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GERERATOR 0? CURRUT PULSA~ ~LTd AN ANPL IT UD E 0? 10’ A AID STABILITY

OF *10 ’ AT A REPETITION RA ?~ 0? 2 Hz*

B. F. Bay anov , A. V . Il’~~n, V . N. Pakin, A. P. Panov, and C. I.

Sil’vestrov (Institute of Nuclear Physics of the Siberian Branc h ISO )

of the Academy of Sciences [AS) USSR)

Tb. generation stro n~j magnetic fields , as well as the use of

pulse d systems in accelerat~.on equipment , often leads to the problem

of creating powerful generators iflich operate on an induct ive load.

Furthermore , experimental conditions sometimes place limitation s on

the  d u r a t i o n  and shape of the current pulse and the stability of Ut•

current amplitude , as well as rsquLrinq high operat iona l reliability .

This study consid ers a generator operating on an inductive load

of 0. 1 MN created at the Al a? (Institute of Nuc lear Physics) of the
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so as ussu, whic h provides a sinusoidal unipolar current pulse with a

base length of 1.2 M~, an amplitude of 10’ amperes, and which is

stable w ith precision of tO. lo/o at a repetition rate of several

Hertz .

Direct switching of the pulse current to the load circuit cannot

be used in the case in question because there are no gates for these

currents. In this case, a pulse satching transformer is used in

• combination with a high—voltage switching gate on a current of dozens

of kiloaaps.

The generator (Fig. 1 shows a diaqra. of the generator) consists

of capacitive store C1, which is charged through controllable gate

T~—T,~ to the primary winding of the pulse transformer (Tp1 ). The

capacitor is recharged through a special recharging coil (Dr5) and

recharging diodes (D1—D,.) in ord.~r to recover the energy. 

-•
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Fig. 1. Diagram of generator. 1 — rectifier, 2 — charging device, 3 -
discharge circuit, I —comparison circuit, 5 — parameter regulatioa
circu it, 6— thyristog p~ot ctioa circuit, 7 — start ing gener ator , C1.,
— capacit ive store, Tp

~ — pulse matching transformer, T,—T,~ -

sw itching gates, Re,—Re 5 — ano~Is reactance coils, D1—D40 — recharging
diodes, Dr1 - recharging coil, 1,~j~r

1
~~ 

— divider, KEY: (a) Load.
(b) to DYS.
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It suffices to regulate t~e voltage on the capacitive store in

order to obtain short— term current amplitude stabilization (as

exper ience shows) . In this case, we used the method of voltage

regulation by discharging a portion of the charge over a special

discharge circuit (3), which is controlled from the com parison

circuit (I) (1). The parameters of this generator drift gradually

through time due to the large dynamic and thermal loads in the

circuit. Therefore, a circuit rot autosaticalip regulating the

current amplitude (5) by smoothly varying the level of the regulated

voltage on the capacitor is provided to balance these drifts.

The matching transformer ( Tj~, ) is constructed according to the

Ncablea principle (2). In order to decrease the transformer’s

resistance losses and stray Lnductances, it is made in the for. of a

three—dimensional secondary coil 3. The primary winding, which

consists of wide flat coils 4~ is placed in the closed groove of this

• coil (Fig. 2) • This design provides complete coupling of the

secondary winding currQut with the primary, while the Stra y currents

of the individual primary turns are not coupled with each other. This

•akes the stray inductance proportional to the first degree of the

number of turns. Here the turns of the primary winding are

dy namically balanced. They are insulated from the secondary coil by

Ipost.k insulation four .i thick on a voltage of 20 U. The
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trans forma tion coefficient is de~1. The stray inductance is 8.10 ’ a.

The cross section of the magnet ic circuit is 5z600 cm tm , while the

range of inductance in iron at a current of 10’ A is IS kgauss.

I
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rig. 2. Pulse transfor.er. 1 — low—inducta nce tap of secondary

winding, lead of primary winding, 3 - three—dimensional coil of

secondary winding, I - ccii. of primary winding, 5 - magnet ic circuit,

6 - s agmet ic circuit isatlati om .

3 \\ \~~\\ \
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The •ain problem in cceatin~j the generator consisted of

developing a 25 kA switching gate at a voltage of 10 kV and pulse
• length on the order of one ms We avoided the mercury rectifiers

which are ordinarily used in this type of circuit due to their

bulkiness and the complexity of their operation.

