AD=A092 550 FOREIGN TECHNOLOGY DIV WRIGHT-PATTERSON AFB OH
A POIER PULSE TRANSFORMER? (U)
0 S BOGDANOVs Y P VAKHRUSHIN
UNCLASSIFIED FTD-ID(RS)Y—OUGI-BD

F/6 9/%

NL




- —

P

PHOTOGRAPH THIS SHEET

S .
23]
g g LEVEL INVENTORY
@) z F
= ’D —‘-
L |7 D (‘R-é I-006/-80
(@ p 1 DOCUMENT IDENTIFICATION
&S]
Qg
. [ DISTRIBUTION STATEMENT A
<C Approved for public release:
Disbtr_i_t_:_ution Unlimited
DISTRIBUTION STATEMENT
E ACCESSION FOR ‘
] NTIS GRA&I ﬂ
i DTIC TAB D D I '( :
; UNANNOUNCED O
: JUSTIFICATION ELECTE .
DEC8 1980
BY
DISTRIBUTION / D ]
[ AVAILABILITY CODES
DIST AVAIL AND/OR SPECIAL DATE ACCESSIONED
DISTRIBUTION STAMP |
DATE RECEIVED IN DTIC
PHOTOGRAPH THIS SHEET AND RETURN TO DTIC-DDA-2

DTIC ;g:»;g 70A DOCUMENT PROCESSING SHEET




FTD-ID(RS)T-0061-80

& FOREIGN TECHNOLOGY DIVISION

ADAO9255

A POWER PULSE TRANSFORMER

by
0. 8. Bogdanov, Yu. P. Vakhrushin, et al.

Approved for public release;
distribution unlimited.




iania s

FTD -1D(RS)T=0061-80

EDITED TRANSLATION

FTD-ID(RS)T-0061-80

13 February 1980

MICROFICHE NR: FTD-20-C-000228

AT2140562

A POWER PULSE TRANSFORMER

By: O. S. Bogdanov, Yu. P. Vakhrushin, et al.

English pages: 15

Source: Nauchno-Issledovatel'skiy Institut
Elektrofizicheskoy Apparatury im. D. V.
Yefremova, Preprint A-0112, 1970,

pp. 1-12

Country of Origin: USSR

Translated by: John A. Miller

Requester: FTD/TQTD

Approved for Public Release; Distribution unlimited.

THIS TRANSLATION 1S A RENDITION OF THE ORIGI-
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR
EDITORIAL COMMENT. STATEMENTS OR THEORIES
ADVOCATEDOR IMPLIED ARE THOSE OF THE SOURCE
AND DO NOT NECESSARILY REFLECT THE POSITION
OR OPINION OF THE FOREIGN TECHNOLOGY DI-
VISION,

PREPARED BY:

TRANSLATION DIVISION
FOREIGN TECHNOLOGY DIVISION
WP.AFB, OHIO.

FTD -1p(k8)T-0061-80

Date 13 rep 19 30

D e el




U, S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Italice Transliteration
A a A a A, a Pp P »p R, r
- b 6 5 6 B, Cc C ¢ S, s
BB B ¢ vV, v T T m T, t
rr r e G, g Yy Y vy U, u
4 a4 4 a D, d D ¢ ® ¢ F, f
E e E ¢ Ye, ye; E, e¥ X x X x Kh, kh i
oW X x Zh, zh Uy U y Ts, ts
3 3 3 3 Z, 2z Y 4 Yy Ch, ch ;
S H u I, 1 W w W w Sh, sh
Hon A u Y, ¥ Uow )/ - Shch, shch
H K K «x K, k b s 5 s "
1A T a L, 1 H & A wu Y, vy
(oo M u M, m b b b !
H H H N, n 3 3 3 E, e
C o 0O o 0, o W 0 Yu, yu
nn n n P, p A s A a Ya, ya

*ye initlally, after vowels, and after », b; € elsewhere.
When written as & in Russian, transliterate as yé& or é&.

