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The data acquisition electronics with timing for a control of the pulsed IREN test facility is offered. The organizing of a multiplex system for timed gathering of the multi-parametric data is considered at short duty cycles. The converters and loggers for fast channels of the amplitude ADC and nanosecond TDC, and also for noise-resistant channels are represented. The possibilities of the monitoring system are advanced to provide a feedback control and duties protection. The control diagrams for a linac thermostat and klystron protection with the locking of duty cycles are developed.

The pulsed source of intense resonance neutrons IREN, projected by the Laboratory of neutron physics, consists of a neutron multiplication target and the linear accelerator of electrons LUE-200. The IREN full-scale test facility (FSTF) is being built to research and obtain design performances of the accelerating section and environment subsystems [1]. The subsystems include: a master synchronizer and pulse modulator, a very high frequency (RF) synthesizer of 2856 MHz, the klystron SLAC 5045 and the multiplier of RF power SLED, and also a heated thermostat, pulsed power supplies, etc. 
At the first stages of instrumentation of the experimental FSTF assembly (fig. 1) an available front-end electronics for timed data acquisition is created. Thus, problems of logging of parameters of a duty cycle are being solved with the purpose of monitoring and diagnostics, and also of a feedback control and protection of the main subsystems. Besides, a prototype of the monitoring system for the neutron target and the beams was tested on the pulsed booster IBR-30 with the linac LUE-40. The first methodical works has begun here on the basis of the CAMAC measuring-computing system [2]. The monitoring includes the on-line status diagnostics and amplitude-time analysis of the data. Thus it is taken into account, that for a new source the neutron flow, as well as electrons energy and beam power should be much more (up to 1015 n/sec, 200 MeV and ~10 kW), and the pulse duration and pulse-repetition cycle (~0,25 (sec and 1/150 sec) - significantly less.

The instrumentation of the experimental FSTF equipment should provide gathering of several data groups. The main groups include parameters of the klystron pulse modulator and the RF klystron subsystems. There are high-voltage and high-power pulses (up to 20-300 kV and ~10-100 kW, or ~1 kA and ~100 MW in impulse), and also parameters of their timing and envelope of RF signals (a microsecond duration, nanosecond delay and jitter), and phase shifts. The analog clusters include signals both very high, and low level (from temperature or vacuum sensors. under conditions of intensive interferences). The group of two-stage alarmings or status displays changes of subsystems modes. There are low-frequency signals (~1-10 Hz, from sensors of expenditure of cooling) and pulse sequences of the cycle timed to the 50 Hz network.

[image: image1.wmf]11:00

11:30

12:00

12:30

13:00

13:30

14:00

28

30

32

34

36

 Programmed

PID Controller

        906

22.02.2001

T e m p e r a t u r e   ( °C )

T i m e  ( hh:mm )

Fig. 1. Instrumentation of the first stage for the IREN subsystems

The parallel-sequential schemes of multiplex measurings [3, 4] are offered for gathering of multi-parametric data of each cycle of fast processes. The synchronous conversions of pulses parameters and also noise-immune processing of analog signals (for groups of parallel measuring channels) are supplemented by sequential registration and buffering of data groups (for timed channels). The data acquisition of the IREN duty cycle will be clocked with a repetition rate of start pulses (~0-150 sec-1). 

The scheme (fig. 2) includes: a system timing controller and clock-pulse source STP; grouped converters of pulses amplitudes (AVC) and of time intervals (TVC), and also analog signals conditioners SVC; the signals multiplexers VMX and a digital logger VDC with buffer memory. The units are combined by general synchronization and control circuits of the STP and VDC. The pulses parameters will be synchronously transformed into voltage signals. These signals, as well as signals of conditioners SVC, will be normalized (in a range 0-5 V) and are saved on a check-in time. After each start pulse the logger clocks input of the signals via the multiplexer and fulfils digital conversion and data record into buffer memory. The data of the cycle (up to 32-94 channels) will be stored for enough short time (no more than 1 msec). The remaining cycle time is reserved for data transfer and a computing to check up and obtain a decision concerning [image: image2.wmf]Data acquisition
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Fig. 2. The front-end electronics for the timed data acquisition.

Other units groups contain the fast loggers of the shape SHC and parameters ATNC of delayed pulses, which can be timed by the selector PSS. The multiplex registration of delay and an amplitude or sample of the signals (and also of the number) will be fulfilled after each start pulse. The parameters will be converted and are recorded sequentially into buffer memory with nanosecond discrete timing [5]. The pulse-series logger PSC and pulse train shapers PSH are applied for channels with the expenditure sensor. The status registers SAR and filters of logic signals LSF allow to watch possible state transitions and duties. 

