics. 

Then the general model for mechanism of class IV (n=6, m=2) is represented in the form: 
- differential equations of this mechanism’s dynamics having two degrees of freedom (two 

generalized coordinates, n=6, m=2) are: 

ௗ

ௗ௧
൬
డ௅

డ௤ണሶ
൰ 	െ

డ௅

డ௤ೕ	
ൌ ܳ௝	, ݆	 ൌ 	1,݉തതതതതത		                                                      (1)	

 

and having the initial conditions  
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,଴ሻݐሺ	௝ݍ  ఫሶݍ ሺݐ଴ሻ                                                                        (2) 

where L is the Lagrangian, ݍ௝	, ఫሶݍ , ܳ௝ are generalized coordinates, velocity and force.  
The kinematic model of the mechanism of the IV class ( shown in figure 1) is described by a system 

of trigonometric equations: 
 

 
 

Figure 1 – Mechanism of class IV having rotational pairs 
 

0coscoscoscoscoscos 006655332211   llllll , 

0sinsinsinsinsinsin 006655332211   llllll , 

 (3) 

    0coscoscoscoscoscos 0066554433
*
311

*
1   llllll ,  

    0sinsinsinsinsinsin 0066554433
*
311

*
1   llllll . 

 
Systems (1), (3) are a system of differential-algebraic equations (DAE). This terminology is accepted 

by scientists all over the world. 
From the system (3) we have the dependence of the angular coordinates φ of the output links on the 

angular coordinates q of the input links of the mechanism: 

߮ሺݐሻ ൌ 	߮ሺݍሺݐሻሻ.                                                                     (4)  

It should be noted that in the first part the system of trigonometric Equations (3) were presented in a 
differential form. Therefore, the differential form of the system (3) has its advantages and disadvantages 
associated with the matrix A. Only the case when the DAS is related to the ordinary differential equations 
(ODE) for | A | ≠ 0 is considered. The singularity of the DAY arises when | A | = 0. 

In this case, the application of numerical Runge-Kutta’s methods is impossible. It is necessary to look 
for other approaches. Known approaches of foreign [2, 3] and russian [4] scientists are not very suitable 
for their use, since the error in the developed numerical methods is quite large. This error violates the 
reliability of the kinematic model (3). 

Task 1. Solve the general model (1) - (3) for mechanism of class IV using approximation theory and 
Runge-Kutta’s method for |ܣ| ് 0 or |ܣ| ൌ 0. 

We first determine the Lagrangian L for the mechanism of class IV 
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	ܮ ൌ ∑ ௠೔௟೔
మఝሶ ೔

మ

ଶ
ସ
௜ୀଵ െ ∑ ݉௜݈݃௜߮݊݅ݏ௜

ସ
௜ୀଵ ൅ ∑

௠ೕ௟ೕ
మ௤ሶೕ

మ

ଶ
଺
௝ୀହ െ ∑ ௝݉݃ ௝݈ݍ݊݅ݏ௝

଺
௝ୀହ  + 

 ൅
௠భ
∗௟భ
∗మఝሶ భ

మ

ଶ
൅݉ଵ

∗݈݃ଵ
ሺ߮ଵ݊݅ݏ∗ െ ଵሻߙ ൅

௠య
∗௟య
∗మఝሶ య

మ

ଶ
൅݉ଵ

∗݈݃ଵ
ሺ߮ଷ݊݅ݏ∗ ൅  ଷሻ,                           (5)ߙ

where ݉ is the mass of the links, ݃ is the acceleration due to gravity. When the Lagrange’s operator of the 
second kind is applied to the function (7), the following derivatives are necessary  

߮పሶ ሺݐሻ ൌ ቆ	
డఝ೔ሺ௤ሻ

డ௤
, ሶݍ ሺݐሻቇ , ሷ߮ ௜ሺݐሻ ൌ ቆ

డఝ೔ሺ௤ሻ

డ௤
, ሷݍ ሺݐሻቇ ൅ ሶݍ ሺݐሻ′

డమఝ೔ሺ௤ሻ

డ௤మ
ሶݍ ሺݐሻ, ݅ ൌ 1,… , ݊ െ ݉             (6) 