Two types of gates were developed for this generator. The

diagram in Fig. 1 shows tue first version. It is constructed with

thyristors, which are smalL, do not require filament circuits, are

no t sensitive to changes in external temper ature , and have a long

service life.

Studies conduct ed on t hy r isto rs in the short pulse switching

mode shoved that UPAKL— 150 or VKDU— 150 thyristors can switch currents

of up to five ki at a sinusoidal pulse length on the order of one ma.

Under these conditions, rue thyristors withstand several million

pulses without exhibiting an appreciable change in their parameters.

A system in which on the order of three kA passes through each

thyristor was selected in the generator’s working circuit in order to

provide reliability.

The generator’s switching gate consists of eight parallel

branches with 12 series— connected VKDU— 150—7 thyristors in each

— — ~~~~~~~~~~~~~~~
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branch. Resistors (R a, —*~ ,.) are connected in parallel to each

thyristor in order to balance the potentials, while each branch is

connected to a common point in the circuit through coupled anode

reactances (Re,-Re.). which distrioute the currents over the branches

with precision down to lOo/o. The thyristors are controlled from one

starting generator (7) throu,jn pulse transformers (Tr,—Tr,,). The

prima ry winding is a single wire with high—voltage insulation

(magneto) which passes successively throug h the magnetic circuits of

H all of the transformers.

ii
One feature of the thyristorsi operation is that separate

overloads wit h an ampl it ude above six kA and a current build—up rate

of more than 20 A/ps can cause individual thyristors or entire

series—connected branches to completely break down. This makes it
• necessary to provide special protection for the thyristors. A

blocking tube (R &) wit h solid insulation was de ve loped for this

purpose. When the electronic protection circuit (6) operates in

response to the amplitude and the current derivative, explosive

breakdown occurs and the tube shorts out the entire commutator in

several pa, thereby keepin~j the thyristors from being destroyed. This

circuit also cuts of I the generator power through the TJBS system.

The capacitive stote is recharged t hrough a coil (Dy 1) and

through four parallel branches consisting of ten series—connected
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VK DL—200—9 diodes each (Da—D 40J . The recharging pulse lasts ten as at

an amplit ude of 2.6 kA .

A gas—discharge gate controlled by a pulsed magnetic field (Fig.

3) was developed as the second version.

rig. 3. Design of disc harger . 1 — cathode , 2 — anode, 3 - end dis ks
of anode, is — end disks of cathode, S — insulation, 6 — control

winding, 7 - admission pip., 8 — exhaust pip..
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Tb. cathode 1 and anode 2 are made of stainless steel in the

form of two coaxial cylinder s w*icn turn into disks 3 and I at the

ends; theme disks are insulated trom each other. The cond ucting

• cables are symmetrically attached to these disks. A helica l groove is

• made in the external tube — the cathode. Winding 6 made of copper bus

2x10 am~ is doub le—wou nd into thaw groove, forming the magnetic field

in the working gap.

The maximum value ot tsae field is near the cathode, while it

drops rapidly in the direction toward the anode. Both its value and

sig n vary wit h the winding spacing frequency in the axial direction

• along the cathode.

The stainless steel wall of tAO cathode is one mm thick ;

therefore , the skin effect plays a very small part , whi le the

intermittent field between the anode and the cathode virtually

duplicates the form of the puls. curren t in th. control winding

through time in the 1000 ps — 2 as range (see rig. I).
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rig. I. Time diagrams. 1 — discharger control current, 2 — current

switched through discharger. KEI: (1) iS.

~~~ 7 4 N 
-
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The gate operates an the pressure range of 3.10~~ — 6.10-’ mm Hg

in air and argon with an anode—cathode gap of one cm and an amplitude

of the intermittent field on the surface of the cathode of 500 Oe.

• This method of control provades good gating properties and a

uniform distribution of the discharge over the entir. surface of the

-
• 

electrodes under the control winding. The gate operates reliably

under conditions of 25 hA and 10 kY for one ma.

The generator has successtul Ly withstood lOS pulses under these

• conditions and is continuing to function reliably.

1, a.~. ~sauo , A.B. Hm ue, 8.14. Taxi. A.fl. flaxo., r.n. Csiu.Mcvpss ‘F...r
yap ~~ yj~cioro vuxa’ flpeup.rrr HR• CO AH CCCP ~~~ $8, 1900.

3. 8?. ~.p.c,x flT3, 1902. ~~9, c rp. S.
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