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DEFINITION OF POSITIONS AND SPEEDS OF LINKS
OF MECHANISMS OF HIGH CLASSES

Abstract. In this work the analytical method of definition of positions and speeds of any mechanisms of high
classes and an exact method of the kinematic analysis of transmission mechanisms of high classes are for the first
time offered. The offered approach allowed developing the software according to the kinematic analysis of these
mechanisms. The transmission mechanism of IV class is for the first time synthesized.

Keywords: kinematics, mechanism of high classes, position, speed.

1. Introduction. Mechanisms of high classes possess unique opportunities and properties of
adaptation to external influences due to circulation of power on the closed contours. These mechanisms
can maintain considerable power loadings, lift the mass of big size, operate many parameters, etc. There-
fore the classification of mechanisms on the low and high classes offered by academicians 1. I. Artobo-
levsky [1], U.A. Dzholdasbekov [2] has very important scientific and practical value. Originally it is
necessary to carry any mechanisms with group of Assur of high classes and special to mechanisms of
general purpose — the transfer, directing and moving mechanisms of high classes. Such classification
allows developing the general theory of mechanisms of the first group for the purpose of detection of their
functionality, and for the second — theoretical bases of calculation of kinematic, power and dynamic
parameters and design of mechanisms with the set certain characteristics.

Further, these results can be used at design of lifting devices, working bodies of digging cars, robots
with the closed contours, separate devices of aircraft, etc.

2. Kinematic analysis of the mechanism of high classes of general purpose. For the kinematic
analysis of any mechanisms of high classes we use approach of work [3].

Statement of tasks. Let the mechanism of high classes consist of 7 of mobile links. Numbers of output

links change froml,n —m, and entrance from j =n—m+1,n . Then the vector equations for the

mechanism with group of Assur IV class with rotary couples and two degrees of freedom are representable
in the form of (fig. 1).

bly+l+l ==l =0 0
L+l + o+l =l =1, =0

—

*
J =35,6. The Asterisk "*" means accessory of a vector li — to a basic link.

where [;, i=1,4, [,

These equations (1) can be presented in projections to axes of motionless system of coordinates

[, cose, +1,cosp, + 1, cosp, + 1, cosp, —I, cosp, —1,cosep, =0

[, sing, +1,sing, +1;sing; +1;sinp, — [ singp, —[; sinp, =0 ()
I} cos(p, — a1)+ I cos(q73 - a3)+l4 cosg, +1;cosp, —1, cosp, —1,cosp, =0

I sin(p, —a, )+ 1, sin(p, — o)+ 1, sing, + 1 sinp, — [, sin g, —1,sing, =0
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The task 1 is set. To find provisions of output links of the mechanism with group IV of a class of
Assur at the set laws of the movement of entrance links and dimensional parameters of mechanisms of
high classes:

0 = 9(05.06.P), =14, )
where P = {11,15,12,13,1;,14,15,16,0{1,063,10,(00 [, ®s,¢s — the generalized angular coordinates,
@, — angular coordinates of output links.

The vector form of record of kinematics equation is widely applied at research of lever mechanisms.
Vector transformations accelerate process of an exception of variables, without passing to other forms of
record of the equations of kinematics, such as system of the trigonometrical equations or system of the
algebraic equations.

Analytical method of definition of positions and speeds of output links mechanism of the high classes.

For vector approach from the first equation of system (3) we define lz , and from the second — 14 and
further applying a scalar product, we have

G =@ +5f +26+5) -1 -1)+ (-7 -1, )
(R T ey N e

After simple transformations of this system (4) for finding of vectors ll and Zl we will receive

special system of the scalar equations of a look:
N -~ . -\ e - -
ofy 405 I =y V=12 =12 =12 = (i, - T, -1, =20, (0s - T, - T, )
e - = s * * - - - \2 = (= - -
o + T -T N =2~ ~ 12 =l =T T, ] — 257 (6 - -1,

* g gt
Here it should be noted that it ll is connected with ll , [ 3 and with [ 3 , I; — vector length,

6)

- =

-~ - = \2
l,, I -1 and (ll. + Zj ) are understood as scalar product of vectors. In this system angular coordinates
®,, @, of vectors l; and l;are excluded.

