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Resume

Achieving labor efficiency and maximum productivity in the context of
scientific and technological progress is a major challenge. A special place among
them is occupied by the transport industry, in particular the transportation of
people or cargo to a predetermined distance using ropeways. The development of
mountain resorts, increase of mining activities, put on the agenda the development
of such mechanisms as nonsupported pendulum suspended ropeways (MNPSR).

MNPSR-s low levels of energy performance are mainly due to work cycle
delays and electrodynamic processes in the moving mechanical part. These factors
are directly related to the dynamic properties of the electric motor control system,
in which the characteristics of the moving mechanical part of the MNPSR play a
crucial role.

The moving mechanical part of the PSR-s is particularly complex and is a
multivariate system with flexible connections, movement function, and wide
range movement when moving end cabins. In addition, when moving the end cab,
the lift angle changes due to the bending of the load-bearing rope, and
consequently the tension caused by the end cab on the traction rope. Because of
this the load torque on the engine shaft changes. In addition, in the mid-axle PSR-
s, the load moment and the structure of the model of the moving mechanical part
(SMMP) of the electric motor change as it shifts to the support of the end cabs,
resulting in an SMMP-s structure shifting from one to three parts in one cycle of
operation. Because of this, electromechanical oscillations generating destructive
effects on the mechanical part are generated in the electromechanical part of the
electric motor. They cause, on the one hand, intensive wear and tear of the
components of the moving mechanical part and premature decommissioning, and
on the other hand, complicate the positional control of the end cab due to the lack
of dynamic performance characteristics in the automatic steering system.

Based on the above, the aim of the dissertation was to develop a positional
control system for electric motors of CCBs, which will be based on the calculation
model of a fully moving mechanical part, which will take into account the listed
shortcomings of the existing SMMP-s.

To achieve this goal, the following tasks were planned: study of the
positioning modes of the electric motors of nonsupported pendulum suspended
ropeways and its processing in such a way as to achieve the maximum speed of
movement of the end cabins and accuracy of control; Development of an optimal
tachogram of the traffic of the MNPSR, which will increase the productivity of the
mechanism and the accuracy of the control system; Develop an optimal movement
diagram of the electric motor, which will take into account changes in the
trajectory of the end cabins and the structure of the moving-mechanical part;
Establish a position control system for the electric motor of the MNPSR, based on
the optimal tachogram of the developed movement to ensure the rapid operation
of the mechanism to increase productivity and high accuracy of management.



The following results were achieved as a result of solving these tasks: the
SMMP of the mid-axle MNPSR electric motor was developed, which takes into
account the effect of the coefficient of friction between the tow truck and the
traction cable; The method of calculating the load diagram of the electric motor of
the intermediate rocking end ropes was developed taking into account the
movement trajectory of the end cabins; Compiled by an intermediate-stranded
limb ropeway of the moving-mechanical part of the ropeway, which includes both
the masses of the kinematical scheme and the interconnection between the masses
of the wheel and the rope;

The processed paper has practical values, from which we can distinguish: the
electric motor control system processed in the paper, optimizing the mechanical
dynamic processes generated in the moving mechanical part, reduces the intense
wear of the kinematic circuit elements and eliminates their damage due to
dynamic shocks. Also, based on the optimization of electromechanical dynamic
processes, electricity losses are reduced in the power elements of both the electric
motor and the power grid, which in turn ensures an increase in the energy
efficiency of the nonsupported pendulum suspended ropeways.

The proposed positional control system of the electric motor can be used both
for the design of the electric motor control systems of the new MNPSR, as well as
for the modernization of the existing MNPSR.

The developed electric drive control system of the MNPSR is characterized
by high reliability, ease of execution and further operation, and it does not require
highly qualified electrical personnel in the service, which is quite important for
such mountainous places where these mechanisms are used.
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0 6)(71(30 t 2 t4—8'
SBgotrgds:
( pa(t — tao) MG by St S by
. —Qy 6)("160 tys <t< tys; 58
- —a5+ p(g(t — t12) 6)(")8-:) t4-6 <t< t47; ( )
0 6)("160 t4,7 <t
290095000 gd0L LoBJsMy:
( t—ty)?
vt42 - M 6)("),(30 t4,2 S t S t43;
Vega — as(t — t OM3S  tyy St < tyc;
V= t44 a( 4&)_ . )2 6] 44 45 (59)
Ut46 - aa(t - t46) + pa% 6)0')—8() t46 S t S t47;

BSOS Va2 Veaar Vess~ DOIBMOO LoBJo6gs Tglodsdol cmmgddo - ty,, thy,

t46

396300 dsbdogro:

71



( pa(t — t42)?

