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Abstract. The paper presents data construction of an &letrive structure with an electronic
reduction. The transferred functions of the system control and disturbing signals are
received. The results of mathematical modelingséaious operating modes are presented. The
sensitivity of the transfer function to specifioks is analyzed. Different modes of operation of
the coordinated control system are analyzed. Thsitdaty of the transfer function to specific
links is analyzed. Different modes of operatiorihaf coordinated control system are analyzed.

1. Introduction

Multi-motor, in particular twin-motor, electric dres with coordinated control are widely used in

lifting and transport mechanisms [1-3], autonomobpects, electric drives with force reflection and

other fields [4]. The issues of coordinated conttah be solved in various ways, there are various
modifications to the "electric shaft" [8] schemetgctric drives matching the coordinate difference,
etc. [6-9]. At the same time, it is possible to tonct parametric systems of coordinated rotatidy. [

The main advantage of such systems is the simpliait construction, high reliability, the
possibility of increasing the number of coordinatdelctric drives. In a number of cases, it becomes
necessary to introduce an adjustable reduction fatione or more matched electric drives. In this
case, the principle of consistency should be preserthe change in the speed of rotation of one
electric drive must be reflected in the secondntaknto account the established reduction factoe
system in this case works as a variator, but witheechanical contact of the leading and driven axes

2. Object of study and methods

As the executive engines in the study, two-spegdcsonous motors were used, on the basis of
which various speed control systems were creatid.€effectiveness of the use of separate inclusion
of two groups of motor windings is substantiatedctsscheme allows simple, including parametric,
methods to control the speed of the consideredcimmu motor, it makes it possible to increase its
energy efficiency and improve the power factor.

3. The study of the structure of the system of coordinated control of electronic driveswith
electronic reduction
The structural scheme of the electric drive in ¢oass shown in Fig.1. The system is operated by:

- speed reference signal.; ;
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- reduction preset signdt’,, ;

- the moment of loading on the first engifé, ;

- the moment of loading on the second engifig.
The output signals are:

- speed of rotation of the first engiweg ;

- speed of rotation of the second enging;

- speed signal of the second engine mad;l

Link W,(p) characterizes the electrical part of the electhive, W,(p) - the mechanical
components of the electric driv/,(p) - the link of correction.

The lower branch of the structural diagram in Eigslan electronic model of electric drives of the
first and second axes (assuming that their charsiits are identical).
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Figure 1. A block diagram of the electric drive.

The system of equations for the transfer functioos the master signal has the form:

@ =W, (p) W, (p)|wyy +W,(p)Ac)

@, = K, W,(p) W,(p)| ~Wa(P)AC

&, = (K = DW,(p) W, (P +Wy(p)Ac]

Aw=w, -w, -

Substitution of equations (1-3) into (4) leadfa. = 0.

Proceeding from this, the transfer functions ofsistem from master signab; take the form:
@ =W, (p) WV, (p) Ly

W, = K g W, (p) W, (p) oy

wlz = (Keg ~DW () IV, (p) Lo
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The system of equations for transfer functions fperturbing effectd/; has the form:
& = [M, + D, (p) W, (p)] W, (p)
w, = ~AwlW, [K o, OV, (p) OV, (p)
wlz = Aw W, (p) UK o~ DW, (p) W, (P)
Substitution of equations (8-10) into (4) leads to:
1+W, (p)W, (p)W.
i =W, (p) LWL (P (P)
1+ 20, (P)W, (P)W; (P)
0)2 :W2( p) a/vl( p)WZ(p)WS( p)Kred wl
1+ 2N, (p)W, (P)W; ()
, =W, (p) LAPME(PWL(P) (R, =) 1y
1+ 2M, (p)W, (p)W; (p)
Expressions (5-7) can also be used as transfetidascirom signal changefk’,, . It is important

that «,, does not depend on the change. It should alsocotel rihat there is no linkV,(p) in the
transfer functions (5-7). All transient processesand «, of control effects &, and K ,,) differ
only in the amplitude scale, which is specified Ky,,. Based on this linkWW;(p) can be used to
correct the system for disturbing effects.

