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The measuring channel of absorbed power of the electron radiation in the range 0.1...100 kW using a flow-type
calorimetric absorber is described in the paper. The measuring circuit of the channel performs determination of cool-
ing liquid temperature at the input and output of the absorber and also makes measurement of the flow rate of a
cooling liquid. The absorbed power is calculated from the measured parameters and then is displayed and stored into
the channel memory. The measured and calculated parameters are transferred to the external computer by means of
serial interface of RS-232 type. The measuring channel has been made as a stand-alone module with a LCD display
and control keypad. The measurement process is carried out both in off-line mode, and under control of the external

computer.
PACS: 06.60.Mr, 07.77.Ka

1. INTRODUCTION

"Accelerator" R & D Prod. Est. of NSC KIPT devel-
ops and operates high-current electron linacs. Their ba-
sic parameters under radiation - technological programs
are as follows:

Energy of electrons, MeV -upto 12
Beam power, kW -upto 15
Beam scanning range

(at the exit of window), cm - up to 40.

The measuring channel for certification and calibra-
tion of accelerators by the energy flow (beam power)
under conditions of a scanned beam has been designed.
The calorimeter of a total absorption with an absorber of
a special geometry providing a minimum of beam
power dissipation is used.

2. DESIGN OF THE MEASURING CHANNEL

2.1. The measuring channel consists of the primary
sensor (beam absorber) and the measuring circuit. The
sensor under the plan of build-up corresponds to a calor-
imeter - Faraday cup. It provides a possibility of simul-
taneous measuring of power and average beam current
so to estimate an average value of the electron energy.

The geometry of the sensor is given in Fig.1.

It comprises casing 1 and absorber 2. Running water
cools the absorber through holes 3. The presence of
ceramic insulators 4 in places of delivery and tap of wa-
ter provides galvanic isolation of the absorber relatively
to the grounded casing. Due to this the sensor also can
be used as a free-air Faraday cup.
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Fig. 1. The sensor: a - beam side view; b - section

The absorbed power P is determined by measuring
the stationary difference of the water temperature (T2-
T1) respectively at an output and inlet of the absorber
under effect of the scanned electron beam with the wa-
ter flow rate N using the expression

P=kCp (T2-T1) N, (1)

where C - water heat capacity, p - water density, k —
coefficient determined at metrology certification of the
measuring channel.

2.2. Measuring channel functionally consists of the
following modules (see Fig.2):
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Fig. 2. The functional scheme of the measuring
channel
- absorber A;
- module of analog signals measuring (AM);
- control module (CM);
- temperature sensors (thermoresistors Ti, T>);
- flowmeter (F);
- power supply (PS).
3. COMPOSITION OF THE MEASURING
CIRCUIT
3.1. The AM (Fig.3) consists of:
- 2 channels of voltage measuring;

- 2 direct current sources (CS);
- frequency measuring channel (FM);
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- analog-to-digital converter (ADC);
- optoisolator (OI).

The main functions of the AM as follows:

- conversion of analog signals acting with measuring
circuits to a digital code using an analog-to-digital con-
verter;
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Fig. 3. The diagram of the analogy module

- feed of thermal probes by a direct current from a
current source;

- conversion of a sine-wave signal from the flow me-
ter in a sequence of digital pulses.

3.2. The control module (Fig.4) consists of:

- microcontroller (MC)

- peripheral data memory (RAM);

- programs memory (ROM);
- a display unit (LCD);
- control keypad (K);
- level translator of a serial interface RS-232(LT).
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Fig. 4. The diagram of the control module

The main functions of the control module are:

- generation of control signals for operation ADC;

- accumulation of results of the measurement and
conversion them into physical units;

- displaying of results on the LCD indicator;

- control of the device mode operation through con-
trol buttons on the front panel;

- data exchange with an external computer using se-
rial interface RS-232.

3.3. The power supply unit generates the stabilized
voltages +/-5 V for feed the AM and +5V for feed of the
CM.
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4. PROCEDURE OF TEMPERATURE MEA-
SUREMENT AND CALCULATION

4.1. The platinum thermoresistors (TR) with the
known transformation characteristic and calibration co-
efficients are used as temperature sensors.

The transformation characteristic of used TRs is de-
scribed by expression

R=R, (1+AB+BID), )

where R -resistance of TR at temperature t; R, - resis-
tance of TR at temperature t=0°C; A, B - calibration co-
efficients for given TR.

