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There are presented the characteristics of developed high-power high-voltage tight resistors based on water solu-
tions of salts, acids and their mixtures as applied to their use in assemblies of linear induction accelerators (LIA) of

high-current electron beams.
PACS: 66.10.Ed; 77.22]p

Beginning from the 1970-s there was initiated in
VNIIEF the production of generators of intense
bremsstrahlung pulses on the base of high-current LIA
(for example, [1]). Tight small-size but high-voltage and
high-power resistors are needed for their assemblies for
the following purposes, in particular: limitation of cur-
rent in electric circuits; simulation of high-power loads;
damping of electric oscillations and suppression of re-
flected pulses; prescribed distribution of electric field
strength by insulators length; change of pulse voltage
parameters etc.

For these purposes there were developed resistors
(LR) on the base of water solutions of salts, acids and
their mixtures possessing a totality of advantages as
compared to other types of resistors. The advantages are
as follows:

- their electric strength over the volume up to
300 kV/cm at microsecond duration;

- as compared to metals they scatter in a unit of solu-
tion mass the energy that is larger by an order;

- after breakdown the electric strength is recovered
by liquid quickly;

- resistance is quickly regulated by electrolyte re-
placement;

- they can be of any shape;

- they possess inductance up to fractions of nH;

- they can be applied in the circuits with the frequen-
cyupto~ 1 GHz;

- fire- and explosion-safe;

- simple in production;

- relatively cheap.

It was demonstrated that at field variation E from
1.5to 51 kV/cm in the solutions of sulphate of copper
(SC) CuSO4[B5H20 and salt NaCl the value of resistivi-
ty p remains constant at its variation from 40 to 104 Q[J
cm and frequency of affecting voltage up to 12.5 MHz
(for example, [4,5]) (as differentiated from the changes
specified in [2,3]). The solutions transfer voltage pulses
thorough the volume correctly if the front duration is up
to 1.5 ns (what is equivalent to f = 333 MHz). The elec-
trodes of copper and stainless steel are practically neu-
tral in the above specified electrolytes correspondingly.
To provide long-term operation one should use soluble
materials of OSCh or KhCh make. For SC the elec-
trodes should be of MOOb and MOO copper makes (the
content of copper should be = 99.99 and 99.96 mass
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fractions; State Standard 859-2001). Because of the
presence in natural water of different salts and dissolved
gases and in tap water — iron oxides or added chlorine
and fluorine water should be bi-distilled or de-ionized in
columns with ion-exchange resins and qualitatively de-
gassed.

LR possess negative temperature coefficient of resis-
tance (TCR). It depends weakly on concentration K of
the given substance in water [6]. But resistance p of
electrolyte depends on K (g/1) [7].

At selecting polymer material for bodies its moisture
permeability was taken into account as all organic mate-
rials absorb water and leak what is characterized by per-
meability coefficient . The knowledge of Y for differ-
ent materials [8] makes it possible to determine the
amount of water passed through the wall made of the
given material. Finally, for LR bodies there was selected
low-pressure (high density) polyethylene of make
210-15 (209-15) as it swells least of all and its P =30
10°g/(cm hour Torr) at 20°C, and its softening point
(melting) being 124...132°C.

The first tight LR produced in 1974 (voltage up to
150 kV) to limit current to ~ 63 A in charge-discharge
circuits of resistance multiplication generator (GIN) its
output voltage being 500 kV and to transmit starting
pulse with a front of = 5ns (current < 1k A) to control
electrodes of trigatrons in cascades [9] are operable in
any position in vessels with oil and vacuum insulation,
with compressed gases. The compensation of tempera-
ture change of the solution volume is achieved by vary-
ing geometry of the polymer body of LR within the lim-
its of its walls elastic deformation. The IK 100-0.25
(100 kV; 0.25 pF; 1.25 kJ) capacitors in each cascade
were charged through LR; at self-breakdown the switch
should absorb this energy of LR in aperiodic discharge
at current amplitude of 63 A. The LR length / =13 cm
and diameter d = 5 cm were prescribed by GIN compo-
sition. The internal surface at the body ends (Fig.1,a) is
conical, its angle of slope being 6° to the longitudinal
axis as well as the surface of the electrode 2. At the ex-
ternal surface of the body ends a trapezoidal thread with
a 6-mm pitch is made as well as for the nut 3.4 — is an
adjusting screw. After the solution is filled in a vacuum
chamber to the body with the fastened on its bottom end
components 2 and 3, the electrode 2 is inserted from
above. The nut 3 is screwed till it touches the electrode
2 and then — with the removal to the body of electrode
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2 — till the liquid displacement from the body. After that
the nut was screwed till it sat to the end face of the body
providing tightness of the conical joint and the increase
of hydraulic pressure in liquid with simultaneous in-
crease of d by 0.05...0.1 mm at the middle of its length.
The conical shape of components 1 and 2 decreases
“spreading” of polyethylene under the effect of mechan-
ical efforts to it. Screws 4 serve to remove the elec-
trodes 2 in the course of LR operation.
1
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Fig. 1. LR structure: a — for GIN of LIA-10; b — for GIN
with the increased capacity of capacitors

Before the LR assemblage the surfaces of bodies and
components that will be in contact with the solution
were degreased with benzine “Kalosha” and /or Freon,
rinsed in solutions of caustic soda, calcinated soda and
trinatrium phosphate and then - several times in distilled
or bi-distilled water. Quite useful was washing of com-
ponents in ultrasonic bath.

