—

‘LA-UR -91-1455
LA-UR--91-1455

DE91 013050

Los Alamos Nakona Laboralory s operaied by the Unmverpty of CaMorrua for the Uniled Simes Department of Crergy under contract W-7405-ENG-28

TIME CELL DESIGN FOR THE DARHT LINEAR INDUCTION AC.CELERATORS

m'"o"s, 'l. J. BI.II.‘I'I!. l'l "l Alliﬂon. L- H- Ell.'ley, Il‘. J- I..lﬂkl.
C. Mochkler, J. R. Ruhe, H. H, Tucker, and L. Valling

SUBMITTED TO. particle Accelerator Conf.
San Francisco, CA
May 1991

DISCLAIMER

This report was prepared as an auroust of work sponsred by an agescy of the United Stasm
Clovernment. Neither the United Stater Clovernment nor any agen~y thersol, nor any of their
employem, makes any warramly, cApress ur implied, or sssumes say legal habikity or responsi-
belity for the acruracy, compleiencma, ur wscfulnem of any information, apparsius, product, or
proces dinclossd, or 1epreaents that its une would not infringe privately owned rights. Refer-
ence hevem 1o any specific comumercial product, process, u- service by trade name. trademark,
mapufacturer, or ntherwie dots nod mecessarily c matituie or imply fs endormsment, recom-
mendaton, or favoring hy the United States Clovernment or sny ageacy therenl. The views
sad opmioms of authors cxpresssd herein do wl mecemarily state or reflect thase of the
United Xiates (lovarnmem or any agency thereuf.

By acceplance of this arnie the publisher recogruzes thal he U 8 Governmend relans 8 noneacivane royaity free heenae o publsh of reproduce
the publishard frm of tha Losinhutnn or fo allow othevs fo do 8), for U3 Clovernmant purposes

The Lon Alamos Natmnal | abrratory requents 1hal e pubivher iiarply this aricie 33 werh pavior may under ihe suepxces of the U § Departmen of { nevgy

L@S AH@U@@S Los Alamos Nationai Laboratory
Los Alamos,New Mexico 27545
i MASTER -

DISTRIBUTION OF THIS NOCHIMENT I8 UNLIMITED


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


Cell Design for the DARHT Linear Induction Accelerators

M. Burns, P. Allison, L. Earley, D. Liska, C. Mockler, J. Ruhe, H. Tucker, L. Walling
Los Alamos Natonal Laboratory, P.O. Box 1663, Los Alamos, NM 87545

Abstract

The Dual-Axis Radiographic Hydrotest (DARHT) facility
will employ 1wo lincar inducticn accelerators 10 produce
iniense, bremsstrahlung x-ray pulses for flash radiography.
The accelerator ccll design for a 3-kA, 16-20 MeV, 60-ns
flanop, high-brightness eleciron beam is presented. The cell is
optimized for high-voluge stand-off while also minimizing the
its transverse impedance. Measurements of high-voliage and rf
characteristics are¢ summarized.

1. INTRODUCTION

The DARHT facility at Los Alamos will gencruie insense
bremsstrahlung x-ray pulses for radiography using two linear
induction accelerators (L1A). Ecch LIA will produce a 3-kA,
16- © 20-McV, 60-ns flauop, high-brightness electron beam
using a 4-McV injector and o series of 250-kV induction cells.
Each cell consisis of an oil-insulaied ferrite core, an
accelerating gap with carcfully profiled electmdes and insulator,
and a solenoid magnet (¢ transport the elecuron beam. This
panex summarizes the design of the accelerating gap region.

The cell development precess included the design,
fabrication, and esting of three prototype cell configurations.
In chronological order, these are referred 10 as Mod 0, Mod 1,
and Mod 2 aad arc shown in Fig. 1.
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Fig. 1. Acceleraung gap region of the three prototype
DARHT ccll designs.

The fundamenuil parameters of the accelerstor delermined
the basic layout of cach configuration. To provide the required
pulse width while using readily available material, 11 TDK
PE11B fermite torroids (237 mm 1D, 503 mm OD, 25.4 mm
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thick) were specified for the cell core. High-voliage breakdown
of the acccleraling gap is prevented by using a minimum gap
width of 14.6 mm. The cell bore is 148.2 mm. which is a
compromise between the large bore needer! o0 limit growth of
the beam breaiup (BBU) instability and the small bore required
1 provide space for the solenoid magnet and 0 reduce costs.

The high-vollage design and breakdown measurements of
these prototypes is discussed in Section 2. Section 3 deals
with calculation and measurement of the transverse impedance
of cach configuration.