The last system in a scalar form has an appearance:

Ay + By =D
Axx1+Byy1=D; (6)
x12 +yl2 =1,
where
x, = cos(@,),y, =sin(g,), x, =x,cosa, +y, sina,, y; = x,sina, -y, cosa,,
X, = cos(@,), v, =sin(p,), x; = x, cosa, + y, sina,, y, =x,sina, -y, cosa,,

x, =cos(@,),y, =sin(@,),x; =cos(@s),ys =sin(@s),x, = cos(@,), Ve = sin(e;).
A1 =2(l3x3+ Isxs -lexs - o)1, B1=2(l3y3+ Isys -lsye)l1,

D, 2122 _112 _132 _(lsxs —lxg _lo)2 _(ZSyS _16y6)2 -

-2lx, (lsxs —lxg _lo)_213J’3 (lsys _16%)’

A, =2, +xg —Lx, — 1 )1} cosa, — 215y, + 1y, — Ly, Il sine, ,

By = 2(I1x, +1gx, —Lox, — 1, )1} sina, + 215y, + 1y, — 1,y I} cosa ,

D, :lj _ll*2 _13*2 _(lsxs —lgxs _lo)2 _(lsys _laye)z -

_213*(15)“5 —lexg =1, )x; _213* (15y5 Ly )y;
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Originality of approach consists in transition from system (6) after application of universal
substitution to system of quadratic equations:

(Al + Dl)uz - ZBlu + Dl + Al = 0 (7)
(Az + Dz)uz - 2B2u + D2 - A2 = 0.

Figure 1 — Any mechanisms with group of Assur IV class

It is originally necessary to define materiality of decisions of nonlinear system (6). For this purpose
we will find discriminants of these equations (7).
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C; = A2 + B? — D%, C, = A% + B2 — D2. Then there are real decisions of system (2) and (6) if: or
€C;>0,C,>0,0r C; 20,0, >0, or C; >0,C; =0. These conditions provide independence of the
equations (7).

Discriminants represent algebraic inequalities of the fourth degree concerning a variable. Therefore it
is easy to determine ranges of change of this variable on the basis of /4/. These provisions are the
cornerstone of the offered algorithm of definition of provisions of output links of the mechanism IV of a
class and allow solving a problem of speeds.

The task 2 is set. To find speeds of output links of the mechanism with group of Assur IV class at the
set speeds of the movement of entrance links.

The system of the equations of speeds in a matrix form is:

ai1 Q12 A130d14 1'41 b11b1 )

A1 Q22 Q23024 || Y2 | _ by1b2; (”6) ®)
Q31 A3z (33034 Uy bs1bz, |\

Q41 Q42 Q43  Qag \% byi1byy

where ayy = liys, @12 = Lya, 13 =l3ys, a4 = 0,021 = l1xy, Q2 = lXa, A3 = [3x3, a4 =0,
azy = l1y1, azz = 0, azz = 13y3, Az4 = L4Ys, Qa1 = 11X1, Q42 = 0, ag3 = 13x3, G4q = 14Xy, b1y = l6Ye,
b1z = =lsys, ba1 = lgXe, byy = —lsXs, b3; = b1, b3y = D13, b1 = b1, byy = bys.

From system of the linear equations (6) speeds of output links of the mechanism are defined.
However in this system (8) elements of a matrix A are unknown functions: y; = ui(uS, P), i=14.

The offered approach of determination of speeds of output links of the mechanism leans on the vector
equations (5) which are presented in a differential form:

(U3 +1ls—1g— lp)i1 + U+ ls—1g— lp)i3 = (s —lg— lo?(is - is) )
U+ 15— L — 1)l + (1 + 15— s — )5 = (s — ls — o) (s — g,
lz == _ll - l3 - l5 + 167 (10)

In a scalar form system (9) we will write down in a look:

. 0A 0B oD . 0D, . oDy .
(—A1y1 + Bixy)¢q + ( . - 1) Q3 = a_<p_:(p5 + 6_<p2g06 (11)

_x —
093 L a¢3yl 093

(-4 +B,x,)d +<6A2 +€)Bz 6D2>, _E)Dz_ +6D2‘
2Y1 2X2)P1 6(p3x1 6(p3y1 F <P3—a(p5(l’5 6(p6(p6'
TIE
0A 0B oD
a_(p; = =2Ll3y;, a_(p; = 21113353,% = +2l3x3(Isx5 — lgxs — loxg) — —213x3(Isys — lgye —
aA * Jk * * Jk . * aB * Jk . * * Ik * aD
lo)’o)aa_q; = —2ljl3cos@y3 — 2lil3sin@ x5, a—q; = —2l1l3sing,y; — 2ljl5c08 1 x3 ,ﬁ =

2l3(Isxs — lexe — loxo)ys — 213(Lsys — lgys — loYo)x3 -
Then from system (11) we determine speeds #, andy,, and then — from (10)
#2 = (eYeP6 — lsysPs — Liy191 — L3y393) /13y,
®4 = (V6P — lsys®s — 1y191 — 3Y3¢3)/LaYa.

