RF POWER SUPPLY SYSTEM OF INDUSTRY IRRADIATION FACILITY
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Irradiation facility is designed for fruit disinfestations by means of two-side 9 MeV electron beam irradiation.
Throughput of the facility is 30 T/h at a minimum dose of 150 Gy. The system includes a master generator, pream-
plifier, 2856 MHz klystron, waveguide bridge, two directional couplers, two automatic frequency adjustment units,
water control unit connected to two feed back loops for RF frequency control, guaranteeing a designed acceleration

regime in two the same standing wave linacs.
PACS: 29.17 +w

1. INPUT DATA

Usually, two-side irradiation is used for medical
sterilization and food irradiation. Two technical solu-
tions are possible: a) alternate irradiation of the first and
second side and b) two-beam irradiation. In the second
solution usually two identical linacs are used. The most
expensive parts of the industry linac are the modulator
and the klystron. The use of one klystron for RF power
feeding of two linacs and one modulator allows us to
decrease the cost of facility. Each linac includes a 1 m
standing wave accelerating structure. Designed electron
energy is up to 10 MeV (9 MeV nominal). Average RF
power of klystron is up to 45 kW (18...30 kW nominal).
Changing the RF power of the klystron and the injected
beam current we can control the electron energy in the
needed range.

2. MAIN SCHEME

Main scheme of RF power supply system is shown
in Fig.1.

N | B
Master
generator AFA1
= T
Preamplifier Bidge b Accelerator
d/ 1
Klystron Accelerator -
DC 2 i
AFA 2
2
Water
control [—
unit

Fig.1.Schematic diagram of the RF power supply

The high- frequency stability master generator gives
2856 MHz RF signal to the input of preamplifier.
Master generator can operate in the amplitude
modulation mode. The pulse width is 10...20 psec.
Preamplifier increases the RF peak power up to 200 W.
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This power is enough for klystron operation. Klystron
gives up to 5 MW (10 MW for the modified klystron)
RF peak power. This power is divided by the waveguide
bridge. The dividing ratio is 3 dB. The RF power from
the bridge goes to the Accelerator 1 and Accelerator 2.

There are two Directional Couplers (DC 1 and
DC2) at the input of accelerators. These are the
waveguide-coaxial 70 dB directional couplers with a
strip-line inside. The RF signal is proportionate to the
travelling wave power at the input of each accelerator
and RF signals from accelerators go to the
corresponding Automatic Frequency Adjustment units
(AFA 1 and AFA 2).

AFA 1 controls the frequency of the master
generator. AFA 2 controls the temperature water and
therefore the resonant frequency of Accelerator 2.

3. FAST FEED BACK LOOP

RF signals form DC 1 (from the generator) and
Accelerator 1 are analysed in AFA 1. The signal at the
AFA 1 output is proportional to the phase difference of
these signals and therefore to the difference of
generating frequency and resonant frequency of
Accelerator 1. Master generator, preamplifier, klystron,
bridge, DC 1, Accelerator 1 and AFA 1 form the first
feed back loop. If the resonant frequency of Accelerator
1 changes due to heating, AFA 1 changes the frequency
generated by the master generator so that the generated
frequency is equal to the resonant frequency of
Accelerator 1. Use of this feed back loop allows us to
keep the equality of generated frequency and resonant
frequency of Accelerator 1. The reaction of the
electronically controlled master generator is much faster
then the thermal frequency changing of Accelerator 1.
Therefore this feed back loop is called as a fast loop.

4. SLOW FEED BACK LOOP

If the resonant frequency of Accelerator 2 changes
due to heating, AFA 2 changes the temperature of water
supplied by the Water Cooling unit for cooling
Accelerator 2 so that the resonant frequency of
Accelerator 2 is equal to the frequency of the master
generator. The reaction of Water Cooling unit is slower

101


mailto:introscan@mtu-net.ru

then the reaction of the master generator. Therefore this
second feed back loop formed by Accelerator 2 (with
DC 2), AFA 2 and Water Cooling unit is called as a
slow loop. The water temperature changing is realized
by means of changing the power of electric water
heater. The thermal capacity of this heater is minimized
and it is located at the water inlet to Accelerator 2
directly to minimize the reaction time delay.

