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INVESTIGATION OF OPERAItiNG MCDE F HBOROPOLID SRCCK GENERATOR VITH

REGULATION OF EXCITATIC6 tLCh

V. V. Rharitonow, Cand. teck. sciences.

The method of calculaticn cf transient processes is examined in

the excitation circuit cf hcaoeclaz shock generator vith massive

magnetic circuit, during which equivalent circuit diagram is used. Ca

the basis of the method there are analyzed several operating modes cf

the generator with regulaticn cf eocitation flob.

At the present time one of the most impctant directions of

development of homopolac generatcrs is the develcpment of

pulse-action machines - hcmcfclar shock generators (UUG). Massive

rotors of UUG are used as flyvheels with large kinetic energy

reserve, being converted in the jzccess of generator discharge into

energy of pulsed electrcmagnetic field. The ncrmal operating mode of

UUG is sudden closing of the load circuit of the excited generator,
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the rotor of which is rctated at prescribed sFeed, with simultaneous

disconnection from the zttwczX cf the drive mctcr (or separaticn of

the shafts of generatcz and mctcz).

A promising area ct applicaticn of DUG is the technology of

obtaining strong magnetic fields, vhere they are used for pulsed

supply of windings of different electrophysical equipment. Here the

OUG successfully compete with cthez sources of pulsed supply,

exceeding then in such indices as maximum and specific energy,

relative weight and cost, and ccmfcrming to the most complete series

of specific requirements.

The main structural diagrams of performance cf UOG are shown in

Fig. 1.

4-.

fig. 1. Main structural diagrams of perfcrmeace of OUG. a -

cylindrical type genezatcz; u - disk-type generator; I - armature

current; - working magnetic flux; - - angular velocity of

rotation of rotor.
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The current-carrying elesenta of BUG are made so as to most fully

compensate the flow cf tke armature reactior. In the cylindrical type

generator (Fig. la) the current-carrying elements are made, for

example, in the form cf hollow craiial cylinders, through which

ij armature current passes in oFcsit directicas. Cne cylinder is

attached on the massive zotor ara accomplishes the rcle of armature

j"winding", the other is iressed into the bore of the stator and is

the compensating "vindizgm, Zn disk-type UUG (Fig. 1b) the

compensation of the flcb cf azmature reaction is provided by

arrangement of a compensating disk in the working clearance of the

generator, through which armatuxe current passes in the direction.

opposite its direction in the rotor. The system of current-lead buses

in the OUG is also made so as tc eliminate magnetization of the

magnetic circuit by the armature current.

During the shaping cf current pulses of UUG of a certain

configuration there is videll afflied regulaticn of the excitation

flow of the generator. Luring investigation of such operating modes

of UVG it is necessary tc take into account the action of eddy

currents, appearing in the massile magnetic circuit of the generator

with change of the excitaticn flow. A convenient basis of

investigation in this case is the equivalent circuits. In Pig. 2b is

shown a linear equivalect circuit cf the excitation circuit of

twe-pole DUG.
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~Z, 2hI%, Z4

i! t f.

Fig. 2. Equivalent circuits, a - massive section of magnetic circuit;

b - excitation circuit cf UUG.

The magnetic circuit of the machine enters it in the form of a dual

electric circuit, the Fazaseteza ci which are determined, proceeding

from equivalent operatcr resistarces of the characteristic sections

of the magnetic circuit LI]. To the massive sections of the magnetic

circuit correspond small circuits kith theoretically infinite number

of series-connected cizctits bath identical effective resistances ro

and inductances L. decreasing uith increase of the number of circuit

(Fig. 2a). They enter the equivalent circuit in the fcr. of parallel

branches zg. zg. Z3, 2*. All inductances of the circuit depend on the

magnetic permeability ct material cf the massive section. whereas

effective resistances to do not dejend on the level of saturation of

the magnetic circuit. Ittective resistance r in the unbranched part

of the circuit is the resistance at the excitation circuit of the

generator and generally equals r-.+r, where r. - resistance of the
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excitation coil, and r, - added effective resistance in the circuit.

