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LLL HYDRODIAGNOSTICS UPGRADE PROGRAM

ABSTRACT

This report summarizes the FY 1975-78 effort to modernize Lawrence Livermore Labora-
tory’s experimental hydrodiagnostic facilities at Site 300. By 1974 it was apparent that the test
equipment, especially the electronic equipment, was becoming obsolete. To upgrade the
facilities, we defined our project goals (experiment complexity, fast turnaround time, improved
measurement, and computerization) and undertook a $5.3-million program to provide equipment
that would help us meet those goals. By replacing vacuum-tube chassis with transistorized solid-
state apparatus and using digital equipment where possible, we significantly increased overall re-
liability, accuracy, and speed of data collection. We made improvements in four major areas:
radiography, optics, electronics, and interferometry. Specific advances in radiography include in-
creasing the dose, energy, and electron current of the linac. Our optics were improved by new
framing cameras, streaking cameras, rotors, and electronic controls. To upgrade our electronic
equipment, we added high-speed oscilloscopes, oscilloscope cameras, digitizers, time-interval
meters, a digital delay system, trigger generators, and a computerized data-reduction center. We
improved interferometry by installing a velocity-interferometry system and Fabry-Perot instru-
ments. Now that the trend toward nbsolescence has been reversed, it is important to continue up-
grading Site 300 to keep abreast o* technological improvements.

INTRODUCTION

For the past 25 years Lawrence Livermore Labora-
tory (LLL) has spearhcaded the development of nuclear
weapon systems for the Department of Defensc. The
continued success of the nuclear weapon design and
test programs is a direct result of the effective hydrody-
namic crograms developed at Livermore. Hydrody-
namic studies provide the weapon designer with ex-
perimental verification and analysis of weapon designs
through the use of explosively driven, nonfissile ma-
terials. Specifically, hydrodynamic studies provide

& Experimental verification of computer codes,

® Equation-of-state data on weapon components,

® Material-bchavior data at assembly joints and
welds,

® Velocity-vs-time history of weapon coinponents,
which in turn yields an svaluation of the quality and
uniformity of the implosion,

® Performance evaluation of post-nuclear-test de-
sign modifications.

Data is acquired from hydrodynamie tests by what is
referred to at LLL as hydrodiagnostics, a set of experi-
mental techniqu s for studying the time-motion history

of a solid undergoing large-scale deformations duc to
the introduction of a shock front. Hydrodiagnostic
techniques include

® Flash radiography.

® High-speed photography,

® Electrical-pin diagnostics,

® Interferometry.

The focns of all hydrodynamic testing at LLL is the
Site 300 Explosive Test Area located |8 miles east of
Livermore. This remotc, 10-mi? facility consists of

® Arcas for machining and assembling explosives.

o Environmental test facilitics,

® Administrative and support facilitics,

¢ Five underground, reinforeed-concrete bunkers
equipped with high-speed cameras, electrical data-
acquisition systems, and electron accclerators for flash
radiography.

Ever since Site 300 was cstablished. muhiple,
simultaneous diagnostics have permeated the centire ap-
proach ta hydrodiagnostic system design and develop-
ment. The perfection of this approach has become the
single most outstanding feature of the LLL approach



and has been neither surpassed nor duplicated any-
where else in the world. The simultaneous diagnostic
approach is unique to LLL and has only recently been
cven attempted at other weapon laboratories.
Following the initial capital investment in Site 300
diagnostic equipment in the carly 1960's, appropria-
tions for new diagnostic equipment rapidly and steadily
declined. However, the development of diagnostic
techniques continued despite continually reducing sup-
port. Thus, by 1974, Site 300 was in the unenviable
position of trying to provide increasingly complex and
intensive data gathciing on much more sophisticated
weapon concepts while using optical, electronic, and
flash x-ray diagnostic equipment that was 10-15 years

old and far from the state of the art. Morcover, a large
portion of the equipment had reached the end of its ser-
viceable life, and we wcre encountering several
maintenance and reliability problems.

To cure equipment obsolescence, to upgrade system
reliability, and to take advantage of current technology,
B Division requcsted and received a four-year, $5.3-
million budget appropriation to upgradc Site 300
bunker-system centrols, hydrodiagnostic equipment,
and data-reduction methods. This report summarizes
the improvements we have madc in radiography, op-
tics, electronics, and interferometry, and indicates the
projects that remain to be completed.

SUMMARY OF ACCOMPLISHMENTS

Radiography

#® Increased the linear ¢lcctron accelerator (linac)
dose from 50to 170 R at t m,

@ Installed a new linac clectron injector that re-
duces pulse length from 250 to 50 ns and thus decreases
motion smcar on the resulting radiograph,

® Increased lina: energy from 85 to 120 MeV,

® Increased the electron current on the target from
3 to 6 amps,

#® Added clectron-beam diagnostics.

Optics

® Purchascd improved framing cameras, including
one new model with a larger frame size that collects
four times the optical information of the older model it
replaced,

® Purchased improved streaking cameras, includ-
ing some with continuous access that do not require
synchronization of rotor position,

® Improved rotors,

@ Improved objective lenses,

® Installed new electronic controls.

Electronics

® Purchased high-speed oscilloscopes, oscillo-
scope cameras, digitizers, and time-interval meters,

® Developed and installed a transistorized, highly
stable raster oscilloscope,

® Replaced the analog delay system with a digital
delay system,

@ Fielded improved camera-control electronics and
trigger gencrators,

® Installed a new computerized data-reduction
center, consisting of a film digitizer and various com-
puter peripherals, to process and reduce the analog data
generated at Site 300 and forward them to the main
LLL computer system,

® Installed a minicomputer controf system.

