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Cyclogram mechanisms machine-automaton can be represented as vector polygons, while maintaining the visibility
of existing linear cyclogram and the possibility of using computers to optimize cyclogram mechanisms of machines,
taking into account the accuracy of their production and work, as well as the mechanisms of interaction with each other.
As a result of multi-objective optimization decision problem, we obtain the optimum point, whose coordinates are the
phase angles of triggering mechanisms, ie, we obtain the optimum cyclogram mechanisms of machine-automaton.

Theory of cyclogram, including the synthesis and
analysis of cyclic diagrams of machines and automatic
lines, is one of the main parts of the theory of design
of automatic machines [1]. Cyclogram machine-
automaton is a sequence of operations performed by
mechanisms depending on the angular displacement
of the main shaft. Cyclogram makes it possible to
determine the state of dwell or motion of each
mechanisms for any position of the main shaft.

The most modern methods of modeling
cyclogram are two methods: the network [2] and the
presentation cyclogram in the form of associated
directed graph [3].

Cyclogram mechanisms machine-automaton can
be represented as vector polygons [4], while
maintaining the visibility of existing linear cyclogram
and the possibility of using computers to optimize
cyclogram mechanisms of machines, taking into
account the accuracy of their production and work,
as well as the mechanisms of interaction with each
other. To obtain a mathematical model of the
interaction mechanisms of machine-automaton with
each other instead of segments, we introduce
cyclogram of the vector (fig. 1) which are connected
to each other, with the vector directed sequentially
from one position to another - is denoted by the letter

of the vector /.. , n — number of mechanisms, i —
y

number of mechanisms, j — number of position i —

mechanism, 7, — number of position i — mechanism.

Moreover, the projection of the vectors £;; on

the X axis describes o, — phase angle triggering
mechanisms, and the projection on the Y-axis indicates

the value of movement 6, j— position of i —
mechanism, introduced as a dimensionless quantity
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where S, — movement of j — position of i -
mechanism (dimensional quantity).

S

o =MAX S, i=1,

Introduce vector P connecting point of

beginning and end of the cycle. Projection vector P
on the X axis is equal 27, on the Y axis is zero. In
research cyclogram machine-automaton must take
into account technological and structural constraints,
ie precision manufacturing and work mechanisms,
as well as connections of work mechanisms among
themselves. Interaction mechanisms with each other
reflected in the form of vectors of connection ¢,,
where k =1,..,r, , »;/— number of vectors connection
of i — mechanism emerging from j — position.
Direction vectors connection refers to the sequence
of triggering mechanisms. The projection vectors
connection to the X axis describes the time lag trigger
mechanism, and the projection on the Y axis — the
difference between the maximum displacement
mechanisms.

Impose cyclogram mechanisms at each other
with zero vectors O (fig. 1) connecting the boundary
points of cyclogram mechanisms for Y axis.

Up a system of vector equations, describing the
mechanisms of machine-automaton in accordance

(fig. 1).
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Fig. 1. Vector model cyclogram

Vector equations (1) describe the joint operation
of mechanisms of machine-automaton. Project
vector equations (1) on the axis X and Y.
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at o, — phase angle triggering mechanisms, and
movement §, — imposes constraints

a>a;, 828,28, ©)
where ' — the minimum allowable phase angles
triggering mechanisms, determined from the condition
of efficiency mechanisms, &;,5; — upper and lower
limits of the designated designer.

On the projection vectors of connection imposes
constraints

€y 2Cx 26, s €F 2CL 20 4)
where c;' =e, +Ac,, c)' =e,+Ac,; e;,e,— the
minimum allowable projection vectors of connection,
defined by the technological conditions, Acj,Ac;, —
error projection vectors of connection, c¢;’,c}’ —
upper limit imposed by the designer.

Equations (2) and constraints (3, 4) describe the
joint work mechanisms (cyclogram) machine-
automaton. In steady motion machine-automaton with
a centralized control system main shaft rotates at a
constant speed w=const , then a transition to the
times of operation mechanisms 7, formula ¢, = o, /@,
and the period of the cycle T=27/w.

Optimization of cyclogram mechanisms allows
to solve the task of raising the actual productivity
machine-automaton by increasing the reliability of its

2” +?,2 +Z’13 +ZM +215 +?,6 =P, ZZ, +222 +Z23 +?24 +?25 =P ?3, +232 +333 +234 =P,

En Z?m +z22 "211 —212 _é’ 531 =z21 +zzz "Zu +6> 532 :Zu

mechanisms. Here we choose the mechanisms that
need to reduce the dynamic loads in order to increase
their durability. The target functions assign the
maximum stresses in the links of the selected
mechanisms (contact, bending, twisting, etc.)

D, (4)=maxo,(A4) (5)
where v — number of selected mechanisms 4 — a

point with Cartesian coordinates. The result is a
multicriteria problem

where D — the feasible region, which is determined
by constraints (2-4).

To solve the multi — objective task (6) using the
methodology proposed by in [5], and finally obtain
the optimum point 4,,, whose coordinates are the
phase angles of triggering mechanisms, ie, we obtain
the optimal cyclogram of the mechanisms of machine-
automaton. In addition to the objective functions (6)
can be used, and others.

