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Tha swttining systen
ant ampiifies §% to obtain the voltace necessary for
raliable, ‘\0w.jitter tringering of tre jccelerator
companents. Thig system consists of two major sub-
systems: 10 the Siunlein Jhareing Subsystem which
firg: tv-';;e s thirtaon “iry generators, and then
charaag 5 ouater Aleing, and [2) the
Blumlain Triggaring Subsystem which {riagars the
already-charged Blunlzins to produce 3 90 nann-
second, &0 kY pulse in aach of 33 ferrite-1naded
accelerator modules, The Tirst subsystem consists
of cnarges hich voltage z:iiag with two parallel
switch zags either of o il teiqgor the Marx
gerer°tz:'>‘ The major comprents of the second sud-
system are three stiges of switcn gaps alona with
the necessarv high voltags caaling. Two paradicl
first siage switcn qaps trigger thirteen second
stage faos, which in tyrn trigjer 34 third suige
§lumiein switcn qaps syncnrongus with the passage of
toe elaciren beam pulse, These Spary qaps are
opgrated at a valtaee of 150 to 250 &Y with a 1/3
hertz repetition rata, Varying the cablo Tenqgthg
craates the agtudl dalay times in the triggering of
each csmpoesnt,  Tedyndancy is built intu the system
s agsential
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for the §135h radigerashy wpticaiicn,
Irt-oduction

Flashk X-Rav {FYR) is 3 20 Mev, 2 KA linear
inducsion accelaratar comnosad of 54 acgelerating
cavitiag, Six of thega cavities make up a 1.5 MeV
elactron infactor end the remaining 23 ravities,
arrangad in four madule sections, each accelerat
the elactron beam 380 V. The accelerator has an
everarl Tueath of 29 meters, FAR uses thirtoen Marx
ganerators for pferqy storage and 5¢ water—filled
3lumlaing as oulse-forming retworks to supniy 3 98
ns, 180 &V puise to each of the 53 Territe loaded
acceierating cavities, The oper2ting Sequence 15 3
follows. Fach of the Mary gemerators Charqes up 4
cavity Blumleins, When the flumleing are 3t Doak
Charge they are trimered and send a 49 ne 300 1Y

pulse 1o the accglorating caviting, A miemyter
bataeen the 37 mlein and caviiy resuits ina 5 0
133 &V oulee ageats eyck of the cavity g res, -

ing in an ouerall deam enerqy nf 20 MgV,

An averview of The FIR accalurator is qipn 'y
R, Kyixz* and SDDC‘Lflcf we given by G0 7, Yot lin
and 2.4, Kyeaning® g Lo, “acfarline it
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vroduce the .rc'ﬂw-,--nq v{‘],"lrn 1ErAGE A3cn viea s
sratgs moduia qap <aIngd ent aitn the 235510 of ina
alectren heam,  Siece this machine wil) be g far
radiography shots, which are expensive ane~tire
shots, it i essential that the accelarator be vary
relieple, Therefore the Switching System itseif
must have a high reliablility,

pradicied lifetime of this accolerater is
about twenly years, Dver this tire the acceleratyr
will nave fired several million shots. (Most of
thes? shots will be for machine tuning and hirdware
chacxing, and 3 small parcentate will actually be
ragionraphy swts), Therefore it is necessary for
the Switeniag & 0 have a long Vifetime {ap-
oraxitately millisns of shats) wise very littie
down-tite for perigdic maintenance ang repairs.
Anpther reguiramont ie that the system readily
accepl machine upfrades, sinc2 at prese-t vichine
uparades are expected which would increase the besm
ensray from 20 Me¥ to as nuch as 55 Mav,
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The Switching System is repnscd of two major
subsystoms, the Blunlein Charging and the 8lunlein
Trignering Sunsystms Tha first tricgars the Marv
generators shich in turn chares the wccelarator

Shrmieins, wd the smonf TIrigers these alregdy
c:-wn;i Slumining 7
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THE VAEY TEIGGER SUBSYSTEM CRUSES THE
AOLLEERTOE BLEIUEHE 7O CHETEE, WHILE
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acceleration creates a beam of maxinum energy with
minimum energy spread.

