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DETERMINATION OF BASE-LINK COMPLEX PLANAR
MECHANISMS’ POINTS VELOCITIES USING
GRAPHIC-ANALYTICAL METHOD

C.0. Kowenw, I'B. Kowens. BusHaAa4UeHH HWIBHIKOCTEH TOYOK 0a3HMCHOI JIAaHKHM CKJIAJHHUX ILIOCKHX MeXaHi3MiB
rpadoanagiTHaHIM crocodom. CkiaaHi 6araTogaHKOBI IIOCKI MEXaHI3MHU BCE YACTIIlIE 3aCTOCOBYIOTHCS B TEXHOJIOTIYHO-
My O0JiaJIHaHHI JIETKOT POMHUCIIOBOCTI. BiICYyTHICTh YHIBEPCAILHOTO CIIOCO0Y KIHEMATUYHOTO JOCHIKCHHS TAKMX MeXaHi-
3MiB [103BOJIsIE CTBEPKYBATH, IO POOOTH 3 KIHEMAaTHYHOIO aHalidy 0araTolaHKOBHX MEXaHIi3MiB € akTyaJbHUMH. MeToro
JOCITI/DKEHHS € po3po0Ka MOCIiIOBHOCTEH [ii s KIHEeMaTHYHOTO JOCIIHKEHHS IBHIKOCTEH TOYOK 6a3MCHOT JTAHKH CKIIaj-
HOTO IJIOCKOTO MeXaHi3My TpadoaHaTiTHIHUM CIIOcOO0M, IO 06a3yeThCs Ha MOJOXKCHHIX KypCy TEOPETHIHOI MEXaHIKH PO
MUTTEBUI IEHTP IIBUAKOCTEH JTaHOK MEXaHi3My, SIKi MalOTh IUTOCKOMApaJeNbHUN pyX. BU3Ha4eHO BEKTOpU MIBHIKOCTEH
TOYOK 0a3MCHOT JIaHKH Ipym Accypa TPeTbOro Kiacy TPEeThOTO IMOPSIKY CKIaJHOTO INIOCKOTO MEXaHi3My TpadoaHaiTHI-
HUM METOJIOM, B SIKOMY BH3HAUaIOTHCS MOJIOKECHHS MUTTEBUX IIEHTPIB MIBUAKOCTEH IIATyHIB MEXaHi3My, IO IPU3BOAUTE 10
3MEHIIeHHs 00’ eMy TpadiuHuX NOOYI0B Ta, SK HACIIIOK, 30UIBIIEHHS iX TOYHOCTI.

Kniouogi crosa: MexaHi3M, KiHEeMaTHYHE JOCIIPKEHHS, BEKTOP MIBUIKOCTI, IJIaH IIBUAKOCTEH.

S.0. Koshel, G.V. Koshel. Determination of base-link complex planar mechanisms’ points velocities using graph-
ic-analytical method. The complex planar multilink mechanisms are in increasingly wide use at light industry process
equipment. With respect to the lack of a universal method for these mechanisms’ kinematic studies evident is the relevance of
multilink mechanisms’ kinematic analysis. This research was purposed onto developing an operational sequence for kinetic
research of a complex planar mechanism’s base link points’ velocities using a graphic-analytical method departing from the
theoretical mechanics’ provisions about instantaneous velocity center of the mechanism links, moving by plane-parallel mod-
el. The base-link points’ velocity vectors of the Assur group third class third order for complex planar mechanisms have been
analyzed by graphic-analytical method, determining the position of instantaneous rotation centers of mechanism connecting
rods. This reduces the amount of graphical constructs consequently increasing their accuracy.

Keywords: mechanism, kinematic research, velocity vector, plan of the velocity vectors.

Introduction. The modern light industry machines, do largely use the levered action mecha-
nisms, as these ones do provide both high accuracy and speed of mechanisms operation. The modern
light industry technological machinery is characterized by the following features:

— High speed of the machine’s operative devices motion;

— High accuracy and interaction between various working bodies;

— Complex nature of some working bodies’ movement: one movement cycle may include one or
two mechanism halting at a certain point for a preset time period when reaching certain specified positions;

— Complex motion path of many technological machines’ executive bodies.

Namely these requirements are ultimately satisfied by complex planer multilink mechanisms, still
their kinematics analysis problems are insufficiently developed.

