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ACTIVE LINK IN THE KINEMATIC SCHEME WITH INSTANT
KINEMATIC INDEFINABILITY
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Abstract. Examples of four-linking hinged-lever devices wiétspecial position of links, in which
their kinematic pairs are located on one line,cmesidered. Analyzed the properties that ensure the
certainty of the movement of the output link. It sv@proposed to consider the lever shock
mechanisms of S. Abdraimov as mechanisms of variatslicture with amnstant, non-retaining,
active bond.

AKTUBHAS CBSI3b B KI/IHEMA]:I/I‘IECKOFI CXEME C MTHOBEHHOM
KUHEMATUYECKOU HEONPEJEJIUMOCTbBIO
Ab6opaumos 3.3., A6oypaumoe A.E., A6opaumos 3.C.

KiroueBble ca0Ba: MIapHUPHO-YCTHIPEX3BCHHBIN MEXaHU3M, W30BITOYHAS CBSI3b, aKTUBHAS CBS3b,
HEOMPEICIEHHOCTh JBIDKCHUS, MEPTBAs TOYKa, phldakHbie yaapHuku C. AOapaumosa, 3a30p B
LIapHUpe.

AHHOTanusA. PaccMOTpeHBI TpUMEpPHl YETHIPEX3BEHHBIX IMAPHUPHO-PBIYAXKHBIX YCTPOMCTB C
0COOBIM ITOJIOXKCHHWEM 3BEHBEB, B KOTOPOM WX KHHEMAaTHYECKHE Mapbl PACIOJIOXKCHBI HA OJHOW
mmand. [IpoaHanmm3upoBaHbl CBOICTBA, oOecneynBarOmIne ONPEACAEHHOCTh JBMKCHHS BBIXOIHOTO
3BeHa. lIpeanokeHO paccMaTpUBaTh pHYAKHBIE yaapHble MexaHm3Mbl C. AOmpammoBa Kak
MEXaHU3MbI IEPEMEHHON CTPYKTYpPbl C MTHOBEHHOH, HEYIEPKUBAIOIIICH, aKTUBHON CBSI3bIO.

The lever shock mechanisms proposed by S. Abdrainaged on a hinged-
lever four-link mechanism of a crank-rocker typehaa special position in which
all kinematic pairs are located on the same lineetestablished themselves above
all by ease of manufacture and high efficiency.

Many years of experience in creating, formed araidé the nature of the
motion of the input and output unit - crank andkexcdrummer at the time of the
strike. The peculiarity lies in the fact that th@dmatic connection of the rocker
arm with the crank in the area close to the impaud, therefore in the area close to
the special position of the links, is practicalbgt. The mechanism is dual-motion.

About this feature of the four-link lever mechanisnth a special position of
the links has long been known. For example, in iask Reshetov L.N. [1],
describing the peculiarities of schemes with “degation of Assur groups”,
indicates their inherent “harmful mobility and rediant bonds” in a “dead
position” (Figure 1, solid lines).

To exclude the second mobility, without specifyiadditional generalized
coordinates to the output link, i.e. without usitite second drive, practicing
machine scientists, once the common drive mecharfignthe driving wheels
(sparok) of a locomotive, many design techniqueewseaggested. Of all the variety
of techniques, in the locomotive technique has doudhe use of the second
connecting rod with a spaced "phase of movemen@0afegrees (Figure 2).
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Fig. 1. The mechanism of a parallel crank in a dezsition (solid lines) and in an
arbitrary (dashed lines) [1, p.81]

/ 0

The overwhelming majority of authors agree on tresence of a dead center
in this mechanism. This reflected Kraynev A.F.2np$.217].

Figure 3a shows the scheme in which BB, rocker, due to inertia, passes
the dead point. At the same time, having definisenef movement, the yoke
together with the connecting rod turns out to bene of “two possible positions”
either at poinB'; or at pointB".

6)
Fig. 3. Dead point (according to Kraynev A.F. [2])

In many cases, the exclusion of ambiguous direatformotion occurs at the
expense of inertia forces. But for low-speed medmas with small inertia forces,
constructive solutions such as forks-hooks werg@gsed, examples of which are
shown in Fig. 30, B, r. Subsequently, for "mechanisms of parallel cranksese
solutions were transformed into a scheme with igbdst kinematic pair - toothed
gearing, which made it possible to raise the trassion speed of the mechanism's
rotation and abandon the second connecting rod.
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Apparently, the opinion of the presence of a deasltion for the movement
of links, in any direction, was formed by the firghachinist practitioners,
somewhere at the turn of the end of the 18th cgntuhe beginning of the 19th
century. In the period of the birth of the indusitrievolution, on the first samples,
the mechanism probably broke down in a specialtiposiOf course, we are not
able to provide concrete examples in support ofaieve. But it can be assumed
that the first cause of breakdowns at that time waasociated with errors in
manufacturing, leading to gaps in the hinges, duetich the efforts on the links
occurred in a coaxial direction, causing both tbeuorence of peak stresses and the
uncertainty of movement in specific moment.

The modern level of technology allows minimizingethimpact of
manufacturing errors and virtually eliminating tbeaxial direction of effort. This
makes it possible to challenge the assertion attmuidead center. Although, the
presentation of the submitted authors already eseat contradiction: on the one
hand, it is argued that the second mobility is fimssn the opposite direction, on
the other hand, even the “double dead point” argues

It may be noted that the second mobility of thepautink is inherent in all
mechanisms of the second class, in which a twodbr&ssyrian group is used with
leads that create a special position of the links.

