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INVESTIGATION OF OPERATIKEG MCDES CP HOMOPFOLAR SHCCK GENEBATOR WITH

REGULATION OF EXCITATIC) FLCH

V. V. Kharitonov, Cand. tech. sciences.

The method of calculaticn c¢f transient processes is exasined in
the excitation circuit c¢f hcsopclar shock generator with nmassive
sagnetic circuit, during which equivalent circuit diagram is used. Cn
the basis of the method there are analyzed several cgerating modes cf

the generator with regulasticn cf eacitation flcw.

At the present tis¢ one of the most impcrtant directions of
development of homopolar generatcrs is the develcgment of
pulse-action machines - hcacpclar shock generators (UUG) . Massive
rotcrs of UUG are used as flywheels with large kinatic energy
reserve, being converted in the frccess of generator discharge into
energy of pulsed electrcsagnetic field. The ncrsal operating sode of

UUG is sudden closing cf the load circuit of the excited generator,
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the rotor of which is rctated at prescribed speed, vith sisultaneous '
discopnection from the retwcrx ¢f the drive mctcr (or separatica of

the shafts of generatcr and sctcr).

A proaising area ctf applicaticn of UUG is the technology of
obtaining strong magnetic fields, where they are used for pulsed
supply of vindings of different electrophysical equipsent. Here the
UUG successfully coapete vith cther sources cof pulsed supgly,
exceeding them in such indices as saximum and specific energy,
relative veight and coet, and ccnfcraing to the smost cosplete series

of specific requiresents.

The main structural diagrass of perforsance cf UUG are shown in

Pig. 1. B

',,"I.’.’..'.‘.’.'.f.”
%

5, <]
U
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rig. 1. Main structural <iagraas c¢f perfcrmance cf UUG., a -
cylindrical type generatcr; b - disk-type generator; ' - arsature
current; o - wvorking sagaetic flux; e« - angular velccity of

rotation of rotor.
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The current-carrying eleszents of UUG are made sc as to sost fully
compensate the flow cf tke arsature reactior. In the cylindrical tyge
generator (Pig. la) the current-carrying elements are made, for
example, in the form c¢f kollow ccaxial cylinders, through which
arsature current passes in oppcsite directicns, Cne cylinder is
attached on the sassive 1o0tor ara accomplishes the rcle of arsature
“winding”, the other is fressed into the bore of the stator and is
the cospensating "windirg". In disk-type UUG (Fig. 1L) the
cospensation of the flcs cf armature reaction is prcvided by
arrangement of a coagensating disk in the working clearance of the
generator, through which arsature current passes in the direction,
opposite its direction in tke rotor. The system of current-lead buses
in the UUG is also made 50 as tc eliminate sagnetization of the

magnetic circuit by the armatuzre current.

During the shaping c¢f£ current pulses of UUG of a certain

configuration there is widely applied regqulaticn of the excitation

flov of the generator. Luring investigation cf such operating modes

of UUG it is necessary tc take intc account the action of eddy
currents, appearing in the sassive magnetic circuit of the generator
vith change of the excitaticn flcw., A convenient tasis of
investigation in this casze is the equivalent circuits. In Pig. 2b is
showvn a linear equivalert circuit c¢f the excitation circuit of

tvc-pole UUG.
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Pig. 2. BEgquivalent circuits. a - massive secticn ¢of magnetic circuit;
b - excitation circuit cf UUG.

The magnetic circuit of the sachine enters it in the fora of a dual
electric circuit, the parameters cf which are deterasined, proceeding
from egquivalent operatcr resistarces of the characteristic sections
of the magnetic circuit [1]. To tke massive secticns of the sagnetic
circuit correspond small circuits sith theoretically infipite nuamber
of series-connected circuits with identical effective resistances r,
and inductances L« decreasing with increase ¢f the number of circuit
(Pig. 2a) . They enter the equivalent circuit in the fcra of parallel
branches z,, Zz, Z3, 24+ All inductances of the circuit depend on the
sagnetic permeability ct saterial ¢f the massive section, vhereas
effective resistances ry do noct degend on the level of saturation of
the magnetic circuit. Bffective resistance r in the unbranched part

of the circuit is the resistance ot the excitaticn circuit of tie

generator and generally egquals rmrn4r,, where " - resistance of the
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excitation coil, and « - added effective resistance in the circuit.

Inductance L, considers the leskage of excitaticn winding.