II. HIGH-VOLTAGE DESIGN

We limited the peak design clecuric field stress o
200 kV/cm for the type 304 stainless steel electrodes that form
the accelerating gap. This condition required a minimum gap
width of 14.6 mm 10 sustain the 292-kV gap poiential
generated by the failure mode in which the cell is pulsed
without electron beam loading.

The design of the insulator separating the oil-filled femie
core from the vacuum portion of the cell became the focus of
the high-voliage design. Empirical elecirical breakdown
formulas determined the initial layout of each insulator, and
then detailed electric field modeling was carried out using the
two-dimensional finite-element codes POISSON and
FLUX2D. The treakdown electric ficld was maximized by
optimizing the angle between the insulator and the calculated
clectric potential lines. This angle should be held near 40° for
the cross-linked polystyrene insulator, and to do this in the
Mod 0 design required placing a conducting ring within the
insulator near the negative electrode vacuum triple point, The
curved vacuum-side surface of the Mcd 1 and Mod 2 insulators
avoids the fabrication challenges encounicred with the Mod 0
insulstor ring. The maximum calculated clectric field siress
across the Moo 2 insuator was 93 kV/cm.

Cross-linked polystyrene (trade name Rexolite) was sclected
for the insulator because of its low dick curic constant (e=2.5)
and excellent mechanical properties. The insulator is
compressed from 0 10 0.5 mm when installed (o avoid small
gaps between the electrodes and the insulator, which can cause
significant fleld enhancement.

Inicraction of the elecuon beam with the insulaun may lead
o insulator charging and UV-induced breakdo vn, The Mod ()
design counteract this effect by partially shiclding the insulator
from the clectron beam. The Mod | design ignores this (ep-ure
in favor of reduced machining costs. The Mod 2 cesign
completely shiclds the insulator in & way that also reduces the
deaign's tranaverse impedance. Detalled modeling of the
complicaled Mod 2 gcomeciry reyulred increasing the
accelerating gap width o 19.1 mm.

L.M. Enarley, e1. al. [1), have completed detailed
measurements of the breakdown vollage for cach cell



configuration. Mod O tests were carried out with two full-sized
cclls driven by a low-impedance (10 ) Blumlein. Full-sized
Mod 1 and Mod 2 gcometrics were investigated using a higher
impedance (240 {2) cable pulser, which avoided the cost of
fabricating the [crrite core portion of the cells. The Blumlein
provided a squarc pulse with the voltage above 90% of the
peak value for about 70 ns. Thr square waveform from the
cable pulser remained above 30% of the peak for 150 ns.

Approximatcly 2000 shots were recorded in testing the
Mod 0 design. These included conditioning shots at lower
voltages as well as shots up to the breakdown voltage. In a
similar way, the cable pulser was used for 30,000 shots on
Mod 1 and roughly 4000 shots on Mod 2. The high-
impedance cablc pulser did not drive large currents when the
gaps brokc down, unlike the low-impedance Blumlein sysiem.
Thus, the cable pulser may have provided beuter high-voltage
conditioning than the Blumlcin system. The measured Mod 1
and Mod 2 breakdown volges listed in Table 1 arc the levels
al which breakdown was obscrved for approximately ha!f the
shots at that potential. These breakdowns damaged the cells so
that breakdown continued at 400 kV. No permanent damage
was donc 1o the clectrodes or insulators, however, and these
parts ~nuld be reused after cleaning. Mod 0 failed on the ienth
shot at-350 kV, and testing was stopped at that point,

Cable 1. Measured Breakdown Vollage

Design Breakdown (kY Driver

Mod O -350 +/- 10% Blumlcin
Mod | -5 +/- 8% Cablc pulscr
Mod 2 -520) +/- 8% Cable pulser

1. CELL I"MPLDANCE

‘The BBU instability results in high-frequency transverse
oscillations of the electron beam, which smears the lime-
integrated beam spot size at the aceelerator final focus. This
increases the radiogriphic spot size and decrcases the spatial
resolution of the resulting radiograph.  Growth of the BBU
instability is dependent upon the cell trunsverse impedance.

Theory 2] indicates that

A
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v iere 7. is the transverse impedance (£2/cm) of a resonant
mode of angular fiequency ., The speed of light is ¢ (cm/sec),
the gop width is w icm), and the bore radius is b (em). nisa
dimensionless constant that retlects now well the cavity modes
are damped. Iy ovalae s derermined by such factors as
geometry and material choice. Minimizing the transverse
impedance by mmimizing 1 is the gool of the rf design of the
cel),

The two-dimensional hinite-difference, time-domain
clectromagnetic simu ation code AMOS [13] was used o
calculate the transverse i diinee ol the cell, Thiv code is
unigue in that et absorpnon properties of the ferrite cote are

modeled. The ferritec propertics werc determined by
measurements of small ferrite samples [4].

