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Tntcoduction

The Nova Laser is s i00KJ, 100 TW, 10 beam Nd
Laser in construction at Lawrence Livermorce
Laboratory and is being built to be an experimenlal
facility for laser fusion. The world*s largest peak
powcr laser, Nova is the lotest in a series of
increasingly large lasers and is the culmination of
over 10 yrars of development of solid state laser
syclems.

In preparation for Nova and in order to fill a
gap in ecxperimental data, two sems of Nuva have been
installed in Lhe Novette facility and have becen in
operation for over a year.

This paper describes Lhe pulse power syslcuws
ihat are used in these two lasers; the status ond
the opecating cxperiences,

The pulsed power system for the Nova Laser is
comptised of several distinct Lechnology arens. The
large capacitor banks for driving lashlamps that
cxcile the laser glaso ie one arca, the fast pulsers
that dcive pockels cell shutlers is anolher area,
and the control system for Lhe pulsed power is a
thicd.

This peper discusses the capacitor banks and
control systems.
Backpround

During 1976- 1977, when the Shiva Loser was being
constructed, Lhe Nova Lnser wee in the planning
stages. Projecls the size of Nova Lake up to ten
years to go from study to completion Lhrough the
funding ana conslruclion cyeles.

During this period, the lessons learned in
building rmeller systems were applicd to Nova, snd
new components were developed. 1,2

The original plan for Nova had 20 beams with 10
in the Shiva building and 10 in the ncw Nova
building. Only 10 beams were finally funded and
they were placed in the Nova facility. Addilional
anplifiers werce added to these beams to achieve
improved perfocrmance.

CAPACITOR BANK ASSEMOLY & INSTALLATION

The asscmbly of the 60 MJ capacitor bank for
Lhe Nova Laser System is being constructed at the
Livermore site. tThe first eight arms of the Nova
bank have heen Einished. The bank for the two arms
from Novette and for additional amplifiers will be
added in the spring of 1984. A layout of the bank
is shown in Figure (1).

Figure 1. Bank Layout

For asscmbly, Lhe fivst step upon moving inlo
the new buildiong woes to instoll the vverlicad ceble
trays, LCW Lincgs (walec cooling), anc aic supply
lincs requiced to drive the pucumatic dump relays
before installing the capscitor slorage racks.
These racks arc seven shelves high and Cifty three
fecl long. There arc a total of 16 rows of shelves
in the Nova capecitor bank for the 1827 circcuits

After cable tray end racks were in place, the
asscembly was accomplished using efficient produclion
line techniques:

A. A six mon crew installed the 365,000 (L.
of RGZ217/V high vollape cable.

B. A Lhree man crew cleaned the capocilors,
installed them in trays, installed the bus
work, pul them on roll-around carls and
moved Lhiem inlo a roum for high vollage
tests. Each capacitor was hipolied {rom
terminal to case and terminal Lo terminal,
end after passing Lhis test, wmoved to the
assembly cren.

C. Four men on the assembly line installed
all the components on the pulse forming
network boards. These include the
following: charge and dumping resistor,
spark gap, ground plane, load sclecl
board, #.V. fuse, inductor, and associaled
interconncctions.

D. Two mcn on the asgembly line installed
loaded PEFN boards on the capacilor mudules.

E. One man instaslled Lhe capacitor module
shocrting switch and adjusted the PFN board
to the capacitor tray.

F. One wman performed a quality control
inspection.

*Research perforned under Lhe auspices of the U.S. Department of Energy by the Lawrence Livermore Hationel

Laboratory under contract number “-7405-ENG-48,
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AfLer assembly and test, the medules, which
weigh up to 1,000 pounds, were transferced from the
cart to a cepacitor loading platform which operates
from 8 forklift Lo inslall the module on Lhe shelf.
buring the Nova ascembly, we ascembled and Lesled 32
modules per day. 1t took 12 weeks to asscmble,
test, and place in the bank, the 1500 circuits of
th: first eight arms of Nova. A typical row is
shewn in Figure 2.

v _

-

Figure 2. Row of Nova Bank

linnk Description

Since Lhe 1ast veport for Lhis confercnce, 3
the overall laser was scoped down to 10 beams. The
new configuration is sunmarized in Table 1. The
totel number of circuils is 1827, and the baouk is
nominally 60 MJ.

