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THE DESIGN OF THE CPRF CONTROL SYSTEM

R. W. Wilkins and P. L. Klingner
Los Alamos National Laboratory, Los Alamos, NM 87545

Abslragl

The Conhnemant Physics Rosearch Facility (CPRF), currontly
under construcion at Los Alamos, is a facility lor research
into the plasma conlinemcnt properties ol various magnelc lheld
conhiguratons. The lirsi device to be tested in the CPRF will
be ZTH. a reversed lield pinch. The CPRF,ZTH conlrol system
has boon designed as a dislributed system wilh four major semi-
mcependent subsystems. Each subsyslem will be capable of stand-
alone operation lor purposes of comitissioning and maintenance.
The subsysiem conlrolier hardware has baen Selected; it will consist
of commercially available programmable logic controllors (PLCS)
inked by a fast fiber oplic network.

The man machine intarface, which 1$ under procurement as ol
June, 1989, will have mulliplo graphic workslations inlorfaced to the
PLC nber oplic notwork, Yhe contral conlrol console will intially
have Ihree stations. Permanenl local stalions will boe localad at two
ol the s5ubsystems with a ransportabie stalion serving the remaining
subsyslems. Standard proc.'ss conlrol software will be used, but the
selechion criteria enphasize tha open architocture of the system so
Ihat user programs can be easily inlegraled.

Syslom Roguiremants

1he CPRF will oocupy four buildings separated from (he conlral
conlrol room by 50 10 150 m. A systam with disinbuled VO, allowing
shorl wiring runs 10 I/ cluslers, soems approptiate. Our expotience
with cenlralizod conlrol on previous exporiments also led us to lavor
a distnbuted processor sysiem; operationally ono wants Subsystom
mdaopondance so that mamlenance, trouble shooling, or upgrades
of ono subsystem do not aftact another. In additon, the various
subsysioms will como on-na at diftarant himes, and it is desirable
that the checkoul and comimissioning of one subsyslam nol interlore
with the developmant werk on another. Thosae requiremanis suggast
n control System that is both physically and logically distributed.

The division inlo subsystoms wis Mmade as loliows:

o Vacuum Subsystem - This subisyslom consists ol one rougiing
axi gas il syslom and two lugh vacuum puntying slations.
Thete are npproximitily 450 snals in this subsysiam. Scan
tates of at lmast /s ate dositnd.

e liont Fnd Sobeystom  This subaySiem includes the vacuum
iner, shaell, and the col sots  Thare e aboul 700 sigils,
thostly inputs 1or checkang inne lepoeiures and coolini flow

meheattors  Hean rates of al Inast /s are dosixd.

o Gonnratar Hubsystom A 1,440 MVA goneralor will be sed
1o debvor pultid powme 10 the facility  Sensors, low levol
proteciion, amt control logic spocibcalions are being provided
by the manuiacturer. The control logie will ba inplomantod by
Los Alamos tising owr controllons 50 thal the gonecator will bin
llly imtegrmted nto the conbiol sysitem This subnystom has
about 350 mgnas and the desited 'can ate s ab foast 100

o Longy Subriynlom  Thin subryslom cohssts ol e powen
supphes, Gapaiotar Yok, and wwilc huny systomes thal doliver

etorgy W he tant and - Thore ate about 100 signaln Thes

desired scan rate i1s 10/s for most signals wilh selected subsets
scarned at 20/s and 200/s.

With disributed contrel, communications becomes wvary
important. A single network lo sorve bolh controller-to-controliar
and controller-10-console messages is desirabla. The network must
be supported on liber oplic mudia bacause ol lhe larga, changing
magnetic liekds in the vicinily of the expAtimanl.

Contrglier Selegtion
In 1985 we had begun in-house development of a system
lo meet the requirements described above. This work, ulilizing
distribulod LSI 11 processors and CAMAC, was reportod earlier.!
A single procassor prololype was completed and is baing used
1o operale a small experiment. Howaver, belore 1he syslem was
oxternded 1o handle muluple processors needed for a project the
size ol CPRF, wo became aware ol the advances that had been
made in induslrial control sysloms. Afler several vendor visils, it
was clear that commarcially available systems had the capability 10
handie most of the requiremants ol lusion expariments.

Wo developed a lunclional spacification and went out for bids.
The Lidders list contained bolh Distributed Control System (DCS)
and PLC vandors. The DCS ollerings were vury atiractive, primarily
bacause ol their networking capabliitios and the level ol integration
that they ofler botween the conlroliors and the consolg. However,
these systems loend lo be oxpensive, genaerally have slow scan
ralns whon compared 10 PLCs, ~nd hislorically have specialized in
PID loops, which are ol hmited interest 1o us. PLCs, on the othor
hand, suflar lrorn a lack of inteyralion, limited choice ol programing
liangungos, and generally poor programming tools.

