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Purpose. To determine the effect of the presence of prismatic kinematic pairs on possible versions of assemblies of
the structural group of the third class in modern planar mechanisms.

Methodology. In the work an analytical study is carried out of possible assemblies of a four-link third class struc-
tural group, in which there are prismatic kinematic pairs in two links. The study was carried out using Mathcad math-
ematical packages.

Findings. Possible variants of the mutual arrangement of the links of a third class structural group at fixed positions
of its external kinematic pairs are found. A polynomial of degree six is obtained and all its coefficients are defined. It
means that the polynomial is of degree six both for the structural group with two prismatic pairs and for the group
with revolute pairs.

It is shown that, for the variant of the group under consideration, the search for assemblies reduces itself to finding
the real roots of a sixth-degree polynomial.

Dependences of the polynomial coefficients on the geometric parameters of the structural group are obtained.
The finding of the roots of the polynomial is performed using the standard procedure of the Mathcad, which does not
require specifying the initial approximations of unknowns.

Originality. It consists in determining the number of possible assemblies of a four-links third class structural group,
in which two links have prismatic kinematic pairs. It has been determined for the studied structural group that maxi-
mum assembling number is four.

Practical value. The results of the research can be used in designing the mechanisms of new machines when choos-
ing a specific variant of assembly of a third class structural group appropriate in the best way of set problem. The
search for possible assemblies of third-class structural groups can be carried out numerically with the help of modern
computer technologies, which makes it possible to determine both the number of possible solutions and the solutions
themselves without specifying initial approximations.
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Introduction. Geometrical analysis is the first and
the most important problem of kinematic mechanism
analysis. As a result, link positions are determined. The
problem of determining link position of the group is not
uniquely defined even for the simplest mechanisms with
the lowest kinematic pairs containing only one struc-
tural group of the second class. Non-uniqueness is man-
ifested in various positions of the group links under giv-
en coordinates of its external kinematic pairs. When the
class of the group and the number of its links are in-
creased the amount of the group assemblies is also in-
creased. If in the context of 2" degree groups two pos-
sible assemblies are easily determined with the help of
square equation, in the context of higher class groups
(e.g. 3 and higher) calculated dependences are of more
complicated non-linear nature; moreover, cannot be
solved analytically.
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Analysis of the recent research. As far as back in the
mid of last century V.A.Zinoviev proposed analytical
method to determine positions of links of high-class
mechanisms. The method is based on the idea that links
of leverage are replaced by adequate vectors to develop a
system of nonlinear equations of vector contours close-
ness. Angles determining position of the mechanism
each link are unknown within the equation system. The
method principle is in approximate numerical solution
for the developed equation system with prescribed ac-
curacy.

E.E. Peisakh was engaged in studies of positions of
links in four-link Assur groups with turning pairs. He
has shown that for the groups a problem amounts to de-
termine real roots of sextic polynom. Moreover, he has
also identified that maximum possible number for as-
sembling variants of four-link group with turning pairs is
six in terms of fixed positions of external joints.

One may state that numerical techniques are the
only applicable to determine assembling variants. As for
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the equation systems or polynom, various techniques
can be applied [1].

Already in this century works have been published
that describe a method for finding of assemblies vari-
ants, based on the partition of a group of the 3™ class
into simple groups of the 2™ class. Then for each sim-
ple group equations are making up (again nonlinear)
the solution of which is found using the iteration
method. All these works differ only in the mechanisms
of the 3" class, which demonstrate the application of
the proposed method. In [2] was considered P. L. Che-
byshev’s rowing mechanism, in [3] — the mechanism
of window control, in [4] — the mechanism of the press
and in [5] — the mechanism of the 3™ class of arbitrary
kind.

The authors propose to reviewers’ attention numeri-
cal methods to estimate equation roots required to de-
termine assembling variants for high-class mechanisms.
They believe that numerical solution for nonlinear
equations have following key disadvantages:

- solution convergence needs relatively accurate de-
termination of initial approximations of variables;

- nonlinear equations always have several roots
which amount is unknown.

The facts are involved to draw a conclusion on the
necessity to develop an ingenious method for assem-
bling variants determination.

