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CURRENT PULSE GENE RATO R WITH AMPLITUD E or 10’ £ AND STABILIT Y 0?

t1O~~ AT A REPETITION RAT E OP TWO Hz

E. I. Bay a nov, A. V . Il’in, V. I. Pakin, A. P. Panov, G. I.

Sil’vestro v

(Institute of Nuclear Physics (h a?) (~AcI~ ’] of the Siber ian Bra nch

(SO) (CO] of the Academy of Sciences (AN) (14~~ ISSE)

4

It is often n ecessary to create powerful generators Which

operate on an inductive load in order to obtain strong mag netic

fields, as well as to use pu lsed systems in acceleration equipment .

Fu rthermor e, experimental conditions sometimes place limit ations on

th. duration and for . of the current pulse and the stabili ty of
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current am pl itud., and a lso require high operating reliabi lity .

This report exa.ines the generator created at the ITa F of the SO

AN USSR wh ich provides a un ipolar sinusoidal current pals. wit h a

base lengt h of 1.2 s and an amplitude of 10’ amperes. It is stable

with precision of tO.lo/o at a r.p.titioi~ rate of several hertz for

an inductive load of 0.1 iS.

In the case in qu estion, the pulsed current in th. load circuit

cannot be directly switched because ther. are no gate. for this

current. Thus, a pulse matchin g transformer combined with a

high—voltage ten h i—current switching gat e is used.

the gemerato t (diagram in rig. 1) consists of cumulative

capacitor C!, uhich is charged through comtroll.d gate T1-T,~ to the

primary vLMiag of th. pulse transformer (Tp~). Th. capaci tor is

recharged through a special recharge choke (Dr 1) and recharge diod es

(D , D40) in order to recover the energy.

It suffices to regulate the voltage on the cumulative capacitor

in order to obtain short—term current amplitude stabilizat ion (as

experienc. has shown) . In this case, the voltage is regulated by

dischargin g portions of the charge throug h a special disch arge

circuit (3) which is controlled by comparison circuit ( )  (1). Due to
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the large dy namic and thermal loads in this gener at or , its parameters

ii the cir cu it can be seen to shift slowl y throug h time. Therefore ,

am a utomat ic current amplitude ad justment circuit (5) is provided to

cospeisate for these shifts by gradually changing the level of the

regulated voltage on the capacitor.

The matching transformer (T ~~) is made b y the cab1s priaciple

[2). In order to decrease the transformer’s active losses and stra y

inductance , it is made in the form of secondary bulk windi ng 3, ii

the closed grooves of which the wide f lat tur;s of the primary

winding are wound (Fig. 2). This design provides the compl ete

connection of the secondary winding curren t with the prima ry, whereas

the stray currents of the individual primary turns are not Connected

to each other. This makes the stray inductance proportiosa l to the

first order of the number of turns. Here the turns of the primary

winding are in dynamic equilibrium. They are isolated f roe the

secondary wind ing by epoxy—glass insulation four  •m thick for a

voltage of 20 kV. The transformation coefficient is *0. The st ray

isductance is 8.10 ’ H. The magnetic circuit cross section is 5z600

cm 1, while the peak—to— peak induct ion in iron at a current of 10~ A

is 15 kGa sss.

The main problem in creating the g.urator was developi ng a 25

hA switching gate at a voltage of 10 kY and puls. length on the order

0 
~ W2*~’T~~W ~~ — - — - - —
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of one is.

Re decided against the mercury ga tes ordinarily used in this

ty pe of syste. due to their bulk and complexit y of operat ion.

Two types of gates were developed for this generator. The first

version, a thyrist or gate, is shown in the diagram in rig. 1. The

small thyristors which make up this gate do not require f ila me nt

circuits, are not very sensitive to changes in extbrna]. temperat ure,

and have a long life.

Test s conducted on the thyristors in the short pulse sw itching

mode indicated that  U P AK L—1 5 0 or YK D U—15 0 thyristors are capable of

switching currents of up to five hA at a sinusoidal pulse leagth on

the order of one is. Under these conditions, the thyristor s can

withstand several million pulses without perceptibly chang ing

parameters. Conditions in which on the order of three hi is sent

through each thyristor were seleted in the working circuit of the

generator in order to provide reliability.