The Trigger Subsystem can be broken down into
three levels or stages. The purpose of each stage
is to amplify the trigger signal of the previous
stage, [Ini*1ally a single onc kilovolt trigger
signal is fed into the first stage, This stage
amplifies the signal into thirteen 125 kV trigger
pulses. These thirteen trigger pulses enter the
second stage and are further amplified to fifty-four
120 kV trigger pulses. The signals then go on to
trigger each of the fifty-four 3lunleins ?Fig. 2).

THE BLUMLEN TEIGGER SUBSYITEM AV B
B P WD THEEE LEVELS G STHGES.

G STHE OF THE BULUAMIERS TEIGGEE SLRSIIEN
FANS QUT TO THE AEXT STHEE

FIGURE 2

a. Stagel

The block diagram of the first stage of the
Trigger Subsysteém 1s chown in Fig. 3. The first
stage consists of an array of 13 High Voltage
Cables, two spark gaps, and the output from two
Marx generators, all connected at a common point.
These two Marx generators, or trigger Marxes, are
two-stage, 250 nf devices. They are modified ver-
sions of the thirteen Marx generators which charge
the accelerator Blumleins. Each of these thirteen
Marxes is a five stage, 75 kV per stage, 100 nf Marx
generator. The trigger Mary is a single five stage
Marx split into two two-stage trigger Marxes, (ome
complete stage s dropped), each having its own
charging and triggering circuit. The capacitors,
spark gaps, and rémaining circuit elements of the
trigger Marxes are identical to those of the five
stage Harxes, minimizing the number of on-hand spare
parts noeded. The trigger Marx charging supply is
also identical to the charging supplies of the
accelerator Marxes.

The spark 9aps for this first stage are identi-
cal to the spark gaps that will be usad to trigger
the accelerator Slumleins. The spark gap electrodes
are coaxial with the trigger electrode located mid-
way pstween and concentric with the two main elect-
rodes. Past testing has shown that this type of gap
has an inguctance of about 60 nanchenrys. H, 8,
McFarlane” has completed a sat of expariments in
the gap which show it has Tow no-fire, pre-fire
charactaristics and has an RMS jitter of less than 1
as when operated with SFg at voitacas of 325 &V,
Since the spark 7aps on the switching system will
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FIGURE 3

be operated at 125 kv, further testing at this lower
voltaga i§ necessary.

A -120 kV pulse with a 10-90% rise time of 10
ns or less will trigger these spark gaps. This
pulse will be generated by a four stage 4.2 nf
Marx. A tiree-stage version of this Marx has had
extensive use at the Lawrence Berkeley Laboratory
Electron Ring Accelerator®. There it has proven
itself to be highly reliable with a tested Tifetime
of gver 10 million shots. The only design change we
will make will be adding another stage, making it a
four stage =30 kV/stage unit.

The cable array will pe high voltage cable
rated at 350 kV dc. This cabia has a characteristic
impedance of 67.6n,a capacitance of 23 pf/ft and a
phase velocity of .63 times the speed of 1ight in
vacuum,

The cable array consists of thirteen cables
varying in length from 30.2 to 48.2 meters. The
difference in length between each of the thirteen
cables corresponds to the electron transit time
between the adjacent four cavity sections (Fig. 4).