Not disputing right of the technique to exist we can-
not fall into line with their argumentation.

First, the necessity of determination as for accurate
initial approximation of variables. One of the authors of
[6] paper shows that current computer mathematical
programs (Mathcad, Maple, Wolfram Mathematica [7,
8] etc.) are very potential to solve nonlinear equations
numerically. In terms of three-link group of 3™ class
with turning pairs (Fig. 1), paper [6] describes algorithm
to solve problems of assembling variants using Mathcad
program.

First kinematic pair C connecting link 2 and basic
link 3 is unclosed; easily seen trajectories are made for
breaking points; to do that visualization tools of Mathcad
are applied. Circular curve is trajectory of a point be-
longing to link 2; coupler curve four-link chain is trajec-
tory of point 2 (Fig. 2). Intersection points of the trajec-
tories mean possible assemblies of the group.

Then tracking mode X—Y Trace can be used to de-
duce initial approximations for each of the assemblies.
Exact values are determined with the help of operational
unit Given — Find. Fig. 3 demonstrates all the six as-
semblies of the group deduced using the technique.

Hence, statements concerning complexity of proce-
dure to determine initial angle approximation and un-
certainty of possible solutions number can be consid-
ered as untenable.

Paper [3] analyzes specific mechanism to open win-
dow involving 3™ class group. The group contains two
prismatic kinematic pairs of 5" class. The technique has
helped the authors identify several assemblies of the spe-
cific group; however, it cannot reply to a question con-
cerning the number of possible assemblies for such a
group.
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Fig. 1. Structural group of 3¢ class including:

basic link — 3; links — 2, 4, 5; turning pairs B, C, D, E, F
and G
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Fig. 2. Visualization of possible assemblies of 3 class
group:
1 is trajectory of point C (link 3); 2 is trajectory of point C
(link 2)

Formulation of the research objective and purpose.
Objective of the research is to analyze possible variants
for 3™ class group assemblies where two links involve
prismatic pairs of 5" class.

To succeed, following tasks have been formulated:

- analyze a mechanism similar to that described in
[3] (Fig. 4) where one link (1) is a slider, and another
one (4) is rotating guide;

- the developed nonlinear equations should be solved
numerically with the help of Mathcad program procedure.

Presentation of the main research. Place reference
point rectangular coordinate system in point A.

Let geometric parameters of group are specified:
x,=0;,=0;xp=015m; y,=0.7m; [;,=0.6 m; [pp=
=0.6 m.

It is required to determine every possible variant of
relative position of the group links in terms of fixed posi-
tions of its external kinematic pairs A, C and F.

Replace links with proper vectors; specify them as it
is shown in Fig. 5: /; = [ is horizontal vector determin-
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Fig. 3. Assemblies of 3" class four-link group:
1 —@,=3.72rad; 2— ¢,=4.229 rad; 3 — ¢,=4.668 rad; 4 — ¢,=5.15 rad; 5 — ¢,="5.812 rad; 6 — ¢,= 6.156 rad

The group contains two independent vector con-
tours; closeness equations for them are
L+ b =1
L+bL—1b =l
Express vectors with the help of complex numbers.
I, +1,e™ =Le";

@5t 0y _ Oyf — ] p0f
Le® +1e% —[, e® =] e%".

The system consisting of two nonlinear equations in-

Fig. 4. Sch 34 ¢l ith two prismatic kine-
s cheme of 37 class group wi o prismatic xine volves two unknown angles ¢, and ¢;. To preclude an-

matic pairs: : A tion ¢ foll
€ represent equation two as 10l1lows
1 is slider; 2 is connection rod; 3 is balance arm, 4 is rotat- gic g rep q
ing guide; A, B, D, F are turning pairs; C and E are pris- l3e"’3i =1, e _ lze‘pzi + loe"’“i.

matic kinematic pairs
It is known from a theory of complex numbers that
the equation

Le ' =1, e % —Le ™ +[ e

is equivalent to previous one. Multiply the two equations

term by term. On the left hand side we obtain/3; on the
right hand side we obtain polynom with one unknown
angle ¢,.

