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Substantiation of rational drive parameters for reliable 
operation of heavy-loaded mechanisms

Purpose. To evaluate the influence of driven crank parameters on the location of different sets of a mechanism with the fourth-
class structural group.

Methodology. A theoretical study on the influence of the input crank parameters on the positioning of different sets of the 
mechanism of a double-jaw crushing machine using the Mathcad software was carried out.

Findings. It is shown that:
- the center of rotation and the length of the crank in the fourth-class mechanism should be positioned in a certain area;
- the choice of specific positioning of the crank can eliminate the dangerous proximity of two adjacent sets of the mechanisms 

of the fourth-class structural group.
Originality. An algorithm of defining a zone of positioning the rotational center and length of a crank is determined for plain 

mechanisms of the fourth-class structural group. It has also been found that probability of spontaneous transition from one as­
sembly to another closely-spaced assembly in heavy-loaded mechanisms can be reduced significantly by choosing the appropriate 
rotational center of a crank.

Practical value. An algorithm of actions is proposed, which makes it possible to choose an assembly which ensures its good 
functioning during the synthesis of a plain heavy loaded mechanism of the fourth class.

Keywords: mechanism, synthesis, structural group, assembly, crank, jaw crusher, Mathcad program

Introduction. The theory of mechanisms and machines, as 
a science, was formed at the beginning of the 19th century. The 
main object of the research at that time was the simplest plain 
mechanism consisting of four links, later referred by L. V. As­
sur to the second class. Over the last two centuries, the results 
of the study of this mechanism have been published in dozens 
of articles and books. It seems that this mechanism, as we say, 
has been the subject of thorough studies, but the work contin­
ues to appear up to date.

Literature review. For example, in [1], the synthesis issues 
of a four-bar leverage are discussed and the method based on 
Chebyshev’s theorem and Freudenstein’s equation is de­
scribed.

In [2], the synthesis of a four-bar leverage is also consid­
ered on the basis of the Chebyshev-Freudenstein method at 
six given points of the position function of the mechanism.

In [3], a classification of the four-bar leverages is pro­
posed, based on their geometric and kinematic characteristics. 
The classification simplifies computer modeling of analysis 
and synthesis mechanisms.

In [4], in order to optimize the synthesis of the four-bar 
leverage, a new method for processing the specified conditions 
is proposed.

We limit ourselves to these four examples, although over 
the past five years, many more works have been devoted to the 
four-bar leverage.

A different situation is with more complex mechanisms 
(whose class is higher than the second, according to the Assur-
Artobolevsky classification). Compared to the second-class 
mechanisms, their use in technology is not so extensive, which 
is, to a certain extent, explained by a much smaller number of 
works devoted to their study.

These mechanisms are considered in works by E. E. Pey­
sakh, V. A. Dzholdasbekov, V. G. Khomchenko, L. T. Dvorni­
kov and others.

Similar works published in recent years include an article 
[5] in which the kinematic analysis of the fourth-class lever 
mechanism was taken into account when applied to a manipu­
lator. Articles [6, 7] deal with the same issue of analysis of 
fourth-class mechanisms.

Articles [8, 9] present the results of theoretical studies on 
the use of fourth-class lever mechanisms in crushing ma­
chines. It is demonstrated that the operation of these heavy 
loaded machines can cause abnormal situations associated 
with the proximity of two different assembly mechanisms. 
When designing such machines, this factor must be taken into 
account. The work of the friction forces in the kinematic pairs 
of such machines is very important, which must also be taken 
into account, as for example in [10]. The influence of dynamic 
factors is not significant and they can be ignored [11]. It is pos­
sible to move assemblies from each other by modifying the 
geometrical parameters of the mechanism (the length of the 
links), but this possibility is very limited because the geometry 
of the mechanism is mainly determined by the technological 
requirements.

Another technique is to change the position of the drive 
mechanism, that is to say the center of rotation of the crank 
and its length. To follow this path, it is necessary to formulate 
conditions for the existence of a crank for the mechanism of 
the fourth class. There is a rule known established by the Ger­
man mechanic Franz Grashof at the end of the nineteenth 
century concerning the state of the crank for the four-bar link­
age. For more complex mechanisms (third and fourth classes), 
these conditions are not established.

Purpose. The work is aimed at studying the influence of 
the location of the drive crank on the assembly modifications 
for the mechanism of a two-jaw crushing machine based on 
the fourth-class Assur group.