RUSSIAN AND ZNGLISH TRIGONOMETRIC FUNCTIONS

Russian English Russian English Russian English |

sin sin sh sinh arc sh sinh_*

cOs cos ch cosh arc ch cosh |

tg tan th tanh arc th tann_,

ctg cot cth coth arc cth cothi_°

sec sec sch sech arc sch sech_

cosec cse csch csch arc csch cseh ]

y

Russian English
rot curl

lg log |
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A POWER PULSE TRANSFORRBEGF

O. S. Bogdanov, Yu. P, Vakhrushin, V. G. Zhitenev, N, I, Kolesov, and

Ae V. Orlovw

The operating principle and design of a power pulse transformer
designed for operation in the range of 50-500 ns are described. A
description of the transformer fgrototype uf&h parameters 0, = 20 kvV,
U, = 160 kV, and I, = 700 A is given, and results of the tests are
presented which show that a transformer of this type provides good
voltage pulse transfer and is characterized by reliable operation.
This makes it possible to recommena it for use in the power supply of

the powerful electron gun of the LIU-30/250 accelerator.
INTRODUCTION

The electron gun of the LIU-30/250 linear induction accelerator
{1] requires a high-~voltage powver supply with a voltage of 300-500
kV, a load current of 25(-300 A, with a pulse duration rg.og = 0.5 us

and a sampling rate of 50 s-t,
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One possible soluticn 18 to use the modulator of the pulsed
power supply of an LIU0 [linear induction accelerator) [2] vhcse lcad
is a pulse transformer that consists of a nuster of ring-shaped
magnetic circuits, each of which is covered with primary windings
connected in parallel; the voltage of the seccndary winding is equal
to the sum of the voltages cf the primary windings [3, 4, 5]. We
discuss the results of tests of a prototype pulse transformer which

ve propose to use in the L1U-30/250.

I. OPERATING PRINCIPLE AND DESIGN OF THE PULSE TRANSFORNER

The basic diagras cf the pulse transformer is shown in Fig. 1.
It consists of circular maynetic circuits 1, the number of which
depends on the required voitage on the secondary winding. EBach
magnetic circuit is enclosed by coil 2. The ccils are connected in
parallel and form the primary winding of the transformser. Secondary
vinding 3 encompasses all the magnetic circuits: the voltage on it is

deterained by the agquality

u: = IU,,
4

vhere U; is the voltage ca the primary winding: N is the number of

magnetic circuits,; and 0, is the voltage on the secondary winding.
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Onlike the circuits generally used [6]), with such a circuit it
is possible to design a transformer in which there is good transfer
of the pulse shape and at the sase time to easily deal vith problems
of imsulating the secondary winding, feeding the voltage to the

heater of the electron gun, and cooling the sagnetic circuits.

To unify the unite of the accelerator for the pulse transformer
it is expedient to induction coils of the L1U-30,250 accelerating

systen, Pigure 2 shows the desiyn of the pulse transforser.

Cores 1 are made of strips of alloy SONP 10 um thick with
insulation between turns of maynesium oxide agplied by catophoresis.
The cores are contained in electrically-insulated frawes 2 made of
glass sicanite. These frames insulate the cores from primary winding
) and at the same tipe frotect the cores against mechanical effects.
The cores vith frames are fastened in vater-cocoled housing 4 wmade of

aluwinua alloy.

The induction coils are collected into a coluan by means of pins
6 wvhich fora simultanecusly the cuter part of the secondary winding.

Sealing gaskets 5 are fplaced between the induction coils.

Tube 8, attached at one end to flange 8 and at the other to

insulator 7 passes along the axis of the coluan thus formed. In this
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vay the tube with the flange and pins forms the secondary winding.
Inner cavity 10 is filled with transformer oil to assure good
electrical insulation between the central tube and the induction coil
bodies. Wo additional insulation is required heiuoen the induction
coils since the buses cf adjacent coils are shifted with respect to
azimuth. The power suprly for the gun heater is located inside the
central tube, making it possible tc eliminate a separating
transformer. When using the traasformer to power a three-electrode
gun, tap 11 is taken fros the central tube; the voltage on this tap

is proportional to the nuaber of enclosed induction coils.