Then the system (1) can be written in the form of a normal Cauchy form: 

ሶݍ ൌ ݂ ቆݍሺݐሻ, ߮ሺݐሻ,
డఝ

డ௤
ሺݐሻ,

డమఝ

డ௤మ
ሺݐሻ,ܯሺݐሻቇ , ݐ ∈ ሾݐ଴,  ଵሿ                                     (7)ݐ

where ݂ is a vector- function of dimension 2mx1.  
Approximation theory studies the question of the possibility of approximate representation of some 

mathematical objects by other objects of simpler nature. Now us show the possibility of applying the 
theory of approximations to the numerical solution of the Cauchy problem (1)-(3). Let ∆߮ be the error in 
calculating the angular coordinates, then we can use the approximation theory. 

Lemma. For the numerical realization of the trigonometric identity 

ଶ߮ݏ݋ܿ ൅ ଶ߮݊݅ݏ ൌ 1                                                                 (8) 

 is applied formula 

cos	ሺ߮ ൅ ∆߮ሻܿ߮ݏ݋ ൅	 ሺ߮݊݅ݏ ൅ ∆߮ሻ߮݊݅ݏ ൌ ∆ݏ݋ܿ 	߮.                                 (9) 

Proof. We apply trigonometric transformations. Then the equality (8) takes the form:                       
cos	ሺ߮ ൅ ∆߮ሻܿ߮ݏ݋ ൅	 ሺ߮݊݅ݏ ൅ ∆߮ሻ߮݊݅ݏ ൌ	 ሺܿݏ݋ܿ߮ݏ݋∆߮ െ ߮∆ݏ݋ܿ߮݊݅ݏሺ+߮ݏ݋ሻܿ߮∆݊݅ݏ߮݊݅ݏ ൅
ሺ߮	We pirve such terms in this ratio. Then we get cos .߮݊݅ݏሻ߮∆݊݅ݏ߮ݏ݋ܿ ൅ ∆߮ሻܿ߮ݏ݋ ൅			                      
൅݊݅ݏሺ߮ ൅ ∆߮ሻ߮݊݅ݏ ൌ ∆ݏ݋ܿ 	߮.It follows from the last expression that lim∆ఝ→଴ ߮∆ݏ݋ܿ ൌ 1. This limit 
ensures the fulfillment of the trigonometric identity. 

Note 1. We introduce the notation ߜ ൌ ߜ	-Then, by choosing δ (or ∆߮), the relation 1 .߮∆ݏ݋ܿ ൌ  ߝ
establishes the fulfillment of the trigonometric identity with a given accuracy. 

Theorem 1. The numerical realization of the system of trigonometric equations (3) can be 
represented as a system of linear algebraic equations. 

Proof. On the basis of the lemma, the trigonometric system (3) after applying the scalar product and 

excluding the angular coordinates ߮ଶ, ߮ସ goes into the system of linear equations for variables ,cos 1
1
k

,sin 1
1
k ,cos 1

3
k :sin 1

3
k  

 *)coscoscoscoscos( 00
1

66
1

55
1

33
1

11
2
2  llllll kkkk  

 
*  )coscoscoscoscos( 0066553311  lllll kkkk  

+ )sinsinsinsinsin( 00
1

66
1

55
1

33
1

11  lllll kkkk   * 

)cossinsinsinsin(* 0066553311  lllll kkkk  ,                                                    (10) 

  

*)coscoscos)cos()cos(( 00
1

66
1

553
1

331
1

11
2
4  llllll kkkk     

*  )coscoscos)cos()cos(( 006655333111  lllll kkkk  

+ )sinsinsin)sin()sin(( 00
1

66
1

553
1

331
1

11  lllll kkkk   *  

)cossinsin)sin()sin((* 006655333111  lllll kkkk  ,  
1

1cos k k
1cos + 1

1sin k  k
1sin ,                                                                                     (11) 
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1
3cos k k

3cos + 1
3sin k  k

3sin  

where к is iteration number, к=0, 1, 2, …, n.  

