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DEFINITION OF ACCELERATIONS OF POINTS 

OF A PLANE MECHANISM OF THE FOURTH CLASS  

BY GRAPH-ANALYTICAL METHOD 
С.О. Кошель, Г.В. Кошель. Визначення прискорення точок плоского механізму четвертого класу графо-аналітичним 

способом. Складні багатоланкові плоскі механізми все частіше застосовуються в технологічному обладнанні легкої промисловості. 
Удосконалення існуючого технологічного устаткування легкої промисловості та проектування нових машин, пов'язано з 
ефективністю існуючих методів аналізу структурних груп ланок плоских механізмів, з яких останні складені. Методи дослідження 
діад є найбільш розробленими сьогодні. Досить відомими є методи аналізу структурної групи, до якої входять чотири ланки. Вони 
утворюють групи 3-го класу, на базі яких можна структурно синтезувати механізми відповідного класу. Структурні групи 4-го 
класу, з одного боку, вже використовуються або мають певні перспективи застосування в машинах технологічного обладнання 
легкої промисловості, з іншого – доцільність (ефективність) їх використання теоретично не обґрунтована, оскільки немає 
універсального відомого методу їх кінематичного та динамічного досліджень. Недосконалість методів аналізу таких структурних 
груп є фактором стримування їх використання в технологічному обладнанні, тому можна стверджувати, що роботи з кінематичного 
аналізу багатоланкових механізмів четвертого та більше класів є актуальними. Метою роботи є розробка послідовностей дій для 
кінематичного дослідження прискорень точок ланок складного плоского механізму четвертого класу графоаналітичним способом, 
що базується на положеннях курсу теоретична механіка про миттєвий центр прискорень ланок механізму, що мають 
плоскопаралельний рух. Визначено вектори лінійних прискорень точок ланок групи четвертого класу другого порядку складного 
плоского механізму графоаналітичним методом, в якому умовно змінено початковий механізм, що призвело до зменшення класу 
механізму та дозволило виконати його дослідження. 

Ключові слова: механізм, кінематичне дослідження, вектор швидкості, план швидкостей 

S. Koshel, G. Koshel. Determination of accelerations of points of a plane mechanism of the fourth class by graph-analytical 
method. The use of complex plane mechanisms in processing equipment of consumer industry is increasing. Improvement of existing 
processing equipment of consumer industry and design of new machines is connected with efficiency of existing analysis methods applied 
for structural link groups of plane mechanisms, of which the last are composed. The methods of research of dyads are the most effective 
today. Well known are the methods of analysis of structural groups consisting of four links. They form the 3rd class groups, on the basis of 
which the mechanisms of the relevant class can be structurally synthesized. On the one hand the fourth class structural groups are already 
being used or have significant prospects of application in processing equipment of consumer industry, on the other – the appropriateness 
(effectiveness) of their use is not theoretically justified because there is no known method for their kinematic and dynamic researches. 
Imperfection of analysis methods of such structural groups is a limiting factor of their use in processing equipment. The absence of a general 
method of kinematic research of these mechanisms allows us to accentuate the relevance of work on kinematic analysis of multilink 
mechanisms. Purpose of the work is to develop sequence of actions for kinematic research of accelerations of link points of a complex plane 
mechanism using the grapho-analytical method based on the provisions of the “Theoretical Mechanics” course on instantaneous acceleration 
center of links of the mechanism, which have plane-parallel motion. The acceleration vectors of link points of the second order fourth class 
group of complex plane mechanism are analyzed using grapho-analytical method, which provisionally modified initial mechanism has led to 
a class reduction of mechanism and allowed to conduct its research. 

Keywords: mechanism, kinematic research, the velocity vector, velocity vector diagram 
 
Introduction. Design of new consumer industry machines and improvement of existing techno-

logical equipment depends on perfection of methods of structural, kinematic and dynamic research of 
structural groups of links of mechanisms. The methods of studying two-rail structural groups are the 
most developed, known are methods of analysis of plane groups of links, that form the third order 
third class groups or some fourth class ones, on the basis of which it is possible to structurally synthe-
size the mechanisms of corresponding classes. 

Plane structural groups of higher classes on the one hand are already being used or have signifi-
cant prospects of application in mechanisms of consumer industry technological equipment; on the 
other hand there are no unified methods of kinematic and dynamic research, which can be explained 
by the diversity of types of structural groups and the complexity of research in each particular case. 
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Analysis of basic research and publications. Issues of study of complex plane mechanisms are 
given attention in a number of publications of recent years: the problems of synthesis are considered 
and solved [1], kinematic and dynamic research of higher class mechanisms [2] is carried out, for ex-
ample, the kinematic research of the mechanism of the sixth class [3, 4], in particular the mechanisms 
of consumer industry equipment [5, 6]. 