This offered approach of determination of speeds directly comprises an analytical method of
definition of provisions.

3. Design of the mechanism of high classes of a special purpose. In case of mechanisms of a
special purpose, i.e., the transmission gear has to consider communication between angular coordinates of
some output links with the entrance. Here for simplicity of calculations it is supposed that /s = 0. Without
loss communities, it is possible to put that communication has a concrete appearance:

1

P =395 (12)

Originally we will substitute the angular coordinate (12) in known coefficients A4,,B,,D,,

4,,B,,D,, then x,,y, functions will take a form:
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1 1
Xy =cos(e5), vy =sin(z¢) (13)

Thus, coefficients 4,,B,,D,, 4,,B,,D,only in an obvious form depend on the generalized angular
coordinate @ and lengths of links. Then from system (10) we define
X, = Dle _DZBI . oy = A1D2 _AzDr .
Ale o AZBI Ale o AzBl
Substituting the found sizes (13) in system (2) taking into account (12), we find trigonometrical
functions x,,y,,x,,y,, and speeds of output links are determined by differentiation by time.

(14)

The essence of an exact method of definition of provisions and speeds of links of the special
mechanism IV of a class consists in it. This exact method of the kinematic analysis easily extends on other
mechanisms of high classes.

For confirmation of the received results the transmission gear IV of a class providing communication

between angular coordinates of entrance /; and output /, links in the form of a ratio (12) (fig. 2) is given.

The special mechanism of high classes with rotary couples possessing the set properties according to
communication (12) is synthesized.
This transmission mechanism of IV class has the following geometrical sizes:

l,=0D=51mm, I, = AB =26mm, I, = AC =19mm, 1, = BF =77 mm, I, = FD=99mm,
l; =ED=109mm, [, = EC =56mm, |, =0A=26mm, |, =0mm, «, =46°,053 =8°.

At the solution of a problem of kinematics it is considered set the law of change of the generalized
coordinate of an entrance link 5 from time #. Then the equation of communication (12) has an appearance:

o,(t) = qps (¢) . Other angular coordinates are determined by a formula (14) and from initial system (2)

which represents already linear system. In this case speeds of links are differentiation of the found angular
coordinates.
4. Algorithm of the solution of a problem of kinematics of mechanisms of high classes. Step 1.

llllllll

Input of dimensional parameters: lengths of links - 3, corners of links 1 and 3-
al, =B Range of change of angular coordinate of an entrance link 5:y,™ ,I/;Smax . Possible range of
change of angular coordinate of an entrance link 3: q3min, y, " Iteration step — &, accuracy — ..

Step 2. We set initial approximations for an external cycle y, = qsmi" min

Step 3. We calculate coefficients A4, B, D1, A3, B,, D,
Step 4. We calculate determinant H = A;B, — A,B; # 0, discriminats- C; C,.

Step 5. Check C; = 0,C, = 0, H # OIf conditions are satisfied:
X = ClBZ;CZBl; 1= AICZ;AZQ Ry = xf+y] —1,05= @ + h
Step 6. We calculate A4, B4,C; ,A,,B,,C,,Hy, D1, Dy;
Step 7. Check D; = 0,D, =0,H; # 0

C1B2—C3B, A1C—4A;

.. . C 2,2
If conditions are satisfied x; = — N = TlaRz = xl2 + ylz -1

If conditions aren't satisfied, we pass to a step 9, otherwise
Step 8. Check Ry * R, < 0

If yes, that exists a root

We remember

and internal cycle Uy = Yg

Y1 X1+ % ti . , i
pr=arctgic,x = T = T X5 = COSQs5, Y5 = Sings; x3 = cos(pF"" +h),y; =
licospq+lzcospz—lscosps+ lgcos —l1singpq+1l3sin@z—lssinps+ lysin
Sm((pmm + h) X, = ( 1 P1ti3 <P3 5 Ps+ o <Po),y2 — (=lisingi+izsingz—lssings+ lo ¢0);

)

x; = cos(@T™ + h—a3),y; = sm(gomm +h—as);
x4 = (=13 cos(pq + ay) + 15 cos(ps — az) =I5 cos o, + [y cos )/,
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YV = (—.lI sin(p; + 1) + l3sin(@; — az) — lssing; + [ sin (po)/l4
@I = @5 - last value (true)
We find speeds from systems (9), (10).