We determine the variables 1
1cos k , 1

1sin k , 1
3cos k , 1

3sin k  from the systems (10), (11) and 

substitute them into the system (3).  

Then we find the quantities 1
2cos k , 1

2sin k , 1
4cos k , 1

4sin k :  

200
1

66
1

55
1

33
1

11
1

2 /)coscoscoscoscos(cos llllll kkkkk    , 

20066
1

55
1

3311
1

2 /)sinsinsinsinsin(sin llllll kkk     ,                                 (12) 

    400
1

66
1

553
1

3
*
311

*
1

1
4 /)coscoscoscoscos(cos llllll kkkk    ,  

    400
1

66
1

553
1

3
*
311

*
1

1
4 /)sinsinsinsinsin(sin llllll kkkk    . 

We note that for k = 0 in the linear systems (10-12), the initial values of the functions ܿ߮ݏ݋௜ሺݐ௞ሻ, 
 . ௞ሻ are determined on the base [5]ݐ௜ሺ߮݊݅ݏ

Note 2. The left-hand sides of the system (10) are the scalar product of the vectors ሺ݈ଶ
௞, ݈ଶ

௞ାଵ), 
ሺ݈ସ
௞, ݈ସ

௞ାଵ) on the k and k + 1 steps. Let 1 . In this case, the equation (11) asserts that the projection of 
the vector ݈ଶ

௞ on to the direction ݈ଶ
௞ାଵ	is equal to ݈ଶ .	Obviously, the length of the vector ݈ଶ

௞ାଵ, found from 
the system (10), will not be equal to ݈ଶ . Therefore, the normalization of the vector ݈ଶ

௞ାଵ is required. This is 
true for the vectors ݈ସ

௞, ݈ସ
௞ାଵ	and the unit vectors in the last two equations (11) of the whole system, also for 

the right-hand side of the system (10), which is the scalar product of unit vectors and vectors l.  
We introduce the notation ݔ௜

௞ ൌ ,௞ሻݐ௜ሺ߮ݏ݋ܿ ௜ݕ	
௞ ൌ  :These values are then normalized	௞ሻ.ݐ௜ሺ߮݊݅ݏ

௜ݔ
௞ ൌ

௫೔
ೖ

ሺሺ௫೔
ೖሻమା	ሺ௬೔

ೖሻమሻ
భ
మ
	 , ௜ݕ

௞ ൌ
௬೔
ೖ

ሺሺ௫೔
ೖሻమା	ሺ௬೔

ೖሻమሻ
భ
మ
, ݅ ൌ 1,2,3,4.  

 Further, we find the angular coordinates: 

߮௜
௞ ൌ ߮௜ሺݐ௞ሻ ൌ ݃ݐܿݎܽ

	௬೔
ೖ

௫೔
ೖ ൅  (13)                                                 ,ߨ݊

where ݔ௜
௞ ൌ ,௞ሻݐ௜ሺ߮ݏ݋ܿ ௜ݕ	

௞ ൌ   .௞ሻݐ௜ሺ߮݊݅ݏ
The initial values of variables	߮௜ሺݐ௞ሻ, ߮௜ሺݐ௞ሻ are determined on the base formula (14). The discrete 

velocities ሶ߮ ௞	and the accelerations ሷ߮ ௞	in the Lagrange’s operator are found from the formulas of 
numerical differentiation [6] by the found angular coordinates ߮ሺݐ௞ሻ. 

In conclusion, we represent the continuous system (7) in a discrete form: 