Example. For, when optimizing cyclogram
mechanisms involved in paving weft yarn loom STB1-
330PN to increase its actual productivity were taken
two criteria: the reliability of transmission of weft
thread microshuttles and switch time change color
weft thread. In the process of paving the weft thread
comprises three mechanisms: mechanism of
compensator weft, mechanism of lift microshuttles,
mechanism of opening spring microshuttles. Vector
model cyclogram mechanisms is shown in fig. 2.

Up a system of vector equations, describing the

work of mechanisms loom STB1-330PN (fig. 2. )

P ; (7)
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Fig. 2. Vector model cyclogram mechanisms involved in paving weft yarn loom STB1-330PN
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Fig. 3. Approximate compromise curve

We project the vector equation (7) on the axis x
Q + QO O, F O T O =2, Oy Oy, O+ Oy F O =27, O Oy, F Oy O, = 271} )
X X b SR
=y H 0y — &y — Qs Oy = Ay F 00 =0~y C3p =y T 03 — QY — 05 — Qg

At phase angles triggering @, of mechanisms imposes restrictions

iy 250 i, = O gty 2 15,00, 2 8 i, = TOO s, 2800, 22070, 2 60",} )
a,20,a,, 2700, 2120", 0, 270,01, 20", 02,, 270", 2, 2100",
On the projection vectors of connection imposes As aresult, we have the following optimization
constraints problem: subject to constraints (8) - (10):
I'seh <7, 1<}, <8, I's¢), <6, (10) @, =1/a, >min, ®,=1a, >min, (11)
From the experiment found that for more reliable A solution of problem (11) is an approximate

feeding and capture threads of tracer should increase ~ compromise curve (fig. 3). From the analysis of this
the time of issue threads, ie, the need to increase the  curve, we find that the most plausible point A, ,,, .

phase angle «,, corresponding section of issue This point corresponds to the following values
threads. To improve the reliability of the switching  of the phase angle triggering mechanisms:
mechanism of color change must be expanded phase a,=76,a,=15,a,=16",a,, =18 ,a,, = 150",
angles «,;,. @, =87 -0, = 23", =67,
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a,,=38,a,, =80",,, =146',¢,, =86, x,, =16,
a,=75,a,, =181

Conclusion.

Optimization cyclogram mechanisms can solve
the problem of elevated actual productivity of
machine-automaton due to an increase reliability
discounts its mechanisms. In this case we are selected
mechanisms, which is necessary to reduce dynamic
loads in order to increase their durability. The
objective functions set a maximum stress in the links
of the selected mechanisms (contact, bending, torsion,
etc.)

As a result of multi-objective optimization
decision problem, we obtain the optimum point, whose
coordinates are the phase angles of triggering
mechanisms, ie, we obtain the optimum cyclogram
mechanisms of machine-automaton.

Compared with other methods of optimizing
cyclogram mechanisms [2, 3], this method takes into
account the accuracy of manufacturing and operation
mechanisms, to carry out optimization on several
criteria.
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Pe3iome

ChI3BIKTBIK UMKJIOTPAMMaHbl CaKTai OTbIPBIN XOHE
oJlap/ibl JadblHAAY MEH iCKe KOCBLTY I8JMIriH, COHbIMEH
Kartap MexaHu3MIepaiH 6ip-0ipiMeH acepliecyiH ecKepe OTbl-
pbin, O9EM MYMKIiHIWINITiH KOJOaHbIN MEXaHH3M LMKAOT-
paMMacblH OHTaHNaHABIPY YILIiH MalllMHa-aBTOMAT Mexa-
HU3MiHIH LUKJIOrpaMMachl BEKTOPJIbI KOT OYphIll TYpiHIE
kenTipingi. Kerm KpuTepuiiai ecenrepi ey KesiHae Mexa-
HU3MHIH iCKe KOocbuty dazanapbl KOOpAUHATA GONbIN Tabbi-
JIaThIH HYKTECiH, IFHU MallMHA-aBTOMAT MEXaHU3MIiHIH OH-
TaW/bl UMKJIOIPAMMACKHIH aJ1aMbl3.

Pestome

[luknorpaMma MEXaHM3MOB MalIHHbI-aBTOMATa NIPE/CTaB-
JICHa B BUJIE BEKTOPHBIX MHOTOYTOJIbHUKOB, COXPaHss NIPU 3TOM
HanIsAHOCTh CYINECTBYIOUIMX TUHEHHBIX HUKIOrPaMM U BO3-
MOXHOCTh MCIOJB30BaHUg OBM g onTHUMHU3aLMU LUKIIOr-
paMMBbl MEXAHU3MOB € YYETOM TOYUHOCTH MX U3TOTOBJIEHUS U
paboThl, a TaKkKe B3aUMOAESHCTBUSA MEXAHM3MOB PYT C APYTOM.
B pesynasrare pelleHHs: MHOTOKPUTCPUANIBHOM 3a/1a4M, TOJTy-
4aeM ONTHMAa/BHYIO TOYKY, KOODAMHATaMU KOTOPOH SABASIOTCS
(a3oBeIe yribl cpabaThIBaHMs MEXAHU3MOB, T. €. [0J1y4YaeM Ori-
THMAaNbHYIO LMKIOTPAMMY MEXaHU3MOB MAllIMHBI-aBTOMATA.
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