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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 19" 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.
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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 [§].

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 (7). The jaws and two three-pair links
BCD (2) and EFG (5) form a closed four-link contour CDFFEin
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 4 and G of the mecha-
nism (m) were adopted in [8]: x,=0; y, = 0; xg=—-0.35; ys =
=0.8. Sizes of links (m): /,5=0.07; l3c=0.075; lpp=0.15; g =
=0.92; /pr=0.92; l;5=0.55; l;r=0.2. Angle values are taken as
follows: a. = 36.336°; B = 34°.

Asin [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 2-3-4-5link
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 /5 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
Iy = 0.92 I = 0.55 Is; = 0.2

a = 36.336deg

B = 34deg

F y

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

Let us find the vector modules ,, and /s,.

2 2
by r=\/12 + by’ —hhy2cos(a) by = 0.1

Iy = J152+ Is1” ~ 1551 2 cos(p)

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 R,,;, and R,,,, 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 R, and R.,,.

Vector closure equation for the ECDF mechanism is: 1, +
+ l3 = l4 + 152.

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

hyexp(i99) + rexp(itz) = Ly-exp(idg) + ks yexp(ihsy) -

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

lsy = 0.4

b, (9) = 14~exp(i~(|) 4) - 13-exp(i~<])3) + 152~exp(i-¢52)
Q)]
by(92) = lyexp(id4) - exp(i-3) + Isy-exp(id5,)

Let us find the angle ¢s, of the equation

Isy-exp(i05) = Is — Is-exp(i-B)

~ 15y -exp(iip)
boy - 1_,11{‘551—’“”
i I5p

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

B(43) + /B(¢3)2 ~4a(63)C(03)

2A(¢3)

-B(¢3) ‘/ B(63)" - 44(e3)-C(¢3)

¢41(¢3) = 2atan|
2

¢42(¢3) = 2atan

2A(¢3)

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), A(¢3), B(¢3) and C(¢3) are numerical coef-
ficients whose values depend on the angle ¢;. In our example,
for an angle of ¢;= 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 ¢4,(¢;) is required.

To determine the vector R, whose modulus characterizes
the distance from point Bto point G, the value of the angles ¢,
and ¢, is required.

¢22(¢3) = afg(h'e’@(i'%z(%)) - 13‘eXP(i'¢3) + ‘52'exp(i'¢52))

2 2 2
b+ by —12]
—|+n=

¢21(¢3) = ¢22(¢3) —aco{ TR

We can now write the expression of the vector R.

R(¢3) = I pexpli-p) - 14'eXP(i‘¢42(¢3)) -b 1‘eXI{i'(¢2 1(4’3))}

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

The angle between vectors /; and I, is

2 2
2137155

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

2
d35p = acos|: ) 1 $35p = 92.638deg

¢3I' = ¢352 - |¢52| (I)3r = 76408deg

Similarly, for the left final position, we have
2 2

(13 + 122) + 152 -

213+ b) Iy

1
4
$350 = acos{ ‘| $35p = 64.29deg

$31= d352~ |05 ¢3) = 48.06deg

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

d3:=1 Given

031< 93 < ¢3¢
9 3min = Minimize(R ¢ 3)

(1) 3min — 48.06 deg

Fig. 4. Two versions of assemblies with ¢ = 60°:
a—04=0nib—0s= ¢y

R($3min) = 0.7034

d31= 93 < d3;

- Maximize(R,d)3)
®3max = 75-231deg
R(93pax) = 09912 .

Maximum crank length is

- R(¢3max) - R(¢ 3min)
2
We note that the greatest distance point B from to point G
does not occur for the far right position of link 3 (¢ 3ax < ¢ 3p)-
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

R(#3min) * R0 3max)

¢3:=1 Given

®3max

Iy = 0.1439"

Ry i=

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 ¢s and ¢s; —
as a function of angle ¢,. 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 /,; = 0.14 m, as well as the
coordinates of the center of its rotation x,=0 mand y,=0 m
(point A4 is on a circle of radius R,, = 0.8473 m). Then the coor-
dinates of point G are: x;=—0.1846 m and y; = 0.8269 m.