௞ାଵݍ ൌ ௞ݍ ൅ ݂ ቆݍሺݐ௞ሻ, ߮ሺݐ௞ሻ,
డఝ

డ௤
ሺݐ௞ሻ,

డమఝ

డ௤మ
ሺݐ௞ሻ,ܯሺݐ௞ሻቇ ݄, k=0, 1, 2, …, n (14) where 	ݍ௞ ൌ

,௞ሻݐሺݍ ߮௞ ൌ ߮ሺݐ௞ሻ, 	ሺ
డఝ

డ௤
ሻ௞ ൌ 	 	

డఝ

డ௤
ሺݐ௞ሻ, ቀ	

డమఝ

డ௤మ
ቁ
௞
ൌ

డమఝ

డ௤మ
ሺݐ௞ሻ,ܯ௞ ൌ ,௞ሻݐሺܯ ௞ݐ ൌ ଴ݐ ൅ ݄݇, ݄ ൌ  ,Here .ݐ∆

݂ ቆݍሺݐ௞ሻ, ߮ሺݐ௞ሻ,
డఝ

డ௤
ሺݐ௞ሻ,

డమఝ

డ௤మ
ሺݐ௞ሻ,ܯሺݐ௞ሻቇ is a vector function, ݄ is step of integration. Further, we define 

the required partial derivatives 
డఝ೔
డ௤ೕ

ሺݐ௞ሻ ൌ
ఝഢሶ ሺ௧ೖሻ

௤ሶೕሺ௧ೖሻ
,
డమఝ೔
డ௤ೕ

మ ሺݐ௞ሻ ൌ
ఝഢሺሷ ௧ೖሻ

௤ሷೕሺ௧ೖሻ
, ݅ ൌ 1,… , ݊ െ ݉, ݆ ൌ ݊ െ ݉ ൅ 1,… , ݊ .  

We formulate this result in the form  
Theorem 2. The solution of a system of differential-algebraic equations is found from the system of 

linear equations (10-12), (14). 
Note 3. The accuracy of the solution of the system (1-3) (DAE) can be improved by representing the 

vector function ݂ ቆݍሺݐ௞ሻ, ߮ሺݐ௞ሻ,
డఝ

డ௤
ሺݐ௞ሻ,

డమఝ

డ௤మ
ሺݐ௞ሻ,ܯሺݐ௞ሻቇ in system (14) on the basis of Runge-Kutta 

numerical methods[65]. 
 
The kinetostatic method for the mechanism of class IV. The proposed method of kinematic 

calculating and method of kinetostatics based on D’Alembert’s principle is put as the basis for the 
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mechanism force calculation. The results of the study of the force parameters serve as the basis for the 
calculation of the strength and stiffness of the mechanism of class IV. Without loss of generality we 
assume l6=0. Kinematic scheme of power analysis for the mechanism of class IV is shown in Figure 2. 

Task 2. Define the reaction forces in the joints A, B, C, D and E of the mechanism of class IV under 
the influence of external moment M. 

Using the method of calculation of the kinematic parameters [5], the coordinates of these joints are 
defined by: 

,cos 55 lxA  ,sin 55 lyA   
,coscos 1155  llxB  ,sinsin 1155  llyB 

  
),cos(cos 11

*
155   llxC ),sin(sin 11

*
155   llyC  

,coscoscos 221155  lllxD   ,sinsinsin 221155  lllyD 
 

,cos)cos(cos 4411
*
155  lllxE 

 
.sin)sin(sin 4411

*
155  lllyE 

  
We define the coordinates of the point of intersection H of the lines in figure 2, passing through the 

points D, B and H, E, C and H, A and H 
3,2,1,0  iCyBxA iii  

where 

,),( 11 BDBD xxByyA  ),()(1 BDBBBD xxyxyyC  ),(2 CE yyA    
),()(, 22 CEEECECE xxyxyyCxxB  ,),( 33 HAHA xxByyA 

  
),()(3 HAAAHA xxyxyyC   .,

1221

1221

1221

1221

BABA

ACAC
y

BABA

CBCB
x HH 







  

We form the equation of balance of the base link 1 by equating the sum of the forces acting on this 
link: 

0321  FFF
 

The vector equation of equilibrium of the force is decomposed into two components in the 
projections on the axis of the fixed system of coordinates:  

,0sinsinsin

,0coscoscos

34221

34221







FFF

FFF

  
where 

).(
3

3

B

A
arctg 

 

 
 

Figure 2 – Kinetostatic analysis for the mechanism of class IV 
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The reaction forces 21, FF and 3F  in the joints A, B, and C of the base link 1 are arisen due to the 

action of constant moment M on output link 3 with fixed (input) link 5. Acting on output link 3 the 

moment is .*
3231 lPlPM   Here, 3l  and 

*
3l  are the length of the vectors of base link 3. According to the 

plan of force we determine (see Fig.2.): 