Analysis of recent research and publications. The complex planar mechanisms’ advantages
when compared to others, led to their wide use at industrial machines despite of insufficient structural,
kinematic and force-distribution analysis. The gap between these mechanisms’ practical use and theo-
retical studies is evident at investigation of last decades’ publications: a significant number of re-
searches is devoted to the analysis of complex multilink mechanisms. Some of them deal with these
mechanisms’ structure theory [1], other issues do investigate the planar multilink mechanisms’ force
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distribution and kinematic analysis [2], in particular studying the mechanisms used at light industry [3, 4].
Remain topical researches examining the kinematic study of complex planar mechanisms using any
other possible analytical methods. This is due to the fact that when analysing the variety of upper
complexity classes’ mechanisms we can not determine the universal research technique. In each case
the upper class’ complex mechanisms study requires to implement a stepwise sequence related to the
simultaneous use of multiple kinematic research methods.

The Aim of the Research is to develop action sequences for investigating the kinematics of a
complex planar mechanism’s base-link points velocity using a graphic-analytical method, based on the
determining the positions of the mechanism rods’ instantaneous velocity centers.

Main Body. Let us consider the third class complex planar mechanism (Fig. 1), consisting of the
initiating mechanism (links 0...1) and links 2, 3, 4, 5, together with kinematic pairs 4, B, N, D, K, C
forming the third class third order Assur group.

Fig. 1. Kinematic scheme and complex mechanism velocities’ diagram (variance 1)

Input parameters for the mechanism kinematic study include the link 1 angular velocity
(o;=const, s ') and scale of the mechanism kinematic scheme lengths (K;, m/mm).

We use graphic-analytical method of kinematic study. To solve the problem we apply basic as-
sumptions of the mechanisms’ analysis kinematics theory, theory of mechanisms and machines and
the theoretical mechanics provisions concerning the study of planar-parallel solid body motion.

Determining the complex mechanism’s points kinematic parameters we use the velocities instan-
taneous center (VIS) Ps of the rod 5, whose position is determined using this link’s two points C, D
vector that link moving in a planar direction. At the same time these point C, D belong to two cams 3,
4 (kinematic pairs C, D are formed correspondingly by links 5, 4 and 5, 3) so the velocity vectors are

directed as: V. L CK, V, L DN . The Ps point is located at the intersection of lines departing corre-
spondingly from the points C and D in directions AC L V., P.D 1 V,. Now we shall determine the

velocity direction of the third grade Assur group basic link third point. ¥, L P,B. To investigate the

kinematic parameters (velocities) of the complex link 5 points using graphic-analytical method we
adopt the instantaneous rotational movement of the connecting rod 5 around the VIS — point Ps (the
angular velocity ms direction is chosen arbitrarily, for example, counter-clockwise). Attention is drawn
to the fact that the Ps point position coincides with the position one from among possible special Assur
points S5 of the third class links’ group. It is clearly observable for the other two options of mecha-
nisms’ structured on the basis of third order third group Assur group the Ps coincides with the position
of other possible Assur special points S; and S;: the VIS point match to §; if driving link 1 is connect-
ed to the link 3, and to S, point, when the crank 1 is attached to the link 4.

The velocities’ plans shaping (Fig. 1) starts with the Pb vector departing from pole P onto an ar-

bitrary length considering the ws selected angular velocity, along the direction perpendicular to PsB
segment that connects point B with the link’s 5 VIS.
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We form a system of speed vector equations V,, V;, 173; s VA;O for point A, given that the point
speed which coincides with a kinematic pair formed by crank 1 and the support, is equal to 0 (Vo = 0):

{VATVBTVB;A ’ (1)
V,= VA;O

where V., L BA, V,, L A0.
Resolving the system of vector equations (1) graphically we define the “a” point position and the 4
point absolute velocity vector (¥, = Pa ) on the velocities’ diagram, which is built in an uncertain scale.

On the other hand, the 4 point’s absolute velocity value is found using the conditions of that

point association to the mechanism’s driving link, the angular velocity ®; being given with
Vi=o1log,
where /o4 — crank’s length, m.

Now we proceed to calculate the actual value of velocities’ scale Kv.