II, THE PROTOTYPE AND ITS TESTLANG

For the prototype cf the pulse transformer (Pig. 3) we used
eight induction coils made using an epoxy cospound [2). The basic
diagram for powering the transformer and measuring its parameters is
given in Pig. 4. In the modulator are used thyratron 1, type
76I-1-2500/50, and heterogeneous shaping line 2 on capacitors
PKGI-50-25000. The modulator makes it possible to obtain voltages to
23 kV and to switch curreats to 15,000 A. VYcltage from the modulator
is fed, using type PK-50-11-13 cables 3, to primary winding 4 of the
transforser. In the first test sode a load was eamitted by resistors ;
Se type TVO-60-51. The selected rating of the resistors corresponded

to a beam current of 400 A. In the second mode a three-electrode gun
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vas connected to the transformer; currents to 700 A were taken from
the gun cathode. In this case a voltage equal to 3/, of the total
voltage vas fed to the grid of the gqun from transformer tap 6. The
gun heater wvas powered froam transformer 7 using conductor 8 that
passes inside the central tube ¢f the transfcrmer. The cores vwere
demagnetized by alternating curreant with a voltage Up = 12 V and a

carrent of ~160 & using demagonetization system 9.

In the measurements we used a type DSO-1 two-beam oscillegraph

10. During the tests we measured a) the voltage on the primary

winding of the transforamer using divider 11; b) the current across
the thyratron using Rogouski loop 12; c} the voltage on the secondary
winding using divider 13; and d) the beam current using systes 14 and

Rogowski loop 15.

The parameters of the measureaent circuits vere as follovs:

11 - pulsed attenuator, consisting of resistors TVOo-20 with a scaling

ratio X = 56,

12 - Rogowski loop made using a ferrite ring: sensitivity 0.16 V/a.

13 - pulsed attenuator, consisting of resistors TV0-10 with a scaling

ratio K = 343,
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18 - BC circuit; capaciters C; = C2 = 8 pf; R = 0,8 0,
15 - Rogowski loop made using a ferrite; sensitivity 0.26 V/A.
II1. TEST RESULTS

Pigure 5 shows oscillograms of voltage pulses on the primary and
secondary windings of the pulse transformser. The uper oscillogram
shows the voltage pulse on the induction coil (primary winding), the
lover - the voltage pulse in the secondary winding of the
transformer. The oscillograas were recorded with the following
parameters: (Lsepsance ;. = 45 KkV; L{.“”’ = 20 kV; U go~ 160 KV,
Sweep duration - 1.2 us. Duration of calibration marks - 0.2 us. The
equivalent load corresgcnded to a beam current of 400 A, Analysis of
the oscillograms shoved that the durations of the flat part of the
pulses of the primary and secondary windings coincide, and are
Tgeog * 580 ns at level 0.95. Analysis of the leading edges cf the

pulses also shoved good agreeaent "b' 200 ns for both pulses.

Pigure 6 gives oscillograms of the current pulses through the
thyratron (upper oscillcgram) and the voltage on the induction coil

(primary winding). The cscillograms vere recorded with the following

i ST, RO
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parameters: I = 7. 16 KA

rup = 20 kV; O = 45 kV.

