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STRUCTURAL-NON-ASSURING GROUP
WITHIN THE KINEMATIC CHAIN OF SELF-ALIGNING SPATIAL
THREE-LINK CAM MECHANISMS

Abstract. The degree of mobility specified new three-link assuring and four-link nonassuring structural self-
aligning spatial cam mechanism is defined under the new formula. The named formula easily defines a construction
principle of the given mechanisms.
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Introduction. Scientific problem: “Building a harmonious theory of structural synthesis, defining
clear boundaries of assuring and nonassuring structures, creating fundamentally new, statically definable -
self-aligning spatial cam mechanisms, designing and implementing promising and innovative technical
solutions of actuators with rational parameters within drives of various working bodies of agricultural
machines, and also machines of other branches of production ” [1, 2].

Relevance. Structural analysis and synthesis are the initial, early and most crucial phases in the de-
velopment of fundamentally new, statically definable - self-aligning spatial cam mechanisms without
hazardous redundant links and unnecessary mobility. The problem tasks of the development of structural
synthesis methods for self-aligning spatial cam mechanisms are important in the theory of mechanisms not
only from a scientific point of view, but also of great practical importance in improving the technical level
and operational qualities of various engineering sectors. The introduction of self-aligning spatial cam
mechanisms in engineering practice is very effective. The latter will significantly improve operational
reliability based on the proposed actuators. Currently in machinery, inter alia: agricultural one urgently
needs to use fundamentally new, statically definable - self-aligning actuators [1-7]. These requirements are
best satisfied by self-aligning spatial cam mechanisms. They have a sufficiently large load capacity,
durability, high efficiency, lower requirements for accuracy of manufacturing. Ways of further develop-
ment of the fundamentals of rational design of spatial cam mechanisms and the creation of an innovatively
new class of general-purpose machines based on self-aligning spatial cam mechanisms of assuring and
nonassuring structures are relevant [8, 9].

The objects of research are fundamentally new self-aligning spatial cam mechanisms of the zero
family, according to the classical classification of mechanisms by families, proposed by L.I. Artobolevskiy
Academician of the USSR SA. Self-aligning - statically definable spatial cam mechanisms with rigid
chains and solid kinematic pairs and of general functionality purpose are technological in manufacturing.

The theoretical development of rational design of self-aligning spatial three-link cam mechanisms is
based on the further development of the classical approaches of the theory of mechanisms — the
fundamental pillars of the structural theory of mechanisms and machines. Development of the proposed
universal engineering methods for rational design of self-aligning spatial three-link cam mechanisms is
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very important not only from a scientific point of view, but also of great practical importance - they open
up a new scientific direction of research work, provide broad prospects for the design and scientific
development of their unified theory of structure, kinematics and dynamics.

Methods. The idea of developing the proposed engineering methodology is extremely important in
theoretical, practical and engineering activity of bachelor, master and doctor (PhD) engineers in creating
the most common methods of structural, kinematic and dynamic research of nonassuring self-aligning
spatial three-link cam mechanisms. The new structural feature is a structural group and will serve as the
basis for the development of the theory of the kinematic chains of self-aligning spatial three-link cam
mechanisms of non-assuring structure of construction. In creating a harmonious theory of synthesizing
chains of self-aligning spatial nonassuring groups, the NRK will serve as a mathematical tool - a single
key structural formula of the modem theory of mechanisms and machines of Professor R. K. Nauryz-
bayev.

This formula has the following entry:

k=m-1

W=m(n+n+n,—1)— Z(m—k)pk,
k=1
m=6,5,4,3,2.

(1

"A nonassuring structural group is such a single-link kinematic chain, which, when attached by the
outer free elements of pairs to a rack, will have a zero degree of mobility, i.e. tums into a rigid, self-
aligning (statically definable) spatial fixed mechanical system". /Dr. of Technical Sciences, Professor
R K. Nauryzbaev, 2001/.