Interferometry

® |Installed a velocitv-interferometry system
(VISAR) and Fabry-Perot instruments at operational
bunkers to provide a new capability to make direct ve-
locity measurements.

PROJECT GOALS

Before undertaking the upgrade cffort, we
thoroughly reviewed our capabilities and requirements.
Tne major design criteria we established as guidelines
for all projects were

® Experimental complexity,
@ Fast turnaround time,

¢ Improved measurement,
& Computerization.



Experiment Complexity

Unlike the other weapons laboratories, LLL relies
heavily on complex multiple-diagnostic technigues in
its hydrodynamic experiments. The techniques used at
Site 300 include flash radiography, high-spced streak-
ing and framing cameras, fast optical and electrical
pins, and neutron-detection equipment, The operator’s
control console for a typical firing bunker, shown in
Fig. 1, indicates the complexity of test equipment. The
trend over the past several years has been toward in-
creasing use of several of these types of diagnostics on
cach experiment and toward more accurate and sophis-
ticated measurements of cach type.

This approach has resulted in significant economies.
For example, nearly 200 hydro experiments were re-
quired for development of the W-45 in the late 1950’s,
whereas the W-75, if completed, would have needed

less the. . one-tenth that number. During the 1960's,
most nuclear experiments required about 10 hydro ex-
periments during their design; now even radically new
designs may require only two or three.

We dccided that our experiments would continue to
require a complex set of multiple diagnostics. There-
fore, we needed equipment that would be reliable, easy
to operate, and easy to repiir.

Fast Turnzround Time

There are now only two major firing bunkers at Site
300, and equipping each bunker for a complex experi-
ment requires considerable time. Therefore, to main-
tain a fast-moving weapon-design program, we needed
equipment and techniques that provide as fast a turna-
round time as possible. Fast turnaround also ensures a
lower cost per experiment.

Fig. 1. Bunker control console,



Improved Measurement

We are continually trying to improve our measure-
meal technigues, Thus, we needed equipment that
would improve resolution and aceuracy. Additionally,
we were interested in techriques or equipment that
would provide new data. Figures 2 and 3 show the new
oseilloscope recording system and the high-speed cam-
cra room for ohtaining these data,

Computerization

Powerful computers now available could greatly in-
crease the speed and quantity of our daa aceuisition.
Morcover. these computers had hecome available at
low cost. We therefore tried o srovide compater capa-
hility where possible and to specify instrumentation
that would be computer compatible.

Fig. 2.

Oscilloscape recording system.

RADIOGRAPHY

The linac (Fig. 4) at Site 300 is our most important
diagnostic tool for radiography. It hay been working
routinely since 1960, During that time. many im-
pravements have been made. Some were made to pre-
clude lailures: many others were made to increase
capabilities in diagnostics and teliability. Continuing
improvements in electronic compunents have been re-
flected in the linae.

Specific improvements in the linae have been many:

® Replucing the oil-dilfusion-pump vacuum sys-
tem with an ion-pump system as resulted in a clean.
oil-free vacuum system with excellent performance.
The accelerator structures of the original systenr, with
constant-impedance design und World War [-type
radio-frequeney (RE) coup ers. were designed  for
S-MW operation. When these began to fail. primarily
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atthe coupler. we replaced the aceelerator sections with
new . improved. copstant-gradient structures. These
new sections also have improved RF couplers. similar
to those designed by Stanford for the machine at the
Swumford Lincar Accelerator Center. and are capable of
15-20-MW operation.

® The RE drive s
highly stable oscillator along with a traveling-wave
tube amplificr now drive all the klystrons, This oscil-
Tator-amplificr chain has resulted in a simpler system
tor timing and maintainability.

®  The original Klystrons capable of 7-MW output
have been changed to 10-MW-.output tubes. This re-
quired only minor modification to the klysiron power
supply and modulators,

® A traveling-wave buncher was installed between
the original prebuncher and aceelerator section No. 1.
This increased the clectrons accelerated by about 40%
and reduced some of the tuning sensitivity.

&  Additional heam monitoring and analyzing have
been instalied along with a powerful quadiupole mag-
net to focus the beam on the x-ray target.

slem has also been improved. A

High-speed camera room.

These changes have not interrupted bunker operation
and have significantly improved marhine _apability
and reliability  The 1977-78 upgrade is designed to
maximize overall performance of the machine. For
example, the charge delivered to the s-ray target is
currently limited by the clectron-injecior cathode and
clectron opties. Alsa, the present Ry stisms and Klystron
modulators zre limited o 10-MW output, whereas the
accelerator guides are capable of 15-20- MW operation
Therefore, the mjor thrust ot the 1977-78 apgrade his
been to install a new injector. new modulators, and
20-MW klystron amplificrs. Table | and Fig. S show
the improvements in linac-mjcctor specilications. The

injector control, the injector undergoing tests, and an
injector pulse on an oscilloscope sereen are shawn in
Figs. A-8. respectively.

The new modulators will hase improsed electiea)
characteristics. As a resalt, e machine will be casier
to wne. An RF tight enclosun: will reduce e
tromagnetic terference at the bunker. Tuble 23 the
tmproved mndulator speditivations



Fig. 4.  Linae viewed from the injector end.
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Table 1. linprovements in linac-injector specifica-
tions.

1977-7% 197677

Specification

Current at Nlange 18 ampy +amps
25,50, {00,

150, 204 ns

Puise width Fised, Ao o

RKiw time Yo Sy
Fall time S ns 50 ne
Maltipise Vi Yoo

I
1977--78

1976--77

1 | i | | { |

0 1 2 3 4 5 6 7 8
Linac current on target — airperes

Fig. 5. Improsements in linacinjector specifications,

Fig. 6. Linac-injector control.