5. WAVEGUIDE ELEMENTS

The 3 dB waveguide directional coupler (waveguide
bridge), 70 dB waveguide-coaxial directional coupler,
waveguide load were calculated. Calculation results are:
Waveguide bridge:

e power dividing ratio S;=-3.0 dB,

e reflection S;1=-34.6 dB,

e isolation S;,=-32.3 dB;

Waveguide-coaxial directional coupler:

e power dividing ratio S;,=-70.0 dB,

¢ reflection S;;=-34.6 dB,

e isolation S;,=-32.3 dB;

Waveguide load:
¢ reflection S;;=-34.6 dB,
overvoltage 20%.

6. THERMO-FREUENCY TRANSIENT
CONDITION IN THE LINAC

The thermo-frequency transient condition in the
linac was calculated using a special calculation
program. The main results are:

e Accelerator frequency stopway depends linearly
on the average RF power switched on stepwise
and reaches 1.7 MHz at a maximum RF power
loss 11 kW and equal to 0.5...1.25 MHz at
3.1...8.3 kW in nominal regime.

¢ Time dependence of the accelerator frequency
after RF power switching on or water
temperature  changing stepwise is  not
exponential. Two exponents can interpolate it.
Time constant at the start of the process is equal
to 15...18 sec.

e Time constant of the water heater is 7 s.

7. AUTOMATIC FREQUENCY ADJUST-
MENT UNIT

The system includes two the same Automatic
Frequency Adjustment units. Each AFA unit includes
electronically controlled attenuators and phase shifters
at both inputs, phase discriminator, detector modules,
pulse amplifiers designed in strip-lines and mounted on
one printed circuit board, located in the RF unit. The
prototype of this board was made on the special RF
dielectric plate with low dielectric loss. It is shown in
Fig.2.

RF unit includes 4 RF detection channels for
monitoring of signals in the accelerator, the travelling
and reflected power at the accelerator and at the
generator output. Really each DC is double and is
provided with two the same directional couplers located
on both sides of the waveguide. They allow us to
measure the travelling and reflected power in the
waveguide. The same Directional Coupler is installed at
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the klystron output to measure the generated power and
reflected power at the klystron output. Second parts of
DC1 and DC2 and Directional Coupler at klystron
output are not shown in Fig.1.

The RF unit is shown in Fig.3.

Fig.3. RF unit with AFA prototype board

The prototype of AFA unit was made in the 19”
Rack mounted crate (see Fig.4.).
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Fig.4. The prototype of AFA unit in 19 in. rack



The prototype of AFA unit was tested in the
operating linac. The linac had one accelerating
structure. Therefore there was only one feed back loop
in this linac. Measured oscillograms of detected signals
from the accelerator, signal of travelling wave at
accelerator input and signal at phase discriminator
output are shown in Fig.5. All measures have been
taken to decrease the electromagnetic noise influence.
One can see that measured signals are noiseless.
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Fig.5. Signals from accelerator, waveguide di-
rectional coupler (generator) and phase discrimi-
nator

The measurements have been done using the digital
oscilloscope with electronic memory. AFA prototype
was connected to the computer analysing the signals and
forming commands for the frequency control unit.

The phase difference depends on the amplitude and
phase of signals at the both inputs of the phase
discriminator. The phase value is calculated using
measurement of signals at the phase discriminator
inputs and output. The calculated signal of measured
phase is shown in Fig.6.
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Fig.6. Calculated signal of measured phase

8. FREQUENCY CONTROL STEADINESS

The scheme of the frequency control is shown in
Fig.7. This scheme was used to analyse the frequency
control stability and to choose the operation range of
facility parameters. The Laplace transform operational
method was used for this analysis.