As reporled, Lhe bank is buill with 3KJ, 5KJ
and 12.5KJ capacilors; Lhe 3KJ and 5KJ units are
being calvaged from previous lasers, Shiva and
Argus. The 12.5KJ units are a new high density Lype
developed for Nova. 4 The 12.5KJ units are
physically about the same size as the 3KJ units.

The bounk is charged to a nominal 22KV by use of
six large power supplies and eight smaller ones.
The large power supplics are named "MVA" type since
cach draws 2 MVA at peak load. They are located in
the substation outside the Nova fluilding. See
Figure 3. The smaller units are nomed "KVA" type
since cach draws 100 KVA at peak load. The KVA
supplies are salvaged from Shiva; Lhe MVA supplics
were developed for Nova, 3

The copacitor banks cnergy is transfecrced Lo
its flashlomp loads by 117 switch assemblies. BEach
switch assembly consists of two size "D ignilrons
in series. Each sssembly can accommodale up to 24
circuits. Each assembly ic built complete with its
own set of diagnostics to measuce fire voltage and
sense ignilor tcigpers and ignitcon fire. 1In
addition, a current transformer for each ciccuit is

provided. These currenl trensformers in conjunclion
with Lhe LCO (Lamp Circuil Disgnostic) chassis,
record civcuit currenl waveforms for pasl shol
analysis. 1In addition, the ecircuil current peusks
are compared to thresholds and Lhe dola latched for
a quick “yes or no" indiecctor. The details of the
switch assemblics and diasgnostics have been reported
previously.

TABLE T: BANK_CONFIGURATTON

Number Encrgy Tolal
of per Energy per
Circuits Circuit (kJ) Componentl (kJ)
COMPONENT
RODS 16 50 BOO- 12.5%
9.4 blsc 160 18% 2880-3
9.4 FR 11 71 231-3
15 DISC 120 18 716u 3
15 F.R 40 37.5 1500- 12.5
20.8 D1SC 240 21* 5040 3
20.8 F.R 50 40 2000- 5
31.5 DISC 320 I3 10560 3
...lBO . 31.% 6750 12.5
31.5 F.R 50 4o 2000 5
46 DISC 640 37.5 24000 12,35
1827 Total 33050 12.5
151 F.R. 4000 5
1676 Lamp . _70871-3 _
XAt 20 kV. TOTAL 57921 kJ

AType of Capacilor
i.e., 3kJ, S5kJ or 12.5kJ

a4

Figure 3. Nova MVA Power Supplies

Bank Activation

The checkout and aclivation of a large
capacitor bank such as Nova is a {ormidable Lask.
We were successful in sclivating Lhe Nuva bank by
rigidly adhering Lo a few basic procedures {or
quality contcol.

The (irsl slep was Lo perform acceplance
testing on critical comprnents such as cupuciLor?,
ignilrons, induetors, etc. 1f an item wos perceived
Lo have a high Cailure rate, 100% of Lhat item wosg
inspecled, For example, ecach of 2645 high density
capacllors was subjected Lo 500 pulse dischnruc? at
10% sbove roled voltage Lo cemovc infant mortalily
failures from Lhe population. 1f an ilem was
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“off the shelf,” lot acceptance Lechniques were
used. This was true for items like ignitrons and
pulse transformers.

New desipns for cumponents used on NHove were
only approved after an extensive development and
qualificetion program. The resistors used [or dummy
loads and dump resistors provide a goad cxample.

2gesistor manufacturers designed possible
candidates and LLNL tested them under simulated
opersting conditions. At the end of that program,
two resistor types were identified as meeting Nova's
needs: Disk type and tubular type. The disk type
were chosen in competitive bidding.