The elementary group is a non-assuring group (figure 1) single-link with the number of moving links.
Its degree of freedom equals to zero. The condition of group structural synthesis is determined by a system
of algorithms of the following form:

Wy =6n—58 —4P, -3P, -2P, - P, =0,

n=1,

P =1,

P=1LP=0 P =0, (2)
P =1,

m=06,

(n+n,-1)=0.

The formula for the structure of a group is that a non-assuring structural group is defined with an
entry of the following form:

— 1 (n). 3)

The class of a group — a nonassuring structural group — is determined by the number of kinematic
pairs with which the group joins the rack.

The order of a group — a nonassuring structural group — is determined by the number of kinematic
pairs with which the group joins the rack. For example, a space group — a nonassuring one-link group
(figure 1) belongs to the zero family according to the general classification of kinematic chains of zero
mobility, according to the rank recognized by the structural group, according to the families of Acade-
mician of the Academy of Sciences of the USSR, Doctor of Technical Sciences, Professor 1.I. Artobo-
levskiy, (m = 6). The new concept structural group is a nonassuring group in the kinematic chain of a self-
aligning spatial three-link cam mechanism of 1" class of the zero-family (figure 1). This is a very im-
portant structural feature from the position of the modern theory of mechanisms and machines. Thus,
a spatial group is a nonassuring structural group in the chain of the cam mechanism (figure 1), this is a

— ) ——
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Figure 1 — The single-link structural group is a non-assuring structural group of the 2nd class
and the zero family of the 2nd order

.
VA 2 :
5

Figure 2 — Zero degree of mobility is a rigid self-aligning (statically definable) fixed spatial mechanical system

Table 1 — Fundamental classification of kinematic pairs of A.P. Malyshev in 1923

No. of class of kinematic pair 1 1I T v v
S —No. of superimposed connections of kinematic pair 1. 2. 3. 4. 5.
W,dn_ = No. of degrees of freedom of kinematic pair 5 4 3 2 1

single link kinematic chain, which, after connecting the pair to the rack with the outer free elements, will
have a zero degree of mobility, i.e. turns into a rigid statically definable spatial mechanical system (figu-
re 2). In numerous constructive varieties of a single link kinematic chain (figure 1) almost all types of
kinematic pairs may be present according to the classification of Doctor of Technical Sciences, Professor
A P. Malyshev.

The fundamental classification of kinematic pairs in the form of table 1 was first developed by
AP. Malyshev in 1923. In the system of algorithms (2) - the condition of the structural synthesis of the
group, the indices of kinematic pairs correspond to the degrees of freedom of this pair construction. In
accordance with the table in the system of algorithms (2) the number of superimposed connections - (S)
corresponds to - (Ne) class of each kinematic pair. Kinematic pairs are of I*', ™, e, v, v class.

Cam mechanism is the base of the chain of which is single-link group, is a nonassuring structural
group, which called a self-aligning (statically definable) spatial three-link cam mechanism of a nonas-
suring structure of the construction - figure 3.

Self-aligning i.e. statically definable. 1-leading link (cam), modeled by the parameter (7;,) - 2-slave
link (rocker) is modeled by the parameter (#) - 3-rack (bed).

A new principle of formation (of logical formation) of self-aligning (statically definable) spatial
three-link cam mechanisms of nonassuring structure consists in joining the driving link — to the mecha-
nism of the I class and the rack - of nonassuring structural groups. The formula for the structure of the
mechanism (figure 3) will be written as a record of the form:

1(13)——>17 (2) )




N E W S of the Academy of Sciences of the Republic of Kazakhstan

n=1,(+m)=2,

W=6(n+n)-58 - F=1,
B=2,P-1

m=a.

Figure 3 — The self-aligning (statically definable) spatial,
three-link cam mechanism of a nonassuring structure of the I class and of the zero family.

m=6 n+m)=2, =2 P =1

From the formula (4) of the structure of the three-link spatial cam mechanism the following is
obvious:

- 1 (1.3) there is a formula for the structure of the mechanism of class I, cam 1 with a pair of P; with a
rack 3. 11 (2) - there is a space group of the NRK - nonassuring one-link self-aligning (statically definable)
group of the 1" class and zero family, 2™ order — link of 2 models - with pairs P, and Ps (figure 1).

