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SOME ASPECTS OF SYNTHESIS OF LINKAGE OF COMPLEX
STRUCTURES

Purpose. To study possible variants of assemblies of the fourth class Assur group consisting of four links and to
evaluate their impact on operation of the mechanism containing this Assur group.

Methodology. The paper shows the results of theoretical study of possible assemblies of the fourth class Assur
group in a jaw crusher in which both jaws move. The study was carried out with the help of the MathCAD software.

Findings. It is shown that the planar fourth class Assur group used in the jaw crusher features the following:

- only two assemblies are possible for conventional configuration of three-joint links against the frame;

- assembly mode significantly affects the quality of the crushing process;

- assemblies can be located very close, which can cause spontaneous transition from one assembly to another in
heavily loaded mechanisms and result in an emergency situation.

Originality. It has been established that in the planar fourth class Assur group the number of possible assemblies
does not exceed two. Very close mutual arrangement of assemblies is possible. Position functions of mechanisms with

different assemblies differ from one another.

Practical value. The action algorithm is proposed. Used at synthesis of planar mechanisms of the fourth class, it

allows evaluating their possible assemblies.
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The problem definition. In the manifold of planar
mechanisms used in modern technology, mechanisms
pertaining to the second class according to Assur-Arto-
bolevsky classification are dominating. The mechanisms
of the third, fourth, and higher classes, called high-class
mechanisms (HCMs) are currently applied only mar-
ginally. Moreover, the higher the class of a mechanism
is, the narrower the scope of their use is.

It is established that HCMs feature more compli-
cated laws of motion of working elements, improved dy-
namic performance, and, as a whole, they have greater
potential.

With a higher class of the Assur group, the number of
its possible configurations or assemblies increases. Each
assembly has its own characteristics, the study of which
is of definite interest.

Analysis of the recent research. HCM studies have
been conducted by E. Ye. Peisakh, U. A. Dzholdasbekov,
V. G. Khomchenko, L. T. Dvornikov [1] and others.

This century witnesses the tendency to study and
implement the HCM extensively in mine engineering
equipment.

From 2003 to 2013 there were published patents of
the Russia Federation for powered support configura-
tion (Patent No. 2303699) where a fourth class mecha-
nism was used. A number of patents dealt with crushers
in which fifth class (No. 2232637) and sixth class
(No. 2332260, No. 2423179) mechanisms were used.
A jaw crusher with mutually movable jaws (Patent
No. 2538108 of the Russian Federation) is based on the
fourth class mechanism.
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Methods mathematical become a frequent practice
while studying the HCM which are applied numerically
by means of computer technologies [2—4]. The vector
method [2, 3] and ordinary algebra methods [4] are used.

Usually, lower the class of the mechanism by chang-
ing the input and output links or, using one of the mov-
ing links as a reference, study the relative motion of the
remaining links [5, 6].

Furthermore, E. Ye. Peisakh shows that planar four-
bar mechanisms of the third and fourth classes can have
up to six variants of assembly. The higher the mecha-
nism class and the greater the number of its links are, the
greater the number of its assemblies is. The issue of
choosing the efficient assembly regarding the functions
which the mechanism performs is topical. Thus, the ar-
ticle is devoted to this issue.

Objectives of the article. The purpose of the article is
to study the effect of possible variants of assemblies of
the fourth class Assur group consisting of four links on
operation of the mechanism of a jaw crusher in which
both jaws move.

To achieve the purpose in view the following tasks
were determined:

- to define the number of possible assemblies of this
group;

- to evaluate the influence of the assembly mode on
the quality of the crushing process;

- to estimate possible variants of mutual arrange-
ment of assemblies.

The solution of the tasks was to be performed using
the popular application software package of MathCAD.

Presentation of the main research. As an example, let
us consider a fourth class link mechanism which is the
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basis of a crusher configuration (Patent No. 2538108 of
the Russian Federation) with complex motion of two
jaws (Fig. 1).

The crusher consists of a power driven crank 0,4 —
1, jaws CE — 3 and BD — 4. Through a three-joint bal-
anced link £0,D — 5 and a three-joint power driven link
ABC — 2, the jaws make a closed four-bar loop BCED, in
which material 6 is crushed. Link 5 is connected with
the frame by revolute joint. Link 2 is connected with the
drive crank by revolute joint. The crushing parameters
are characterised by the degree of change of angle 6 be-
tween the direct axes of the jaws.

Let us carry out the analysis of the linkage geometry
of the crusher whose scheme is shown in Fig. 2, a.