Fable 2. Linat modulstor specifications,

Speciticatian 197, "
Pawer 208N RE 19 MW RE
Pula width Cand or 12 Kosfiud
Muttiguls 2 paises with % 1. None
[y variabile
Apascing

RE tiogren Iou High

Fig. 7. Linac injector undergoing tests.

Linac-injector pulse. Each vertical division is 4 ampe.
Each horizontal division is 10 ms.



The linac now has five accelerating sections. A sixth
accelerating seetion will be added during the present
upeeade. This, along with the increased RE power, will
substantially increase beam energy. as shown in Fig. 9.

These improvements will also significamly incresse
the x-riy dosc, as shown in Fig. 10. The machine will
then be close to the Thmit of its ability 1o accelerae
charge. Further unprovements in adiography wilt de-
pend on betrer diagnostics and better focusing methods

A new feature of the linac is the ability 1o generate
complelely adjustable multiple x-ray pulses with time
separations between 3.5 and 500 gy v full beam
cnergy.

As operating characteristics e improved, several
other tasks will be accomplished. The control console
will be redesigned to accommodate the new injector
and  klystron  modulators, fhe new  controls and
monitoring will make operator contral of the linac
casier, The status of the linac will be available to the
bunker data base lor a complete picture of the {inac at
the time of a shot.

To supply continuity over the next 10-15 years. (he
linue documentation will be iniproved. A linac manual,
along with appropriate references to LLL or commer-
cially supplicd hardware, will be generated. Sub-
sequent linac changes and modifications would then be
reftccted in the manual.

The 1977-78 upgrade has substantially improved
machine capability. However, to take full advantage of
the linac, several tasks remain, including further im-
provements in the man-machine interface and better
beam diagnostics.

Much of the beam monitoring and diagnostic equip-
ment is outdated and should be impraved with new

1l I

state-of -the-art components For example, the beam
position and size monitor, currently a closed-cireuit
tefevision system. should ke replaced with a charge-
coupled device array. This would allow signals to be
processed and displayed for the finac operator. thus ¢n-
hancing tuning

The present beam analy 2er displays smponant aior-
mation useful for reducing the energy spread of the
beam. The analyzer needs improvement b, adding a
new program-loading feature. upgrading its computer
tor a seralt compatibility with the other bunker controls.
and making s outputs avarlable to the bunker duta

buse.

To reduce linac setup tme. some farm ol automatic
startup 1s required s would result in more efficieacy
at the bunker and wie uld tree operating persanae! from
routing operations. The linac is very operator-depen-
dent Therefore, fimited automatic control would im-
prove the reproducibiity ol the hinac and remove many
operator-related problems.

With the multipulse feature, inproved -ray diag-
nostics are desirable. For example. combinations of
scintillation screens and image intensifiers should be
studied tor application to lime-resolved radiography.

The spot sive of the linoe i6 about 3 mam. This coutd
he reduced by more powerful focusing mugnets. possi-
bly superconductice magnets. There may be some
x-ray loss due lo a ditterent “antenna ™ pattern, but the
increased dose may oveicome this loss. Smaller spot
size will result in better resolution of the radiograpbs.

Work done with computer enbancement of radio-
graphs has produced some very encouraging results.
However, it is a time-consuming effort. There should
be a comtinuing program to improve throughput and
code development for image enhancement.

i} 1 |

0 50 100 150
Linac beam energy — MeV

Fig. 9. Improvements in linae-beam energy.

0 50 100 150 200
X-ray dose ~ rad

Fig. 10. Improvements in linuc x-ray dose,
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OPTICS

High-Speed Photography

High-speed photography is a prime diagnostic tool
used to evaluale new weapon concepts at LLL. It shares
this importance with flash x-ray and clectrical-pin
diagnn.tics. Together, these three methods of data ac-
quisition comprise almost all the hydrodiagnostics used
at LLL’s Site 300 explosive-test facilities.

High-speed cameras include two basic tvpes: fram-
ing cameras (Fig. 11) and streak cameras (Fig. 12).
Each of these types is further characterized as being
cither synchronized or continuous access.

Framing cameras (Fig. 13) produce a sequence of
short-duration, full-frame images snuch the same as a
motion picture camera. The essential difference is that
n the high-speed framing camera the film does not
move; instead, a high-speed rotating-turbine mirror
pravides the time separation between each frame nor-
mally provided by moving the film with a mechanical
shutter.

Streai cameras, on the other hand, produce a posi-
tion-vs-time history of the event being filmed. Whereas
the framing camera produces full-field photographs of
the event. the sireak camera produces a continuous,

="

L

™~

FP

= < Q
L2
M1
Fig. 11. Design features of a typical framing camera, The ob-

jective lens (LI) forms an image of the object at (he high-speed
turbine mirror (M1). The relay lenses (1.2) then relay the image
to the film plane (FP).

L1

FP

M1

Fig. 12. Design features of a typical streak camera, The ohjec-
tive lens (L1) forms an image of the object at the slit (S1), which
acts as a narrow ficld mask. The relay Iens (L2) then relays the
image through the turbine mirror (M1) to a focus at the film
plane (FP).