THE TIME IT TAKES FOR THE TRIGGEE
PULSE TD REACH EACH STAGE I GAF
15 DEPENDENT UPON THE LENGTH OF
FACH TEIGGER (ABLE,

THE DIFFECENCE I LENGTH BETWEEN
EACH CABLE (ORPESPONDS 1D THE ELECT
FON TRANSIT TIME BETWEEN EALH SECTION.
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The junction where the trigger cables, trigger
Marxes and Stage [ gaps come together is called the
fanout assembly, The trigger cables plug into cera-
mic damping resistors which are attached to the
center conductor of the fanout assembly. The fancut
assembly is shown in Fig. 5 and is 71 om. long by 19
cm wide by 20 cm deep. The cables are arranged in
two rows of eight. (The three extra connectors are
for minor upgrades to the accelerator.) The two
coaxial spark gaps are arranged on either side of
the fanout housing while the output from the trigger
Marxes enter from the bottom. This entire assembly
is mounted on top of an oil filled tank containing
the trigger Marxes, charging inductor along with the
rest of the Stage 1 hardware. '

STAGE 1 FANQUT ASSEMBLY
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When the Marx gengrators are triggered, they
resonant-charge the cable array to 125 ¥V in 2
microseconds. At peak charge, the two spark gaps
are triggered, shorting the cable array to ground,
and setting up a -125 kV traveling wave in each of
the 13 cables. Each of these cables is terminated
in a 100 pf isolation capacitor. Since these
capacitors are much smaller than the cable capaci-
tance, the -125 kV trigger pulse effectively sees an
open circuit and is almost enirely reflected. The
forward traveling wave combined with the reflected
wave results in a »125 kV puise which is used in the
sacond stage of the Trigger Subsystem, In order to
minimize the ringing in the cable array, 15 ohm
resistors will be placed in series with each of the
cables. This design was modeled by computer simyla-
tion and the resulting waveform s shown in Fig. 6.
Notice that there i$ an acceptable voltage reversal
on the cable. [t i3 believed that this will result
in an increase in the average cable's lifetime. The
unwanted affect of this series resistor is that 4t
grops t 2 amplitude of the trigger pulse by
I5/(2g *+ v), where r is the resistor and Iy is
the line impedence. For the present case the
trigger pulse is dropped to 0,82 of its initial
amplitude. These inline resistors will be ceramic,
6 inches long and 1 inch in diameter,

In order to resonant charge the cable array in
2 micros2tonds, a 15 microhenry inducter will be
placed in series with the Marx and cable array. The
Marx itself has an inductance of about 2uwh. The
cable array contains 1683 feet of cable at 22,8
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FIGURE 6

pf/ft corresponding to a total capacitance of 38,4
nf. Since the electren transit time in the largest
cable (48.2 m) is much shorter than the 2us charging
time, the cable array can be treated as a single
capacitor of 38.4 nf, Therefore the cable charging
circuit can be represented simply by a Marx
capacitance, a charging inductor, and a Tumped cable
capacitance as shown in Fig. 7. This figure repre-
sents the two possible conditions: first, if only a
single Marx erected and second, if both Marxes
erected, The voltage gain on the triager cable is
given by:

I,

Cm + Cc {1}

where Cy i5 the Marx capacitance and C, is the
cable capatitance. The charging time, tg, of the
cable is given by

te = mlC (2)

where | is the equivalent charging inductance and ¢
is the equivalent circuit capacitance, The actual
veltage gain and cable charging time will depend an
whether one or both of the Marx generators erect.
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The reason for redundant trigger Marxes is to
ensure that the cable array will be charged. [f the
cable array is not charged then the entire accel-
erator will not function leading to a failure of the
radiograpy shot.

It can be showm that both the charqing timas
and voltage gains are relatively insensitive to
having one or both Marxes erect. (The voltage gain
in the cable array varies by 6% dependent on whether
one or hoth Marxes erect, while the charging time
varies by less than 1%.)