Coordinates of revolute joints 4 and G of the mecha-
nism (m): x,=0; y,=0; x;=-0.35; y;=0.8. Moduli of
avector (m) are: /, =0.07; ,=0.075; ,, =0.15; ;=0.92;
[,=0.92; [5=0.55; [5; = 0.2. Angles between the vectors
being the basic links 2and 5 are: o = 36.336°; B = 34°.

Fig. 1. A schematic diagram of operating principle of a
Jjaw crusher in which both jaws move:

& — point of intersection of direct axes of jaws 3 and 4

Fig. 2. Linkage of a crusher:
a — scheme; b — vector interpretation of links
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Let us substitute corresponding vectors for the
mechanism links (Fig. 2, b). Let us consider two closed
vector paths ABCEGA and ABDFGA, for which we will
write vector loop-closure equations where the vectors
are expressed as complex numbers

1" +1,e™ + e =[ e + e, (1)
]]eicpl +[21ei(¢2+0t) +14ei<p4 :loei% +151ei(905+ﬁ)' )

The modulus of vector /, and angle ¢, are to be deter-
mined from the expressions

10 =\/(XG —XA)2 +(.VG _yA)Z;

¢, = m+arctg Y67 .
Xe —X4

Let us solve the problem of finding unknown angles
03, P3, G4, 5 With the given value of the angle ¢,. The
problem is solved within the Mathcad 11 software pro-
gram which has a sufficient number of built-in functions
to work with complex numbers.

With the help of operational unit Given-Find, given
the initial approximation we solve the set problem. The
relevant fragments of Mathcad document are presented
below.

The given data are

x,:=0 V4:=0 ve:=0.85 xg:=-0.35 /,:=0.07
5:=0.042  L,:=0.15 5:=0.92 1;:=0.92
I5:=0.55 I5;:=0.2 B:=0.34deg o :=36.336deg.

The parameters of vector /; are

0= ‘/(XG_XA)z * (yG‘YA)2 dg=m+ atan[YG_YAJ

G~ *A

lp=09192 ¢ =11238deg

Solution of simultaneous equations (1, 2), for exam-
ple, for the value of the angle ¢, =45 is
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¢y =45deg

d)z = (|)3 =1.5 ¢4 =1.5
1y -exp
by b3
by d5
¢y =0.15 ¢5 = 1.504

0
l -exp(¢ 1 -i) + lz-exp((l)z-i) + 13-exp(d)3-i) = ]0~exp((|)0~i) + 15~exp((|)5-i)
(¢ 1 -i) +hy -exp|:(¢2 + oc)-i:| + 14~exp(¢4-i) = lo-exp(¢0~i) + 59 -exp[((l)s + B)1:|
by b3
d

b4 = 1985

¢5:=0 Given

by d5

¢5=0.236

Having changed only the initial approximation of the angle ¢, from 0 to 2 radians, we will obtain mechanism as-

sembly 2 for ¢, =45°.

¢ =45deg

¢2 =2 (1)3 =1.5 ¢4 =1.5

¢5:=0 Given

1y-exp( 1) + bexp(9-1) + h-exp(63+) = lg-exp(0-1) + Is-exp(95-)

L ~exp(¢1~i) + b -exp[(q)z + OL)I:| + 14-exp(¢4-i) = lo'exp((])o-i) + %l'exp[(d)s + [3)1}

by 03
dgq 95

0y = 2.193 ¢3 = 1.386

Enumeration of possible combinations of the initial
values of four unknowns with the purpose of searching
for all the assemblies of the fourth class structural
group is rather time-consuming and does not ensure
validity of the obtained result. Graphical-analytic de-
termination of assemblies of this group with a fixed po-

Four-bar linkage BCEG

|1Cg(¢2)| - 0.821

04 = 1715

¢ =45deg
Lg(92) = lg-exp(idg) — brexp(i-02) ~ 1y -exp(0 )

by 03
dgq 95

¢5 = 0.304

sition of the input crank 4B will be more reliable.

For this purpose let us consider the four-bar linkage
BCEG (Fig. 3, a). We define vector /,,, connecting points
C and G (here and elsewhere all the mathematical ma-
nipulations are given as fragments of Mathcad docu-
ments) as a function of link 2 rotation angle.