To achieve this goal, the following tasks were formulated:
- to determine the area of possible placement of the drive 

crank of the mechanism;
- to evaluate the influence of the location of the center of 

rotation of the crank and its length on the mounting of the 
mechanism;

- to evaluate the possibility of excluding close assemblies 
by rationally positioning the center of rotation of the crank and 
its length.

The solution of these problems is to be implemented using 
standard mathematical computer programs, as for example in 
[12, 13].

Results. We shall solve the problems formulated for the 
link mechanism of the fourth class which is the basis of a con­
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struction design of a crusher with compound motion of two 
jaws. The results of the research are given in [8].

Fig. 1 shows a circuit of this crusher.
The jaws of the crusher CE (3) and DF (4) move with the 

rotation of the crank AB (1). The jaws and two three-pair links 
BCD (2) and EFG (5) form a closed four-link contour CDFE in 
which the material 6 is crushed. The crank sets the link 2 in 
motion and this provides compound motion of the jaws.

The following coordinates of links A and G of the mecha­
nism (m) were adopted in [8]: xA = 0; yA = 0; xG = -0.35; yG = 
= 0.8. Sizes of links (m): lAB = 0.07; lBC = 0.075; lBD = 0.15; lCE = 
= 0.92; lDF = 0.92; lGE = 0.55; lGF = 0.2. Angle values are taken as 
follows: a = 36.336°; b = 34°.

As in [8], we use the vectorial interpretation of the linkages 
of the lever mechanism of the crusher (Fig. 2).

To determine the possible placement area of the mecha­
nism crank, we disconnect link B and consider the 2-3-4-5 link 
system. We will accept the link 5 as fixed and study the possible 
movement of links 2-3-4 with respect to this link (Fig. 3).

To simplify, we turn the direct vector l5 horizontal. We 
have a classical four-bar linkage ECDF, in which either link 3 
or link 4 can be a crank.

Hereinafter, all mathematical calculations are given as 
fragments of Mathcad program documents.

The source data of the problem are the following (vector 
modules in m).

 

xG 0:= yG 0:=

l2 0.075:= l21 0.15:= l3 0.92:=

l4 0.92:= l5 0.55:= l51 0.2:=

α 36.336deg:= β 34deg:=

.

Let us find the vector modules l22 and l52.

 

l22 l2
2 l21

2+ l2 l21⋅ 2⋅ cos α( )−:= l22 0.1=

l52 l5
2 l51

2+ l5 l51⋅ 2⋅ cos β( )−:= l52 0.4=

.

It is easy to see that the Grashof rule does not apply to this 
mechanism (the sum of the lengths of the crank and any other 
link is less than the sum of the other links); therefore, the 
ECDF mechanism is a two-rocker four-link chain.

To solve the problem, it is necessary to find the smallest 
and largest values of the R vector module. The area between 
two circles of concentric circles of radii Rmin and Rmax centered 
at point G will be the area in which the drive crank should to be 
located. The task of finding the crank zone is, therefore, re­
duced to the definition of Rmin and Rmax.

Vector closure equation for the ECDF mechanism is: l22 + 
+ l3 = l4 + l52.

Taking a complex form of vector representation, we get in 
Mathcad

 
l22 exp i φ22⋅( )⋅ l3 exp i φ3⋅( )⋅+ l4 exp i φ4⋅( )⋅ l52 exp i φ52⋅( )⋅+ .

By solving this equation for the vector l22 and expressing 
the right side by conjugate vectors, we obtain

 

l22 φ( ) l4 exp i φ4⋅( )⋅ l3 exp i φ3⋅( )⋅− l52 exp i φ52⋅( )⋅+
1( )

l22 φ2( ) l4 exp i φ4⋅( )⋅ l3 exp i φ3⋅( )⋅− l52 exp i φ52⋅( )⋅+

Let us find the angle j52 of the equation

 

l52 exp i φ52⋅( )⋅ l5 l51 exp i β⋅( )⋅−

φ52
1
i

ln
l5 l51 exp i β⋅( )⋅−

l52







⋅:= φ52 16.23− deg=

.

By multiplying equations of the system (1) term by term 
and carrying out mathematical transformations, we obtain two 
values of the angle j4 in the angle j3 function

 

φ41 φ3( ) 2atan
B φ3( )− B φ3( )2 4A φ3( ) C φ3( )⋅−+

2A φ3( )










:=

2( )

φ42 φ3( ) 2atan
B φ3( )− B φ3( )2 4A φ3( ) C φ3( )⋅−−

2A φ3( )










:=
Fig. 1. Circuit of a crusher with compound motion of the laws

Fig. 2. Vector replacement of links of a lever mechanism of the 
crusher

Fig. 3. To the problem of determining the extreme values of the 
R module (distance between points B and G)
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In formulas (2), А(f3), В(f3) and С(f3) are numerical coef­
ficients whose values depend on the angle f3. In our example, 
for an angle of f3 = 60° these coefficients are respectively 1.807; 
-3.344 and 1.528.