The insufficient development of methods for analyzing higher class structural groups is a con-
straining factor for their usage in technological equipment, in particular, in consumer industry ma-
chines, therefore those works remain relevant that deal with problems of the kinematic research of 
complex plane mechanisms using any other possible methods of analysis. 

Purpose of the study. The purpose of the work is to develop sequence of actions for kinematic 
research of velocities of points that coincide with the geometric centers of kinematic pairs of the sec-
ond order fourth class structural group with a movable closed loop formed by three connecting rods, 
one of which has the form of a complex link, and one rocker arm, connecting three elements of kine-
matic pairs, based on provisions of the course of the theory of mechanisms and machines on the prop-
erty of higher classes mechanisms to change the class depending on the conditionally selected other 
possible initial mechanism, that comes from the driven structural groups of mechanism links, and pro-
visions of theoretical mechanics course of instantaneous acceleration center (I.A.C.). 

Presentation of the main material. Let us consider complex plane articulation linkage of the 
fourth class (Fig. 1), consisting of the driving link 1, which is connected to a stand-pipe 0 and other 
driven links 2…5, among which links 2…4 are connecting rods, 5 – a rocker arm. The first class 
mechanism (links 0, 1) together with the fourth class second order structural group, which consists of a 
set of four movable links 2…5 (n=4) along with six kinematic pairs of the fifth class A, B, C, D, E, K, 
(p5=6) form a fourth class mechanism with a degree of freeness equal to 1, that is, they form a mecha-
nism with one driving crank. The formula of the complex mechanism structure that is being studied 
has the following form: 1 ( 0,1) 4 2 ( 2...5)class links class order links→ . 

 

Kl, m/mm 

A 

C E 

B D 

K S3 

S3 
O 

 
Fig. 1. Kinematic scheme of the fourth class mechanism  

The structural feature of the mechanism is the presence of a shape-variable closed loop B, C, D, E 
formed by three connecting rods ABC, BD, CE (two of which BD and CE are located opposite to each 
other and have the form of simple links, while the last one has the form of a complex link) and one 
rocker arm EDK. 

It is not possible to perform a kinematic analysis of the mechanism in the sequence and manner 
in which the complex third-class mechanisms are usually studied using the grapho-analytical method. 
It is due to the fact that the connecting rod 2, which is directly attached to the crank 1 by the kinematic 
pair A, and from the other side pairs B, C are connected to the connecting rods 3, 4, kinematic parame-
ters of points and trajectories of which are unknown. 

The input parameters for kinematic research of the mechanism are the angular velocity of the 
crank 1 (ω1=const, s–1) and the length scale (Kl, m/mm) of the kinematic scheme of the mechanism. 

The grapho-analytical method of kinematic research is used. The problem is solved using general 
provisions of the kinematic analysis of mechanisms of the “Theory of Mechanisms and Machines” 
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course and the provisions of the “Theoretical Mechanics” course, in relation to the study of the plane-
parallel motion of a solid body. 

We take into account the structural property of the higher-order mechanisms to change the class 
in case of conditional change of the initial mechanism to another possible first-class mechanism [7]. 

If we choose a set of links 0, 5 for the initial mechanism – the mechanism becomes the third class 
mechanism, which structure can be described the following way: 
1 ( 0,5) 3 3 ( 1...4)class links class order links→ . 

Kinematical research begins when the angular acceleration 2
5( , s )−ε  of the rocker arm 5 is arbi-

trarily assigned in magnitude and direction similar to a link, which, according to the formula of the 
mechanism structure, is another arbitrarily possible driving link of the mechanism: on the accelerator 
diagram (Fig. 2) let us mark vectors ,е dπ π

 
 on the basis of pre-calculated normal accelerations of 

the points D, E ( 2
; 5

n
D K DKa l= ω ⋅ , 2

; 5
n
E K EKa l= ω ⋅ ), which, respectively, are directed parallel to the 

lines DK and EK, tangential – perpendicular to them. 
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Fig. 2. Accelerator diagram of the fourth class mechanism 
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Let us construct a system of vector equations for determining acceleration of the singular Assur 
point S1 of link 2: 

 1 ; ;1; 1; 1; 1;

1 1; 1; ; ; 1; 1;

;
.

n n n
S B D B D B DS B S B S B S B

n n n
S C ES C S C C E C E S C S C

a a a a a a a a a
a a a a a a a a a

τ τ τ

τ τ τ

= + + = + + + +  
 = + + = + + + +  

        

          (1) 

Normal acceleration from the equation (1) in magnitude is determined from the following equations: 

 
2

1;1; 2

2
; ;3

;
;

n
S BS B
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B D B D

a l
a l

= ω ⋅  
 = ω ⋅  



   and  
2

1;1; 2

2
;; 4

;
,

n
S CS C

n
C EC E

a l
a l

= ω ⋅  
 = ω ⋅  



  (2) 

and in direction – from the kinematic scheme. It should be noted that normal acceleration in each 
equation of the system (1) has the same direction, but can be pointed in opposite directions, so let us 
act as follows: if the directions of the vectors are different, then the resulting vector is pointed towards 
the larger acceleration, that is, we mark their algebraic difference with the direction of the larger ac-
celeration. 