The TR is connected to a measuring circuit using the
four-wire scheme. Two conductors are used for exciting
the TR by direct current of 300 HA from a direct current
source, and two another are used to measure a drop of
potential on TR. Such scheme of connection allows one
to compensate completely a resistance of connecting
wires, as TRs are placed on a sufficient distance
(~50 ™).

The voltage on TR is amplified by a differential am-
plifier (DA) and then converted to a digital code by
ADC. Microcontroller reads out a digital code from an
output of the ADC and performs necessary calculations.

The value of the voltage on TR is determined from
expression

U=U.D / (2™G),
where D — is a digital code at the output of the ADC;
U.r— value of a reference voltage (V) on the ADC spec-
ifying a range of input voltages; 2" - number of binary
combinations for the ADC with the resolution of n bits;
G — gain of the DA.

The D value is defined by averaging 100 ADC val-
ues. The conversion rate of ADC is selected to multiple
frequency of a supply-line (50 Hz) and equals 100 Hz.
At such ADC conversion rate and number of points the
measurement time is 1 s.

4.2. The measuring of a temperature is performed by
means of definition of the TR resistance and subsequent
recalculation to temperature units with usage of calibra-
tion coefficients. The TR resistance is defined from the
expression: R=U/ Iy, where U is the measured voltage
on TR with the known exciting current .

For determination of the temperature the expression
obtained from (2) is used

3)

T=tyo 2+ pOpR-1)-0a, @)

where R is the resistance of TR (Q) at given tempera-
ture T(°C); a=A/2B, where A, B, Ry from expression
(2); p=1/B, 1=1/Ro.

The sign before the root is defined by the sign of the
coefficient B for T >0. If B<O0, the sign before the root is
negative.

5. MEASURING OF THE FLOW RATE

The industrial flow-rate unit of turbine TPR-10 type
is used as a flow sensor of a cooling liquid.

The definition of the flow is performed by means of
frequency measuring from an output of a flow sensor
and recalculation it in units of the flow-rate (I/s). The
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measuring circuit consists of a differential amplifier
(DA) and comparator (C). From an output of a flow sen-
sor the sine wave signal with a frequency of 100-
1000 Hz and amplitude of 20...50 mV is amplified by
DA and conversed in the comparator to a sequence of
digital pulses with a frequency equal to the frequency of
an input signal. In the control module the microcon-
troller measures the pulse repetition rate and converses
it to units of the flow according to expression:

Q=F/B, 5)
where Q is the flow rate a cooling liquid; F is the fre-
quency from an output of a flow meter; B is the calibra-
tion coefficient.

6. OPERATION

The control of the operation mode and parameters
settings of a measuring channel are carried out with the
help of control buttons by selecting the corresponded
menu items that are displayed on the LCD indicator.

The basic operation mode is a measurement of tem-
perature T1 at the inlet and T2 at the outlet of the ab-
sorber and flow-rate Q of the cooling liquid. The mea-
sured values T1, T2, Q are displayed on the LCD indi-
cator. Through a given time interval (1 s-10 min) they
also are stored into the channel memory. The memory
represents the nonvolatile SRAM with a feed from the
lithium battery (the chip DS1225AB of Dallas Semicon-
ductor is used), that allows to store the measured data
during long period at a lack of the line-supply feed.
Memory of the measuring channel allows to store up to
600 measured values of TR1, TR2, F. If necessary the
stored data are transmitted to an external computer
through the serial interface RS-232. From the beginning
of a measurement the timer is started for counting of
measuring time duration. The process of measuring is
terminated on pressing the corresponded control button.
Also there is an opportunity during measuring on re-

quests from the external computer to transmit to it the
current values of the measured quantities and assigned
parameters.

All calibration coefficients for evaluations are stored
in nonvolatile memory of the microcontroller. They are
Assigned and changed via control buttons.

In the module of analog signals measuring the 12-
bits ADC of AD7858 type (Analog Devices) is utilized.
As differential amplifiers we used amplifiers of AD623
type of the same firm. The microcontroller of
M68HCI11E9 type (Motorola) is applied in the control
module. The control software is written on the low-level
language (Assembler) and allocates about 8kB of ROM.