Inductance L. considers the leakage of excitaticn winding.

The equivalent circelt at 1ig. 2b can be used also for

multipolar DUG with sysmatric magnetic system. Its parameters in this

case are calculatmd by izoceeding from the qecuetric dimensicns of

the magnetic circuit fcr the Fair cf poles and the number of segments

of one excitation coil. In this case for series connection of coils

of excitation winding trh.+,/, where p - nusker of pairs of ;oles.

and voltage on the terminals of the circuit ccmprises 1/p part of the

excitation voltage of the generatcr. With parallel connection of

coils r-r.+Prn the voltage on tke circuit terminals ccrresFouds to

the total excitation vcltage of UUG# and current in the unbranched

part of the circuit comtzises 1/1 Fart of the tctal excitaticn

current of the generatczo The akilication of linear equivalent

circuit, presented in Pig. 2b# is limited tc those cases when the

working section of the curve at uagnetizaticn cf the magnetic circuit

is rectilinear or is sutticlestll bell aFprcximated by a segment of

the straight line, since the parameters of the circuit are derived in

the assumption of constascy at aagnetic ;ermeability cf material of

the magnetic circuit. In the case cf substantial nonlinearity of the

working section of the magnetizaticn curve, tkis circuit can be used

only after the approFiate coxectaon, based cn the introduction into

it of nonlinear inductances, aFic imately considering the
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nonlinearity of ferroumsaztic material. The aethod of correction of

linear equivalent circuits is developed in (2. Its applicaticn foe

the magnetic circuit of OUG requires special discussion.

The parallel branches of the circuit, ccxresponding to massive

sections of the magnetic drave, have theoretically infinite cumber of

circuits. However, durizg pcactcai calculaticns they are limited by

a finite number of circuits, deterained by the required accuracy of

solution. Their numbec can be substantially zeduced, if we simplify

the expression, cbtained for equivalent cperator resistknce of the

massive section. For exasple, ty tinding the cperator resistance of

the section from calculaticn cf the magnetic field in its mass, it is

possible to approximate an infinite series, determining magnetic

flax, with maximum apprcimaticn by exponential dependence, having

taken as the basis in tkis case cccstant time 71, corresponding to

the first term of the selies. As a result, to the massive section

will correspond only oe cizcuit, consisting cf equivalent inductance

and effective resistance. The eSuivalent circuit of the excitation

circuit of UUG in this case is significantly simplified and takes the

form shown in Fig. 3.

4

rig. 3. Simplified equivalent circuit of 4

excitation circuit of UG.
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Some equivalent circuit cozxespcads to the massive magnetic circuit

in the simplified schematic. its parameters L. and r. are

calculated, proceeding tzo. the gecaetric dimensions of the magnetic

circuit (Pig. 4) and tte number cf segments cf excitation coil,

corresponding to the pair of kcies, on the basis of the follobing

relationships [1]:
L.. W(01-*a) ,- -

where a - number of seSsents ot excitation ccil; o; 1; -

magnetic fluxes on the jaix c icles and excitation currents in one

coil. corresponding to final acd iritial points of the working

section of the magnetization cu~ve; ..S,. , - calculated length,

calculated cross secticn and magnetic permeability of material of the

i massive section; at - coarectics factcr, ccrrespcnding to i

massive section; k - noster of sassive sections of magnetic circuit.

Pig. 4. Sketch of magnetic circuit of UVG on Fair of poles (air gaps

are not shown) with designation o the characteristic sections. 1 -

central core; 2 - yoke; 3, 4 - disks.