¢o = 125.6deg

¢Cg(¢2) = arg(ICg(d’Z))

q)cg(q)z) = 115.7deg

Fig. 3. Splitting of the the fourth class group as two four-bar linkages:

a— BCEG; b — BDFG
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The angle B, (Fig. 3, a) is

15" =17+ ([leg(62)])°

Bl(d)z) = acos 2'15.|1Cg(¢2)|

ﬁl(d)z) = 81.74deg

The angles which define the direction of vectors /s and /; are

05(02) = deg(b2) + B1(62) -

¢5(¢2) = 17.44deg

¢3(¢2) = arg(lcg(d)z) + 15-exp(i-¢5(¢2))) «1)3(4)2) = 79.42 deg

Let is carry out analogous actions of the four-bar linkage BDFG (Fig. 3, b). Let us define vector /,,, connecting

points C and G as a function of the angle .
Four-bar linkage BDFG

lig($2) = lorexp(i0g) — by -exp 03 + o) | = 1y exp(4 )

¢dg(¢2) = arg(ldg(¢2))
The angle B, (Fig. 3, b) is

|lgg(2)| = 0797

1517 =147+ ([lggl92)])°

¢dg(¢2) = 108.8deg

[32(4)2) ‘= acos

251 gl 62

[32(4)2) = 122.6deg

The angles which define the direction of vectors /5; and /, are

¢51(¢2) = ¢dg(¢2) + B2(¢2) -n

04(02) = arg lgg(02) + 1s1-ei(45(02) + B) ]

We now proceed to visualizing the obtained results.
Let us form the dependency of the angles @5 and @5, —  as
a function of the angle ¢,. The intersection points of the
built curves will characterise possible assemblies of the
studied structural group of the fourth class with the given
position of the input link. Changing the angle ¢, from 0 to
2m, for example, in /4, we can be certain that the group
considered has only two assemblies and this number does
not depend on the value of the angle ¢,. Fig. 4 exemplifies
this condition for four values of the angle ¢,.

For example, we can approximately define the values
of the angle ¢, (for assembly 1 it is 0 radian; for assembly
2 it is 2 radians) in the graph for the angle ¢, = 180°
(Fig. 4) using “Trace” tool; these values characterise
different assemblies. Further, using the values as initial
approximations, we find precise values of all unknown
angles in the Given-Find block. In our example these
values are:

Assembly 1

¢y = 0.43deg b3 = 77.909deg

¢4 = 105.46deg 5 =5232deg
Assembly 2
¢p = 117.246deg ¢3 = 71.142deg

04 =89.98deg ¢ =9.133deg

From the same figure for ¢, = 270° it is apparent that
the two assemblies are situated quite closely. Their pa-
rameters are:
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¢51(¢2) = 51.44deg

¢4(¢2) = 98.26deg

Assembly 1
by =46.943deg  ¢3 = 80.798deg

b4 =103.26deg 5 = 4.48deg

Assembly 2
¢y =76367deg 3 = 78.746deg

b4 =98.65deg  ¢5=5.76deg

Jaw crushers, which are used in mining industry,
feature high forces in effect and heavy wear of conjugate
surfaces. Due to deformation of links and splits in joints,
proximity of two assemblies can result in transition from
one assembly to the other and, subsequently, change in
technological parameters of the mechanism right up to
jamming for heavy loaded mechanisms.

Therefore, at the synthesis stage for a high class link-
age, these machines require conducting a geometry
analysis with the purpose of avoiding two assemblies lo-
cated in close proximity.

Fig. 5 shows two assemblies of the Assur group under
consideration with ¢, =270°.

Now let us consider the angle & (Fig. 1) whose
change determines technological parameters of the jaw
crusher, namely: reduction ratio, compression strokes in
lower and upper sections of a crushing chamber, etc.
The variants of change of this angle for the two assem-
blies are presented in Fig. 6.

It is easily seen that the angle & changes negligibly in
assembly 2 and hardly provides the required function of
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¢ = Odeg
bslo 2) ’,Q-.
bs1 4)2)—]3 '°._’ 7
."\," .’.e:
-y
0 2 4 6
92
¢1 = 180deg
'.’ﬁ..'.
bs(62) L —
- 0 °.... _________,4?
51 4)2)“]3 >, S
LI \.. .'o
e’
0 2 4 6
p)

$1 = 90deg
¢s (¢ 2) - ‘\ e
_— 0 )
051(02)-P ", &
e o o \ f
0 2 4 6
92
01 = 270deg
¢5ld 2)
—_— 0 == e
¢ 5] ((I) 2)_[3 .r'., 1'... —— ]
%0.‘.. .....'
0 2 - 4 - 6
P

Fig. 4. Assemblies of fourth class Assur group for the values of the angle ¢, =0°, 90°, 180° and 270°

crushing process.