It should be noted that when the resulting linear speed direction vector of point A does not meet
the specified direction of angular velocity m,, it is necessary to adjust the length of Pb interval and (or)
to change the chosen complex link’s 5 direction of angular velocity ws into opposite one and proceed
anew to the diagram tracing.

To determine the link’s 5 points’ C, D linear velocity we apply the theoretical mechanics theorem
on determining the points’ velocities of a solid body under planar motion using VIS: the linear speed
of all points at this link represent values proportional to the distances from those points of the body to
VIS position.

The positions of points ¢, d on that diagram are found from conditions for the given vectors’ di-

rections (¥, L B,D;V,. L P.C') and numeric proportion
Pb-Kv Pc-Kv Pd-Kv

P.B PC P.D
Let us calculate the base link 5 points B, C, D linear velocities value on the scale of the Kv plan.
To be noted is that for the velocities’ plane construction we can apply another actions sequence,
namely using the fact that the kinematic pair B is formed by two connecting rods, whose Ps and P,
points’ position can be determined.
So, the link’s VIS can be found at the intersection of two lines drawn from points 4 and B respec-

tively in direction ALV, and P,B LV, (Fig. 1). Then the further actions’ sequence will be as fol-

lows: we build a vector Pa of arbitrary length and determine its scale Kv.

We apply the theorem of similarity to the three points 4, B, P, of the connecting rod 2, whereby
the ratio between values of the mechanism position plane and of velocities plane segments serve to
define the largest segment Pbh, whose direction is Pb L P,B. The C, D points‘ velocities are found us-

ing VIS of the link 5 and the angular velocity ws, which is defined by linear speed V.

The above exposed methods of kinematic study are useful when the complex link 5 two points’
velocity vectors direction is set in an explicit or an implicit form. In this example, the kinematic pairs
D, C are formed on one side by the rod 5, and on the other by the two cams 3, 4. The direction of the
D, C points’ velocity vectors is caused by the rotational movement of links 3, 4 respectively to their
axes of rotation.

At the fourth’ and higher complexity classes’ mechanisms determining the velocity vectors direc-
tion for two points of any connecting rod is not easy, as at such mechanisms they are connected to
each other forming together a closed path of motion (closed moving contours).

Factors acting in complexity aggravating when determining the position of rods’ VIS points in-
clude the links’ structural groups order: the unchanged number of links included to the Assur group
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when their class number greater, can become of lesser order, that is decreased is the number of mecha-
nism’s points with predetermined kinematic parameters used to find the links” VIS position. In this
case, to determine the position of a link’s VIS point recommended is to use two specific singular
points of a complex links within the Assur group, choosing the points whose velocity vectors can be
found using their direction and value.

Here we define the position of link’s 5 specific points S, S, (Fig. 2) as these representing the
pairwise intersection between respective belts’ axial lines 4B, CK and AB, DN

Fig. 2. Kinematic scheme and complex mechanism velocities’ diagram (variance 2)

We compose two systems of vector equations that allow determining at velocities plane the posi-
tion of S, S, points serving as ends of Vs, and V, velocity vectors

Vo =V Vo =Vt Vo s+ Vargs | Ver =V +Verg =Vt Vi s+ Vsrp
Va=Ve+ V51;c =V + VC;K + Vs1;c’ Vea =Vp + VSZ;D =Vy+ o T VSZ;D‘

The found velocity vectors B;,, P,, are respectively drawn from the points S, S» on the mecha-

nism position plane. Their directions serve to define the position of Ps point as VIS of link 5. Now we
can calculate the ms angular velocity value and linear velocities of complex link’s 5 all points.

Results. The advantage of this kinematic analysis method compared to other ones is that the VIS
position for one of the mechanism’s links can be determined using this link’s special points whose
position, in turn, is determined by special points of other links for which we can calculate these points
‘velocities by the value, direction and position of kinematic pairs which are connecting the rods that
form a closed path in a complex mechanism.

Conclusions. Researched are the third class complex planar mechanism basic link points veloci-
ties using methods, departing from techniques of determining the velocity instantaneous centers units,
of links under planar movement. This allows us to optimize the graphic constructions’ volume and,
consequently, to increase their accuracy. The proposed methods can be recommended for similar stud-
ies of fourth and higher complexity class mechanisms when closed notion path (contours).
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