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SELF-EXCITATION OF A SINGLE PHASE INDUCTILJ PULSC-EXCITED GENEKATOR

Yu.A. Romanov, G.A. Sipaylov

//'f The question ¢f the puwer feed of electromagnrets which require
high reserves of reactive energy takes on great urgency with the de-
7elopment and creation of powerful accelerators of charged particles.
Both a continuous and pulsed power feed of the apparatuses 1s poussi-
b.e. Both forms of power supply can be acccmplished if as the stor-
age devices of reactive energy, capacitive banks or electrical machine
apparatuses are used. In the developnent of electric-machine energy
storage devices with the use of synchronous and homopolar generatours,
attention began to be paid to the induction [asynchronous] machine.

 Investigations on the use of 1induction generator 1n pulsed
systems for the charging of capacitors are a* present being cornlucted.
The experimental works carrie” out in this direction 2=e indicative
of the propect of similar synthetic scuemes [1]. (Indzcated 1. Work
[2] 1s the expediency of the use ¢f the 1nduction generator with a
capacitve excitation az the source c¢f high pulse puwers, and examined
is the possibility of the complete conversion of kinetic energy of
the rotating masses i1nto electromagnetic energy during one pul.se.

—
Thus the possibility of using 1rtict.on generat_re as auxiitary
sources 1n pulse designs and as the main source ¢f high pulce ener-
g1es 1s rather 1nteresting. The most enticing 1s the idna of the
complete conversion of the energy of fiywheel masses into eiectro-

magnetic during half of the revc¢lution of a rotor,

N
The fﬁzestléatxon of the operation of the inducticun puise=eso.%e!
generator on an inductive load, taking 1nto acccurnt the crp.ete
conversion of the kinetic energy of the r~t r, .¢ a Ccumplex protier,
Conditions of the stable self-excitation ¢f a sinale-phase 145>, 1
oscilliator are unknown. Therefore, in the study of operating m -2

of these machines, i1t follows to pav special attent:icn Lo the
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determinaticn of the regiocn of their stable =zelf-excitation.

The commen method of determining the self-excitation limits lies
in the investigation of roots of the characteristic equat.on, which
corresponas to the system of linear differential equations of the
voltage of the whole machine. Taking into account the generally
accepted assumptions, the system of equations of the single-phase
induction ma~hine, 1n the presence of a capitance in the circuit of
the stator, can be presented in the form (3] of:

(Prg+prgex)ig*p Xaatyr®0 ,

PEag g *(PT o2y degat (1+0)Xqin =0, (1)

uos):-.ui.‘0(4os)x,_i-‘-._-(Px-z"'--JL 29 »
where g Ty 1Ly i1%E, are the active and inductive resxst‘ances of
the stator and rotor; Xaqa - inductive resistance of the interin-
duction with coincidence of the axes of windings of similar phases

of the stator and rotor; L‘.i¢1-i-;t - cvirrents of the stator and
rotor in axes o, ﬁ i S = slip; p - operator.

The characteristic equation of system (1) has the form:

where

o, "T-:x'a ’
Q,‘T.‘['rt z“(x¢* x'd.)] ’

. (3 '
Q,= xd.z'rtz.q'r:lc‘Q({oS) 'T:zd. ,

3
Q,= ;..21'13‘0(405)17" 2 ,

Q.= x [ 1404+ T],
Xe
T — .
Te=

For determining the conditions in which all the roots of

e

R

D

characteristic equation {(or real parts of the combined rccts) are

puositive, we can use tne Hurwitz criterion.

An analysis of the Hurwitz determinants shows that the seifl-ox-
citation of the machire 1s provided at such rat.cs of the pasarerers

for which the follow'ng inequality is fulfilled:
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=473 5 x50, (3)

The most complete analysis of the self-excitation of the 12-
Jucticn machines was obtained by soiving the equation (2) on a digi~
tal computer. As the studies showed, the zune of celf-excitation
actualiy lies within OS(xg+*'q)> x>0, but its dependenze on
parameters of the machines is rather unique. Plotted on Fig. 1 are
ooundaries of the zone of self-excitation of the machine,which have
different parameters of the rotor windings, 1n the plane of cocriti-
nates X, and ®tg . From the curves 1t foliows that the regicn of
self-excitation with a change in parameters of the rotor :n the 1in-
terval T,=»w(0,4+400) e.5 i5 chengec insignificantly. But w.th an
increase in the resictance of the rocor windings, the boundary 1is
changed, and at Te®»®@0,01 e.s it is degenerated into the polnt
region at the origin of the coordinates. For checking the optained
solutions, wz 2onducted experimental studies on determining the zone
cf stable self-excitation, the results of which are presented oun
Fig. 2.
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Fig. 1. Regicns of self-excitation Fig. 2. Compariscen of theore=t.ca.
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Fig. 2 contigued: of the circle (4); 2 -~ Ty=Wle-s; 3 - To=w0.le's;
X - experimental points.