Since the cable array is not a single capaci-
tor, but is, instead, a set of thirteen transmission
lines having round trip transit times of 320 ns to
510 ns. As a result the voltags waveform will be
distorted from the ideal (l-cor, wt) wavefarm charac-
teristic of a resonant-charge oecause of voltage
reflections at the cable ends. I order to study
this distortion, a computer code was used to model
the real situation. A plot of the charging wave-
forms at the common end i5 shown in Fig. B. From
the plot you can see that there are only minor dis-
tortions. When the cable array is at its peak
charge, the two coaxial stage I spark gaps are
triggered, setting up a traveling wave though the
¢able array. A 16 ohm resistor is put in series
with the trigger Marxes in order to critically damp
the oscillations set up a a result of the stage I
gaps firing. Two gaps are used in parallel opera-
tion in order to increase system reliabil)ity.
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FIGURE 8

Tre switching system js designed to function
properly if either of these gaps trigger.

b. Stage 1I

The diagram for the second stage of the Trigger
Subsystem is shown in Fig. 3. This stage consists
of thirteen spark gaps. A set of four trigger
cables are attached to each of 12 of the stage II
gaps. Each of thase .ables is terminated in the
trigger circuit of the Blumlein stage [11 spark
gaps. A set of six trigger cables is attached to
the thirteenth spark gap and {5 used to triqger the
Blunlein spark gaps on the six injector Blymieins.
The stage IT gaps and the associated trigger cabling
will be charged from a tap-off from the acceierator
Marzes which charge the 3lumleins. Therefore, the
trigger cables leading to the stage III qaps are

WA R b

charged to 150 kV as the Blumleins themselves are
being charged to 300 kV. The trigger electrodas of
the stage [I gaps are located at the midplane and
will be charged to 75 kY. A capacitor is needed in
the trigger ¢ircuit to isolate the trigger electrode
at 75 kV from the stage I trigger cable at 125 kV.
This capacitor will ba 100 pf or roughly 10 times
the capacitance of the trigger electrode and efjther
main electrode ¢f tha stage II gaps. A trigger
pulse from Lhe stage ] cable triggers the stage Il
gap, shorting the stage 11 cables to ground and
satting up a -150 k¥ traveling wave in tha cable,
The wave will then trigger the stage III gap and
fire the Blumleins,

ENCH TRIGGER CABLE 15 TERMINATED IN
A STAGE T SPARK 6AP TRIGGER CIeCUIT.

TO STAGE Il

1S0LATION
e STAGE [T
3 ater SPABE G4P
PIGGER ELECTRODES
CABLE (1013)

FIGURE 9

c. Stage [II

This stage is made up of the 54 Blumlein spark
gaps. The 5tage [l trigger cables are connected to
the trigger electrodes of the gaps through a resis-
tor. The purpose of this resistor is to minimize
cable ringing in the Stage III triggering cable.

Order of Firing

\aryino the cable lengths to each gap deter-
mines the timing of the triggering of each Blumlein
spark gap. After the stage ! gap is fired, the
trigger pulse reaches each of the stage [1 gaps at
the appropriate time dependent uper the cable length
and sends negative trigger pulse to each of the 54
Blumiein stage IT1 gaps, These trigger pulses
reach: each stage I11 gaps at different times again
depandent on the length of each of the stage III
trigger cables.

The Blumlein Charging Subsysiem

The purpose of the Blumlein Charging Subsystem
is to trigger the thirteen acceleratar Marres so
that each accelerator Blumlein is at its peak charge
coincident with the time that the stage Il gap is
triggered, The charging subsystem is Identical to
the First stage of the Blumlein Trigger Subsystem.
Each of the thirteen trigqer cables is terminated in
the trigger circuit of each of the Marx gemsrators.
Since the Marx trigger electrodes are maintained at
ground potential, a 100 pf isolation capacitator is
placed at the trigger cable termination,
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The overall Switching System is shown in Fig.

10.
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Conglus:on

The FXR accelerator must be highly reliable if
it is to be a successful radiography machine. The
Switching System, with fts redundant Systems, should

prove to be very reliahle. The system is easily
madified for accelerator upgrades by adding similiar
subsystems in parallel with the existing systems.

FXR is scheduled for completion late in 1981,
The building and testing of the Switching System
will begin in the next few months.
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