The second step wes to test the capacitor
modules themselves before plecing the modules on the
cepacitor rocks. Each module received 25 charge and
discharge ecycles. During this test, the capacitors
in coch module are dischorged through the pulse
forming inductor into the dummy load on each module.

We built a test stend capsble of testing 16
mo.-les at a Lime. Typically 32 modules were testnd
in one day This test checks all the components on a
modvle as well as sll the comncctions

- Ty
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Figure 4. Module Test Stand

After all the modules were installed on the
racks and all the cables pulled and connected, the
third step was to check the wiring. A
point-to- point resistance check was made of all the
high voltage cables. Each circuit has two cables, a
charge cable from the switch to the module and a
load cable from the module to the junctiom box. 1In
addition, cach switch agsembly hae a cable from the
power supply high voltage distribution chassic
(fanout) to the ewitch assembly.

After the cabling was verified ag being
correct, the fourth step was to "hipot" all the
cables. Each cable was checked three ways: shield
to ground, center conductor to ground and center
conductor to shield. Each check consists of a one
minute high voltage test to 25KV dc. The cables
were checked out switch by swilch, cince in a switch
acsembly up to 30 cables are clustered togelher.
During these checks, the capacitor in the modules is
shorted. Typicelly the cables for eight switches
are resistance checked and hipotted by three men in
an cight hour shitt.

See Figure 4.

. AUXILIADY
PROCESSOR

The fifth step was Lo check out the power
supplies, fanouts, gwitches and ciccult modules as a
system. This was done one power supply at a time.
Usuelly four of perhepc twenty switches connected to
a power supply were cherged. The circuit modules
were then charged and the encrgy transferred to the
dunp resistors. Aftec the dump mechanisms and
resictors were verificd as being operationcl, the
circuit modules werc then charged and discharged
into their respective dummy loads. Typically, these
steps were repcated a few times at increasing charge
voltages until the modules were chacged and
discharged at nominal enerpy. All circuits
connected to a power supply were similarly checked
out.

The bank is not fully operational until the
ciccuit modulec are dicchaged into [lashlamps in
amplifices. As the amplificrs become available on
the space frame, this becomes a daily tesk. Usually
a few amplifiers become operalionsl cach week. The
entire process is scheduled to be complete by HMay
1984. As of today, all of the eawplifiecr circuits
have been charged to nominal voltage and fired into
dunmy loads.

fulse Power Controls

The pulsed power system is controlled aud
nostitored by a computer system as illusirated in
Figure 5. The Nova contrel system contains three
VAX- 117780 centrel control computers. The pulsed
power system generally only runs on one of Lhese
computers, although any of the remaininpg computers
could be used.

VAX-11, 700

C.'"NTROL OPLRATOR
COMPUTERS I CONSOLE
a

HOVANET
MULTIPURT
MEMORY :
FRONT END FRONT END FRONT EMD
PROCESSOR PROCESSOR PROCESSOR
LSI-11/23 LSI-11:23 LSi-11 23
INOVABUS tNovnBus tNovnBus
PULSE POWER PULSE POWER OSCILLATOR
DEVICES DEVICES FAST TIMING

Figure S. Pulse Power Control System

The operator console contains a Ramtck CHT
display with & touch panel and a DEC VT125 computer
terminal. The opers'oc controls the system by
selecting various high- level functions available
through o series of CRT display menus. Several
terminal menus ore also available to provide
low-level control and meintenance functions.

The VAX responds to operater requests by
generating a secles of commands to the hardware
devices, These commonds are sent to the L3I 11/23
froat- end processors through a shared memocy or over
o fiber-optic communication nctwork. The FEPs
interpret the commands and perform the apprapriate
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functions to the hardwarc. 1In reverse, the FEls
constantly poll the nacdware €or stetus changes and
send new informslion back Lo VAR through Lhe
multiport or over the fibec-optic network.
Information may be presenled to the opecator on one
of the display menus.

The two FEP's connecied L0 the shared memory
arc used Lo control Lhe various pulsed power devices
such as puwer supplies snd capacitor bank
interCaces. The third FEP is used Lo conltrol Lhe
lascc mucter osvillalor fast-liming hardware. An
additional LS1-)1/23 processor is also included lo
provide auxiliary control of the system.