In particular, we consider a crank-slider mechaniamch is derived from a
hinged-lever mechanism in which the leading cramkeplaced by a link with a
progressive kinematic pair. For convenience of gueion, let us consider the
classic, for modern automobile engines, axial lay@there the axis of the slide
passes through the axis of the crank (Figure 4).

In the special position of the mechanism correspmndo the extreme
positions of the slider, and the crank (output )itk both positions marked “DP”,
the crank has a second mobility. The second mgpittanifesting itself in the
opposite direction of the crankshaft of the engomyld have resulted in injury to
the driver. When starting old models of engines uadly, the start handle could hit
the driver’'s hands. In this case, special driveltssivere required to avoid injuries
to the hands.

The main feature of the considered scheme is witading polisher and a
driven crank, the occurrence of coaxially direcédiibrts along links at both points
“DP” (dead point), creating a dead position for thevement of links.

Fig. 4. Diagram of the axial crank-slider

mechanism Fig. 5. Diagram of the variable class

mechanism
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However, if the leading link is a crank, and thdesl is driven, as in presses,
then the coaxiality of the efforts does not aried ¢here can be no dead position.
Only violation of the operating conditions led todaad position, i.e. jamming
presses.

Noteworthy is the experience of creating clutchlpsssses based on slider-
type slider-type circuits, in which the length @fycrank 1 and connecting rod 2 are
equal: L1 = L2 [3] (figure 5). When combining thesaof rotation of the kinematic
pair on the slider with the axis of rotation of tkeank, the circuit creates a
condition for an additional bond that holds theletion the support. As a result, an
idle mode appears in which the slider, remaininglacte, does not make a working
stroke, while the connecting rod continues to ei@bng with the crank. In idle
mode, the press is converted to a first-class nmsima In the operating mode,
when the circuit is converted back to the secomgdscmechanism, the slide stroke S
can get more than four crank lengths L1.

It should be noted Artobolevsky L.I. in the refecermanual [4], did not use
the phrase “dead point”, used only the term “motigrcertainty” or “position
uncertainty”, both for the pivot-lever mechanisnisg(re 6) and for the crank-
slider mechanisms.

Fig. 6. The mechanism of a double articulated pelcagram (according to
Artobolevsky L.1. [4])

The term “mechanism with instantaneous kinemataefimability” is the
most accurate description of the characteristiam@thanisms with the uncertainty
of movement. This term was met by S.N. Kozhevnikaw,noted by Fokin Yu.A.
[5]. Fokin Yu.A. identified three types of mechans with kinematic
indeterminacy: 1 - at any position of the links; @n a segment and 3 - at a point.
The last third kind of mechanisms is the subjedistussion in this article.

In our opinion, as a clarification of the termingjoused, the following
should be noted. If the movements of links are rkiatgcally indefinable at a point,
then this group of links cannot be called a medmanisince this contradicts its
definition. By definition, a mechanism is a kinemathain that transforms one
specific movement of the input link into the dedireovement of the output link.

Therefore, in case of uncertainty of the outpuk Imovement, it is more
correct to replace the word “mechanism” with th@ression “kinematic scheme”.
In other words, the kinematic scheme with instaatas kinematic indeterminacy
turns out to be a mechanism in the case of theiaddi use of links providing the
given law of motion of the output link in a partiauposition.
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Instant kinematic indeterminacy arises in a spepdadition not due to the
influence of gaps in the hinges. It is presentanesnes with ideal connections due
to the fact that the links in a special positioe &ned up where degeneration of
Assur groups occurs.

As noted above, many approaches have been deveiopi@ practice of
design, to ensure the required law of motion at iti@ment of instantaneous
kinematic indeterminacy. Of all the variety, choad®se cases in which the
certainty of motion is achieved due to the occuweeof bonds along the geometric
surfaces of the contacting bodies. Due to the $igp@rapproach to this topic, and
as a result of its static indefinability, all casase combined using additional
redundant or passive connections.

The main feature of redundant (non-harmful) bosdbat they “do not affect
the nature of the movement of the mechanism asaevf6, p.39]. Although it is
precisely on this basis that the presented exangdléise use of additional links,
which ensure the certainty of movement in specitdagons, and therefore
"actively affecting the nature of the mechanismtgian,” are simply erroneous to
combine with redundant links. Moreover, despite thterence material on the
parallelogram mechanism with the second connectdgthis scheme is presented
in all new textbooks on the Theory of mechanisnmachines as an example of a
mechanism with a passive link. Korenyako A.S., haavenoted [7, p.22] "in some
cases, passive connections are necessary to aerestaety of movement.” As an
example, he gave a hinged parallelogram, in whibk tranks are connected by a
passive link - the second connecting rod". The térepetitive communication”
proposed by Ozol OG [8, p.39], yet better refldbs essence of the "locomotive
mechanism".

Indeed, the links involved in the "certainty of neowent" of links, and
therefore the whole mechanism should be considesghrately. Examples of
various designs show that the considered bondsbeahoth retaining and non-
retaining of instantaneous action, while they “aslly influence the nature of the
movement of the mechanism” in a particular (undefinposition Then, in our
opinion, one can call them “active bonds”, as ssgge in [9]. For example, the
drive of locomotive wheels is an example of actieepling of the holding type, the
rest, fig. 3,0, andr - are examples of non-retaining active instantasdmmonds that
ensure the certainty of motion at the instant oftantaneous kinematic
indeterminacy. Discussion of the features inhenerdctive relations will allow us
to introduce an understanding of the creation of teverage devices. Moreover,
the lever devices with non-retaining active insaaebus coupling due to their
peculiarities can be classified as variable stmgctnechanisms (MVS). An example
would be the lever shock Mechanisms of variablecstire of Abdraimov S., whose
structural features are noted in [9].
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