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A method of remote on-line control of the temperature of objects heated by an electron beam has been developed
and researched. The method is based on analysis of object radiation in optical and infrared ranges and determination
of temperature using the calibration data. Experimental study of the method was conducted at an accelerator LU-10
KIPT in a mode with electron energy from 8 to 10 MeV and beam power up to 10 kW. To monitor the temperature
of the irradiated samples, a Transcend video camera with a matrix of 1.3 MP operating both in visible and infrared
spectrum bands was used. The camera calibration in the infrared range was executed by electric heating of a sample
at the test bench. Measuring the temperature of the sample was carried out using a Chromel-Kopel thermocouple

and digital meter TERA.
PACS: 29.27.Fh

INTRODUCTION

A method of remote on-line control of the tempera-
ture of objects heated by an electron beam has been de-
veloped and researched. The method is based on analy-
sis of object radiation in optical and infrared ranges and
determination of temperature using the calibration data.
At that, the system of electron beam visual monitoring
[1] (Fig. 1), which had been developed previously, us-
ing Transcend video camera with a matrix of 1.3 MP
operating both in visible and infrared spectrum bands,
was used.
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Fig. 1. Block diagram of the system of electron beam
image visual monitoring
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Fig. 2. Location of the object to be radiated at LU-10
output, top view: 1 — scanner output flange;
2 — channels of the radiated camera; 3 — mirror
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The additional mirror was used to monitor the pro-
cess of heating of the object by the electron beam at
accelerator bunker LU-10, because the output flange of
the beam scanner obstructed the object and it was not
visible (Fig. 2).

CAMERA CALIBRATION

The camera calibration in the infrared range was
carried out at the test bench by electric heating of the
sample. Schematic diagram of the test bench is
presented in Fig. 3.
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Fig. 3. Schematic diagram of the test bench
for calibration

The thin-walled stainless steel tube, indicated in the
diagram by Rh1, was used as a calibration sample. The
voltage at the ends of the heated sample was changed
from 1.7 to 3.5 V; current — from 19 to 33 A using 9 A
Latro Trl. The transformer is manufactured using mag-
netic core and primary winding 9A Latro, the secondary
winding consists of two winding turns of 120 sq. mm
cooper wire. Thermocouple TC, connected direct to the
input of temperature digital meter TERA, is fixed in the
middle of the calibration sample.

Fig. 4. One of the frames of the calibration video
recording, left — reflection of the heated object
in the mirror, temperature 490.4 °
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The calibrated camera was focused on the heated
sample with the thermocouple attached, as well as the
display device of digital meter TERA. Thus a series of
frames have been obtained, each of them shows the val-
ues of infrared radiation intensity and the related values
of the sample temperature. One of these frames is pre-
sented in Fig. 4 as an example.

Each frame was processed in program Origin 7.5.
Screenshot with the intensity profile of infrared glowing
of the sample, reflected in the mirror, is presented in
F|g 5.
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' Flg 5. Proflle of |nten5|ty of mfrared radlatlon
of the calibration sample at the temperature of 460 <C

The minimum value of the intensity corresponds to
the thermocouple attachment point. This is the required
point for calibration. The calibration curve, shown in
Fig. 6 was plotted by several of such points.
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Fig. 6. Calibration curve

THE EXPERIMENT CARRIED OUT
AT LU-10 LINAC

The frame from video recording of radiation treat-
ment of the calibration sample at LU-10 linac is pre-
sented in Fig. 7. This sample was scanned by the elec-
tron beam with energy of 9 MeV, pulse rate of 125 Hz,
average current of 0.39 mA, pulse current of 0.92 A,
sweep current of 12.2 A.

Processing in Origin 7.5 shows the value of glowing
intensity equal to 57789 nominal units (Fig. 8), that cor-
responds to temperature 540°C.
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Flg 8. Proflle of mfrared glowmg of the callbratlon
sample when heated by the electron beam

Besides this experiment the authors used the archive
video recording of steel samples radiation treatment in
LU-10. It was recorded by the same camera. These
hardened steel materials are supposed to be used in nu-
clear power engineering. Glowing of the calibration
sample reflected in the mirror is presented in Fig. 9.

Fig. 9. Infrared glowing of the calibration steel
sample reflected in the mirror

After these frames processing in Origin 7.5 we ob-
tained a curve of the temperature distribution on the
surface of the sample (Fig. 10).

Using the developed method the temperatures of all
six samples were determined from the frames of video
recording. These data comply with the calculations of
the customer.
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St The developed method of remote monitoring ena-

e bles to obtain in on-line mode 2D the temperature pro-

s file of objects surfaces when heated by electron beam.