After that we build vector equations that allow us to construct a line of possible positions of the 
points “b” and “c” on the accelerator diagram, which are the ends, respectively, of the acceleration 
vectors of points B and C: ; ;

n
B D B D B Da a a a τ= + +
    , ; ;

n
C E C E C Ea a a a τ= + +
    , and construct them (the lines 

which are marked ВD⊥  and СЕ⊥  according to the equations). 
On the line of possible positions of the point “b” we arbitrarily assign a possible position (point 

*
1b ), that is, we actually randomly choose the magnitude of angular acceleration 2

3( , s )−ε  of the con-
necting rod 3. Then, according to the similarity theorem for the three points (S1, B, 2

iπ ) belonging to 
one link, one can make the following similarity: *

1 1 12
iS B s b∆ π ≅ ∆ π , from which we determine the posi-

tion of the point 2
iπ  – I.A.C. of connecting rod 2 on the position plan of the mechanism. 

According to the determined position of the point 2
iπ  we build a vector equation allowing to 

check the position of the point *
1b  on the accelerator diagram: 1 1

2 2; ;
n

B B Ba a a τ
π π= +

    (the normal accelera-

tion is calculated as follows: 11
22

2
2 ;;

n
BBa l ππ = ω ⋅ ) and an equation allowing to find the corresponding po-

sition of the point *
1с on the line of its possible positions: 1 1

2 2; ;
n

C C Ca a a τ
π π= +

   , where the normal accel-

eration is calculated using the following equation: 11
22

2
2 ;;

n
CCa l ππ = ω ⋅ . 

According to the similarity theorem for three points (A, B, C) belonging to one link, we form a 
similarity: * * *

1 1 1ABC a b c∆ ≅ ∆ , from which we determine the position of the point *
1а on the accelerator 

diagram – its position does not correspond to the actual position because it is not on the line of its pos-
sible positions (when the crank has constant angular velocity, a line passing through the pole of the 
accelerator diagram in direction parallel to the geometric axis of the crank 1, that is, || AO, will be the 
line of possible positions of the point “a”). 

The further solution is to arbitrarily assign other possible positions of the point “b” (points “ *
2b ”, 

“ *
3b ”, “ *

4b ”) on the line of its possible positions and to carry out the above mentioned sequence of ac-
tions, which will facilitate obtaining аn assembly of points “ *

2а ”, “ *
3а ”, “ *

4а ” of the line of false posi-
tions of points “a” on the accelerator diagram, that has the form of a plane curve of the second order 
( *

1а *
4а ). The actual position of the point “ *

1а ” (point “a” of the accelerator diagram) is determined at 
the intersection of the lines of its actual and false positions. 

Using actual position of the point “a” according to the similarity theorem ( 1 12S А s а∆ π ≅ ∆ π ) we 
clarify the actual position of the I.A.C. point of the connecting rod 2 ( 2π ) on the kinematic scheme of 
the mechanism by which we determine the actual angular acceleration 2

2( , )s−ε of the link 2 and the 
actual linear acceleration of the points B and C: 

2 2; ;
n

B B Ba a a τ
π π= +

   ; 
2 2; ;

n
C C Ca a a τ

π π= +
   . We make up the 
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systems of vector equations allowing to construct the vectors of linear accelerations of points D and E 
on the accelerator diagram: 

 ; ;

; ;

;
;
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D K D K D K

a a a a
a a a a

τ
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   
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; ;

;
.

n
Е С Е С Е С

n
Е K Е K Е K

a a a a
a a a a

τ

τ

= + +  
 = + +  

   

     (3) 

The acquired accelerator diagram is perceived as a graphical construction where the vectors of 
linear accelerations of the points of the fourth class mechanism are constructed from a pole at an indef-
inite scale, which, taking into account the given size of the links and the angular velocity of the actual 
driving link (crank 1), is not difficult to calculate. 

Conclusions. The sequence of actions was developed and the kinematic research of velocities of 
points coinciding with the geometric centers of the kinematic pairs of the second order fourth class 
structural group with a movable closed loop formed by three connecting rods, one of which has the 
form of a complex link, and one rocker arm, connecting three elements of kinematic pairs, based on 
provisions of the course of the theory of mechanisms and machines on the property of higher classes 
mechanisms to change the class depending on the conditionally selected other possible initial mecha-
nism, that comes from the driven structural groups of mechanism links, and provisions of theoretical 
mechanics course of instantaneous acceleration center. 

The proposed sequence of kinematic analysis can be recommended for similar studies of complex 
plane mechanisms of the fourth and higher classes. 
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