The formation of signalsy; and &, also occurs with the help of real electromechaniicdis.
Signal a)'z is generated using an electronic model. In thegs® of working in real parts or models,

changes can occur that will lead to a change irofiegation of electric drives. To assess thisuset
introduce linkW, in the model chain that will characterize possiilanges:

T,p+1
W4 - K4 41p
Tpp+1
The analysis shows that non-observance of condiigr=1 disrupts the operation of the circuit;
in particular, this leads to a distortion of thevem reduction factor, K. For the case under

consideration, the condition obtained on the bakixpressions (1-40\¢ =0 will not be observed.
The introduction of the link (14) into expressiqas4) gives the formula:

. (Ko ~D1-W,(p)] -
1+ W (PIW, (PIW, (P)[K o (A=W, (P) + L+ W, (p)]

In this case A« = 0 under the following conditions:
Kred :1 0rW4(p) :1

To assess the ACS of electric drives with respethé changes in parameters under consideration
and the choice of the way to increase the "rougiinafsthe system, let us use the sensitivity flordi
[11]. Sensitivity functionsS‘,(,Y of transfer functionW(p) to link W, (p) are determined by the
expression:

s = W(P) W (p)

" dWi(p) W(p)
On the basis of formula (17), the following expiess are obtained:
S = — 2V, (P)W;(P)

W (p)L+ 20, (p)W, (pIWy (p)]
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W _ 1

© T WE (p)[L+ 20, (p)W, (p)W (p)]
S = — 2W, (P)W, (p)

© W, (p)L+ 2W, (P)W, (p)W, (p)]
St = L

W2 ()L 20 (p)W, (P)Ws(p)]
i = -

© W (p)[L+ 20, ()W, (p)W (p)]
Qe = - 2V, (p)W, (p)

W, (p)[L+ 2W, (D)W, (p)W ()]
The analysis of expressions (18-23) shows that:

1 .
1+ 2W, (P)W, (P)W;(p) °
- sensitivity functions for linRA,(p) equal S\,OQM = S\,’v\g’e" ;

- all have common factd(p) =

- sensitivity functions for linRA, (p) equal S‘\,’\,"ZM = SX,V;" ;
- to reduce the sensitivity functions, one canease coefficient¥,, K,, K.
In the process of the study, the structure showign 1 was modeled. In Fig.2, the graphs of the

transient processes of the stdrt50), the change in the reduction coefficiehtg1c), and the action
of the momentM, (t =3c) are given.
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Figure 2. Transient processes of rotation speeds of thiesfitd second engineg, and &, , under the
action of the moment of loadindy/, .

Analysis of the obtained graphs shows that durimg dtart-up, transient processes and ¢,

proceed identically. The change in the reductidio ran the second electric drive is not reflected i
the first. The action of momen¥ is also reflected by the second electric driven@gknto account
the reduction coefficient.
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In Fig.3. the graphs of the transient processethefstart { =0), the change in the reduction
coefficient ¢ =1c), and the action of the momettit£ 3c) are given.

In Fig.4. graphs of transient processes under ¢tieraof control and disturbing signals are given,
provided that the parameters of the model are apsistent with the real parameters of the electric

drives (linkW, (p) is included). Transients correspond to condit&in =T, .
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Figure 3. Transient processes of rotation speeds of thiesfitd second engineg, and &, , under the
action of the moment of loadindy, .
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Figure4. Transient process with mismatch in the model @c&r, =T,).

4. Conclusion

The conducted researches allow drawing the follgwionclusions:

- the proposed structure allows one to realizartbde of coordinated rotation;

- the circuit provides a controlled electronic retiion mode of the second electric drive;
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- the proposed system of coordinated rotation pew/i"reflection” of the moment on an unloaded
electric drive taking into account the establishexiliction ratio;

- analysis of sensitivity functions gives the way¢duce it;

- in the event that the parameters of the linkhef tnodel differ from the actual values, with a dean
in the reduction ratio in the transient procestheffirst electric drive, a dynamic error appears;

- to eliminate the errors that occur when the tooestants of the model and the electric drive deyia
an aperiodic link or an intensity detector can beduby setting it at the output of the reductidiora
setting unit;

- in case of difference in transmission factorghia circuits of the model and the electric drivasi
necessary to use the calculator of the real remludtictor and to introduce correction factors itite
circuit.
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