The front-end electronics is constructed on the basis of the created system of multichannel modules (list of the published descriptions can be found on the author site [7]. A set of the measuring modules (with errors up to 0,1%) or prototypes for structures CAMAC was certificated also on experimental and base complexes of the LNP and others. The set of available units includes the synchronous converters of a pulse amplitude or relative delay. The units contain circuits for nanosecond timing and converting “time-to-amplitude”, and also sample-hold circuits. It is possible to fix timing of periods of converting and storing (~1-100 nsec and 1-10 msec) by shifted strobes and reset pulses. The analog conditioners provide normalizing of low level signals with converting of a scale and range (of thermocouples, etc.), and also noise cutting-off (up to 100 dB). The unit contains isolated instrumentation amplifiers, active filters and stable (~0,1 (V/°C) compensators. 
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The unit of the multiplexer fulfils a sequential interrogation or programmed choice of 1-32 channels. After a start the logger unit provides the timed interrogation, sampling, converting and registration (up to 103 data). The module contains the controller of clock pulses ((5 (sec), the precise sample-hold circuits and analog-to-digital converter (Analog Devices HTS-0300, HAS-1202, etc.), and also the memory and interface for the data transfer. The registration of sequential samples or a shape of a durable signal from feed arrangements is possible also. 

Fig. 3. The advanced electronics for protection and feedback control.

The logger unit of a signal shape contains the nanosecond sample-hold circuit, digitizer and buffer memory with the clock pulses synchronizer ((10 nsec). With a start pulse the nanosecond timing of periods of delay and sequential recording is provided. The logger unit of signal parameters provides multiplex registration of their sequence. The multiple read-out of delays with clock periods of 5 nsec, and also amplitudes and the signals number is possible. 
The converter units of frequency coded signals provide of pulse train shaping for a pulse-series logger. For small signals of very low frequencies a shaper of normalized pulses is created. The peaking circuit contains high-sensitive comparators and Shmitt triggers. A new shaping unit of 48 logical signals, which includes filters, decoupling circuits and threshold devices, is intended for data entry into status registers. 
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The task of the data acquisition is extended to provide a feedback control and fast protection of FSTF duties. The monitoring of status parameters will be supplemented by fast diagnostics and protection of each cycle (at time from one pulse of a beam up to another) at abnormal modes. The advanced electronics (fig. 3) is intended for control of the duties with possibility to lock the following cycle. The scheme of the fast protection includes: filters and discriminators of signals SFD; a register of abnormal status ARG; diagnostic and protection logic DPL; units of duty protection and alarms APS, and also a start pulses controller TPC and a shaper CSP of controlled pulses of the IREN main timer. The recording of abnormal parameters in the computer also is provided via a dataway. Other schemes of a feedback control are necessary for adjustment of the RF parameters of the linac section and SLED subsystems, together with the synthesizer, synchronizer, etc. The schemes for the control of temperature of the thermostat and also of sizes of the SLED devices are developed. The control systems, except input sensors, include: a temperature controller TPC and signaling units and power control for thermostat heating SPD, and also the position controller SPC and step-motors commutator SMC. The conditions of precise tuning of the RF parameters, monitored also via the data gathering system, define programmed controllers modes. 

Fig. 4. The unit of data logging, alarm signaling and protection control.
A new module of integrated protection is created to control duty cycles. The possibilities of the combined protection: a status checking and logging of abnormal data, and also diagnostics and fault signaling, a control of duties and lock of cycles. The module has up to 16 input channels for a checking of pulsed or analog and two-stage signals, and also 5 control channels for protection of the klystron duties and the cycle lock. The circuit (fig. 4) includes: conditioners and threshold circuits (also comparators or filters, both Shmitt triggers and logic gates), a register of the data, an alarm display and timer, circuits of diagnostics and protection, an interface of data transfer and computer control, and also a unit mode controller and circuits of channels testing. A parameters state transition will be registered at once, when alarm levels or switching of contacts (for example, a relay of a klystron vacuum) are defined. Therefore the circuit immediately locks start pulses channel and also turns off appropriate relays of channels for a control of modes of high-voltage powering or filament heating. The appropriate warning is output on the alarm display. Besides, the request of link is sent, and the data can be transferred into a control computer. The logic gates provides priority of data record. The register reset and lock cutoff are permitted, when a reason of the alarm is eliminated or switched off. Thus at first the timer and the first control channel (for heating}, and then start pulse and other channels with preset delay will be switched on.