The equivalent circeit of Fig. 2b can te used alsc for
asultipolar 0UG with sysmetric sagnetic systes. Its raraseters in this
case are calculated by proceediang from the gecaetric diseasicans of
the magnetic circuit fcr the pair ¢f poles and the number of segments
of one excitationm coil. Ia this case for series connection of coils
of excitation winding rer,+r./p. shere p - nuster of pairs of goles,
and voltage on the tersipals of the circuit cceprises 1/p part of the
excitation voltage of the gene¢ratczr. With parallel connectioi of
coils r=ru+prn the voltage on thke circuit terminals ccrresgcands to
the total excitation vcltage of UUG, and current in the untranched
part of the circuit cosprises 1/} part of the tctal excitatica
current of the generatci. The ajplication of lingar equivalent
circuit, presented in PFig. zb, is limited tc those cases vhen the
working section of the curve cf sagnetizaticn c¢f the magnetic circuit
is rectilinear or is sutficiently vell agprcximated by a segment of
the straight line, since cthe paraseters of the circuit are derived in
the assumption of constatcy ct tagnetic germeability cf saterial of
the magnetic circuit. ln the case cf substantial nonlinearity of the
vorking section of the sagnetizaticn curve, tliis circuit can te used

only after the approrriate correction, based ¢n the introduction into

it of nonlinear inductaccas, agircximately considering the
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nonlinearity of ferromagretic saterial. The nmethod cf correction of
linear equivalent circuits is developed in [2]. Its applicaticn for

the sagnetic circuit of 00G reguires special discussion.

The parallel branches of the circuit, ccrresponding to sassive
sections of the magnetic drave, bave theoretically infipite rumder of
circuits. However, duricrg practical calculaticns they are lisited by
a finite nuamber of circuits, detecsined Ly the required accuracy ct
solution. Their number can be sutstantially reduced, if ve sisplify
the expression, cbtained for equivalent cperator resistance cf the
massive section., Por esxasple, by finding the cperator resistance of
the section from calculaticn cf the magnetic field in its mass, it is
possible tc approximate sn infinite series, deteraining magnetic
flux, with maxisus apprciisaticn by exponential dependence, having
taken as the basis in ttis case ccrstant tise T,;, corresponding to
the first tera of the series. As a result, to the aassive secticn
vill correspond only ore circuit, consisting ¢f equivalent inductance
and effective resistance. The eguivalent circuit of the excitation
circuit of UUG in this case is significantly sinmplified and takes tle

fors showp in Pig. 3.

Pig. 3. Simplified equivalent cirxcuit of
excitation circuit ct UUG.
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Sose equivalent circuit corresgcpds to the sassive sagnetic circuit

in the siasplified schesatic. Its paraseters L. and  are
calculated, proceeding firom the gecmetric disensions cf the magnetic
circuit (Fig. 4) and tle nuskter cf segmepts cf excitaticn coil,
corresponding to the pair of fcles, on the basis c¢f the following

relationships [1]:
L=2®=% e

fug =t Todde

vhere « - numsber of secsents cf excitationm ccil; O ¥u iy i, -
sagnetic fluxes on the pair cf fcles and excitation currents in one
coil, corresponding to fisal atd izitial pcints of the working
section of the magnetization curve; (. S.us - calculated length,
calculated cross secticn and sagnetic permeability cf material of the
i massive section; o« - correcticp facter, ccrrespcnding to i

sassive section; k - nuster of sassive secticnrs of magnetic circuit.

aof] ===+

Pig. 4. Sketch of magnetic circuit of UUG on pair of pcles (air gaps
are not shown) vith designaticn of the characteristic sections. 1 -

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

The correction factor e¢; for central core is ¢,=1.4, and for the yoke
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and disks 3 and 4 (Pig. 4) s =1.25. The calculated section of

disks 3 and 4 is detersired Ly expression

‘2nly.435.4
1"']l/]o '

The constant time fcr central core

Spa =

7, =t

R
vhere v - electrical ccrductivity of core material. Pcr the yoke and
disks 3 and 4

Por experimental ckeck of tie possiktility of application of
simplified equivalent cixcuit (Fige 3) fcr engineering calculations
there vas investigated tlke frocess of establishment of magnetic flux
in a nuamber of tested ULG with ccnnection of the excitaticn winding
under direct voltage or with atrugt change cf excitation voltage. The
tests showed rather gocé ccincidence of experimental and calculated
data. So, in Pig. 5 are presented experimental and calculated
dependences of change ¢t magneétic tlux during experimental
cylindrical type UUG with ccmpletely unstratified magnetic- circuit
(dlescription of its construction is given in [3]).

W

Z

!
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Pig. 5. Experimental (sclid lines) and calculated (trcken lipe)
dependences of change cf excitaticc flcw of experimental UUG.