Figure 2 — Transmission mechanism of IV class

Printing (screen) and preservation of results.
Step 9.y, = y3" + h

Shag10. Check ¢, < @3 if yes — that transition to a step 3, differently - to a step 11

Step 11. ¢, = (pg“i“ + h
Step 12. Check ¢, < @g'?%, if yes, we come back to a step 3, differently to the end.

Step 13. End.

Example. For the class mechanism of IV class with rotary kinematic couples computing
experiment is made. Constant parameters of the mechanism have the following values:
lo=10,p, =0, 1,=2,1" =2, 1, =8.268,1, =1, =5, [, =592, . =8.944, o =60",a, =30",¢, = 30", = 0°

23 =90" 3 = 12070, = 13¢5 = 90" ¢, =@, - a,, 93 = @3+ ;. Geometrical lengths are set in

centimeters.

5. Discussion of results. Necessary and sufficient living conditions of material decisions of system of
the trigonometrical equations (2) and the exact range of change of one of angular coordinates of an output
link of the mechanism IV of a class are for the first time found at preset values of angular coordinates of
entrance links. Such is an essence of the offered analytical method of definition of positions and speeds.
The algorithm is developed and the program in language of Delfi by definition of provisions and speeds of
output links of the mechanism IV of a class with any beforehand the set accuracy is written. The trans-
mission gear [V of a class is for the first time synthesized and the exact method of definition of provisions
and speeds of this kind of mechanisms is developed. The received results easily extend on mechanisms of
higher classes and with a large number of the closed contours.

As the high-class basic mechanism the class mechanism IV as it is similar to the four-unit mechanism
II of a class gets out. The offered numbering of links of the mechanism allows to use with grace a vector-
matrix form at the solution of various equations of kinematics.

Further these results are used in the power and dynamic analysis of mechanisms of high classes and
their enormous advantage in comparison with class mechanisms II is shown, but they didn't enter this
work because of volume (and that number — results of computing experiment).

— 4) ——
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6. Conclusion. In summary it is possible to note that analytical methods of definition of provisions
and speeds of links of high classes mechanisms of general purpose and an exact method of the kinematic
analysis of transmission gears of high classes are for the first time has been developed. This approach
easily extends on mechanisms of higher classes and will allow developing the universal software on
design of high classes mechanisms for various devices and cars. The program of Delfi which defines
provisions and speeds of links of any mechanisms IV of a class has been written. Computing experiment
has been made. The transmission mechanism of IV class has been synthesized for the first time.
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KOTAPI'BI KNIACCTAPJABIH BYBIH MEXAHU3MIEPIHIH KbIJIJAM/IbIT bIH
7KOHE OPHbBIH AHBIKTAY

Annoranus. JXyMpicTa anFanl peT aHAJUTHKAJIBIK OMICIICH JKOFApFbl KIacCTapIblH epKiH MEXaHM3MIEPiHIH
KBULAaM/IBIFbl MEH OpHAJIACYbIH aHBIKTAHTHIH JKOHE JKOFApFhl KIIACCTap/bIH aybICTHIPATHIH MEXaHU3MIEPiHIH KUHe-
MaTUKIBIK TaJIayJbIH HAKTHl 9Jici YCHIHBUIFAaH. ¥ CHIHBUIBIN OTHIPFaH MEXaHM3MIEPHAiH KMHEMAaTHKAaJbIK Tajjaay
TocieMeci OarmapiaMaHbl KaMTaMachl3 €Tyl d3ipyeyre MyMKIiHIIK Oepeni. Asram per IV KiacCTbIH aybICTHIPY
MEXaHM3Mi CHHTE3/IeIITeH.
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OIPEJIEJIEHUE MOJIOKEHUW U CKOPOCTEM 3BEHBEB MEXAHU3MA BBICOKHX KJIACCOB

AnHoTanusi. B paboTe BepBble NpeIIOKEHbl aHATMTHYECKUH METO OTIPEAeIeHHsI OJI0KEeHUH U CKOpOCTeH
MPOU3BOJIbHBIX MEXAaHU3MOB BBICOKMX KJIACCOB U TOYHBIM METOJ KMHEMAaTHYECKOrO aHajlu3a MepelaTOYHBIX MeXa-
HHU3MOB BBICOKHMX KiaccoB. [IpeanaraeMslii moaxo/ MO3BOJIMII pa3paboTaTh IMpOrpaMMHOE OOecriedeHHe 1Mo KHHe-
MaTUYECKOMY aHaJIM3y 3THUX MEXaHU3MOB. BriepBble CHHTE3UPOBAH NepeIaToOuHbli Mexanu3M IV kiacca.
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