From a compariscn of the experimental and calculation data for
machines with T>=w0.12 e's, 1t 15 evident that the divergzsnce appears
mainly 1n the region Xe= a.-,'d.. With an increase 1n the time con-
stant of the rotor circuits, the lower zone »f self-excitation (when

T ce<xEg ) is expanded 1in defined limits, and the upper zone 1is
narrowed.

Calculations on a computer showed that the boundary of the zourie
for tte single-phase induction machine with a symmetric rotor can
be approximately expressed by the equation of the circle

X

! 2.
(xc-iﬁ-’,—”—’—ﬁ"—)‘z&(ﬂ;ii) )

}
In general, the magnitude of the capacitance necessary for the »
A
self-excitation of the machine must be determined frum the relation t
N
> sy - (5) N
“OSd- ‘.
&
]

Thus the studies conducted on the self-excitation of the s.rgle-
phase 1induction machine showad the satisfactcory convergence of ex-
perimental and calculation data; the power of the tank c¢f capac:itors
for excliting the pulse-excited generator consists of the order of
five percent of the pulse-excited power.
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MECHANICAL FORCES IN ELEMENTS OF THE POWER SUPPLY CIRCUIT
OF AN ACCELERATING APPARATUS FROM A PULSE-EXCITED GENERATOR

v.I. Popov, G.A. Sipaylov

Used for creating powerful magnetic fields are different electro-
physical devices the windings of which are flowed around by pulsed
currents with an amplitude of hundreds of ki:loamperes. During the
operation, the current-conducting parts of such devices undergo
enormous mechanical stresses, which limit the magnitude ol the cur-
rent being passed. The deformations appearing in the windings under
the effect of electrodynamic forces (edf) in the powerful magnetic
field can become irreversible, and the apparatus is destroyed. In
order to design such a device correctly, 1t is necessary to know the
magnitude and distribution of the mechanical stresses in its wincdings.
The ability to determine correctly the stresses by calculatior means
makes 1t pcscible to create a reliable securing of the current-carry-
ing parts, which 1s capable of witkstanding destruction or noticeable
deformation.

The volumetric density of the mechanical fource scting on the
cenductor with a current introduced into the magnet:c field equals:

F=oalin] .

Conseqgue..tly, fur the calculation of the edf, 1t 15 necessary tvu

know the magretic field strength and distribution of the current den-

si1ty. The main difficuities are assoclated with the determinaticn

v

of the magnetic field strengtah H. These difficulties depend mainly
on the complexity of the spatial conf.guration of the current-carry-
ing part of tre device. They are increased even more with cailcula-

tion of the effect of the cirgulesr ferrumagnetic surfaces.

Usually, 1r calculations of edf, for simplifying the protlem, a

rs ool

rrumber of assumrptions 1s made. In particular, separate sect)
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the conductors of complex spatial configuration are taken as plane

{5, 6]. 1If this assumption is acceptable at the small curvature of
the conductors, or when the winding ccvers not more than 60C, then

in windings which pussess great curvature and cover angles up to 1800.
for example, any parts of the concentric winding of the stator of a
two-pole pulse-excited gererator, such an assumption introduces a
considerable error.

Secondly, in calculations of edf, the effect of finite dimensions
of the cross section of the conductors 1s usually not considered,

> AR TR

i.e., it 1s considered that the currents {low along the line con-
ductors.

In order to nbtain a sufficiently accurate representation about
the distribution of mechanical stresses in conductors of cumplex con-
figuration, what are the windings of the pulse-excited generators,
reactors, solenoids, magnets of accelerators, and so on, 1t 1S neces-
y sary to consider the curvature and finite dimensions of the crosc
: section of the conductors in determining the edf.

In calculations of mechanical stresses in the conductors, deter-
mined, as a rule, are values of the axial Fa and radial Fp forces,
which for conductors of infinitely small cross section can be ex-

pressed by the following [2]:

F, -10 C (w) (1)
=40 i 2
Fop_w Uy (WY (2)
where Cgq 1s the ax1a! geometric coefficient; Cp -~ the radial
geometric ccefficlent: L - current 1n the cenductors.

Coefficients €q and €5 consider the efflect of the spatial pusi-
tion of the conductors on the magnitude of the edf. Four conduct_rs
at a distance of h from each other and curved along radius B, ccef-
ficients Cgq and Cp are equal to

2R +h Kt GLn.
hkh! | h {E ) E({ £.x) z‘ﬁﬁ—’ F§ " K(,)}g.s"g).

cz—R—[K ~Eoof -F Ksing J(" 2,
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where ,B and ? are the central angles which encompass the first and

second conductors, respectively; K(u‘o E(,) - complete elliptical
integrals of the first and second kinds, respectively; ‘1{- &%) »
E(i-§-“) - 1ncomplete eliiptical 1ntegrals of the first and se-
: . T R
cond kinds, respectively; K =1i$53 - the modulus of the ellipti-
cal integrals.