After elementary transformation have been effected
and universal trigonometric substitution have been ap-

plied
Fig. 5. Vector interpretation of the group links
ing slider B-position; ly; = lpp; I, = Igr; 5 = 1,p. Vector ) 2
sing, =—=—;
module is [, =+/x% +y%. Angle is @, = arctg(y—FJ. 1+1tg? %
Xp
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we obtain sextic concerning Xx = tg%. The equation is
kxS + kel + ke + k) + kX + kex + k; = 0. Fig. 6 dem-
onstrates a fragment of Mathcad document representing
formulas to determine all the seven polynomial coeffi-
cients. Coefficient one is k; = 0 if point 7 ordinate is
equal to zero to be impossible as the group cannot exist.
It means that both for the group with two prismatic pairs
and for group with turning pairs only polynom is of the
sixth degree.

Thus, determination of assembling variants for the
concerned group is to find roots of 6™ class polynom.
For this purpose, Mathcad program provides specific
function called polyroots(v) where v is a vector of poly-
nom coefficients. Fig. 7 explains relevant fragment of
Mathcad program document.

After polynom roots have been estimated it is time to
initiate determination of values of angles

(py; = 2arctgx;.

Table demonstrates values of angles ¢,; correspond-
ing to values x;.

It follows from the group existence condition that 0 <
< (¢, < . Thus, in terms of concerned structural group
possible assembling number is four (Fig. 8).

Conclusions. Geometry analysis of three-link struc-
tural group of 3™ class where two links contain prismatic

1
k, ::Zyﬁ; ky ==Ly, yp +1,c08(9p)yp;

ky =13, +%y% +13 =13 =2y sin(y) v — 21, cos(9y)y;

ky =41y sin(@y)y, =20, yp;
3 .
ky=12 + Zy% +IZ =12 + 21, cos(@y )y, — 21, Sin(Py) Y r;

1
kg ==l yr —1,cos(@y)yr; K, ::Zy}.

Fig. 6. Fragment 1 of Mathcad document

vi=(k, kg ks ky ok ky k)T
v =(0.122 -0.525 0.08 0.84 —0.28 —0.315 0.122)
polyroots(v)” =(~1.237 —1.082 0.274 0.808 1.403 2.405)

Fig. 7. Estimation of polynom roots

Table
The values of x; and ¢,;
Parameter Values of quantities
X; —1.237 | -1.082| 0.274 | 0.808 | 1.403 | 2.405
P —102.09 | -94.52 | 30.62 | 77.90 | 109.06 | 134.85
68

Fig. 8. Possible assembling of the group are:
1— ¢,=30.62°; 2 — @, = 77.90°; 3 — @, = 109.06°; 4 —
0, = 134.85°

kinematic pairs of 5™ class has been carried out. It has
been shown that for such a group assembling determina-
tion is to estimate real roots of 6™ class polynom. De-
pendences of polynom coefficients on geometric pa-
rameter of the group have been developed.

In the context of the analyzed group it has been de-
termined that maximum assembling number is four.

It has been demonstrated that current computer fa-
cilities make it possible to determine numerically both
the number of possible solutions and solutions them-
selves without initial approximation deducing.
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Meta. BctaHOBUTH BIUIMB HAsIBHOCTI TTOCTYTIAJb-
HUX Map I’SITOro Kjacy Ha MOXJIMBI BapiaHTU CKJia-
JIaHb CTPYKTYPHOI TPpyly TPEThOTO KJIACy y TUIOCKUX
BaXKiJIbHUX MeXaHi3Mmax, 1110 3aCTOCOBYIOThCSI B Cydac-
Hill TeXHiLi.

Metoauka. Y poOOTi BAKOHAHO aHATITUYHE T0CITi-
JDKEHHST MOXKJIMBUX CKJIaIaHb TPUIIOBOIKOBOI CTPYK-
TYPHOI TPYIIU TPETHOTO KJIACY, Y IBOX MOBOIKAX SIKOI €
MOCTYIaIbHI KiHeMaTUuHi rtapu. JLociaKeHHS TpoBe-
IIEHO 3a JOTIOMOTOI0 6araTo(yHKIIiIOHAJTBHOTO MaKeTa
NpUKIagHUX Iporpam Mathcad.