St42 + Utﬁ(t - t42) - 6)(")-8:) t4,2 S t S t43;

6
ay(t — t4s)?
S = Staa + Veaa(t — t4a) — — OMGES  tyy <t < tys;
ayg(t —tae)®  pot — tag)’
Stas + Veas(t — tae) — > + G OMGES  the St <ty
\ 0 OIOTEN ty7 < t.
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bb@f)e St42’ St44’ St46 - 60630@0 80660@00 801):)6:)801) @6)(")0680 t42, t44,
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2.3. 393%-0b 9egd HMModdMm30L mdMsmdOL M3BH0TSGO Gsdmy®sdol
d0d0ol g5bLab®zMs

1) @®sbol bogMdg: I = 500 + 1500 0;
2) BH®sbob EsbMol 3mmbg: a = 0 + 45°%
3) 300 350060L (H9350Mds: 8 — 60 50530560;
4) 9D0O d5060L OsdgBHMo: d = 21 — 45 30;
5) 95gbodsgrm®o bLoBdo®g: vy = 6 — 12 3/§0;
6) dBoo dogoMo 3390m0: ¢ = 175 — 317 99%
7) 300 dog0Mol dsbs: m = 1.6 — 3.2 33/0;
8) 193560l Msombo: r = 0.026 — 0.064 3/65;
9) 350060 Logmaco fmbs: G, = 1050 — 2550 3p,.
2563L5B3Mgm LT GodEmGo:
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X3 = 1”2605
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My 606 = My 906 = Gopa.aos T G ys8.006 + G 3g606
MY g = M a5y = Gopoasgy + G oo + Gapasgs
Ga.a06 = Gaos ™ Lo.gos
Goapy = Gasgs* La.asp
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SHEmb s IO 330 3500693l F9glodsdgds, 33; G5 - Iz LoaMdol dogoMmol
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0mboss, 33; 15 - dogoMOL LOHO Loa®madgs, 3.

III gog@mMo:
Cor Cops " lppaos + Cs
e
Cops " Lps.asy + Ca
C = 62
X Copalpaas * Co (62)
C _ COﬁB.lﬁ'f}-l_C@
227 Copa Ugp™ Co
UG Ciomsy - 905398 0358 ©oygsboo dbo@o Bogomol

Loboli@gs, 63/Moq; E5 - 30O d530600L 9esli¢or)OHmdol dmvyeos, 3g/00%
qs- 3D0O 0530600l 3390005, 33% Iz - 58363 dMOBIWLS S ©930MOGLIQ
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3b0. 2. gs5gBHMMIdoL 35M0MYdOL 3m9R03090EJO0

Xi Xioo6 Xivsg Xiass
X;=-1 X;=0 X;=+1

X.(J',389°) 2.0 25.0 48
X(J", 3899 2.0 25.0 48

X3(C', 63/ ®s) 12.8 149.7 286.5

9939600396 0L 295 FoMdmygbowros 3b6. 2 -8o:
3gb®. 3. 9Ju39M0dgbEol 4gads
odus. | Xo | X1 | Xo | X3 | XiXp | X1 X3 | XoX3 | X1 Xo X5 P p
oM.

1 + - - - + + + - 0.0409 | 0.0414
2 + + - - - - + + 0.0318 | 0.0317
3 + - + - - + - + 0.0167 | 0.0166
4 + + + - + - - - 0.0159 | 0.0159
5 + - - + + - - + 0.0379 | 0.0379
6 + + - + - + - + 0.0303 | 0.0304
7 + - + + - - + - 0.0390 | 0.0394
8 + + + + + + + + 0.0328 | 0.0327
9 + 0 0 0 0 0 0 0 0.0303 | 0.0307

9653500 (3302500056 259Mobengdsl sd3b 99dgao Laby:

p = 0.037 — 0.03X, — 0.046X, + 0.005X; + 0.0012X, X, — 0.005X, X5
+ 0.05X2X3 - 0.009X1X2X3
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mdsbo 1:

(—)? Gogs 0S5 < 5,5

\/Vt% +2a,(S — Si2) 60> Siy < S < Siz;

Vt2 + aa

5 60E> Siz S < Sis;