Fig. 13, Ceordin Mod 121 synchronized 70-mm {raming camera.



streab e of wonarros sepment f the ohyect tela
and velds quantitative data o antion an the objeat
field Uponanteytation thewe poation tine data acld a
velooity tune hedoey of the csent Sote caneras Gy
14y are « . mbined shreak fratmng camet s
Svnehrowazers cameras prosvade electrone signals that
permt tpgenng the event so it the beinnmng of the
cvenl under study acours at te begnning ol the filog
recond  Contimtons access Cameras require o sya

Chronizaion, because they are always ready o record

Fig, 14, Cordin Mud 330 combined streak-framing cameri,

Fig. 15. Cordin Mod 75 synchronized streak camera,

[ne neart 4 gk

the vuent repardles ot ahen - ane
Ingh speed cameras s the dngh pecd otanhine tarkane
merror used to procade the tne e placement
yinagie along the fength of the hilm

Until recently  most af the preciaon nusnot. . tare!

oigh speed ameras mouse at Site S aere 1215 ear

old or more Wear and tear sere nor the only probienn,
assoctated with these senerghle cameras Fhen b
represented o technology which was appre uimatels 2o
years aut of date

The Sste 300 upprade tagnds hase made 1t posable to
rebire trom sersice many ob the most anhgeated
cameras, such ac the Madels 1000 7840 and SO% streab
cameras, all designed shour B955 0 These absnlers
cameras were replaced wath the new Cordin Maodels 7S
(big 15)0 132wk 163 and 136 dhap 170 saeak
cameras  This replacement intreduced many new and

Fig. 16. Cordin Mod 132 synchronized streak cames:
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Cordn Aot 130 continunus-aceess streak cameri,

denabde performance Toteres w0 vroater bt
serstivatsbaphier oo pesadanon ed ontras

staled state swstem clevtionn -t of e Lrtoope

and huyeh specd camera arhines technolory leawdine
greater svstem pertorman.c and reliabihes Socen e
Lashudity s become a pomne om0 anece e ooy
advancement has morcased e bt speed amera

Cooabihty bron twa carnernae n JUSK o s tem b

v oath

Ty usisy cipht sinultaseons carnera s odas gl

Hash o nin and elearncad s o

Fatensive progress e elopime o aide spectrugoot
stoltanvacs Bvdrodieboste tonls fas pondoced a
more precise anderstandsny o we gpen sastetn pes
Tormance with iy Jewer evpenme - hetween desnm
concept and nuclear test Aonge with thes todi s e
petiments lave becomie notcasinghy o vt
sophisticated. thes demiarahge a madh gt evel of
system sehabiny than betore The new € din sireah
cameras purchased with uperade tands have done
ety thie

Typical example of multiple, si

d camera di; ies currently used in Bunker 851,
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Optical Fiducial System

Precision cross-timing of high-speed camera film
records to other data-acquisition systcms and to cvent
timing i nccessary to correlate data to cvent
phenomena.

As part of the upgrade activitics, we have generated
a set of design and performance specifications for the
commercial production of an optical fiducial system,

which is undergoing final production tests at this writ-
ing. This system consists of a programmable pulse-
modulated laser and fiber-optic distribution system.
Upon command, this system will deliver a programmed
set of crystal-controlled marker pulses to each high-
speed camera. These precisely timed marker pulses will
be recorded along the edge of rar h fifm record. These
fiducial markers will prov'.i* ub olute cross-timing of
cvents to cach high-speed camera and a precise meas-
urement of cach camera speed at the time of the event.

ELECTRONICS

Electronic systems perform key roles in hydrodiag-
nostics, both as diagnostic tools and as the basic timing
and control syst. s for the experiment.

Much of our commercially purchased instrumenta-
tion was still eyuipped with vacuum tubes prio  the
upgrade. We therefore coneentrated on purchariig new
solid-state equipment to improvz reliability, accuracy,
and stability.

While many of the LLL-designed instruments were
of solid-state design, they did not take into account ad-
vances in integrated circuit and digital technology. By
consciously applying these modern techniques, we
were able to develop and place in operation a new dig-
ital delay generator with sharply improved resolution,
stability, and accuracy, We also improved other in-
strumentation similarly.

We carefully ecvaluated digital measurement tech-
niques and adapted them where appropriate. We also
determined that many signals would still need to be re-
corded on oscilloscopes cquipped with cameras. We
thererore purchased new carmeras and oscilloscopes and
provided a new data-reduction center for digitizing
photographic records of scope traces.

Raster Oscilloscope System

One of the primary diagnostic techniques is the
measurement of material mation using clectrical-pin
switches, Much of our experimental work at Site 300
uses this technique. Many experiments use 400 or more
pins to get precise material time-motion history. We
established that the L-10 recording system was obso-
lete, due to problems with linearity, age, stability, and
vacuum-tube reliability. Because pin transducers are
too noisy, we decided that simple timing measurements
would not suffice. The raster scope nrovides both time
and waveform information, and this capability needed
to continue. Wc¢ determined that digitizers with the
necessary bandwidth and record length were #oni:.is-

tent. Therefore, we decided to design a new raster-

scope system, the 1.-300 (Figs. 19-21). Taking a total-

system approach, we improved the cameras, lenses,
films, phosphors, and clectronics all at once.

We first determined that a major problem with the
L-10 system was the cathode-ray tube (CRT)-film
combination. The main CRT problems were

® The residual boam, which caused fogged film,

® Focus, which changed as the triggers were
changed fre =etup to fire condition,

® Short-lifc tubes, which had to he replaced fre
quently,

® The comhination of film (103-0) and phosphor
(P-11) used, which lowercd sensitivity and reduced
tube life (Figs. 22 and 23).

We therefore worked with two outside vendors to
develop a new tubc that would overcome thesc limita-
tions, To improve the photographic sensitivity, we
selected P-31 phosphors and Royal X filin. Figure 22
shows the tube characteristics. It also shows that the
P-31 phosphors have bette: visual characteristics.