Apart from considering this mechanism for using in a
crusher while regarding it broadly, we can, for example,
compare the position functions of the mechanism for its
two assemblies taking link 5 as an output one (Fig. 7).

This case also proves the difference between position
functions of the mechanism.

F,

a b

Fig. 5. Two mechanism versions with ¢, = 270°:
a — assembly 1; b — assembly 2
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Conclusions. Theoretical research on geometry of
planar four-bar Assur group of the fourth class of the
linkage of a jaw crusher in which both jaws move has
been conducted.

It has been established that the number of possible
assemblies in this mechanism equals two.

Technological parameters of crushing process de-
pend on the assembly mode. Assemblies can be in

._().5()640'55
0.5 /"'_"‘\
5(0) 045 |/ \ /
0.35 M-
0 [0} 2n

Fig. 6. Angle change between the direct axes of jaws de-
pending on the rotational angle of the input crank:

(@) — assembly 1; 5,(p) — assembly 2
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0315, 04
03 2N
¢ 5(0) / A
b : ) '/\\\ / ﬁ
Sa
S \\/ /|
0055, ¢
0 2 4 6
0 ) 2n

Fig. 7. Relation of the link 5 rotation angle as a function
of a crank rotation angle for two mechanism assem-
blies:

¢s(p) — assembly 1; ¢s,(p) — assembly 2

close proximity, which may result in an emergency
situation.

The synthesis of high class mechanisms is to be con-
ducted regarding the conclusions made in the article; for
this purpose the research algorithm suggested can be ap-
plied.
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JedKi acnekTu CHMHTe3y BAXKIJIbHMX MEXaHi3MiB
CKJIAJTHOI CTPYKTYpH

[. M. Mayiox", E. M. lllnaxoe', O. I. E2ypros®
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1 — JepxaBHUI BUILMI HaBYaJbHUM 3akian ,, HaiioHanb-
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Mera. OLiHUTY BIUIMB Pi3HUX BapiaHTIiB CKJIaJaHb
JIBOMOBIIKOBOI CTPYKTYPHOI I'PYIM YETBEPTOIO Kjacy
Ha Mpalle3aaTHiCTh MeXaHi3My, 110 iX MiCTUTb.

Metomauka. Y poOOTi BUKOHAHO TEOPETUYHE T0CITi-
TKEHHST MOXJIMBUX CKJIalaHb CTPYKTYPHOI IPYITU YeT-
BEPTOro KJjacy B MeXaHi3Mi JBOIIIOKOBOI ApoOapHOi
MaIllMHU 3 BUKOPHMCTAHHSIM IPOTPAMHOTO IPOIYKTY
Mathcad.

Pesyabratu. [lokaszaHo, 1o y rurackiif accyposiit
TPYIIi YeTBEPTOTO KJIACY, 110 3aCTOCOBYETHCA Y Ipodap-
HUX MaIIMHAX:

- JUTIST TIDUIHSITOTO PO3TAIllyBaHHSI TPUITAPHUX JIa-
HOK BiIHOCHO CTiliK11 MOXJIMBO JIMIIIE 1Ba CKJIQJaHHSI;

- BUJI CKJIaJJaHH$ iCTOTHO BIUIMBA€E Ha SKIiCTh IPO-
11ecy MoApiOHEHHS;

- CKJIaJaHHsS MOXYTb pPO3TAIllOBYBaTUCS IyXke
OJIM3BKO, 110 Y BaXKKO HaBaHTAXKEHUX MEeXaHi3MaX MOXe
CITIPUYMHUTU CAMOBIJIBHMI TTepeXill 3 OMHOTO CKJIamaH-
HSI B iHILI€ i, IK HACJIiAOK, CTBOPUTHU aBapiliHy CUTYyallilo.

HaykoBa HoBu3Ha. BctaHOBJIeHO, 1110 Y TIJIACKili 4o-
TUPWIAHKOBIN CTPYKTYPHiil TPyIi YeTBepTOro Kjacy
KiJTbKIiCTh MOXJIMBHUX CKJIaZaHb HE TEPEBUIIYE IBOX.
MoxJIuBi BUITAIKKU AyKe OJU3bKOTO B3aEMHOTO PO3-
TalryBaHHS cKiagaHb. OyHKIIT TTOJTOXEHHS MeXaHi3-
MiB 3 Pi3HUMMU CKJIAJAHHSIMU BiIpi3HSIOTHCS OJHA Bij
OJIHOI.