U ung 300

The sweep duration was 1.2 us; the duration of the calitration

marks wvas S0 ns,

Prolonged operaticn of the transforwser shoved high reliatility
of the oil insulation of the seccndary winding. ¥o breakdowns were
noted within the transformer. It was established that filling the
cavities between inducticn coils with transformer oil does nct worsen
the shape of the voltage pulse in the primary winding of the
transformer. In both cases the duration of the pulse front was 200

nS.
CONCLUSION

Results of prototype tests allov us to recommend the proposed
transformer design as a high~voltaye power sugply for the LIU-30/250
electron gun. It should be noted that it is desirable to reduce the
duration of the pulse front and the drop in wvcltage pulse, since the
alectons of the gun beas, whose energy differs from nominal, are lost
daring acceleration and load the accelerator tube, Since the Lteanm
pover is ~200 kW, too high a loss of electrons can lead to damage to
the accelerator tube., One possible vay to curtail the duraticn of the

pulse front and the drcp is to introduce into the secondary circuit a
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control key, e.dg., an e€lectron tube. In this case it can be expected

that the duration of the pulse front and the drop will be ~30 ns.

The protoype was prepared for testing and measurements were made

by V. I. Kornev and A. I. Pavlov, in additicn to the authors.

REPERBNCES

1« V. D. Anan'yev et al. Pulsed reactor with 1BR-1 injector, OIYal

preprint, 13-4392, 1969.

2. A. I. Anatskiy et al, Linear ipduction accelerator. "Atoanaya

energiya,™ 21{6): 439, 1968.

3. M. C. Cjiristofilos, R. E. Hester, ¥. A. 5. Lamb, D. D. Reogan, W.
A. Sherwood, and R. B, #right. Ip the book: Transactions of the
International Conference on Accelerators. Dubna, 1963." Mosccw,

Atosizdat, 1964. p. 1073.

4. Yu. A. Vakhrushin et al. An electron gun. Author?s cert. No.

256903. “Byulleten® izcbretatalya," No. 35, 1969.

S5« P. V. Bukayev and A. I. Gryzlov. A pulsed transformer, Author®s

cert. No. 233035. "Byulleten® izcbretatelya,"™ Nc. 2, 1969,

e T TR AT, (P S PR DOTEIE,, @GSy A ANV QT ¢ | v v s 0 g HR g |

B ot e e o e




DOC = 0061 FAGE 9

6. A. A. Bernshteyn and N K. Rudyachenko. Pulsed radioconversion

devices. Kiev, Gostekhizdat, UkrSSE, 1963.




poC = 0061 BAGE 10

RN
i
|
= |
RS

M

Pig. 1. Schematic of pulse transtorsmer. 1 - circular magnetic

circuits; 2 - coils cof primary winding; 3 - secondary winding of the

transforaer.
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Fig. 2. Design of the pulse traasfcrser. 1 - circular cores; 2 -
electrically insulating core frases; 3 - primary winding; 4 -
water-cooled housing: S5 - sealing gaskets; 6 - pins; 7 - insulator: 8
- tube; 9 - flange; 10 - volume filled with transformer oil; 11 -

intersediate tap.
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Fie. 3.
rototype of pulse transtorser [ LLLUSTRATION NOT REPRODUCIBLE]
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Pig. 8. Diagram of the transforser power circuitry. 1 - thyratron: 2
- heterogeneous shaping line; 3 - transsission cables; 4 - prisary
vinding; S - load resistors; o - intersediate tap; 7 - filaasent
transforser; 8 - conductor; Y - aemagnitizaticr circuit; 10 -
oscillograph; 11 - attenuvator; 14 - Rogouski loop; 13 - attenuator;
14 - systes for seasuring current of secondary viading of

transforser; 15 - Rogowskl icop.
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Fig. S. Oscillograss of voltage pulses on prisary (upper curve) and

-s

secondary vindings of the pulse transformser (rgees > 0.5 us;

p " 200 ns: U, = 20 KV; U, = 160 kV). [PIGUBE NOT REPRODUCIBLE])

W
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Fig, 6., Oscillograas of curreant pulses ¢

hrough the thyratron (upper

curve) and voltage on grimary winding of the fulse transformer

(U = 20 kV;

1 Trup

end 0061

= 7 kA)» [FIGURE NOT REPRODDCIBLE)}
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