We will turn the crank according to the law

6= %-(n— 1,

R, = 0.8473.

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 #» = 7 that is
when ¢, = 270° (Fig. 6).

In this fragment, we took angle ¢, change step to be equal
45° and, with a value of ¢, = 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 ¢, change step accordingly.

Fig. 5. The zone of the possible positioning of the crank with a
compound motion of the jaws
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Fig. 6. Closely spaced assemblies of the mechanism, differing in
the values of the angle ¢, (36.96°and 66.31°)

Let us transfer the center of rotation of the crank to the left
along the same arc and take x; = —0.13 m and y,; = 0.8269 m.
The closest assemblies also appear at ¢, = 270° and are charac-
terized by the values of the angle ¢, (35.27° and 61.55°). We
shift point A4 to the right, putting x; = —0.24 and y; = 0.8126.
And in this case, the closest assemblies also occur at ¢; = 270°
and are characterized by the values of the angle ¢, (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
L= 0.1 m with ¢, = 270°, we have two assemblies with the
values of the angle ¢, (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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OOrpyHTyYBaHHS PAliOHATLHUX
napaMeTpiB MPUBOIY /s HAMIHOI PoOOTH
BAXKXKOHABAHTAXKEHUX MEXaHi3MiB
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1 — HauioHanpHuii TexHiYHUI yHiBepcuteT ,,JIHIMpoBCchKa
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Meta. OUiHUTU BILJIMB NTapaMeTPiB TPUBOJAHOTO KPUBO-
LIMITYy Ha pO3TalllyBaHHSI Pi3HUX CKJaJaHb MeXaHi3My 3i
CTPYKTYPHOIO TPYIIOI0 YETBEPTOTO KJIacy.

Meroauka. Y po00Ti BUKOHAHE TEOPETUYHE JOCITiIKEH -
HsI BIUTMBY TTapaMeTPiB BXiTHOTO KPUBOIIWITY Ha PO3TaIly-
BaHHSI pi3HUX CKJIaJaHb MEXaHi3My JBOIIOKOBOI IpobapKu 3
BUKOPUCTAHHSM IporpamHoro npoaykty Mathcad.

PesyabraTn. [TokazaHo, 110:

- LIEHTp 00epTaHHS 1 TOBXMHA KPUBOLIUITY B MEXaHi3Mi
YEeTBEPTOro KJ1acy MOBUHHI PO3TAIlIOBYBAaTUCS B MEBHIli 30Hi;

- BUOOPOM KOHKPETHOTO MICIISl PO3TAIlyBaHHSI KPUBO-
LIUITY MOXHA BUKJTIOUUTU HEOE3MeUHy OJIIM3bKiCTh ABOX CY-
CiTHIX CKJIaJlaHb MEXaHi3My.

Haykosa HoBu3Ha. [IJ151 JIOCKMX MEXaHi3MiB 31 CTPYKTYp-
HOIO TPYTIOI0 YeTBEPTOTO KJIACY BCTAHOBJIEHO aJTOPUTM BU-
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3HAYEHHSI 30HM PO3TalllyBaHHSI LIEHTPY OOepTaHHs KPUBO-
LLIUITYy Ta HOTro TOBXUHU. BCTaHOBIEHO TaKOX, 110 HMOBIp-
HIiCTbh CITOHTAHHOTO TePeXO/ly 3 OJHOTO CKJIAJaHHS Ha iHIlIe
OMM3bKO PO3TALIOBAHUX CKIIANaHb Y BaXXKOHABAHTAXEHUX
MeXaHi3Max Moxe OyTH CyTTEBO 3MEHIIEHa BUOOPOM BilIo-
BIZIHOTO pPO3TalllyBaHHS LIEHTPY 00€pTaHHSI KPUBOILLIMITY.