IIpakTHYHA 3HAYMMICTB. 3aTTPOTIOHOBAHO AJITOPUTM
i1, 110 TO3BOJISIIOTH MIPU CUHTE3i MJIaCKUX MEXaHi3MiB
YETBEPTOTO KJIaCy OLiHIOBATH iX MOXKJIMBI CKJIaJaHHS.

KmouoBi cioBa: cmpykmyprna epyna, ckaadanus me-
XQHIZMY, 2eOMemPUHHUL AHAAI3, W0K08a Opobapka, npo-
epama Mathcad

HekoTtopbie acneKkTbl CHHTE3a PbIYANKHBIX
MEXAHU3MOB CJIOKHOW CTPYKTYPbI

H. H. Mayiox', . M. lllnaxoe', A. H. Eeypros®
1 — I'ocymapcTBeHHOE BbIciliee yueOHOe 3aBeaeHue ,, Hammo-
HaJIbHBI TOpHBIA YHUBepcuTeT“, r. JlHemp, YKpauHa,
e-mail: shlyahove@nmu.org.ua
2 — 000 ,LAna-Temc“, r. Huenp, YkpamHa, e-mail:
yegurnov@yahoo.com

Heab. OueHUTHh BAMSIHUE PA3IMYHBIX BapUMaHTOB
COOpPOK JBYXIMOBOAKOBOU CTPYKTYpPHOI T'pYMIIbl YeT-
BEPTOro Kjiacca Ha paboTOCITIOCOOHOCTh MeXaHU3Ma ee
coaepKallero.

Metoauka. B pabotre BBINOJHEHO TEOPETUYECKOE
HCCeI0BaHUE BO3MOXHBIX COOPOK CTPYKTYPHOM IpyTI-
Mbl YETBEPTOTrO KJjacca B MeXaHU3Me JBYXIIEKOBOM
JIpOOUJBHOI MallIMHbBI ¢ UCMOJIb30BAHUEM TTPOrPAMM-
Horo npoaykTta Mathcad.

Pesyabtatbl. [TokazaHo, 4TO B MJIOCKOM acCypoBOM
rpymniie 4eTBepTOro Kjacca, IpUMeHsIeMOil B 1POOIIb-
HOW MallliHe:
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- IUISl IPUHSATOTO PACTIONIOXEHUS TPEXIIapHBIX 3BE-
HBEB OTHOCUTEJIbBHO CTOMKM BO3MOXHBI BCETO [BE
cOopkKu;

- BUJ COOPKU CYIIECTBEHHO BJIUSIET Ha KAayecTBO
npotiecca IpodeHus;

- cOOpKU MOTYT pacroJjaraTbcsi BecbMa 0J1M3K0, YTO
B T{XKEJIOHATPYXKEHHBIX MEXaHMU3Max MOXKET MOBJIEYb
CaMOITPOU3BOJIbHBIN MEePexoa U3 ONHON COOPKU B APY-
TYIO U, KaK CJIEJICTBUE, CO3/1aTh aBAPUITHYIO CUTYAIIUIO.

Hayunas HoBU3HA. YCTaHOBJIEHO, YTO B TUIOCKOWM
YETBIPEX3BEHHOU CTPYKTYPHOIW TpYIIIe YeTBEpPTOro
KJlacca 4YUCJIO0 BO3MOXHBIX COOPOK HE TMPEBBILIAET
IBYX. BO3MOXHBI cilydyan BecbMa OJIM3KOTO B3aUMHOTO

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N° 3

pacrioioxxeHusi cOopok. MYHKIIUM TTOTOKEHUST MeXa-
HHU3MOB C pa3IMIHBIMHA COOPKAMU OTIMYAFOTCS IPYT OT
apyra.

IIpakTHyeckas 3HaUMMOCTb. [IpenioxKeH aJroputm
NEWCTBUIA, MO3BOJISIOLINN MPU CUHTE3E TUIOCKUX Me-
XaHU3MOB YETBEPTOTO Kjiacca OLIEHUBATh UX BO3MOXK-
HbIE COOPKMU.

KmoueBble ciioBa: cmpykmypHas epynna, coopku me-
XQHU3MA, 2eOMempu4ecKUull ananus, uexosas opoouixa,
npoepamma Mathcad

Pexomendosano 0o nybaikauii dokm. mexH. HayK
B. B. IIpoyisom. Jlama nadxodxucenns pykonucy 10.03.17.
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