-£88858ES Operability, personnel safety and visibility are the main

advantages of this method. This method enables also to

o == monitor the beam current density profile and absorbed

B s dose rate on the surface of objects at the appropriate
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Fig. 10. Profile f sapl infrared glowing

ONTUYECKHUI MOHUTOPUHI' TEMIIEPATYPbI OFbEKTOB, OBJITYYAEMBbIX
HA YCKOPUTEJIE 2JIEKTPOHOB

B.H. Bopuckun, C.K. Pomanosckuii, B.A. Momom, FO.A. Tumapenko, /I.B. Tumos, B.JI. Yeapoe,
B.A. Illeguenxo, C.B. Illenenko

Pa3paboTaH W uccnenoBaH METOA AUCTAHIIMOHHOrO on-liNe-KOHTPOJs TeMIepaTypbl 0OBEKTOB MPH UX HArpeBe
ITy4KOM DJIEKTPOHOB. METO/l OCHOBAaH Ha aHAJIM3€ M3Jy4eHUs] OOBEKTOB B ONTHYECKOM M MH(PPAKPACHOM JHana3o-
HaX ¥ YCTaHOBJICHWHM 3HAYECHUS MX TEMIIEpaTyphl C MCIOIB30BAHUEM KaJIMOPOBOYHBIX NaHHBIX. JKCIEPHMEHTAIIb-
HOE HCCIIeIOBAaHIE METOAa IpoBeacHO Ha yekopurene JIY-10 HHI[ XD®THU npu srepruu 31mexTpoHoB §...10 MaB u
MorHoCcTH mmydka 70 10 kBt. J{iis MoHnTOpHHTa TeMnepaTypsl 00ydaeMbIX 00pa3oB Oblla MCHOJIB30BaHA BUIEO-
kamepa Transcend ¢ matpuueit 1,3 Mmn, paboraromast kak B BuanMoi, Tak u B MK-obmactsx crekrpa. Kanmmbposka
nokazaHuid Buieokamepsl B MK-ananasone npon3Bonuiack Ha CTEHAE NPH HarpeBe 00pasia JIEKTPUUECKUM TO-
koM. M3amepenne temrepaTypsl 00pasna Npon3BOJUIOCH C HCIONB30BAaHUEM TEPMOIAPBl XPOMENb — KOMeNb U Iud-
posoro u3mepurens TOPA.

ONTUYHUN MOHITOPUHI TEMIIEPATYPH OB'EKTIB, IO OITPOMIHIOIOTHCSI
HA MIPUCKOPIOBAYI EJIEKTPOHIB

B.M. bopuckin, C.K. Pomanoecovkuii, B.O. Momom, F0.0. Timapenko, /I.B. Timos, B.JI. Yeapos,
B.O. Illeéuenxo, C.B. lllenenko

Po3pobiiennii 1 mocimimkeHHd MEeTOA MUCTAaHLIHHOrO on-line-koHTpoMo TemmepaTypu 00'€KTiB MpH 1X Harpisi
ITy4KOM €JIEKTPOHIB. MeTox 3acHOBaHMI Ha aHajli3i BUIPOMIHIOBAHHsS O0'€KTIB B ONTHYHOMY 1 iH(padepBOHOMY
Jiarma3oHax i BCTAHOBJIEHO 3HAYEHHS 1X TEMIIepaTypH 3 BUKOPHUCTAHHIM KaJiOpyBaJbHUX AaHUX. EKcriepuMeHTab-
He JOCIiKeHHsI MeToay IpoBenene Ha npuckopioBadi JIY-10 HHII X®TI npu eneprii enexrponis 8...10 MeB i
noTyXHOocTi mmydka 10 10 kBt. [ly11 MOHITOPHHTY TeMIlepaTypH OIPOMIHIOBaHHX 3pa3KiB Oyia BUKOpHCTaHA Bimeo-
kamepa Transcend 3 marpureto 1,3 Mm, mo npaioe K y BuauMmiil, Tak i B [4Y-obmactsax cnekrpa. KaniopyBanns
Bigeokamepu B [Y-nmianma3oHi BUpOOISIIOCS HA CTEH/I NPH HArpiBi 3pa3ka eNeKTPUYHUM cTpyMoM. Bumip temmepa-
TYpH 3pa3Ka IIPOBEJEHO 3 BUKOPHUCTAHHSAM TEPMOIIApU XPOM €JTb — Komedb i udpoBoro Bumipauka TEPA.
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