The two values of the angle correspond to two assemblies 
of the four-link chain ECDF (Fig. 4). To use the mechanism in 
the crusher, an assembly with an angle f42(f3) is required.

To determine the vector R, whose modulus characterizes 
the distance from point B to point G, the value of the angles f21 
and f22 is required.

 

φ22 φ3( ) arg l4 exp i φ42 φ3( )⋅( )⋅ l3 exp i φ3⋅( )⋅− l52 exp i φ52⋅( )⋅+( ):=

φ21 φ3( ) φ22 φ3( ) acos
l21

2 l22
2+ l2

2−

2l21 l22⋅









− π+:=

.

We can now write the expression of the vector R.

 
R φ3( ) l51 exp i β⋅( )⋅ l4 exp i φ42 φ3( )⋅( )⋅− l21 exp i φ21 φ3( )( )⋅ ⋅−:= .

To find the extreme values of the R module, we first deter­
mine the limits of variation of angle f3 since the mechanism 
has two rockers.

The angle between vectors l3 and l52 is

 
φ352 acos

l3
2 l52

2+ l4 l22+( )2−

2l3 l52⋅









:= φ352 92.638deg= .

Then angle f3, corresponding to the extreme right position 
of link 3 is

 
φ3r φ352 φ52−:= φ3r 76.408deg= .

Similarly, for the left final position, we have

 

φ352 acos
l3 l22+( )2 l52

2+ l4
2−

2 l3 l22+( ) l52⋅









:= φ352 64.29deg=

φ3l φ352 φ52−:= φ3l 48.06deg=

.

Using the built-in Mathcad special functions, we find the 
minimum and maximum values of the vector module R(f3).

.

Maximum crank length is

 
lAB

R φ3max( ) R φ3min( )−

2
:= lAB 0.1439= .

We note that the greatest distance point B from to point G 
does not occur for the far right position of link 3 (  φ 3max φ 3r< ). 
If the results obtained are applied to the crusher scheme con­
sidered in [8], the following image will be obtained (Fig. 5).

For the crank to have a maximum length, it is necessary 
that its center of rotation is located on a circle of radius

 
Rm

R φ3min( ) R φ3max( )+

2
:= Rm 0.8473= .

We check the accuracy of the result obtained by acting in 
the same way as described in [8]. Let us look at the lever sys­
tem of the mechanism two four-link chains BCEG and BDFG 
(Fig. 2). For each of them, at a certain position of point B, it is 
possible to construct curves of changes of angles f5 and f51 - b 
as a function of angle f2. The presence of common points of 
these curves indicates that there is, on the one hand, at least 
one assembly of the mechanism and, on the other hand, that 
the number of points of intersection is the number of assem­
blies of the mechanism for a crank position given.

We consider the length of the crank to be slightly less than 
the maximum length and equal to lAB = 0.14 m, as well as the 
coordinates of the center of its rotation xA = 0 m and yA = 0 m 
(point A is on a circle of radius Rm = 0.8473 m). Then the coor­
dinates of point G are: xG = -0.1846 m and yG = 0.8269 m.

We will turn the crank according to the law

 
φ 1

π
4

n 1−( )⋅:= ,

where n takes integer values between 1 and 8, which corre­
sponds to the complete rotation of the crank. We are con­
vinced that in each of these positions the mechanism has two 
assemblies, with the nearest assemblies being at n = 7 that is 
when f1 = 270° (Fig. 6).

In this fragment, we took angle f1 change step to be equal 
45° and, with a value of f1 = 270°, we got the closest assemblies. 
It is possible that in the vicinity of this value, there are even 
closer assemblies, which can easily be verified by decreasing 
the angle f1 change step accordingly.

a b

Fig. 4. Two versions of assemblies with j3 = 60°:
a – j4 = j42; b – j4 = j41

Fig. 5. The zone of the possible positioning of the crank with a 
compound motion of the jaws
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Let us transfer the center of rotation of the crank to the left 
along the same arc and take xG = - 0.13 m and yG = 0.8269 m. 
The closest assemblies also appear at f1 = 270° and are charac­
terized by the values of the angle f2 (35.27° and 61.55°). We 
shift point A to the right, putting xG = - 0.24 and yG = 0.8126. 
And in this case, the closest assemblies also occur at f1 = 270° 
and are characterized by the values of the angle f2 (38.27° and 
71.65°). On the basis of the actions performed, it can be con­
cluded that, at the maximum length of the crank, the displace­
ment of the center of its rotation along the arc of the middle 
circle for the area of the radius found has no tangible effect on 
the arrangement of two different assemblies of the mechanism.