The assembled LRs were placed to a refrigerator at
+1°C for 5 hours. If tightness is not provided, air was
sucked to the solution. For higher guarantee LR were
often placed in the chamber with exhaustion of ~ 1.50
10 Pa. If the tightness was not provided the electrolyte
was sucked through it to the chamber and being evapo-
rated it left a visible layer of salt.

The testing of LR consisted in conducting current
through LR within 0.5 minute with 1.5 minute periodici-
ty what simulated the passage through them of charge
g=0.125°C equal to the charge of all capacitors in GIN
cascades per one cycle of its switching. At resistance
R=1.6 kQ there was provided ~ 500° operations with no
noticeable change of LR condition. Within one cycle of
q charge passage there was absorbed in LR the energy
W = 0.4 ] what increased the temperature of solution by
AT = 0.239W/V = 0.77007*°C and solution volume V —
by AV = BIVIAT = 2007 ¢cm® (B = 300*/°C — tempera-
ture coefficient of water volume change). The per-
formed later testing of all LR in insulated with oil GIN
under conditions close to real operation conditions at
GIN start up each 2-3 minutes confirmed these results.

Beginning from 1978 there appeared the necessity in
LR of higher power for GIN with increased capacity in
each cascade [10]. LR presented in Fig.1,a were taken
as a base of the above LR but with increased external
diameter of the body (up to 52 mm) simplified end parts
of body 1 and usual metric thread with a pitch of 2 mm
(Fig.1,b). A larger step between capacitors in cascades
made it possible to increase the length / up to 18 cm;
moreover, there was decreased the length of compo-
nents 2 and 3. As a result, the volume of solution in LR
constituted 244 c¢cm® and became larger by a factor of
1.45. In the electrode 2 there was made a hole tightened
by the screw 5, and the hole 6 to fasten LR.
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These LR turned out to be simpler in production and
operation. Thus, they are still applied today in GIN
complexes (72 units) of LIA-30 accelerator put into op-
eration in 1988, GIN (18 units) of LIA-10M (1994) [1]
and other facilities.

The solution of the problem of reducing the rate of
bubble formation in the solution because of moisture
permeability of walls was found in LR design with the
increased thickness of the wall of body 1 and gas-vapor
cavity in one or both electrodes 2 and 4 (Fig.2). The sur-
face of this cavity walls are shaped in such a way that
they form a somewhat water seal and gas from the cavi-
ty can not get to liquid at any position of LR in space,
while gas leave the solution for the cavity [5]. The cavi-
ty is filled with the solution through a hole in the elec-
trode 4 closed by the screw 9. Level 10 of electrolyte
surface is set so that it is higher than the face of the tube
5 at any position of LR thus forming a water seal. The
size of the vessel with gas is higher (larger) than level
10 and the height of solution above the tube 5 face is de-
termined reasoning by operation conditions. When the
seals are in both electrodes gas can get to the electrode
cavity almost at any position of LR in space, except hor-
izontal one.

Under tests the charge up to 0.4°C was passed
through LR at 100 kV. The ultimate applied pulse (~ 1 pt
s) voltage constituted 270 kV.

For GIN there was developed an LR common for all
stages [11]. This made it possible to increase at the pre-
vious overall dimensions the length of the column be-
tween cascades, to decrease electric field in the solution
and its temperature, to charge capacitor in cascades
more uniformly. Between the electrode ends there are
arranged regularly by the solution column length the
copper electrodes in the form of flat discs (they are four
in number for a 5-stages GIN) that possess holes and are
fastened with dowels through the body walls. Such LRs
were applied in GIN with two parallel charge-discharge
circuits of voltage multiplication. Thus, 4 units were in-
stalled in each of them. Two of them had an overall
length equal to 95.8, while the two others — 98.3 cm. In
each cycle of GIN operation the pulse voltage up to
500 kV was applied to LR.
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Fig. 2. Resistor with water seal in the electrode cavity

arranged with the seal at the top (a); at the bottom (b)
and in horizontal position (c); 3 — nut; 6-8 — gaskets

To reduce the effect of bubble to electric strength the
LRs were fastened in GIN at a slope of ~5°. Above is
arranged an anode in which a layer of H,SO, of higher
density is formed at charging what assists in uniform
concentration of electrolyte by the length of its column.
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AKNJKOCTHBIE PE3UCTOPBI B YCKOPUTEJIAX UMITYJIbCHBIX ITYYKOB 3JIEKTPOHOB

A.HU. I'epacumos
[IpuBeneHs! XapakTePUCTUKN pa3pabOTaHHBIX MOIIHBIX BRICOKOBOJITHBIX T€PMETHYHBIX PE3UCTOPOB HA OCHOBE
BOJIHBIX paCTBOPOB COHeﬁ, KHCJIOT ¥ UX CMecel IMPUMEHUTEIIBHO K UCTIOJIb30BAHUIO B y3J1aX JIMHEWHBIX UHAYKOHUOH-

HBIX YCKOPHUTENEH CHIIBHOTOYHBIX ITyYKOB 3JIEKTPOHOB.

PIIMHHI PE3UCTOPH B TIPUCKOPIOBAYAX IMITYJIbCHUX ITYYKIB EJTEKTPOHIB

A.lL I'epacimos
HaBeneHo XapaKkTepUCTHKH PO3POOJICHMX MOTYKHHUX BHCOKOBOJBTHHUX TE€PMETHYHHX PE3HUCTOPIB HA OCHOBI

BOJISIHUX PO3YMHIB COJIEW, KUCIOT 1 IXHIX CyMillleli CTOCOBHO /10 BUKOPUCTaHHS y BY3Jax JIHIMHUX IHAYKIIHHUX
MIPUCKOPIOBAYIB MTOTYXHOCTPYMOBHX ITy4KiB €JIEKTPOHIB.
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