Controls Layering

A conlrols model wap developed ap an aid Lo
system definition snd sof(lware design. This wodel
divides Lhe conlrol system into six layers of
controls functionalily, illustcaled in Figure 6.
The highest four layers are primacily sofllware
bzwed; the lowesl Lwo layers ace primarily hardware
basod. Each layer uses its own services Lo build
upon the services provided by the layer below in
order to provide higher level services to the layer
above, The highesl layer provides services Lo Lhe
operalor; Lhe lowesl layer inlecfaces diceclly Le
the pulsed power elements. Communicetion is
performed only between Lwo adjaccnl lay ~s and only
Lhrough a stricl, well defined inter(ace. Adherence
to this model has culorced struclured design and
modular development.

QOPERATOR
INTEGRATION LASER
SUBSYSTEM CONTROL
/
SUBSYSTEM VAX SOFTWARE
CONTROL
VIRTUAL
CONTFOL
POWER AL i
CONDITIONING CL 831% oL }FF_P SAUTWARE
SUBSYSTEM —
PHYSICAL MANDWARE/
CONTROL SOF F'WARE
HARDWARE DEVICE HARDWARE
k CONTROL

PULSE POWER ELEMENTS

Figure 6. Software Layers

The highest layer is the laser contrpl layer
and is used to integrate the pulsed power,
alignment, laser diggnostics and tacget diagnostics
subsystems into a unified system by which an
operator can control the entire laser rather Lhan
just an individual subsystem. Although this layer
extends beyond the pulsed power system, it must use
many of the services that the pulsed power system
provides. In sddition, this layer provides globanl
shot scheduling with coarse second to minute type
timing resolution.

The gubgystem control layer presents high level
control of the overoll laser pulsed power subsystem
to the laser control layer. Based on the pulsed
power, Liming, and facilily coulrol provided from
Lhe layer below, this layer internally makes
decisions thot globelly effect the enlire
subgystem. This includes such operatiovns as
aborling shot sequences when facility relatod
failures ave dotecled or selecting various lager
component configurations.

The virluel control luyer is used to provide
contral of high level pulsed power componenls.
Conlrol of Lhese components are internally
translated into lower layer requests. An operaslor
at Lhis level may selecl varicus lager componenls or
sels of laser componenls for a pacticuler
operalion. At presenl, four basic Lypes of
operations heve been defincd: o Lest sequence, a
PILC sequence, B dry tun scquence, and a chot
sequence. A Lest sequence i6 used to verify that
the oystem is Cunclioning properly by perfotmiag
sgveral diagnostic funclions and hardwace checks. 4
PILC scquence (pulsed ionizelion lomp check) may
then be used to determine flach- lamp Cailures. The
dry- tun sequence performs a shol sequeunce but
withoul figh voltage. The shol seguence is used Lo
aclually verify cherge, and fire tlhe syslem.

Upon seclecling u scl of components, onc of the
four Lypes ol scquences can be initialed. The
virtual control layer intecnally determincs which
lower level devices ace nccessary, Lhe functions
Lhat musl be perfuvrmed, and Lhe times at which Lhey
must occur. As Lhe sequence progresses, Lhe
sclecled hardwore is automaticelly configurcd and
verified. Verificalion failures pgenerally result in
Lhe scyucnce being held while severe failures at
eciticol times resull in an abort.

The virtusl control layer nlso pruvides control
of high level syslem timing and monitoring of Lhe
focility celated subsystem including the safcty
interlocks and the nitrogen supply system.

The logical conlrel leyer provides direct
conlrol of Lhe numerous pulsed power devices Lhal
congtitute the various laser components. This
includes coutrol of power supplies, ignitrens, snd
lamp check diagnoslic packages (LCU}. Ar operator
rL Lhis level is capable of individually nonitoring
and commanding ecach pulsed power device. The bulk
of this contrel is caccied out within Lhe (ront cud
processors. As logical level requests are generated
within the VAX, they are transferced over Lhe
aetwork or Lhrough Lhe shaced memory to the bkkbs.
These requests are then in turn trsuslaled into
lower level requests provided by secvices Crom the
ncxt lower layer. New status is returned to the vax
in 8 similar manner and is also available Lhcough
the logical level intecface.