)90cos( 3211   FP ,  

).90cos( 43322   FP   
Substituting the last formula in scalar equations (17), we obtain a system of equations to determine 

the reaction forces 1F , 2F  and 3F : 














MFlFl

FFF

FFF

)90cos()90cos(

0sinsinsin

0coscoscos

4332
*
33213

34221

34221








 
In conclusion, it should be noted that a method, an algorithm and a program for determining reaction 

forces in the kinematic pairs of the mechanism of class IV have been developed based on the proposed 
method of power analysis.  

Discussion of results. Power analysis makes it possible to calculate the strength of the mechanism of 
class IV parameters and to select the power for the desired drive unit. Thus, a fresh approach to make a 
simultaneous solution of kinematic, kinetostatic and dynamic problems of the mechanism of class IV is 
offered. The obtained results are easy to apply to mechanisms of high class with a larger number of closed 
contours. The importance of the fundamental scientific result presenting in brief the theory of mechanisms 
of high class lies in its practical application. The question always arises: how to use the theory actually 
proposed in a compressed form, and the unique properties of these mechanisms in the design of new 
devices and machines. 

For the first time the programs on the Delphi’s language calculate position and reaction force in the 
mechanism of class IV with any desired accuracy. The results of program on the position of links and 
reaction forces in the joints for the mechanism of class IV. Initial data: ܮ଴ =10cm, ܮଵ =2cm, ܮଵ

∗  =2cm, ܮଶ 
=8,268cm, ܮଷ =5cm, ܮଷ

∗  =5cm, ܮସ =5,9133cm, ܮହ =4cm,ܮ଺ =0, ߙଵ =600, ߙଷ =300, ߮଴ =0,                       
ߝ	 ൌ 0,001, ߮ହ௠௜௡ =700, ߮ହ௠௔௫ =1050, ߮ଷ௠௜௡ =700, ߮ଷ௠௔௫ =1000, h =0,050, ሶ߮ ହ=0,01rad/s. The program 
defines values of the angular coordinates of all remaining links at the possible ranges of variation ߮ଷ௠௜௡ 
=700	൑ ߮ଷ ൑ ߮ଷ௠௔௫ =1000, ߮ହ௠௜௡ 	ൌ 70଴ ൑ ߮ହ ൑ ߮ହ௠௔௫ =1050. Separately we give the initial values of 
the angular coordinate of input link 5 ߮ହ ൌ90,04999999999890 and of output link3 
߮ଷ=90,04999999999890 in accordance with which the movement of the mechanism starts. If we change 
the angular coordinate ߮ହ of input link 5 90,04999999999890 to 90,24999999999880 

The positions and forces are listed in tables 1and 2. 
 

Table 1 – Angular coordinate of links for mechanism of class IV 
 

࣐૚ ࣐૛ ࣐૜ ࣐૝ ࣐૞ 
30.151212399452 -0.031675872130 90.0499999999989 12.928351949062 90.0499999999989 
30.153170114784 -0.032123943447 90.0999999999989 12.907880756584 90.0999999999989 
30.155201340299 -0.032593556243 90.1499999999989 12.887379206970 90.1499999999989 
30.155693019626 -0.032636365534 90.1499999999989 12.879818673972 90.1999999999989 
30.157800302286 -0.033107168760 90.1999999999989 12.859325664381 90.2499999999988 

 
Table 2 – Reaction forces in the joints for mechanism of class IV 

 

fr[1] fr[2] fr[3] 
0,085501549459072 -0,0179259921115466 0,0241681781581009 
0,0853804108253469 -0,0179268654072137 0,024138568162871 
0,0852599951693558 -0,0179278751364108 0,0241091893026834 
0,0852777526589473 -0,0179964249228941 0,0241643846455302 
0,0852777526589473 -0,0179974850000152 0,0241350541017292 
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These mechanisms can be used in the design of robots and cranes with high lifting capacity, 
mechanisms of departure chassis of a fighter aircraft landing at high speed on aircraft carriers, heavy 
transport and passenger aircrafts landing on the airfield, presses and hydraulic hammers at a significant 
rate of working body movements, and etc. 