IMpakTyHa 3HayumicTh. 3aNTPONIOHOBAHO AJITOPUTM Jiif,
10 I03BOJISIE MPU CUHTE3i MJIOCKOTO BaXXKOHABAHTAXEHOTO
MeXaHi3My 4eTBepTOro Kjiacy BUOMpATH CKJIalaHHS, sSIKe 3a-
Oe3neuye iioro 6e3aBapiiiHy poooTy.

Kmouosi cnoBa: mexanizm, cunmes, cmpykmypra epyna,
CKAAOAHHS, KpUBOWUn, wokosa opodapka, npoepama Mathcad

O06ocHOBaHHE PAIIMOHAJBHBIX MAPAMETPOB
NPHBOJIA JLIsA HAJIEXKHOI padoThI
TSKEJIOHATPYKEHHBIX MeXaHU3MOB

H. H. Maurox', D. M. lllasxoe', A. H. Eeyproe®
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enb. OLIeHUTD BIWSTHUE TTAPaMETPOB ITPUBOIHOTO KPU-
BOIIIMIIA HA PACIOJIOKEHNE Pa3TINYHBIX COOPOK MeXaHU3Ma
CO CTPYKTYPHOI TPYIIIOiA YeTBEPTOTO KJacca.

Metoauka. B paGoTe BBIITOJTHEHO TEOPETUUECKOE UCCIe-
OBaHWE BIMSHUS TTapaMeTPOB BXOIHOTO KPUBOIIMIIA Ha
PACIIOJIOKEHUE Pa3IUYHBIX COOPOK MeXaHM3Ma JIBYXIIEKO-
BOI IPOOMJIBHOUM MaIlMHBI C UCIOJb30BAHUEM MPOrpaMM-
Horo TpoaykTa Mathcad.

Pesyabratsl. [TokazaHno, yto:

- LIEHTP BpallleHWsI W JJIMHA KPUBOIIUIIA B MEXaHU3MeE
YETBEPTOIO KJlacca JOJKHBI pacrioyiaraThCsl B ONpeneeHHOM
30HE;

- BIOOPOM KOHKPETHOTO MECTa PACIOJIOXKEHUsI KPUBO-
LIHTIa MOXHO MCKJTIOYUTH OMACHYIO OJIM30CTh ABYX COCETHUX
cOOpPOK MeXaHu3Ma.

Hayunas noBusHa. /1151 MJIOCKUX MEXaHU3MOB CO CTPYK-
TYpPHOW TPYMIION YETBEPTOro Kjacca YCTAHOBJIEH aJITOPUTM
orpe/esieHNs 30HbI PACTOJIOXEHNSI LIEHTPa BPalLleHUsT KPUBO-
LIMIIAa U ero UIMHBI. YCTaHOBJEHO TaKXe, YTO BEpOSITHOCTb
CIIOHTaHHOTO Tepexoaa ¢ OAHOM COOPKU Ha APYrylo OJIM3KO-
PACIIOJIOXKEHHYIO COOPKY B TSKEJIOHATPY>KEHHBIX MEXaHU3MAaX
MOXET OBITh CYIIECTBEHHO YMEHbBIIIEHa BBIOOPOM COOTBET-
CTBYIOIIETO PACITONIOXKEHUS LIEHTpa BpallleHUsT KPUBOIIUIIA.

IIpakTiyeckas 3HauumMocThb. [IpeaioxeH aJropuT™ aeii-
CTBHI1, TO3BOJISIOLINI TTPY CMTHTE3€ TUIOCKOTO TSKEJIOHATPY -
JKEHHOT0 MeXaHM3Ma YEeTBEepTOro Kjacca BbIOMpaTh COOPKY,
o0OecreunBalolylo ero o6e3aBapuitHy1o padboTy.

KiroueBble ciioBa: mexanusm, cunmes, CmpyKmypHas epyn-
na, coopku, Kpugowun, wiekogas dpoounxa, npoepamma Mathcad

Pexomendosano 0o nybaikauii O0okm. mexH. HayK
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