New features include plug-in printed-cireuit boards
to provide alternats timing formats, z-axis input to the
CRT, dynamic beam-cur. *nt monitors, aad an output
conncetor that provides sta. » information for computer
monitoring. Timing marke. e digitally referenced
from a crystal oscillator. In “w.dition to the standard
0.5-pu8 markers, we car now provide markers spaced
0.1 and 2 ps apart. fhus significantly extending the
scope’s range. The z-axis input allows us to put addi-
tional timing inforination on the scope face. We can
cither intensify or I'lank the beam from the z-axis input.
The beam-current monitor shows the actual enrrent in
the beam and is useful in evaluating CRT condition.
The resultant L-300 design has overcome the above-
mentioned problems, and the records we now obtain
are superior to those previously available (Table 3). Fi-
gure 24 shows a typical raster record from the L-300.

Substantial improvements were also made in clec-
tronic design of the L-300. We used an appropriate
combination of solid-state circuitry, integrated-circuit
technology, and digital techniques. All adjustments and
test points were made accessible from the outside for
easy adj and maij




Fig, 19.  Raster oscilloscope system at Bidg, 851,

Digital Delay Generator

A primary tool in controlling hydrodynamic experi-
ments is the delay generator. Several delay generators

Fig. 20. Dual raster oscilloscope chassis.

were previously in operation, but these units, while
solid state, were obsolete due to their extensive use of
analog techniques and vulnerability to electromagnetic
interference (EMI). We deveioped and have placed in
operation new digitally controlled delay generators
(Fig. 25 and 26) with substantial improvemeats in
range, jitter, stability, and resistance to EMI (Table 4).
Our new generator operates from a 10-MHz crystal-
controlicd oscillator. This oscillato. can be located in
the instrument or switched fron, an cxternal reference.
An external reference allows all generators to be timed
from thc samc source. A unique phase-locked oscillator
multiplies the 10-MHz reference to 200 MHz. Then, by
counting down this signal, we can determine the final
delay, The 200-MHz signal guarantees tixat jitter will
be 5 ns or less.

Trigger Generator Discriminator

Prior to Site 300 upgrade activities, severai trigger
generators were available in our diagnostic bunkers for
usc in various pulsc-shaping applications. We designed
and installed a versatile new six-channel instrument
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Table 3. Performance comparison of L-10 and
L-300 oscilloscopes.

L-10 L-350

CRT spot size 16 imil 10 mil
Horizontal sweep length 2.5us 2.5pus
Vertical sweep length 100 ps 175 us
Resclution 20ns Sns
Fast-zweep option Na Yes
Siaw-sweep option No Yes
Z-axis modulator No Yes
Long-term stability Poor Excellent
Focus Paoor Excellent

Table 4. Comparison of old and new delay
generators.

Old delay New delay

Delay range 0.3-100 us 0.1-9899 us
Resolution 20 ns (low range) 1ns

20 s (high range)
Jitter 20 ns (low range) Sns

2 ps (highb range)
Long-term stability 1% 0.01%
Output-pulse voltage 120V sov
Qutput-pulse risetime 50ns 10 ns

(Fig. 27) with substantially improved performance
(Table 5). The new gencrator features a discriminator
threshold that is set from front-panel thumbwheel
switches. The range of discriminator voltage is from
—99 Vde to 99 Vdc in 1-V steps. Propagation time
through the unit is 30 ns, a three-fold decrease over
previous designs.

Typical raster record from the L-300 system.

Fig. 24.

Fig. 25, Six-channel delay generator.

Fig. 26. Delay generator module,

Fig. 27. Six-channel trigger generutor-discriminator,

Table 5. Comparison of old and new trigger
generators,

Old unit New unit
Channels 5 6
Discriminator level 2010V -99tn +99V
Input impedance 1kl 1MQ
Propagation delay 100 ns I ns
Output-pulse voltage 120v 130V
QOutpui-pulse risetime S0 ns Sus




PPhase Delay and Gate Generator

As part of our efforts, we designed a new phase
~delay and pate generator for synchronizing high-speed
cameras. Our new generator replaces a chassis that had
hecome obsolete. Hydrodiagnostic cxperiments have
been using incrcasing numbers of cameras. We there-
fore increased the number of channels from five to ten
(Fig. 28). The delay and gate ranges were also in-
creased to ohtain a higher prohability of synchroniza-
tion. A comparison of the two gencrators is shown in
Tahle 6.

r, Mt we v'“a'

i ~‘4.,.-

Fig. 28.  Ten-channel phase delay and gate generator,

Table 6. Comparison of old and new phase delay
and gute generator.

Ol New
Channels s n
Delay range E-500 g8 G l- 106 s
Ranges 4 q
Gate range 0.3-120 ps 0.1-500 us
Ranges 2 4
Duty cycle 30% 100%
Qutput voltage v v
Qutput cisetime 100 s 10 ns

Camera Controls

Due to our continuing dependence on high-speed
photography as a primary diagnostic tool, we con-

ducted a thorough analysis of our camera-control sys-
tem. Our current controller was placed in operation ten
years ago. Jt requires a separate reference oscillator and
control chassis for cach camera. Furthermore, the full
range of desired speeds for cach camera cannot be au-
tomatically controlled, and it is nccessary for the
operator Lo intervene in some siluations.

We are now designing a new control system that,
when complete, will establish a new standard of relia-
bility and control. The new controller wili be hased on
a microprocessor design, Only one reference oscillator
will he used for all cameras. Each control chassis will
control up 10 six cameras. The high camera-turbine
speeds require minimizing run time to prolong hearing
life. Catastrophic failure of camera-turbine misror as-
semblics at such high speeds could dcslmy a $60,000-
140,000 camera and jeopardize the prcnmunt To
prevent such risks. the microprocessor will tailor indi-
vidugl camera aceeleration profiles so that all cameras
will reach running speed simultancously. The control-
ler will also monitor operating  parameters of the
cameras and verily that they are within predetermined
fimits. 1f any excessive conditions are noted, the ex-
periment will be ahorted and the cameras immediately
shut down.