The correction factor @& for central core is ,z-l.4, and for the yoke
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and disks 3 and 4 (Pig. 4) aa.& -1.25. The calculated section of

disks 3 and 4 is determired by eEzession

The constant time fcr central core

where Y - electrical ccaductivity of core material. For the yoke and

disks 3 and 4

For experimental cktck of tte possibility of application of

simplified equivalent circuit ifig. 3) fcr engineering calculations

there was investigated tke jrocess of establishment of magnetic flux

in a number of tested DEG with connection of the excitation winding

under direct voltage or with atzxst change cf excitation voltage. The

tests showed rather gocd coincidence of experimental and calculated

data. So, in Fig. 5 are Eresented experimental and calculated

dependences of change ci magnetzc tlux during experimental

cylindrical type OUG with ccoletely unstratified magnetic-circuit

(description of its construction is given in [3]).

40 A

[/I

4r
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Fig. 5. Experimental (sclid lines) and calculated (trcken line)

dependences of change ct excitatice flcw of experimental UUG.

Curves I correspond to ccnnecticn of excitaticn winding under direct

voltage in the case of uzsaturated magnetic circuit cf the generator,

and curves 2 - tc abrupt change cf excitaticn voltage with saturated

magnetic circuit, when the working section cf the magnetizaticn curve

was located beyond its kend. Tte greatest divergence between

calculated and experimental data is 8 o/c, wbich is fully acceptable

during the solution of ;tactical problems.

The simplified eqcivalent circuit makes it possible to develop

simpler and rather precise apprcziuation methcds of calculation of

transient processes in GCG. Let us examine the simplest case Cf

connection of excitaticn vwLnding of the generatcr under direct

voltage with closed load circuit. Such an operating mode of UUG can

occur with the necessity of elimination cf the switching element in

the generator-load circuit, and also in some special cases of shaping

of current pulses. The transient processes are described by the

following equations:
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di

o,- + LR +-~,I.

w +

vhere L, B - inductance and effective resistance of circuit

generator-load; i - discharge current; - ucrking magnetic flux; w

- angular velocity of Ictation ct rotor; J - moment of inertia of

rotating mass; w. L. - number ot sequents and leakaae inductance ot
'o -effective resistance of excitation circuit;

excitation winding; ,,. 4- voltage and cu.rrent of excitation. In

compensated UUG the flcw of the armature reacticn does not leave the

mass, and its action is spread to a small area, limited by the

current-carrying elements. The third equation of system (1), thus,

has a solution independent ficl the first two equations. Disregarding

the leakage of vinding, shich in UGG is usually small (coefficient of

scattering is around 1.45-1.2), axd using the simplified equiialent

circuit of OUG excitatics circuit, it is possible tc obtain

where
:r.u + -. , r.u',- .r,..4. ( )1

Here 0. - steady-state value cf borking magnetic flux; r. -

effective time constant cf change cf working magnetic flux; T

time constant of excitatIcn circuit vithout taking into account

leakage of winding and eddy currents in the magnetic circuit.
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For convenience of Fractical calculations into the first two

equations of system (1) it is ez~edient to introduce the follceving

dimensionless values:

.m ie . t . T.

Here e, - emf of generator, corresponding to steady-state magnetic

flux and no-load speed; &e- angular velocity of rotation of rotor
L

with generator idling; T.-T - electromagnetic time constant of

circuit generator - load; . - lectrcrechanical tine

constant; An - kinetic ezergy stcred in rotating masses.

As a result, taking into account relaticnship (2), we have;

.0

S . _ (3)