We estimate the effect of crank length on the positioning of 
two different assemblies of the mechanism. For the first vari­
ant of the position of the center of rotation of the crank and for 
lAB = 0.1 m with f1 = 270°, we have two assemblies with the 
values of the angle f2 (1.35° and 103.24°). There is no danger in 
this neighborhood.

Thus, reducing the length of the crank has a positive effect 
by “pushing” close assemblies of the mechanism.

Conclusions. As a result of the research, it was found that:
- for planar lever mechanisms containing a fourth-class 

structural group, the drive crank zone can be found using the 
algorithm presented in this article;

- at the maximum length of the crank, the displacement of 
its center of rotation slightly affects the arrangement of the 
mechanism assemblies;

- reduction of the length of the crank significantly affects 
the mutual arrangement of the mechanism assemblies and, by 
modifying this parameter, it is possible to eliminate the dan­
gerous proximity of two assemblies, which plays an important 
role in heavy loaded mechanisms.
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Обґрунтування раціональних 
параметрів приводу для надійної роботи 

важконавантажених механізмів
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Мета. Оцінити вплив параметрів приводного криво­
шипу на розташування різних складань механізму зі 
структурною групою четвертого класу.

Методика. У роботі виконане теоретичне досліджен­
ня впливу параметрів вхідного кривошипу на розташу­
вання різних складань механізму двощокової дробарки з 
використанням програмного продукту Mathcad.

Результати. Показано, що:
- центр обертання й довжина кривошипу в механізмі 

четвертого класу повинні розташовуватися в певній зоні;
- вибором конкретного місця розташування криво­

шипу можна виключити небезпечну близькість двох су­
сідніх складань механізму.

Наукова новизна. Для плоских механізмів зі структур­
ною групою четвертого класу встановлено алгоритм ви­

Fig. 6. Closely spaced assemblies of the mechanism, differing in 
the values of the angle f2 (36.96°and 66.31°)
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значення зони розташування центру обертання криво­
шипу та його довжини. Встановлено також, що ймовір­
ність спонтанного переходу з одного складання на інше 
близько розташованих складань у важконавантажених 
механізмах може бути суттєво зменшена вибором відпо­
відного розташування центру обертання кривошипу.

Практична значимість. Запропоновано алгоритм дій, 
що дозволяє при синтезі плоского важконавантаженого 
механізму четвертого класу вибирати складання, яке за­
безпечує його безаварійну роботу.

Ключові слова: механізм, синтез, структурна група, 
складання, кривошип, щокова дробарка, програма Mathcad

Обоснование рациональных параметров 
привода для надежной работы 

тяжелонагруженных механизмов

И. Н. Мацюк1, Э. М. Шляхов1, А. И. Егурнов2

1 ‒ Национальный технический университет „Днепров­
ская политехника“, г. Днепр, Украина, e-mail: shlyahove@
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Цель. Оценить влияние параметров приводного кри­
вошипа на расположение различных сборок механизма 
со структурной группой четвертого класса.

Методика. В работе выполнено теоретическое иссле­
дование влияния параметров входного кривошипа на 
расположение различных сборок механизма двухщеко­
вой дробильной машины с использованием программ­
ного продукта Mathcad.

Результаты. Показано, что:
- центр вращения и длина кривошипа в механизме 

четвертого класса должны располагаться в определенной 
зоне;

- выбором конкретного места расположения криво­
шипа можно исключить опасную близость двух соседних 
сборок механизма.

Научная новизна. Для плоских механизмов сo струк­
турной группой четвертого класса установлен алгоритм 
определения зоны расположения центра вращения криво­
шипа и его длины. Установлено также, что вероятность 
спонтанного перехода с одной сборки на другую близко­
расположенную сборку в тяжелонагруженных механизмах 
может быть существенно уменьшена выбором соответ­
ствующего расположения центра вращения кривошипа.

Практическая значимость. Предложен алгоритм дей­
ствий, позволяющий при синтезе плоского тяжелонагру­
женного механизма четвертого класса выбирать сборку, 
обеспечивающую его безаварийную работу.

Ключевые слова: механизм, синтез, структурная груп-
па, сборки, кривошип, щековая дробилка, программа Mathcad
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