Camera Diagnostics

Cameras used in hydrodynamic rescarch are spe-
cial-purpose, high-speed, rotating-mirror devices. Due
to the high speeds involved, sophisticated balancing
techniques, bearing assemblics, and close miechanical
tolerances have heen used to reliubly atiain the desired
operating speeds. Most research applications of high-
specd cameras involve only one such camera. To ex-
tend camera life, the unit is accelerated to the desired
aperating speed. As soan as tie beginning of the film
strip is reached. the experiment is begun and optically
recorded; the camera is then immediately shut down.

At LLL, however, to attain maximum information
on any given experiment, we often use up to cight mul-
tiple cameras. This requires that all camera-turbine
mirrors be at the synch position when the experiment is
trigeered, Qur newly developed camera-diagnostic
system is unique and will provide increased camera re-
linbility and hetter data. This is extremely significant
because, by monitoring ecritical operating parameters,
we will be able to abort an experiment before excessive
operating conditions damage the cameras. These
operating parameters will be recorded so that diagnostic
techniques and system designs can be improved.



COMPUTERIZATION

The intensive use of minicomputers at LLL led us to
investigate the feasibility of incarporating minicomput-
ers in our hydrodiagnostic systems. Since shot data
oceur in microsecond time frames, it is timpossible 10
consider a real-time acquisition or control application.
However, aur investigation showed that computers can
play an important rale i hydrodiagnosties in the fol-
lowing areas:

®  Preshat setup,

®  Postshot data acguisition and analysis,

® Proventive maintenance.,

Our central computer is an LSI-11 programmed in
SPS BASIC language. The Tektronix 4051 graphics
terminal (Fig. 29) used with this system can be both a
front end for the LSI-11 and a stand-alone terminal.

A similur 4051 located in Building 111 allows ram-
rods to prepare preshet setup tapes (delay setings, op-
tics requirements, ete.} (Fig. 30} in Livermore and then
carry the shet setup tapes to Site 300. These tapes are
read inta the 4051, where the <hot parameters are then
placed in the LSI-11. In the full configuration, the
LSI-11 then remotely programs the programmable
delay genergtor, the caprera controller, and the phase-
deluy and gate-generator settings.

After the shot. the time-interval measurement system
can read the actual delays into the computer, where
they can be compared against predicted readings
(Fig. 31, and rotor synch times cun be plotted
(Fig. 32). Any discrepancies are then noted to the
operator.  Before we installed  computers,  many
parameters  (capacitor-discharge  unit and - current-
viewing resistor waveforms. for example) were meas-
ured and recorded on photographic film. They were
analyzed only occasionally duc to the difficulty of
proper data reduction. The computer system now al-
lows us to analyze many such waveforms, and thus we

Tuktranix 4053 graphics terminal,

Fig, 29,

cun do routine preventive maintenance by looking for
changes in desired parameters.

Other programs have been writlen 1o assist operators
with oplicil setups., 1o maintain records of camera data,
and to provide inventory control of various bunker
cquipment. In summary, computers have significantly
improved our capabilitics and will continue (o do so in
the future.

LATE 7713578
SHOTH 12026
RAMROT SHAW
EVENT 1
NAME. (B XINE
TIME (LIS) 2
REF COINCIDNENCE
EVENT 2
NAME CANDLE
TIMECUS) 0.1
REF COIMNCINENCE
EVENT X
NAME BWl
TIMECUS) 5
REF COINCIDENCE
EVENT 4
NAME RU
TIME(US) 10
REF RW1

Fig. 30, A shat sctup dialogue.
IATE GHUT RAMRDT
770368 1202a SHAEN
EVENT NAME FREDICTED MEASURET
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3 EW1 S 4.7
4 RN2 10 et
Fig. 31, Printont comparing actunl and predicied delays,
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Time-Interval Measurement System

Time-interval measurement (TIM) is a principal
hydrodiagnostic technique. For example, the sequence
of events during the firing of an experiment is carefuilly
controlled by a digital delay generator. To verify proper
timing generation, various timing references arc re-
corded on film taken from oscilloscope traces; many
signals are also recorded ow wvarious time-interval
counters.

To obtain uniform recording and to improve resolu-
tion, we wrote a specification for, and then procured, a
96-channel TIM. Detailed specifications for this system
are shown in Table 7.

The TIM system is referenced to one rmaster timing
pulse (usually camera coincidence). As individual
events occur, they are recorded on separate channels of
the TIM. Typical recorded signals include camera true
speeds, timing references, and detonation pulses. The
TIM system is interfaced to the bunker computer. Im-
mediately after the experiment, the computer records
these times 24 prints a report, as shown in Fig. 33.

Table 7. Time-interval measurement (TIM) system
specifications.

No. of channels 96
Resolution 2 ns
Range Zms
Aceuracy +2ns
Start pulse:
No. 1 common
Discriminator level 15V
Amplitude 0-150 v
Stop pulse:
No. 1 per channel
Discriminator level 15V
Amplitude 0150 V
Remote interface GPIB (IEEE-488-1975)
Local readount 1 display shared
among channels
Power "7V AC = 10%
60 Hz = 2 Hz
Construction 7 chassis, each 3% in. X 19in.
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Fip. 33, Printout of TIM times.

This system substantially reduces data-reduction time,
in that times aced not be read from film Events that are
indizated to be out of wlerance are sa denoted by the
computer system, This capability also allows us to
perform equipment diagnostics, hecause malfunction-
ing delay generators are easily noted during dry-run
conditions. We plan to add similar systems to our othe~
diagnostic bunkers.

