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A computer control system for
the PNC high power cw electron linac

-Concept and hardware-

T.Emoto”, Y.Kato™, K.Hirano*, Y. Ishikawa**",
H. Takei", M. Nomura®, S. Tani"

Abstract

Design and construction of a high power cw (Continuous Wave) electron linac for studying feasibility
of nuclear waste transmutation was started in 1989 at PNC. The PNC accelerator (10MeV, 20mA
average current, 4 ms pulse width, 50 Hz repetition) is dedicated machine for development of the high
current acceleration technology in future need.

The computer control system is responsible for accelerator control and supporting the experiment for
high power operation. The feature of the system is the measurements of accelerator status simultaneously
and modularity of software and hardware for easily implemented for modification or expansion. The high
speed network (SCRAMNet ~15MB/s), Ethernet, and front end processors (Digital Signal Processor)
were employed for the high speed data taking and control. The system was designed to be standard
modules and software implemented man machine interface. Due to graphical-user-interface and
object-oriented-programming, the software development environment is effortless programming and

maintenance,

*  Frontier Technology Section, Oarai Engineering Center

- **  Nuclear Energy System Inc. (NESI)
*** PESCO Inc.
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Table 2.1. 2N A D HE (Comparison of bus characteristics.)

Bus Data path Clock Maximum Internupts
data rate
(bit) (MHz) (Mbytes/s)
CAMAC 24 1 3 from each module
VME 32 10 40 priority bus
ISA 16 8.33 8 -
EISA 32 8.33 33 -
MCA 32 10 160 -
PCI - 32 33 132 -
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Table 4.1 VMEStE#®RE > — 7 YYD ARN7— Y HB
(Input and output data items of VME computers and sequencers.)

Computer / Sequencer

Monitor

Operation

VME server

VME

beam position

beam current

RF level

slit current

collimator current

DCCT current

electron gun current (CT)
Faraday cap current (BD)

hard disk data readout
SCRAMNet assign

Low level cont. #1

up / down module readout
low level controller status
RF switch module status
interlock module status
klystron monitor

RF level monitor

Klystron amplifier status
signal generator status
frequency counter monitor

timing

up / down module
low level controller
signal generator

Low level cont, #2~#3

VME /DSP

Stepping motor Drive #1

VME

tunier / stub posilion
alarm monitor
tuner / stub operation

stepping moter
alarm set

Stepping motor Drive #2

VME

oscilloscope data

oscilloscope, multiplexer

VME control

Vacuum gauge
vacuum gange (ion pump)
interlock status
oscilloscope data

magnet set (accelerator)
magnet set {electron gun)
multiplexer

oscilloscope

V¥ME monitor

temperature monitor
radiation loss monitor

radiation loss monitor

VME DSP #1-4#3

VME/DSP

beam position

beam current

RF level

slit current

collimator current

DCCT current

clectron gun current (CT)
Faraday cap current (BD)

function set

Radiation safty system

EWS

dose
alarm status

Electron gun control

Sequencer

status (output, interlock)

output set, on / off

Radiolysis process

Sequencer

status (interlock)

Cooling equipment

Sequencer

status
temperature, flow rate

Klystron remote control

Sequencer

status (output, interlock)

output set, on / off

Accelerator monitor

Sequencer

vacuum, femperature, flow rate,
interlock
beam line magnet output
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—]  — 800ps

Fig. 2.1 E— A2V AT (Beam pulse shape.)
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Step 1
Settings .
database
Diagnostic Step 2
equipmant Data Step 2
recording Data
recordin Step 2
)I g Data
recordin
> g Manual
Sten3 feedback
\ bDalata Step 3 .
abulation
housion | 5903
L ulation Data
: tabulation
Step 4
Data file
merging
Step 5
Mass
storage

Fig. 22 A DY AT ABBADENE T~ & OSEPLLE
(The acquisition of data inputted from various diagnostic systems
proceeds in five stages with human interactions.)
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Hardware / Software

| Work Stations ' I Ethernet layer / UNIX & GUI

< >

level-1

level-2

VME Board Computers VME layer / Realtime UNIX

0

level-3 Even't) ;; ?aontrol ' DSP Computers I DSP layer / Parallel C

il

Event / Control
Data

Fig. 3.1 7— 7 LEREORE
(Overview of the data acquisition system.)



| color mono

Printer Prinler f

Ethernet layer
—— e hardware
eXTSTEP (UNIX) |
e e goflware
to Office

e
-

T SCRAMNet® :

vme || vme wmE || WME VME

Level2 o
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Q-magnet,Stearing magnst,Vacuum Cont.,

Fig.3.2 77— 7 BB O,

[Fo

|_VME layer

Bsam monitor (position,current), RF monitor
Klystron Cont., Injecter, Gun

(Physical layout of the key feature of the data aqcquisition system.)
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Conventional Object-oriented
Programming Programming

Consumer

Supplier

Fig.34 7V 7 MER70 75 3 v 7 OE4
(Object-oriented programming consept.)
Program-building versus system-building. Conventional programming tools emphasize the relationship
between a programmer and his code, while object-oriented programming emphasizes the relationship
between suppliers and consumers of code.
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VME master board computer

/crate
SCRAMNet /
/ interface module
/ T T rre-—m
[FI]EI / 1 i ﬂ
TTIm M mmmmmmmm
VME bus backpian
(-‘ L) 11 Ll.l.. 1igiigil L]
Lo
i
| EE
Al D
\ 20 slots
SCRAMNet
Ethernet
VME modules VME modules
i L il 1 |
< | { vME bus> VME bus
Ethernet
P, . SCRAWNet __[Ig >
Z VME master |SCRAMNet

board computer

interface module

Fig. 4.1 VMESHED/SA/F v b7 — 7 Eik
(VME computer unit and bus /network connection.)
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20 .

15

10

(Physical layout of the VME modules.)

Fig. 4.2a VMEE Y o — VDR
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Step Moter &ch ADC 12bit 32ch ]
Step Molr 6ch I
Step Moler &ch DI 84ch |
Siep Moter 8ch DI 64ch
Step Moter 6ch |
Stop Moter 6¢h DO 64ch DAC 14bit 8ch DAC 14bit 8ch |
Step Moter 6ch DO B4ch ADC 12bit 8ch ADC 12bit 8¢h _
Step Moter 6ch GPIB 1ch Clock i
Stap Moter 6¢ch Clock i
Swep Motar 6ch t
SCRAMNet SCRAMNet _ SCRAMNaet SCRAMNst SCRAMNat SCRAMNet
ho 7431 (32MBY ho 7431t (32MBY ho 7431t (32MB) fio 7434 (G2NBY Tip 7431 (32MB) hip 7431 (6AMB)

\Ad




PNC TNS410 98-060

20

15

10

Accelerator Room nearby

(Physical layout of the VME modules.)
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Fig. 43 VME/DSPY A7 L DRE
(Overview of the VME/DSP sysem.)
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High speed communication kne
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Example of 8-nodes a cube
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speed communication ports
of each DSP (a~h) are

connacted with cube
configuration,

VMEua 7 WTT LN

DSP computer board

Fig. 44 DSPRIEHBNR— FEEER— F OEHR

High speed
commeinication line

VME ¢

(DSP computer board and high speed communication port connection.)
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Fig. 4.5 DSPDA
(DSP application.)
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Fig. 5.1 DSPV 7 b7 = 7 D&
{DSP software concept.)
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Fig. 5.2 GUI7 - > F &5
(Example of GUI windows for magnet control.)
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