CONCLUSION

As a result of the carried out development the meas-
uring channel of electron radiation energy flow (power)
with the following performances is designed and manu-
factured

- Power, kW - 0.1...100
- Temperature of cooling water, °C 0...100
- Flow rate of cooling water, 1/s 0.12...0.60

- Range of electron beam scanning, cm up to 40
- Relative accuracy of absorbed power
measuring, % no more than 3.
Also, the channel can be used for a continuous re-
mote monitoring of an absorbed radiation power in tar-
get devices of charged particle accelerators.
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U3MEPUTEJBHBIN KAHAJ MOTJIOIEHHOM MOIIHOCTH JIEKTPOHHOI'O U3JIYYEHUSI
C.II. Kapaces, P.H. Ilomayaniox, A.3. Tenuwes, B.JI. Yeapoe

OnwcaH coCTaB M NPUHIMI pabOThl U3MEPUTEIHHOIO KaHajla IOIVIOIEHHOW MOIHOCTH AJIEKTPOHHOTO M3Jyue-
Hus B quanasone 0.1...100 kBt ¢ ucnonp30BaHMEM MPOTOYHOTO KAIOPUMETPHUCCKOTO TpeobpaszoBatens. M3mepu-
TeNbHAs IIETb KaHaJa MPOU3BOAUT KOHTPOIb TEMIEPATYPhl OXJIAXKAAIOIIEH KUIKOCTH HAa BXOJE M BBIXOJE NMPEod-
pasoBarend, a TakXke H3MepeHue ee pacxonaa. Ilo 3TuM mapamerpaM MPOU3BOAUTCS OIpENeSICHHE MOTIIOMIEHHOM
MOIITHOCTH 3JIEKTPOHHOTO M3JIy9YEHHSI C TOCIIECAYIOMNM €€ OTOOpaKeHHEM Ha AMCIUICE M HAKOIUIEHHEM B NAMSTH Ka-
Hauna. [Ipr He0OXOANMOCTH BCE KOHTPOIMPYEMBIE M BHIYMCIICHHBIE TTApaMETPHI IEPEaloTCs Ha BHENHIOI OBM mo
rocienioBarensHoMy uHTepdeiicy RS-232. M3mepuTenbHbIl KaHAN BBIIOJHEH B BHIE OT/AEIBHOTO YCTpOMCTBa C
LCD-aucnneem u K1aBHaTypoy Ui yIpaBieHUs. DTO MO3BOISIET NPOBOAUTH U3MEPEHHSI KaK B ABTOHOMHOM PEXKH-
Me, Tak ¥ 1o ynpasieHueM DBM.

BUMIPIOBAJIbHUI KAHAJI HOTI'JIMHEHOI OTYKHOCTI EJIEKTPOHHOI'O
BUITPOMIHIOBAHHSA

C.II. Kapacvos, P.1. llomayaniok, A.E. Teniwes, .B.JI. Yeapos

OmmcaHi CKiIany 1 TPHHIOUN POOOTH BHMIPIOBAIFHOTO KaHANY MOTJIMHEHOI TIOTYXXHOCTI eJIEKTPOHHOTO
prurnpoMiHioBaHHA B miarnazoHi 0.1...100 kBT i3 BUKOpHCTaHHAM MPOTOYHOTO KaJOPHUMETPUIHOTO IEPETBOPIOBAYA.
BumiproBanbHHI TpakT KaHaly 3A1HCHIOE KOHTPOJIb TEMIEpaTypH OXOJOKYBAJIBHOI PIAMHM Ha BXOAI 1 BHXOAI
MIEpEeTBOPIOBAYA, & TAaKOXK BHMIpIOBaHHA 11 BuTpatu. [lo mux mapamerpax BU3HA4YaeThCs IOTJIIMHEHA ITOTYKHICTH
€JIEKTPOHHOI'O BUIPOMIHIOBAHHS 3 MOJAIBIIUM i1 BiIOOpaXEHHSM Ha JIUCIUICT 1 HAKOMMYEHHSM y MaM'aTi KaHaly.
[Ipu HEoOXiqHOCTI BC1 KOHTPOJILOBaHI i OOYHCIICHI TapaMeTpH NepeatoThes Ha 30BHiHID EOM 1o nocnizoBHOMY
inTepgeiicoBi RS-232. BumiproBanbHuI KaHad BHKOHAHO Yy BHUIVIAAI OKpemoro mpuctpoio 3 LCD-aucrmueem i
KJIaBiaTyporo uisi KepyBaHHs. Lle 103BoJIse MPOBOAMTH BUMIPIOBAHHS SIK B aBTOHOMHOMY PEXHMI, TakK i MiJ Kepy-
BaHHSIM EOM.
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