Transient Analysis System

We designed and developed a multichannel system
(Fig. 34) for digital transient measurements. This sys-
tem has been put in a portable rack and can be trans-
ported to any facility where digital analysis is desired.
The system consists of a CRT terminal, a hardcopy
unit, an LSI-11 microcomputcr, dual floppy disks, two
R7912 transicnt digitizers, two Biomation 8100 trans-
ient digitizers, and four CRT real-time displays. Bio-
mations arc used for slower-time-scale transients, and
the 7912’s for faster-time-scale transients. This system
may be expanded to double the capacity, as shown in
the rack. Triggering the various transient analyzers at
different sweep speeds can provide multiple coverage
or «he same transient. We chose to use Tektronix s sig-
nal processing system (SPS) BASIC software, which
allows us to do sophisticated analysis on the transient
waveforms. Figures 35 and 36 show an input pulse and
a differentiated waveform obtained from the SPS
BAC!7 software, Figures 37 and 38 show an integrated
waveform and a fast Fourier transform performed on
the data.

This sysiem is extremely powerful and will find
many uses in transient testing situations, such as re-
cording manganin gauge signals and performing life
tests on components used with the new lincar induction

Fig. 34. Multichannc) transicnt-analysis system,
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Fig.35. An input pulse obtained from the SPS BASIC sufiware.
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Fig. 36, A differentialed woveform ohtained from the SFS
BASIC softwarc.

accelerator. [n life wests, a fast pulse is provided to the
Blumlein trigger generator. The system measures the
autput of this generator, analyzes it, then statistically
measures repeated transients—computations that would
be impossible for humans to do. We plan to take a
million shots and compare the transient waveforms
from one shot to the next for predictive-failure analysis.

Charge-Coupled Device Digitizer
Recording very fast iransicnt waveforms is critical to

hydrodiagnostic efforts. Our recording method has

INTEGRAL OF 1@@ KHZ SAMPLE SQUARE WAVE
1E-6 4§

Fig. 37. An integrated waveform.
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Fig. 38, A fast Fourier transform

been and continues o be photographic recording ot os
cilloscope traces (Fig. 39). Because the pin signals
must be tediousty analyzed by hand, vty the most im-
portant signals are viewed. These are usually digitized
manually for later computer reduction. Crher
wiveforms. recorded for mainenance purposes. are
usually ignored unless a problem is found.

An on-line digitizer and a computer could analyze
these signids rapidly and regularly. Signads (rom viri-
ous fransducers could be digitized and recorded. then
sent to remote computers for processing and archival
storage. The importance of » charge-coupled device
(CCD) digitizer. then, is that it Lays the proundwork for
automated pin recording. something the Laboratary has
desired for years. This instrument could be significant
for the entire Department of Energy, but completing
this very important work will require substantial addi-
tional funding to continue the upgrade project.

Fig. 39, Oscillascope trace of a fust transient waveform.,



At the beginning of the upgiade effort we investi-
gated available fast transient recorders. Only two were
commercially availabie with digitizing speeds any-
where near our requirements. These units. however,
were prohibitively expensive on i cost-per-channel
basts. We did acquire four units to use as needed, but
did not consider fully equipping a dizgnostic facility.

In the meantime LLLL"s Engineering Research Divi-
sion had developed @ charge-coupled shift register (Fig.
40y Sveh a device was suceessfully designed into o
complete transient recorder and used on it Nevada nuc-
lear experiment.

We feel that CCD'N hold great potential ar fast
transicnt recorders. Part of our upgrade  activities
therefore includes the design and fabrication of an en-
pmeering prototype. We plan 10 use a substantial
number of these recarders in future Tacilitics and during
turther upgrade activities.

The CCD 1~ used as an analog shift register that
stores i signal in sampled analog form. The signals are
stored at very high speed and shifted out at low speed.
when there are digitized by a conventional A/ con-
verter (Fig. 41}

These specifications have been established for the
engineering prolotype:

Maximum conversion rate 500 MHz

Amplitude resolution 8 bits
Record length per channel 4000 points
Number of channels 2

The manufacturable units will be expanded to cight
channels and will have a target conversion rate of 000
MHz. We estimate that the cost per chunnel will be at

Input
Diffusions

Input Gate/

leust four times lower than comparable commercial
units.

Data-Reduction Center

Analysis of B Division data-acquisition methods in-
dicated that almost entirely experimental results are re-
carded on photographic film. To reduce this analog
data and extract information of interest, a sequence of
distance measurements on this data is necessary.

The method of measurement had been a Benson-
Lehner Oscar Model N-2 graphic digitizer, which was
put into service in 1958. An operator mounts the film in
transparency form, projects it on a screen, adjusts
crasshairs aver the data ol interest, and causes numeri-
cal coordinates to be punched on IBM cards for later
compulter processing,

We determined that the Oscar had reached the end of
its useful fife. Although we were interested in pure dig-
ital recording techniques. *hey did not seem practical to
pursue fully. We further felt that some film recording
would always be necessary. Therefore, we wrote a
specification and procured a new system to replace the
Oscar.

The new system, or B Data Center (Fig. 42), consists
of the following clements:

® A large wble digitizer with a hand-held cursor
(Fig. 43),

® A bigh-Q overhead projector for transparencies
and opaques,

@ An HP 2108A computer with disk storage,

/Output Gate

Qutput Source Lead
P

Fig. 40, Phiotomicrograph of a transient recorder chip,
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® A Tektromx 1A praphics ternmal

& A Tcktronix 4631 hard vapy unit.

®  An HP 79708 magnetic tape unit.

® A computer hink 10 the BLL Computer center

In operation, tilm iy be cither placed directly on
the digivzing rable or mounted 1n the overhiead projeg
tor and projected onto the tahle System sottware con
trolicd hy the minomputer ndes the operator
through dita acguisition anstracnons are mteractinvely
displayed on the grraphic iermmial as they are digitized
A data tile 1~ produced and can be Jocally stored on
magnctic tape  turthermore. e mnicempaier can
convent the data into hiles that are compatible with
existing codes on the Octopus systeta, the tldes can then
be transterred to Octopus tor further processing Local

processing capibihities include taaliies for integration

alution. arcas. ve

ditterentation. convolubion. dec.
kacimies. ind other peneria) graphics

Fig, 42.