The initial equaticas of the transient process are written out,

thus, in relative units ' and dimensionless similarity criteria

q, 6. Thanks to this, having assigned a number cf values of q and 6

and solving equations (3) in numerical form with the use of a

computer, it is possible to ccnstzuot a series cf diagrams, maximally

simplifying the practical calculations. In Pig. 6 are provided

dependences with g -Q and 6-var.
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iig. 6.Dp0ec.0Zfv ihconcincfDGectto

contan 6. ipndethes opposi caeth copneation of the generatoris

wiiffetve inece dotae wit clased of d th idrt.fcrn us

fotteeeglossaeret.Duringth calculation ofteedpnece emr iie cres is

takent pulses b(yI the exame mnetgh6oad isepdt ponlsin tcoesl

evaluate the expediency and effectiveness of apflication of the

examined method of she;ing of 006 current pulses.
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An important assigrsent ct Eulsed supply is the obtaining of

current pulses, having a flat Faxt of certain duration on their

horizontal part. with ccmparatively large energy, transmitted to the

load, and long sustaining of ccnstancy of discharge current the

obtaining of such pulses is ccjugated with considerable

difficulties. During oferaticn cf UUG this Frcblem is solved

effectively with the aid of fczcina of excitaticn of the generator in

the process of its discharge.

Let us examine the case cf maintaining maximum discharge

current, when the forcing mode is started at moment tj of its

establishment. The rotc of the generator at this moment is rctated

with angular velocity el and stczes kinetic eeigy A&. Subsequently

all the values, corres~cnding tc the moment of time t1 , we will also

mark by subscript 1. Values t& and w, are calculated by formulas,

presented in [4], and they can ke considered assigned. With constant

parameters 2 and L of circuit generator - load and with the atsence

of additional sources-ot energy the conditior of constancy of

discharge current denotes the cczstancy cf emr being generated el,

proportional to working flux 0 ad angular velocity of rotation of

the rotor a. Since in the process of discharge the generator rotor

loses speed due to withdrawal of energy, then fez fulfillment of

condition eI- coast it is necessary to increase the magnetic flux

0 in the appropriate mannse. Let us determine the necessary law of
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its growth. notion of the rotor in the forcing mode is described by

equation do
+ .F 0,

by solving which, we oktain:

-7- (4)

where t - current time. readin of which is dcne by starting from

moment of time t1 .

The condition of ccistancy cf generated eaf is written out in

the following manner:

*'" whence taking into account relationship (4) we have:

where
2A.R

Lot us determine bc the octput voltage cf the exciter should be

changed in time, so that the gzcwth of the working magnetic flux of

the generator would occur in accordance with expression (5). let us

do the calculations, using the aimflified equivalent circuit cf Fig.

3 and disregarding windlig leakaSe. The voltage# applied to the

excitation winding of the generator,
~dl

as_ Lodi*' + (i, + jo)f, (6)

where
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dt

By approximating tte working section of the magnetizatien curve

ty a linear segment, we kave:

(7)

Prom (5) and (7) it follova that in the forcing mode
•~~i (ke -, ( 1 ) _+ 4"ke.- t

i - i h.(.l)k.-. (8)
ken- I

where

By solving equaticn (6) taking into account relationshiF (8). we

obtain:

A oT.( - ,) (9)

By performing similar calculations, we find that with the

exFression for excitatic: current I,-iii is written in the same farm

as for %,. it is sufficient cal) tc replace T. by T,. telaticnship

(9) makes it possible tc calculate the examined operating mode of DOG

taking into account the actics ct eddy currents in the massive

magnetic circuit. The value at T. entering it gives the possibility

of easily evaluating tte ettectivecesa of scattering of separate

massive sections.
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For change of the excitatica Voltage of UG in accordance with

expression (9) the application ct different circuits of systems of

regulation is possible. Let us note a simpler method, when supply of

the excitation winding c0 UUG is dcne frcm the direct-current

generator, and the forcing of excitation of UUG is accomplished by

shunting of the added ,esistarce is the excitation circuit of the

exciter. The output voltage of the exciter in this case grows

exponentially, however, having selected the afpropriate time

*constant, it is possible in the necessary time interval to provide

rather close coincidence of actual and calculated dependences of

change of excitation vcltage of VUG and to cttain discharge current

virtually constant in value. In L51 is presented an escillogram of

rectangular current pulse, cktained by the examined method during

discharge of experimental DUG tc active load.

'uyuizNc'S
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