As the irvestigations shcwed, the calculation according to for-
mulas (1) and {(2) for conductors of an infinite crcss section gives
a considerable error, for the compensation of which 1t follows tc
introduce into the calculation formulas the correction coefficient

, whcih consider the cross section of the conductors and distance
between their axes.

This ccefficient can be determined by comparing the forces per
unit length of conductors cof infinitely small cross section ard con-
ductors of finite cross section calculated on the basis of the treo-
rem on the proportionality of the edf to the change 1n energy of the
magnetic field along the coordinate, in th. direction of which the
force igaetermined. For busbars of rectangular cross section, the
expression for the coeffi~ient of shape and proximity of the crorcs

sections has the form:
2

h-a ‘a hea Q 'S
K !n N
‘P’h{ ot (4 mb)’ at &‘(“mt)’(h.s)[h.s?-a!] » (3)
where h is the distance between centers of the cross sections; a -

width of tre busbar; b - height of the tusbar.

In order to calculate the effective force acting on the con-

ductor of finite crouss section, 1t 1S necessary to multiply the edf

Yy

obtained for conducters ~f an 1r.finitely small crocs section by the
coefficient k . Taking the stated above 1nto account, the formulas

(1) and (2} for cunductors of rectangular cross secticn are written

~re fourm -7 2
FQ-‘O t{ Cokep (%) ' (0
£ =40 T3c n (w)
P pre® (5)

The The table gives values of ccefficient k¢ calculated from { .rm.-
"

la (3) for different ratios %, a3 & - Rav: -& arnd ar-

determined by construction of the courniuztors and ca

the most diverse minner.
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N Table

0t | ! : 1 h
S [ . L h 1LY LY
i = (& a2 | g [t |&"T

. 0.5 1,16 1,04 i.02 1,01 1,00
o 1 1,00 1,00 1,00 1,00 1,00
wy 2 0. 0,% 0,95 0,97 0,993
:‘li 8 0.60 0,80 c.88 0,% 0,987
d: 4 0,50 9,1 0,82 0,91 0,981
iﬁ From the table 1t 1s evident that for the relatively small
iﬁ. changes i, ratios b/a and h/a, the coefficient kg varies in consid-
U
?S erable limits. 1If at calculations of edf the proximity coeffliziert
M) . _ t resu.

:ﬁ. _of cross sections 1s not considered, at ratios of B7a> K;ikl be ex-

! cegsave, and at bsad¢l 1t will be understated.

Fo: an estimate of the longitudinal firite cross section of the
m conductors on the magnitude of the edf, experiments on models accord-
.$ ing to the method discussed 1in work [3] were conducted. The models
q& were designed so that the distance h between axes of the busbars
In) .

! rigidly attached to supports could be changed. [fs a result of the
.:. experiments, dependdces of k,-f(—}-) when -&-m&t. were
%“ taken. On Fig. 1 the experimental values ofl<? when b/az2.6 are

0
3} applied by points. Given there for a comparison 1s the curve of k?

calculated according to formula (3) with the same ratio b/a.
Kh, f,l . —

o
L L sot
Lot

&+
s 0,3
:; r
‘A 0,6

»

i a7t "
4t or

" i I S i A % n 4 < Py {)

" o0 ¢ & & 1 W 3 0T 2T 6 S hinem
~l
A2l Fig. 1. Dependence of Kq;'f(%) Fig. 2. Curves o forces £or
:; when b/a=2.6; - calculation b/a=2.6 and currer* of 3 ki
4 curve. Fev: 1) com.

‘?
s Figure 2 gives curves c¢f furces tletred fr morec it 0 tFe

»

’f claculation carried cut both withuut tak:ing 1n%. acotournt ‘ourve
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ratio bsaz2.6 a~d current of 3 KA. Here the x's denote the experi-
mental values of forces for the same values of b/a and current.

From Fig. 2 it follows that the calculation taking the coeff.cient

of shape and proximity of the cross sections i1nto account gives values
of forces which agree well with the experimental data. Let us note
that with an increase distance h, ther curves are mergec¢. This 1s
explained by the fact that the cocfficient k)¢ tends to unity with an
increase 1n h at a constancy of bsa. Therefore, 1n those cases when
dimensicns of the cross sect:icon of conductors, at least, are four to
five times less than the distance between them, the calculation of
the forces can be made according to formulas (1) and (2), assuming
that k? =1, -

The obtained expressions make 1t possible tou determine the
electrodynamic forces with sufficient accuracy for conductors with
the assigned curvature and cross section. The examined procedure 1s
applicable for the calculation of the edf between the curvilinear
conducting parts of different devices 1n those cases when the effect
of the ferroumagnetic masses 1s insignificant.
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