The physical control layer performs control
based on individual hardwarc intecfaces incorporated
within cach pulsed power devices. The heacl of Lhis
control structure is an interconncction network
known as the Novabus. The Movabus connects the FEvs
with Lhe pulse power devices by extending the FEPs
internal bus over n serlalized fiber optic bus
throughout the laser facility., Bus messages from
the computer are relayed down caoch fibor-optic chain
to the appropriate device, To improve celiability,
each device is serviced by two redundanl computer
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buses. 1In this potentially harsh electrical
environmenl, vollage isolation ond noisc immunity
were key issues in Lhe design of all Lhe Novmbus
components.

Within each device there is control electlronics
which comprises the hardwore control layer aud is
inherent in Lhe design of the vurious devices
Lhemselves and respoansible for driving Lhe aclual
pulse power clemeats. 1Included in this layer ts the
ignitron clectronics for firing and monitaring Lhe
ignitron swilches and the LCD electronics for
detecting and sampling flashlamp circuitl curcents.

Since Lhe Novelte bank and coutrols syslcms use
Nova hardware, the operating cxperience on Novctle
is a uscful measure of cxpecled opecration on Nova.

The first six months operating experience with
Novette was reporled in Rel 8. As of now, we have
au additional 10 montbhs of expericnce with the
system.

This data is given in Table 2. 1L shows Lhat
while pulsc power problems affected only 2% of the
first 600 shols, Lhey affected 5% of Lhe uext 332,
Several points are in ocder:

First, Lhe chots during Lhe lasl 10 months
execcised Lhe entire bank much more often than the
{irsl six wonths, since carly experiements were
involved with Lhe front end of the laser, so Lhat
more citcuits were involved per shot. Secoud, the
largest failure rate occurred with the fuses. These
occurred in circuits where Lhe fuses were undercnted
and are beinp upgraded. Third, the [lashlamp
failures occurred among the 19" [lashlamps [or the
46 cm amplifiers. This prublem has been studicd, a
solution found, and new {lushlamps are being
introduced into the system. Fourth, the inductor
failures resulted [rom megnetic pressure [lexing the
inductor tLabs. Scversl fixes are cnvisioned. MNone
has yel been inplemented.

When Lhe solulions Lo these failuce nreas have
been implemented, the failure rate should drup to a
lower level. The present level is sccepteble,
operationally, bul betlter pr-iormance is obLainable
with the steps mentirs.y asbove.

TAULE 7

Novrtlc Tulse Pewer Oprrationsl Experiences

Activation Operation
8/82-2/83 2/83-11/83
Shot Attempts 395 332
shot Juccesses 439 74% 280 84%
Pulse Power
Problem 10 2% 18 5%
Component Failurcs
Activation Operation
Component  Population Feilures  Fail
Flashlomps 884 13 2
Capacitors 1296 3
Fuses 318 ] J4kR
lgnitrons S0 2 0
Diodes 44 1 4
Resistors 1554 4 ]
Inductors 238 0 12xnn
Power Supplies 16 1 6

* Mechanicnl failure of Lhe cleclrode gquarlz

*x Rebull SkA fuses
*%*%  Mechanical failure of Lhe plastic case.

Sunmncy_and Conclusion

The Nouva Power Systetns have becn inslalled and
activaled Lhrough Lhe first cight arms wilhoul Lhe
additional amplificrs. Assemhly end gclivalion,
although lavge tasks, prescnled no unusunl problems
and took place efficiently. The controls syslem was
available from the poinl of {irst nced and wes very
useful in activating Lhe bank.

Operational experience on Novelte shows
neceplable pecformance. Steps are being Loken Lo

improve Lhe pecformance [or Nuve.
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