The genera tor ’s switching gate consists of eight parallel

branches wit h twel ve series—connected VKD O— 1SO— 7 thyristar s in each

branch . A potential—equalizing resistor ( ft~1--r -~~96 ) is

connected in parallel to each thyristor, and each branch is connected



- 

~~~~~~~~~~~~~~ 
— -—------—-- --—------ ---— ----— ——- - ---— — -- -----------=

~
-— -- -

DOC 1291 TEE 5

to a common point on the circuit through coupled anode reactors

(Ie~—Ie.), which divide the currents according to br anches with

precision of up to 100/0. Tb. thyristors are controll.d from one

starting generator (7) through the pulse transformers (I r 1 —T r,.) ; the

primary winding is a single wire with high—voltage insulat ion

(nagneto) wh ich passes consecutively through the magnetic circuits of

all the transformers.

One peculiarity of the operation of the tbyristors is that

individual amplitude overloads above eight hA and a curren t build—up

rate higher than 20 A/pS can render individual thyristors or entire

sequential branches completely inoperable. This requires special

thyristor protection. A cutoff tube (Re) with solid insulation was 
—

developed for this pur pose. then the electronic protection system (6)

operates in reaction to the amplitude and the current derivative,

explosive breakdown occurs and the cutoff tube shorts the entire

switch within a few pa, thereby saving the tkyristors from

destruction. This circuit a lso cuts off the generator’s power through

the UBS [blocking and signalling control] system.

The cumulative capacitor is recharged through the choke (Dra)

and through four parallel branches of VKDL—200—9 diodes with up to

ten series—connected elements (D1—D ,0). The recharging pulse length

is ten ms at an am plitude of 2.6 hA.

_ _ _  — - -
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A gas—discharge gate controlled by a pulsed magnetic field was

developed as the second version of the switch (Fig. 3).

Cathode 1 and anode 2 are two coaxial stainless steel cylinders

which evolve into disks 3 and * (which are insulated from each othec)

at the ends. Supply cables are symmetrically attached to these disks.

A he lica l groove is cut on the outer tub. — the cathode. Double—wound

21101 ii coppe r bus winding 6 is wound in this gr oove, for ming the

magnetic field in the working gap.

The maximum value of the field is near the cathode, and it

rapidly declines toward the anode. Both its value and sign vary with

the period icit y of the winding pitch in the axial direction along the

wi nding.

The wall, of the stainless steel cathode is one mm thick ;

therefore, the skin effect plays a ver y small role and the pulse

field between the anode and the cathode virtually duplicates the for•

of the pulse current in the control winding through time in the 100

— 2 as range (see rig. 4).

The gate operates in the pressure range of 3.10~~—6.10 ’ mm hg

—
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in air and argon at an anode—cathode gap of one ci and pulse f ie ld

a.plitude on the surface of the cathode of 500 Oe.

- 
This method of control provides effective gating and the uniform

distribution of the charge over the entire surface of the electrodes
- uner the contro2 ~inding. The gate operates reliably in the 25 hA

mode at 10 U for one is

In this node, the generator has successfully withstood lOt
- I pulses and continues to operate reliably.
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Pig. 1. Diagram of generator. 1 — rectifier, 2 — charger, 3 —

discharge circuit, 4 — comparison circuit, 5 — parameter regulation

circ.~t, 6 — thyristor pro tectio n circuit , 7 — starting genera tor ,

- 

C~ — cumulative capacitor , Tp~ — pulse •mtching transformer, T,—?,~
— switching gates, 5e 1—5 e 5 — anode reactors, D 1—D ,0 - recharge
diodes , Dr 1 — recharge choke , ~ i~i-r~ /l% — divider.

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ - -
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Pig. 2. Pulse tran sformer . 1 - low—induct ance seconda ry wi nding tap, 
-

2 — primar y winding lead, 3 — secondary bu lk  winding turn , 4 —

primary winding turn , 5 — magnetic circuit, 6 — magnetic c ircu it
insulation.
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Pig. 3. Cutoff tube design . 1 — cathode , 2 — anode, a — end disks of
anode, 4 — end disks of cathode, 5 — insulation, 6 — control winding,

7 — ad mission pipe , 8 — evacuation pip ..
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Pig. 4, Ti me diaqra . I — cutoff tub . cent ra l curre nt, 2 - Curr ent

- 

switched through cutoff tube.

UT : (1) is.
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