:-o-é;LJS-ti%

Curves 1 correspond to ccnpnecticn of excitaticn winding under direct
voltage in the case cf ursaturated magnetic circuit cf the generator,
and curves 2 - tc abrugpt change cf excitaticn voltage with saturated
gagnetic circuit, vhen the vworking secticn cf the magnetizaticn curve
vas located beyond its rend. Tre greatest divergence Lbetween
calculated and experimental data is 8 o/c, which is fully acceptable

during the solution c¢f practical problens.

The simplified equivalent circuit makes it fpossiktle to develorp
simpler and rather precise apprcxisation aethcds of calculation of
transient processes in GUG. Let us examine the simplest case cf
connection of excitatico wainding of the generatcr under direct
voltage with closed load circuit. Such an cgerating sode of UUG can
occcur vwith the necessity of elisination cf the swvitching elesent in
the generator-load circuit, snd also in some speécial cases cf shaging

of current pulses. The transieant frocesses are described by the

following equations:
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di P
L—d‘ +iRaT‘. l
de , @ . .
I grtai=0 ' o

a® . di,
wGr+ LGy tive™
!

vhere L, R - inductance and effective resistance ¢f circuit
generator-load; i - discharge current; @ - wcrking sagnetic flux;
- angular velocity of rctation ¢f rotor; J - ascoment of inertia of
otseing messi =l RALSS NNV SMRA N
excitation windinq:A uy, is» - voltage and current of excitatior. In
compensated UUG the flcw cf the arsature reacticn dces not leave the
sass, and its action is spread tc a small area, limited by the
current-carrying elesernts. Thke third equaticn c¢f systeam (1), thus,
has a solution independent frca the first twc equaticns. Disregarding
the leakage of winding, shich in UGG is usually sesall (coefficient of
scattering is arcund 1.¢5-1.2), acd using the sin;lifiéd egquivalent

circuit of UUG excitatice circuit, it is possible tc obtain

:'0—0,(1—0-"!:)' @
vhere
L,
To-'rn‘i‘r.- T.-é- rn"??' (2s)

Here @, - steady-state value c¢f sorking magnetic flux; Te =
effective time constant cf change ¢f working magnetic flux; 7T» -
tise constant of excitaticn circuit withcat taking into account

leakage of wvinding and ¢ddy currents in the magnetic circuit.

T i S i T e
«
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For convenience cof fractical calculaticns into the first two
equations of system (1) it is expedient to introduce the follcwving

dimensionless values:

s iR 'e » t I, L
i-—‘;o .-;—, 1:--?.—, Q= T, d=r

Here ¢, - emf of generator, corresponding tc steady-state magnetic
flux and nc-load speed; «o - angular velccity cf rotation of rotor
with generator idling; 1;-{% - @lectromagnetic time constant of

circuit generator - loagd; r.=2jm - electrcrechanical tise
»

constant; Ay -~ kinetic erergy stcred in rotating masses.

As a result, taking intc account relaticnship (2), ve have;

1 1 o
=+t :—Ta(l—e"') =0,
o 3

d -
=+ =Ty =m0

The initial equaticos cf the transient process are vritten out,
thus, in relative units e and dimensionless similarity critecia
‘qy 6, Thanks to this, btaving assigped a rusber cf values of q and §
and sclving equations (3) in nuaserical fcre with the use of a
computer, it is possible tc ccnstruct a series cf diagramss, saxisally
sisplifying the practical calculations., In Fig., 6 are provided

dependences | gaf(x) vitk g=Q and &=var.
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FPig. 6. Dependences % o=f(z) witb connection cf UDUG excitaticn

vinding to direct voltage with closed load circuit.

During the calculaticn ¢t these dependences we were lisited tc a

particular case of purely active lcad (g9=0), since the obtaining of

current pulses by the ezxamined sethod is expedient only in those
cases vhen the locad is ctaracterized by cosparatively ssall tiame
constant (in the opposite case tie cperatior cf the generator is
ineffective, since due tc increase of the duration of curreat pulse
frcat the energy losses are great). During calculaticn of curves is
taken (0)=0, (0)=1. The diagramss ino Pig. 6 make it possible tc easily
evaluate the expediency and effectiveness of application of the

exasined method of shaging cf UUG current pulses.
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An important assiqgrsent ¢f pulsed supply is the obtaining of
current pulses, having a flat gart of certain duration on their
horizontal part. With ccsparatively large energy, transsitted to the
load, and long sustainin¢ of ccnstancy of discharge current the
obtaining of such pulses is ccnjugated with considerable
difficulties, During ofperaticn c¢f UUG this grchblem is sclved
effectively with the aid of fcrcing of excitaticn of the generator in

the process of its discharge.