The low-impedance cell design process began with the Mod
0 configuration, which was an evolution of cxisting LIA
designs. Mod ' was a mechanical simplification of Mod 0
while also improving the cell's high vollage chasacterislics.
Mod 2 used a "shiclded gap™ [S] 1o reduce the impedance at low
frequency while also hiding the insulator from the clectron
beam. Our studics of these configurations with AMOS have
shown that the transverse impedance can be reduced by using a
low-dielectric-constant insulator material, placing the insulator
close o the cell bore, avoiding gaps between the negative
clectrode and the ferrite core, matching of waves into the core
by contolling the amount of ferritc ¢xposcd to the cavily,
using extra fcrrite picces to damp cavity modes, and properly
choosing the geomelry of the accelerating gap.

L. Walling, er. al. [6], have complcicd measurements of
the transverse impedance of each cell design. These tosts have
shown that an important (cawre of the cell is the high-voliage
drive rods attached (o the negative electrode in two places 180°
apart. The dnve rods break the axial symmectry of the cell
resulling in azimuthal variations in the impedance that ¢7 :not
be modeled by AMOS. Figure 2 shows thc wansvcrse
impedance measurcment for the Mod 0 gcomcury in both the
horizonta! (paralicl w0 the drive rods) and vertical (perpendicular
to the drive rods) plancs with the drive rods terminated in
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Fig. 2. Mod 0 transverse impedance in the horizontal and
vertical plarcs.

P. Allison, et. al. (7], have shown that rowting pairs of
celln %P along the accclerator can take advantige of this mode
spliting and reduce the effective impedance of the cell. With
this installation pauern, the nverage of the horizontal und
vertical impedances is the quantty of importance, This value
should be roughly 670 (¥m o mect the DARHT performance
gualx.

Figure 3 shows the average impedance vs frequency for all
three cell configurations using the hollow compensation
revistor discussed below, The small-amplitude oscillations in
cuch curve are the rexult of calibration errors. “The overall
measurcment gecurdgey is estimated o be better than 20%. The
peak impedance for the Mod 0 design was 731 €3/m w
114 MHz (M=2.29). "The Mod 1 cell is much worse with a



measured peak impedance of 1275 £/m ai 847 MHz (n=3.99).
This is reduced in the Mod 2 design 1o 671 /m at 816 MHz
(m=1.61). The shielded-gap configuration has greatly reduced
the magnitude of low-frequency modes. Without the damping
ferriee (see Fig.1), however, mes<"rements of the Mod 2 cell
indicate that the high-[requency mode grows o 1020 /m at
680 MHz.
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Fig. 3. Average ransverse impedance vs frequency.

Autached to each side of the cell is an enclosure from which
the drive rods enter the cell and in which is placed a
compensation resistor. These resistors are electrically in
panallel with the accelerating gap and help 10 reduce gap-
voltage fuctuations duc to clectron-beam current variations.

The three enclosurc/resistor designs shown in Fig. 4 were
investigated in the belicf thal Licse assemblies may affect the
cell impedance. In the first design, the high-voliage cable
feeding the cell was connected directly to the drive rod, and a
s.lid resistor ran along sidc the cable from the drive rod o
ground. A hollow, cylindrical resistor was placcu coaxially
around the cablc in the second enclosure. The third enclosure
was designed 10 be similar w0 8 high-power rf load. This
design is referred 10 as the rf-hom because the resistor is
surrounded by an exponcntial hom thal maintains a constant
impedance along the length of the resistor.

Shunt-resistance measurcments of cach enclosure design arc
shown in Fig. 5. The resulis clearly indicate that the rf-hom
is the most successful design.  Measurcments of the
nccelerating cells with the various enclosures attached,
nowevet, indicalc that the compensation resistor enclosure has
very little effcct on the transverse impedance of the cell. This
result may be peculiar 1o the specific geometry of these
desipns.

IV. CONCLUSIONS
We will construct a scrics of Mod 2 cells for system-level
integrated tcsts of the DARHT accelerators.  This design
exhibited the best high-volage and impedance propertics. The
shiclded gap did not signilicantly reduce the peak impedance
comparcd o Mod 0, but did allow complete shielding of the
insulator from the clectron beam and a lasyer accelerating gap.
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Fig. 5. Compensation resistor 2nclosurc shunt resistance
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