TSCMNS

Figure 4 — TSCMNS development

SM1 - self-aligning two-link, leading cam mechanism of I - class with the number of degrees of
freedom W = 1. This mechanism consists of a leading link 1-(n1) and a rack 3. The number of degrees of
freedom of a mechanism of I class is determined by following formula:

W, =6m-5F=6-1-5-1=1. (5)

NSG - space group - nonassuring structural group, link 2-kinematic chain from one link (n = 1). The
number of degrees of freedom of the spatial group — NSG — of the nonassuring structural group is
determined, for example, by the following formula:

W, =6n-5P-P,=6-1-5-1-1=1. ©)

TSCMNS - three-link self-aligning cam mechanism of nonassuring structure. Note that in the
development of the classical structural formula (6) of P.O. Somov - A.P. Malyshev has the following form
of record [1-3]:

W=6n+n+n,-1)-5P-4P, -3P,-2P, - P,

_ (7
m=06.

P.O. Somov (1887) — A.P. Malyshev (1923) — R K. Nauryzbaev (1991).

Results. Let us highlight some of the fundamental differences between the classical-elementary
Assur group and the nonassuring group, a single-link structural group.

— ] ——
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Table 2 — Differences between Assur and nonassuring group:

1. The elementary Assur group is two-link with the number | 1. The elementary nonassuring group is one-link with the number

of moving links (n + n;) = 2 (see figure 5). of moving links n = 1 (see figure 1).
2. The Assur group cannot be divided into simpler indepen- | 2. When joining the leading link and the rack of a nonassuring
dent kinematic chains of zero mobility. group, three-link cam mechanisms do not fit into the framework

3. Classically, the principle of the formation of self-aligning | of Assur classical structural theory.
four-link cam mechanisms is attached to the drive link and | 3. The new principle of formation on the basis of nonassuring

the rack of assuring groups of two moving links. groups allows to synthesize nonassuring mechanisms with different
4. Elementary mechanisms of Assur - four-link cam mecha- | design and functional capabilities, in particular, three-link cam
nisms, self-aligning flat and spatial. mechanisms with self-aligning features of the structure (figure 6).
Structural group
> Assur Nonassuring

Classic structural attriburte in kinematic chain of self-alig- | New structural attribute in kinematic chain of self-aligning cam
ning cam mechanisms. mechanisms.
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AnnoTtamust. JKyMbICTa KOPCETINTeH KAHAIBIK YII 3BCHOJIBI ACCYPIIBIK EMEC KOHE TOPT3BCHOIBI acCypP KyphI-
TBIMIBIK ©31KAIBINTACKBI KEHICTIK >KYABIPHIKIIAIGI MEXaHH3MICPAIH CPKIHIIK JOPEKE CAHAAPhl TEK ’KaHA Kypbl-
TBIMIBIK  (OpPMyJIAMEH aHbIKTamagsl. KedripinreH (OPMYJIAHBIH KOMETIMEH YII3BCHOIBI >KOHE TOPT3BCHOJBI
ACCYPIIBIK MKOHE ACCYPIBIK EMEC MCXaHU3MACPAIH KYPBUIFBLIBIK IIPHHITUITSPI OHAH IICIIIIC L.
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AnHoTtamusi. B cTaTthe CTPYKTYpHas—HEacCypoBas IpyIIia B COCTABE KMHEMATHUCCKOM LEIMH CaMOYCTaHAB-
JMBAIOIIMXCSI TTPOCTPAHCTBEHHBIX TPEX3BCHHBIX KYJAYKOBBIX MEXAHH3MOB OIPEICICH MOJ HOBOH (DOPMYIIOH.
Hazpannas gopmyra JIETKo OMpeaesieT IPHHIUITHAILHOE CTPOUTEILCTBO TAHHBIX MCXaHH3MOB.
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