Let us examine the case ¢f maintaining saximum discharge
current, vhen the forcing mode is started at moment t; of its
establishment. The rotcr of the generator at this moment is rctated
vith angular velocity w; and stcres kinetic erexrgy A,. Subsequently
all the values, correspcaoding tc the moment cf time t,;, ve wvwill also
mark by subscript 1. Values t, and w, are calculated by forsulas,
presented in [4], and they can Le considered assigned. With ccanstant
raraneters R and L of circuit generator -~ load and with the alsence
of additional sources _of energy the ccnditicr cf constancy ot
discharge current denotés the ccrstancy cf esf being generated e,,
prcportional to working flux ©® apd angular velccity of rotation of
the rotor w. Since in the prccess ¢f discharge the generator rotor
loses speed due to vittdraval of esergy, then fcr fulfillseant of

condition e;= const it is necessary to increase the magnetic flu:x

® in the appropriate sanner. let us deteraine the necessary lav of
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its grovth. Motion of the rotor in the forcing sode is descrilbed by
equation
1% 8,
by solving which, we olttain:

o=(et-5)" 0

vhere t - current time, readingy cf which is dcne by starting froa

sosent of time t,.

The condition of ccrstancy cf generated eef is written out in
the folloving manner:

D0, = du,

vhence taking into acccuet relationship (4) ve have:
- I
¢ A\ T

k.-w-(l—ﬁ N (5)

vhere

Let us detersmine hcw the octput voltage cf the exciter should be
changed in time, so that the gicwth of the wcrking magnetic flux of
the generator would cccur in accordance with exgression (5). let us
do the calculations, using the simgplified eguivalent circuit cf Pig.
3 and disregarding vindizg leakage., The voltage, apglied to the
excitation vinding of the generatcr,

di,
“.-L075'+(‘,.+‘0)’- ©)

vhere

— ——
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By approximating tke working section of the magnetizaticn curve

ry a linear segment, ve tave:

*—-® _ by =iy )
=W i“z—'l'“' ‘7)

Prom (5) and (7) it follous that in the focrcing mode

. ; kg — | —_
ot = Rmlte— Dt hem —Ro @)

‘ul -

vhere )
P, iﬂ

om =g bm=

By solving equaticn (6) taking into acccunt relationship (8), ve

cbtain:

Ty (kim— 1)
. Gy ® . 9
u.--ﬁ;-l“"‘ = (Row — 1)

By perforaing similar calculations, we find that with the
exgression for excitaticr current ﬁ-ﬂJu. is writtenr in the same fcra
as for i, it is sufficient cnly tc replace 7. by 7. BRelaticanship
(9) makes it possible tc calculate the exasined operating mode of UUG
taking into account the scticn ct eddy currents in the sassive
sagnetic circuit. The value ot 7. entering it gives the possibility
of easily evaluating tle effectiveress of scattering of separate

sassive sections,




~
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Por change of the excitaticn voltage of UUG in accordance with
expression (9) the agplicaticn ¢f different circuits of systess of
regulation is possible. et us ncte a sispler amethod, vhen sugply of
the excitation vinding ¢t UUG ig dcne frcm the direct-current
generator, and the forcing of excitation of UUG is accosplished by
shunting of the added resistarce in the excitatiocn circuit of the
exciter. The output voltage ©of the exciter in this case grows
exponentially, hovever, baving selected the agpropriate tine
constant, it is possibl¢ in the necessary tise interval to provide
rather close coincidence of actual and calculated dependences of
change of excitation vcltage cf UUG and to cttain discharge current
virtually constant in value. In [5] is presented an c¢cscillograa of
rectangular current pulse, cttained by the qexamined method during

discharge of experimental 0UG tc active load.

BEFERENCES




DOC = 0662 EACE 17

1. V. V. Kharitoncv, Investigation of cperating sodes and
questions of calculaticn of hcacpclar shcck generators. Dissertaticn.

leningrad Polytechnic Irstitute, 1569.

2. Ye. I. Goloborcétko. Acccunt of ncnlinearity during
calculation of transient processes in coils with massive
ferrosagnetic cores. Dissertatica, Leningrad Eclytechnic Institute.

1969.

3., V. ¥, Artemov et. al. Exgerience cf designing and cperaticn
of homopolar machines. Hcmopclar electrical sachines., Reports of

conference. Informelektrc, 15€9.

4. B. G. Karasev et. al. Cischarge of bhomopolar shock
generator wvith constancy of excitation flow. "Electrophysical

equipment®, 1966, iss. £.

S« V. N. Artemov et. al. Investigation of shock cperating
sodes of hosopolar generators. Hcmcpolar electrical sachines. Reports

¢ conference. Inforselektro, 1569.