In salocting lrom the many Rystoms avallable, one musl make
comproimises on cosl. programming offort, and performanca. In
thn ond, wa choso to go with a PLC, the Modicon 9847 family of
controliors,

Tha 984 (s available in n numbar of processor models, with
upward noltwara compatibilly botwoon the oider and more recent
conlrolirs. For our application, the mos! atractive {enlures waro

o iha availnbility of relatively last contioliors. The logic solve
spoed 18 0 75 meA.

o lust rameia O (1.54 Mb/s) with i optic Knks.
s A wlo rangn of VO modules

o i fast controllor network,  The spoad of Modbus |l is 5 Mb/s.
Fiber opbie Suppont for Modbus 11 is undmr davolopmaent,

Lol Kimgner, SJ Levings, amd 1I'W. Wilking, “General dis
Inibuted control zystom tor tusion oxpotmoents,” Hes Ser Instoom,
h7 (1), August 190G, ppy 1910 1012

! Modicon 984 15 a rogistoted tadematk of Modioon, Inc fiolm
pnee hirpin o oy Spocile commercial product, process, or service
by tde name, tadomark, manutaciui, ot utherwise, does not
necesaanly constitule or imply ds ondorsement, recommendation,
ot favonng by the United Stnten Governrtent ot any agoncy therool



o a direct intertace from Modbus Il to the IBM AT bus which wi!l
be used by the console system,

e 4 new programming package, Modsolt, which supports
sequential wuncuon chan (SFC) programming as a way to bring
some structure lo relay ladder logic and includes symbolic
relerences.

s tho availabilty of a Co-Processor module that can be
programmed in C and has good access lo the PLC memory.
This moduie has an integraled IEEE-488 inlerface.

Vacyym Subsyslem

The conlroller configuralion lor the vacuum system is shown in
Figure 1.

1O
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Fig 1. Vacuum controliar configuration

Raelability 15 a koy considaraton n the vacuuin systomr
Comtamination of the graphile armor must ba pravenied, and it
should Lo possiblo (0 oparate withk only ona puthp starkt Rathor
than sperailying a tikdunlant conltollar, wo chose to modulanza tha
control  Thara are separaln controllors for aach major componant,
with dentical controllors, for each pump stand Thus, a laluie
o' a pump stand controllar altocts only that pump stand, andd the
cortroller can be aasily isglated lov ropar It could also boe removed
o anothar area as a vt necossary

Pat of the 'O s located in the Torus Hall, in tho siamo
pruprmant acks  as the pump intatlaces Thosa racks tiomt
aloctncally with the pump slands, gl are solatnd hrom thoe
controlims by htbwr opte: temote 1/0) ks,

Grongrglor Subsystem

Fagute 2 shows the ptanned confgpuraton tor the tho goneraler
controliers

Modbus i

110

Sequencing Proteclion

Fig. 2. Generator conlroller configuration

Again, reliability is chieved by having several small controllers
rather than a larger redundant system. Conlrollers P1 and P2
provide the genaralor protection. These syslems are not idenucai.
Insiead, dillerent measurements ol critical partamelers are divided
between lhe two prolection Syslems so that if ong maasurement
or system lails, the olher syslem will slil provide prolection.
An example is in the lube oil system whare there are separale
pressure- 60% and pressure« 40% o! nominal pressure SenNsors.
The protection logic calls for the - 60% signal 1o slart an A C. drven
auxiiary oil pump immedialely and a O.C. driven emargency pump
alter a ime delay of 15 5. The - 40%. signal stails the emergency
pump wilh no delay. One signal will go to P1, the other lo P2.

The master controllor, M, is v¢sponsible lor the sequencing
of the ganaraloi and 1he inleraction with the othor subsysiem
controllers but not tor any protection lunctions  This design allows
the logic in PY and P2 to be relalively simple and easy 10 check.
The mare comp'ex logic in M can ihan be developed knowing that
tho genaraior prolaction Is in place.

Qther Subsystems

The datalls ol the Fromt End and Energy Subsysiems are nol
known at this tme becouse these sysiems have not been fully
spacihiod. Howovear, tho Front End shoulkd ba relatively simple since
it prnariy involvos slow spend monionng. The Enargy Subsystom
will ba A mo:o challonging apphcaton Soveral wavelonms will have
10 bo provided to specily dosicad coll curtent proliies. We pian to
use CAMAC wavelorm gonarators doven kom an 1EFE 48R intortace
on tha Co Processor for this purpose I addilion, soma cnbcal
switching must be carmod oul and conlemaed. in g tmn witklow of
about H0 my immediately pior Lo the plasma discharge

Gounsole Lystem
Under normal opecating condimons all machine control will bo
carmmd oul from the contral control room  The central oporator's
console will ho designed tor gperation by one porson We anticpate
that the console will yne mutbplo [1IM 386 (o compatible) computaers,

one pat opetalor deplay  The soltwata spocibcations aimphasize



incorporalion ol user developed code into the system and the use
of pointing devices such as a mouse or track ball for operalor
inlaraction.

Addilional local operalor stations will be supporled. The
vacuum sysiem and generalor are bolh high maintenance syslems
and warrant permanent console installalions whaere operations can
be carried oul in proximity i~ the equipment. The other subsyslems
will be served by a transportable console when required.

It is imponant that the local consoles operale idenlically to
the cenlral console 1o minimize sohware development costs and
operator raining.

Mos! third-party console nackages that support PLCs have
bean developed Icr the IBM PC platiorm. While vendors are slarting
to migrale their producls to VAX VMS and UNIX plalforms, we leel
1hat the best choice loday is the IBM 386 or compatiblas. These
products are fairly stable. and the 386 is likely to retain ils lead in
prnice/pariormance over VMS systems lor the near luture.

conclusion
We have chosen an industrial PLC process control system for
the control of CPRF/ZTH. The syslem is dislributed, highly modular
and provides llexibilily through the Co- Processor and ils IEEE-488
nlerface. It has a high speed network that should be adequale for
our needs.

The advantages of selecling a commercial system include

cosl savings on system development.

betler documentation than mos! systams developed in-house.

less dapendence on limiled in-house expertise 10 Maintain the
syslem,

rugged equipment, designed lor industrial environments.

We teal thal with this system we are prepared lo respond lo
luluro needs lor axpansion, increased performance, and addilional
functionality.
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