During landing of heavy airplanes on an airfield and of a fighter aircraft on an aircraft carrier at the 
moment of wheel contact with bearing surface there is an instantaneous force (instant impact) on the 
mechanism of chassis, and a difficult task is to keep the load by drive with minimum power. To prevent 
damage it is necessary to provide a minimum of reaction forces in the joints of the mechanism of chassis. 
This is possible if the chassis design on the basis of the mechanism of class IV. 

From numerical results it is evident that a wheel can be attached to the joints E or D, as well as joints 
O and K to housing of an aircraft (Figure 2). Reaction forces in the joints D, E and of output link 3 are 
equal to fr[1] = 0,177489607188975 fr[2] = 0.0235637144272305 respectively, and balancing force is 
generated by the drive fr[3] = - 0.200247062147046 for input link 5. It should be noted that reaction forces 
in joints are reduced 5 or more times as compared with the influence of instantaneous maximum power             
M = 1 at a wheel contact point. 

The latter fact allows increasing the bearing capacity and the service life of a new mechanism of 
chassis and the range of speed change at landing. Thus, we provide a higher degree of safety of an aircraft. 

Conclusion. For the first time we make the following conclusions: 
- a new direction is suggested in simultaneous calculation of kinematics, kinetostatics and dynamics 

of mechanisms of high class on the basis of the theory of differential equations and approximation theory; 
- methods and algorithms for determining the position of links and reaction forces in the joints of the 

mechanism of IV class are developed; 
- a program for calculation of kinetostatic and dynamic parameters in the mechanism of class IV with 

any given accuracy is written; 
- the use of mechanism of class IV in the design of a new chassis in aircrafts and mechanisms of 

departure chassis of a fighter aircraft landing on aircraft carriers at high speed, heavy transport and 
passenger aircrafts landing on the airfield and the mechanism of the auto crane’s boom outreach having a 
heavy payload as well as for movable operating elements of the hammer’s actuating units and for high 
speed presses is mathematically justified.  

This ensures minimum of reaction forces in the joints of these mechanisms and minimum of 
balancing power to select the required drive with low power. 
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БIРЕГЕЙ МЕХАНИЗМДЕРДI ЖƏНЕ МАШИНАЛАРДЫ ЖОБАЛАУ. II 

 

Аннотация. Жаңа механизмдер мен машиналарды жасау үшін төменгі сынып механизмдерінен                  
(II класс) жоғары класты механизмдерге (IV жəне одан жоғары класс) көшу арқылы түбегейлі серпіліс 
жасауға болады. Кинематикалық, киностатикалық жəне динамикалық мəселелерді шешуге бағытталған 
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жоғары дəрежелі механизмдер үшін жуықтау теориясы негізінде тұңғыш рет жаңа тұжырымдама ұсы-
нылады. Сыныптың IV тетігі үшін топсаларда байланыстар мен реакциялық күштердің орналасуын анық-
таудың əдістері, алгоритмдері жəне бағдарламалары əзірленді. Сандық эксперимент, үлкен өткізу қабілеті, 
сондай-ақ жоғары жылдамдықты гидравликалық балғамен жəне баспасөз бақылау құрылғылардың жұмыс 
органдарының үшін робот қолын жəне бум лифт кран механизмдерін ұшақтың жаңа шассиін дамыту үшін 
класс IV механизмі үлкен артықшылығы көрсетті. Сонымен қатар, осы механизмдердің ілмектеріндегі реак-
циялық күштердің минималды мəні, сондай-ақ қуатты төмен қуаттандыруды таңдау үшін ең аз теңдестіру 
күші қарастырылған. 

Түйін сөздер: кинетостатика, динамика, жоғары дəрежелі механизм, машина жасау, робототехника. 
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ленных на решение кинематических, кинетостатических и динамических задач. Разработаны методы, 
алгоритмы и программы для определения положений звеньев и сил реакций в шарнирах для механизма 
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