Pe3yabratu. BusiBiieHI MOXJIMBI BapiaHTU B3a€EM-
HOTO pO3TalllyBaHHs JaHOK TPYIIM TPETHOTO KJIacy Mpu
(pikcoBaHUX MONOXKEHHSX ii 30BHIILLIHIX KiHEMaTUUHUX
nap. OTpUMaHO TMOJiHOM IIOCTOTO CTYIEHs i BU3HA-
YyeHi Bci fioro koediuieHTu. Pe3yabTaT roBOpuUTh Mpo
Te, 10 1 7151 TaKO1 CTPYKTYPHOI I'PYIU 3 IBOMA MOCTY-
MaJIbHUMU TTapaMU, SIK i JUIS TPYITU TiJIbKU 3 00epTasib-
HUMM IapaMHu, TIOJIIHOM M€ IIIOCTY CTYITiHb.

IMoxa3zaHo, 110 i IJI PO3TJITHYTOTO BapiaHTy TPYITHA
TIOIIIYK CKJIaTaHb 3BOMUTHCS IO 3HAXOMKECHHS TiiCHIX
KOPEHIB IMOJTiHOMA IIIOCTOTO CTYIICHSI.

OTpuMaHi 3aJeXXHOCTi Koe(illiEHTIB TToIiHOMA Bif
TCOMETPUYHUX ITapaMeTPiB IPYIIH.

Haykosa noBu3na. [losisirae y BU3BHa4e€HHi KiJIbKOCTi
MOXJIMBUX CKJaJaHb YOTHPUJIAHKOBOI CTPYKTYpHOI
TPy TPEThOTO KJacy, y CKJali SKOi ABa MMOBOAKU Ma-
I0Th TMOCTYIaJbHiI KiHEMaTUYHi Mapu I’SITOro Kiacy.
J71s1 1oCiKeHO1 CTPYKTYPHOI IPYIU BCTAHOBJIEHO, 1110
MaKCUMaJbHE YMCJIO CKIIaJaHb TOPiBHIOE YOTUPHOM.

IlpakTnyHa 3HauumicTh. Pe3yabTaTvl HOCTiIKEHHS
MOXYTb OyTH BUKOPUCTaHi MpU MPOEKTYBaHHI Mexa-
HI3MiB HOBUX MaIIIMH IIPU BUOOPi KOHKPETHOTO Bapi-
aHTy CKJIaIaHHS CTPYKTYPHOI TPYIIM TPEThOTO KJIacy,
1110 BiIMOBiga€e HalKpallMM YMHOM I1IOCTaBJIEHOMY 3a-
BIaHH0O. [loITyK MOXJIMBHUX CKJIagaHb CTPYKTYPHUX
TPyI TPETHOTO KJIaCcy MOXHa 3MifICHIOBAaTH YUCEIbHO
3a JOITOMOTOI0 CYYaCHUX KOMIT IOTEPHUX TEXHOJIOTIIA,
110 J03BOJISIE BU3HAYaTU M KiJIbKiCTh MOXJIMBUX Pi-
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LlIeHb, i caMi pillleHHsT 0e3 3aBIaHHS ITOYaTKOBUX Ha-
OJVKEHb.

Kimouosi ciioBa: ckaadauns mexauizmy, cmpykmypHa
2pyna, eeomMempu4HUil aHaniz, NOULYK KOpeHie noaiHomy

ens. YcTaHOBUTH BAMSHUE HaIW4US IIOCTYyIa-
TeJIbHBIX Tap MSTOrO Kjacca Ha BO3MOXKHbIE BapUaHThI
CcOOPOK CTPYKTYPHOI IPYINbI TPEThEro Kjacca B IJIO-
CKHUX PBIYAXKHBIX MEXaHU3MaX, IPUMEHSIEMBIX B COBpE-
MEHHOI TEXHUKE.