The offered scheme of PID-regulation of a heat-up of cooled sections of the linac was examined on the thermostatic system LUE-40 [6]. The new scheme STS is intended for the precise temperature stabilization of the LUE-200 section having the greater power (at the gradient up to 35 MeV/m). The thermostat control scheme (fig. 3) includes: the programmed controller (Eurotherm controls 906S) with the platinum sensor PRT100, and also three controlled units of thyristors 425A (output power up to 5,5 kW) with appropriate heaters. The program IPSG provides the setting of controller parameters (via the interface RS232) and accumulation of data files in the computer. 
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Fig. 5. The PID-control of temperature in the system STS.
The registered processes of temperature settling and stabilization in the STS system (fig. 5) at the thermal output up to 10 kW are represented by use of the graphic program Microcal Origin. The typical stabilization errors at the programmed set point of 35°С do not exceeded of 0.03°C. A temperatures settling time sufficient for log-on in a range of errors ±0,05°С, equals to about 20 minutes at variations of the set point on ±1°С. The set up parameters of proportional regulation, and also times of integration and derivation have allowed to decrease both the settling time, and dynamic errors. The quality of PID-regulation was optimized at a closed contour of water cooling. The allocation of temperatures in the contour is watched via of a group of coupled resistance thermometers TSP-712 and new units of the normalizing converters NP4T of the data acquisition system (fig. 2). The input of signals of the thermostat system into the fast protection module (fig. 4) is stipulated to lock starts of duty cycle at violation of temperature modes of the linac. The obtained parameters correspond to conditions of usage at structure of the IREN complex. 

The considered features of instrumentation for the multi-parametric data acquisition of a duty cycle are characteristic for control systems of pulsed sources. The tasks and possibilities of the designed system of an available electronics were considered taking into account the IREN duty cycles. The amount of examined parameters will increase at expected doubling of waveguide sections and development of the linac subsystems. These subsystems, including the electron gun, beam focusing and transport, and also the target cooled by helium, will be watched with a use of the extended groups of data. However, among the considered number of buffered data (~100 and more) the clusters of pulses parameters occupy a smaller part. The offered schemes can provide gathering of the data groups with timing for control of the IREN duty cycles. The examined technique, as it is supposed, will be advanced for a new pulsed source, taking into consideration expected neutrons intensity, increased electrons energy and beam power, and also abbreviated pulse duration and pulse-repetition cycle.

References

[1] V. Antropov et al. Proceedings of the XVIII International Linear Accelerator Conference, Vol. 2. CERN 96-07, Geneva, 1996, p. 505.

[2] V.D. Denisov et al. Communication of the JINR, 13-84-275, Dubna, 1984. 

[3] V.N. Zamrij. XI International symposium on nuclear electronics. JINR, D13-84-53, Dubna, 1984, p. 142. 

[4] V.N. Zamrij. Proceedings of the International Workshop DANEF-2000. JINR, E10-2001-11, Dubna, 2001, p. 186.

[5] V.N. Zamrii. Instruments and Experimental Techniques, Vol. 41, No. 1, 1998, p. 75. 

[6] V.A. Belkovets et al. XVII International symposium on nuclear electronics. JINR, D13-98-66, Dubna, 1998, p. 233. 

[7] http://nfdfn.jinr.ru/~zamrij/zvn1.html 

� EMBED Origin50.Graph  ���














� EMBED Word.Picture.8  ���











� EMBED Word.Picture.8  ���








� EMBED Word.Picture.8  ���








� EMBED Word.Picture.8  ���











PAGE  
241

[image: image6.wmf]e-beam

   Neutron

multiplying

     target

     Pulse

 modulator

RF klystron

SLAC 5045

Environment

 subsystems

n-beams

Electron

  linac

 section

IREN          

Full-Scale Test Facility         Instrumentation

    Master

synchronizer

WWW

  Monitoring

& Diagnostics

Timed data

acquisition

Protection

& Control

Monitoring

   system

 prototype

Computing

 &

Data analysis

analysis

Focusing

& Beam

transport

Gun

[image: image7.wmf]Data acquisition

 & Monitoring

        system

  Diagnostics &

Protection logic

         DPL

Start pulse

Signals on-off

Pulses & levels

     Protection

& Alarm units

        APS

Analog signal

 conditioners

   Amplitude &

Time converters

Dataway

 Alarm status

   registers

      ARG

     Filters &

Discriminators

        SFD

Fast lock

Start pulse

 controller

     TPC

Pulses

shaper

 CPS

    Position

   controller

       SPC

  Step motors

  commutator

        SMC

  Temperature

     controller

         TPC

Signaling unit &

 Power control

          