Vt3 6)("180 St3 < S < St4-'
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ez = E—
ps Pj Py
5
6V, 3a3
Pp=——"———
Pa Ps
10560 2:
3 6V 6 2
—— (S-S5 (— ) — (S-S
50 (2 (s +
v, _Pa
t4 2
+3 6 (S —S.) + ( 6Vﬁ3-+ ® 55 2
20, t4 30, Zpg( t4
wg—w%+z%w—ag
: 38 35\?
—+ qt6+_+ (Pt6+(qt6 _) +
Pas
Vt6 — Qg +
+th6+__ Pt6 (Qts__)
2
a; ° 38 35\2
_+ qie +—+ (Pt6+ (Qte__) +
04 Pa Pa Pa
2
+3 .38 (P i 35)2
qte 0, t6 dte g
Vt7
q aj  3aVs  3Ste
te — 3 > T
Pa Pa Pa
o

(65)

6)(")60 St4 S S S SCS;

OmEs  Sis < S < Sies

6)“)(30 St6 S S S St7;

6)("1(30 St7 < S < St8'
(66)

(67)
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3 2V,5\° /3 z
—(S—Si) + <—“’) + (— - Stg) +
o Pa Pa Pa
Vs + ?‘7 OmEs  Sig < S < S
3 2Ves\° /3 z
60— () ¢ Rssi)
Pa 8 \/ Pa Pa( 8
\/Vt’g + 2aa(5 - St9) 6)(")8& St9 <S§S< Stlo;
a; ° 3S 35\2
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Pa Pa Pa
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thO + Ay +
+3 3S (P ey 35)2
dt10 0g t10 dt10 0,
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a; ° 3S 35\2
—+ |Qtro——+ (Ptlo + (G¢10 __) +
Pa Pa Pa
Lo
2
3 3S 2
+ |Gri0o——— (Ptm + (Ge10 — _)
Pa
thl 6)(")8& Sth S S S StlZ'
(68)
3
_ay  3agViio | 3St10
qt10 = 3 2 (69)
Pa Ps Pa
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Pt10:<_

6Vi10 3ac27>3
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Vt12 -

3

6(5 Siip) + ( 6V‘?)3+(6(5 S )
204 t12 3p, 204 t12

3

6
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2

+

R
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6
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2,03( t12

Viia —ay
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a
24
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3
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—+

3S 35\?
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3

3S 35\*
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Pa Pa

3

. D
q 2
t14 0,

Vt15

az

qt14 = 3 —

Pa

Pt14-

3S
<Pt14 + (Gt1a — —>
Pa

[

2

3agVi1a _ 3St14

2p3 Py

6V, 3a§>3
Pa s

2

OMEd> Stz £S5 < Spy3;

O3S Stz =S <S4

6)(‘)85 Stl‘l— <5< StlS;

O3> St1s £ 5 < Seye

(70)
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*3 2Vae\® /3 z
3 5 s (28) 1 (B5- s) +
, Py t16 Py Pa( t16
Vt'16 + 76 6)(*)(30 St16 < S < St17;
3 2Vie\> /3 z
b2 (S = Sig) — ( ) +(—(5—s )
Pa ® \] Pa Pa re
JVt§7 +2a4(S = Sta7) O3> Sty S < S
a; ° 3S 35\2
—+ [qus——+ (Ptls + (qt18__> +
V= Pa Ps Pa
thg + Ay +
3 3S 2
+ [qus — re (Pns + (918 — E)
2 003> Sp1g <5 < Styo;
a; ° 38 35\2
, Py %18‘%"‘ (Pt18+(qt18_E) +
q
+ 2
+3 3s <P ey 35)2
dt1s 0, t18 T (qt18 s
V1o O3> St19 £ 5 < Seao-
(72)
3
_ Ay 3agVi1g | 3Sis
dt1s = —3 2 (73)
Pa Pa Pa
Qo

Pug = -
t18 < Pa

o

6Ves _ ?Lué)?’
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%4
_2
1o sos _ Oy’ L (s-s ’
N Zpa( t20) + ( 3,06) + (Zpa( t20) +
VtZO - ? 6)(‘160 SCZO < S < StZl;
6 6V,\° 6 2
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2Vt21 - \/Vt%l + 2ag(s - StZI) 6)("1(33 St21 S S S St22;
9 g Sk (P @ =)
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T P (- )
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2 O3S Stzz £ 5 < S
a; ° 38 35\2
, ,0_5+ Qt22 +E+\/(Pt22 + (qr22 _E) +
a
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T P ———
qt22 0, t22 T (Gt22 g
Vt23 ﬁ)(‘)Gb St23 <S.
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H [} 2p3 Pa
Qo
3
<6Vt22 3“2’)
Py = -
Pa Pa
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