Metoauka. B paGoTe BBINOJHEHO aHATUTUYECKOE
HCCIIeIOBAaHNE BO3MOXKHBIX COOPOK TPEXITOBOIKOBOM
CTPYKTYPHOI TPYIIIIBI TPETHETO KiIacca, B IBYX ITOBOM-
KaxX KOTOPOIf UMEIOTCS TTOCTyNaTeIbHbIC KWHeMaTHIe-
ckue maphl. McciiemoBaHne MpPOBEICHO C ITOMOIIBIO
MHOTO(DYHKIIMOHAJIBHOTO TlaKeTa IMPUKJIATHBIX IPO-
rpamm Mathcad.

Pe3ynbTaTel. HaiineHbl BO3MOXKHbBIE BApUAHTHI B3a-
MMHOIO DPACIIOJI0XEHHUsI 3BEHbEB TIPYMIIbl TPETHErO
KJacca npu (pUKCUPOBAHHBIX TOJOXKEHUSIX €€ BHEII-
HUX KMHeMaTuueckux mnap. ITojgydyeH moiamHOM Iie-
CTOI CTETIEHU U OTpeaesIeHbI BCE ero KOA(M(MUIIMEHTHI.
Pe3ynbraT TOBOPUT O TOM, YTO U JIUISI TAKOM CTPYKTYp-
HOW TPYIIIEI ¢ ABYMSI IMOCTYNATEIbHBIMA TTapaMM, KaK
U JU151 TPYIIIBI TOJIBKO € BpalaTeJbHBIMU ITapamu, I10-
JIMTHOM MMeEET IIECTYIO CTEIICHb.

ITokazaHo, 4TO M mJIg PAaCCMOTPEHHOTO BapHaHTa
TPYIIIBI TIOUCK COOPOK CBOAUTCS K HAXOXKICHUIO e~
CTBUTEJIBHBIX KOPHEW MOJMHOMA LIECTOW CTETIEHU.

ITonyyeHnl 3aBUCUMOCTU KOI(DOUIIMEHTOB MOIM-
HOMa OT FeOMETPUYECKUX ITApaMeTPOB T'PYIIIIHI.

Hayuynas HoBu3HA. 3axiiloyaeTcsl B OMNpeaeseHUuu
KOJIMUYeCTBA BO3MOXHBIX COOPOK UeThIpEX3BEHHOM
CTPYKTYPHOM I'pyIIbl TPEThETO KJlacca, B COCTaBe KO-
TOpO¥ JIBa MOBOAKA UMEIOT MOCTyIaTe/ibHble KUHEMa-
THYECKHE Taphl IIITOTO Kiacca. [ ucciieqoBaHHOM
CTPYKTYPHOI TPYIIIBI YCTAHOBJICHO, YTO MaKCHUMaJlh-
HOE YHMCJI0 COOPOK PAaBHO YETHIPEM.

IIpakTuyeckasi 3HaYMMOCTb. Pe3ynbTarhl MCCIEN0-
BaHUSI MOTYT OBITh UCIIOJb30BaHbI IIPU MTPOCKTUPOBA-
HUM MEXaHU3MOB HOBBIX MAIIIMH TIpU BbIOOpE KOH-
KPETHOI'0 BapuaHTa COOPKYU CTPYKTYPHOI I'PYMIIbI TPe-
ThEro KJjacca, COOTBETCTBYIOIICH HaWIy4IIUM oOpa-
30M TOcTaBjieHHOM 3amade. [Torck BO3MOXKHBIX cOO-
POK CTPYKTYPHBIX TPYIII TPETHETO KjIacca MOXHO OCY-
LLIECTBJISATh YUCIEHHO C TTOMOIIbIO COBPEMEHHBIX KOM-
MbIOTEPHBIX TEXHOJOT U, YTO MO3BOJISIET ONPEASITh U
KOJIMIECTBO BO3MOKHBIX PEIICHUI, M CaMU PEIICHMS
0e3 3amaHus HavyaJbHbIX TPUOIMKEHUIA.

KimoueBble cioBa: cOopku mexanuzma, CmpyKmypHas
epynna, eeoMempu4eckKuil aHanu3, NOUCK KOPHell noau-
HoMa

Pekxomendosano 0o nybaikauii dokm. mexH. HAyK
B. B. [Ipoyisom. Jlama nadxodxcenns pykonucy 31.03. 16.
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