SPD

Duty control

& Alert signals

Timing &

Controlled

impulses

Status &

Control pulses

Sensor &

Control signals

Signals

Levels

Pulses

Parameters

[image: image8.wmf]     Interface

Gates

 &

 

Shmitt

triggers

  Diagnostics

 & Protection

Channels test

  Data

register

   Alarms

  & T

imer

Lock

Dataway

Outputs

    Controller

  Conditioners

     & Filters

Conditioners &

  Comparators

Inputs

[image: image9.wmf]    Parameters

    fast logger

        

ATNC

      Signals

   multiplexer

       VMX

   Shape logger

      & Buffer

         

SHC

  Status

 registers

   

SAR

 Pulse 

train

   shapers

     

PSH

Frequency

signals

Pulse-series

  

 

  logger

      

PSC

On-off signals

     Signal

     filters

      

LSF

     Pulse

  selectors

      PSS

  System timer

& Clock pulses

         STP

      Time

  converters

      TVC

    Amplitude

    converters

        AVC

      Signal

 conditioners

       SVC

        

  

 Start pulse

Data clusters

Analog signal

Pulse delay

& Duration

Pulse amplitude

& Signal value

Dataway

Pulse sample

& Delay

  Digital logger

     

& Buffer

   

     

VDC

[image: image10.wmf]11:00

11:30

12:00

12:30

13:00

13:30

14:00

28

30

32

34

36

 Programmed

PID Controller

        906

22.02.2001

T e m p e r a t u r e   ( °C )

T i m e  ( hh:mm )

_1064914798.doc


























    Parameters



    fast logger



        ATNC



















      Signals



   multiplexer



       VMX



















   Shape logger



      & Buffer



         SHC



















  Status 



 registers 



   SAR











 Pulse train



   shapers



     PSH











Frequency



signals















Pulse-series



     logger



      PSC











On-off signals







     Signal



     filters



      LSF











     Pulse



  selectors



      PSS











  System timer & Clock pulses



         STP











      Time



  converters



      TVC











    Amplitude



    converters



        AVC











      Signal



 conditioners



       SVC











           Start pulse







Data clusters 



















Analog signal







Pulse delay



& Duration















Pulse amplitude



& Signal value







Dataway











Pulse sample



& Delay



















  Digital logger 



     & Buffer



        VDC
















_1064933443.doc


Pulses



Parameters















Data acquisition



 & Monitoring



        system























  Diagnostics & Protection logic



         DPL







Start pulse







Signals on-off



Pulses & levels







     Protection 



& Alarm units



        APS











Analog signal



 conditioners











   Amplitude &



Time converters































Dataway















Signals Levels











 Alarm status



   registers



      ARG











     Filters & Discriminators



        SFD











Fast lock















Start pulse



 controller



     TPC











Pulses



shaper



 CPS



















    Position



   controller



       SPC











  Step motors



  commutator



        SMC



















  Temperature



     controller



         TPC











Signaling unit &



 Power control



          SPD















Duty control



& Alert signals











Timing &



Controlled



impulses



















Status &



Control pulses











Sensor &



Control signals
















_1064940862.doc


 













     Interface







Gates &



 Shmitt



triggers



















  Diagnostics



 & Protection























Channels test















  Data



register















   Alarms



  & Timer











Lock







Dataway























































Outputs



















































    Controller 



















  Conditioners



     & Filters 



 







Conditioners &



  Comparators



























Inputs




















_1064759722.bin

_1064907265.doc


   Neutron



multiplying



     target















e-beam







     Pulse



 modulator











RF klystron



SLAC 5045 











Environment



 subsystems







n-beams



















Electron



  linac



 section



















IREN          Full-Scale Test Facility         Instrumentation











    Master



synchronizer











WWW







  Monitoring



& Diagnostics











Timed data acquisition











Protection



& Control











Monitoring



   system



 prototype







Gun







Computing &



Data analysis



analysis







Focusing



& Beam



transport 