New data-reduction center.
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Fig. 43,

INTERFEROM

A primary diagnostic method i measurement of ve-
locity-time information of moving surfaces. These
measurements  have  traditionally  heen  made  with
ratating-wirrar cameras and with clectrical pins. Both
of the okd teehniques yield distance vs time (/7). but
velocity vs time can only be inferred. As demaonstrated
in g, 44, 1 1T plolis a very smooth curve. resulting
from integration of velocity. No finesse can be seen i
all, and details of veloeity are Jost.

As part of the Site 300 upgrade, we have been
working on optical interferometry as a method 10 make
direct velocity  measurements. These  techaiques,
Fabry-Perot (F-P), and velocity interferometry system
for any reflector (VISAR) are making « signilicam
contribution to our understanding of hydrodiagnostic
phenomena. For the first time we have heen able w
make a direet quantitative  comparison  between
theoretical codes and experimental data. Early experi-
ments with interferonietry were done with flying plates

Film digitizing with hand-held cursor.
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aceelerated from gas guns in laboratory conditions. In
carly January 1978, we had a chance to combine F-P
and VISAR interferometer systems to measure the im-
ploding shell velocity of a complex hydro device. The
result was very suceessful even under such adverse
conditions as the distance (more than 35 1y from the
cxperiment. the presence of argon candles, seven ro-
tating-mirror cameras, a Jucite flasher dome, and flash
x-ray diagnostics. We are now installing the inter-

Electronic

camera

ferometer system as a standard diagnostic tool in
Bunker 851 al Site 300,

The F-P interferometer is a very simple system, as
shown in Fig. 45. Its main parts include a pair of highly
reflective mirrors, called the F-P interferometer. and a
fast electronic streaking camera. The Doppler shift of
the laser frequency reflected from a fast-moving object
is recarded continuously as fringes on film in the
streaking camera. Immediately after the explosion, one

Fabry Perot
interferometer,
~

4 -

-

-

Fig. 45.  Fabry-Perot interferometry system.



can tell the velocity characteristics just by looking at
the Polaroid picture. And the data reduction is indeed
very straightforward, which is one ol the advantages ol
using F-P.

The VISAR tFig. 46) is more comples than the F-P.
Iy basic components are the two-arm  wide-angle
Michelson interferometer and phototubes that view the
maovement of the interference fringes and record the
amplitude information on the oscilloscopes. So the
main difference between VISAR und F-P is that VISAR

N
Beam\s,e_l_it}ter

Reference
leg

records Iringe amplitude and F-P records Iringe posi-
tion.

The final velocity-vs-time (V/T) plot of the implo-
sion (Fig. 47) shows the combined results of F-P and
VISAR data. They match up closely. and have an un-
certainty of less thun 2% . The results of modeling using
theoretical codes (Fig. 48) compare quite favorably
with the VISAR and F-P results, Interferometry is con-
tributing significantly to our understanding of hyd-
rodynamic phenomena.

Photo- tube
detectors

N

Fig, 46, VISAR system,
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Fig,. 47, Velocity-time history (measured).

Data analysis for the VISAR is complex, involving
fringe count. phase shift. amplitude variation. and gain
change. Bowever, VISAR data yiceld a better time res-
alution because of the many scopes with vagious re-
cording speeds. On the other hand, F-P uses only one
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Fip. 48.  Velocity-time history (cateutated).

streaking camera with one speed recording, although
the speed of the camera is variable, We hope that a
multicamera F-P system can be developed iff more laser
light is available.

HEAVY EQUIPMENT

The routine setup of weapon experiment. at Site 300
requires the use of specialized heavy equipment. This
equipment is used for rigging and transporting test
stands, massive x-ray film cassettes, and assoctated
hardware, along with carth removing and grading. Sev-
crul forklifts (Fig. 49), loaders (Fig. 50), and cherry
picker-type cranes (Fig. 51) were purchased with up-
grade funds for this purpose.

Fig. 49, Forklin rigging experimental hardware and test

stands.

>

Fig. 81, Cherry-picker crane rigging x-ray filo cusseltes,



CONCLUSION

The Site 300 Upgrade Project has becn extremely
successful in revitalizing the hydrcdiagnostic capabili-
ties of LLL. Enhancements have been made in many
areas. Especially noteworthy arc improvements to linac
performance and the addition of interferometry to mul-
tiple diagnostics. On-line computers have been intro-
duced to the bunkers and promise to lay the
groundwork for substantial future improvements. Ad-
ditionally, a new data center is available for digitizing
film. Development work has also begun on digitizers;
future facilities may be able to use this instrumentation
as a means of complete direct digital recording.

Ta successfully conclude the uprade efforts we must
complete scveral projects in progress, make funds
availahle to complete the purchase of equipment that
became available at the end of the upgrade, and provide

funding for the continued replacement of equipment =<
it becomes obsolete. In particular, the design of the
camera control and monitoring system. installation of
the linac RF components, and development of the CCD
digitizer should be completed. Funding should be made
available for the purchase of newer camera types and
additional TIM systems.

Finally, the projected life cycle of most equipment is
less than 10 years. We have invested $5 million in up-
grading Site 300. A replaccment program of $500,000
per year is required 1o prevent a repetition of obsoles-
cence. Only by incorporating state-of-the-an equip-
ment and techniques can we meet our responsibility to
continually advance the nation’s nuclear-explosive re-
search program.
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