Py is the klystron power. 0.5 is the ratio of dividing
the klystron power. U(S) is the transient condition
function of step RF power changing. Psry and Psr, are
the start RF power of accelerators 1 and 2. W(S) is the
transient condition function of the step cooling water
temperature changing. fr; and fr; are the resonant
frequencies of accelerators at a temperature To=200C.
kr=df/dT is the temperature coefficient of the
accelerator frequency. kp=df/dP is the power coefficient
of the accelerator frequency (frequency shift because of
temperature gradient in the accelerator). kpq is the phase
discriminator gain. k. is the control unit gain. k, is the
master generator gain. ky is the water heater gain. Ty is
the typical water heater reaction time. S is the Laplace
transform argument.

Psn k[
—o 0.5 HkUSIHH ol S) lfu
. fuh T _)@)_) —deIS(Ckg Ty
Yok Y
Py = T W(S) ™
Psrz Ko M
+ To
L 0.5 HkpeU(S) ‘ &k
d
wt O sEEh
To— Kt ks
rVV(S)kT%

Fig.7. Frequency control schematic diagram

The analysis shows that the typical settling time is
10 sec for the fast loop and 200 sec for the slow loop at
95% of steady-state.

9. CONCLUSION

Main results of this work are:

¢ The scheme of RF power supply of two-side ir-
radiation facility with one klystron and one
modulator allows us to save a lot of money.

¢ AFA unit prototype shows the possibility of
building of the system with a very low level of
electromagnetic noise.

¢ Scheme of RF power supply with two fast and
slow feed back loops guarantees steadiness of
frequency control.

e Fast feed back loop will tune the frequency of
the master generator to the frequency of Accel-
erator 1. The slow feed back loop will tune the
frequency of Accelerator 2 to the frequency of
Accelerator 1.
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CUCTEMA CBY-IIUTAHUSI TIPOMBIIIJIEHHOM PAJUALIMOHHOM YCTAHOBKH
B.T. I'aguu, A.A. 3asaoues, /I.A. 3asaduyes, A.A. Kpacnos, H.Il. Cobenun, O.C. Konocos

PagnannonHas ycTaHOBKa TpeIHa3HAYEHA JUIS JIE3WHCEKINH (PYKTOB C MOMOIIBIO OOyYCHUS ABYMS JICK-
TPOHHBIMH Ty4ukamu ¢ 3Heprueir 9 M»pB. IpomsBomutensHOCTs ycTaHoBKH paBHa 30 T/ mpu rayOmHHON m03€
150 I'p. Pagnanmonnas ycraHoBKa, 6a3upyeTcst Ha IByX HIACHTHYHBIX JIMHEHHBIX YCKOPUTEIISIX 3JIEKTPOHOB CO CTOSI-
Yyell BOJIHOHM, MUTAaeMbIX OT OJHOrO KIUCTpoHa ¢ yacTtorod 2856 MI'u. Cucrema CBU-nuTaHust BKIIIOYAET 3aJak0-
LM TeHepaTop, MpeaBapUTeNbHbINH YCUIUTENb, KIUCTPOH, BOJHOBOJIHBIN MOCT, TPU HallpaBJICHHBIX OTBETBUTEINS
Ha 70 nb, n1Ba Ooka aBTOMaTH4ecKoi nmoacTpoiik yactoTsl (AITY) ¢ ha3oBbIMHU I€TEKTOPaMU U CHCTEMY BOJISTHOTO
obecrieueHns, 0ObEIMHEHHBIE IS YIIPABICHUS YaCTOTOHN B /IBAa HE3aBHCHMBIX KOHTYpa 00paTHON CBSI3H.

CHUCTEMA HBY-)KMBJEHHS TIPOMUCJIOBOI PAJIIAINIMHOI YCTAHOBKH
B.T. I'aguu, A.A. 3asaoues, /I.A. 3asaoyes, A.A. Kpacnos, H.Il. Cobenun, O.C. Konocos

Papmiamiiina ycraHOBKa TIpH3HAa4YeHa Ui JE3WHCEKIil (pPYKTiB 3a JONOMOrOI0 ONPOMIHEHHS JBOMa
SJIEKTPOHHUMH ITydkamu 3 eHepriero 9 MeB. [IponykruBHicTh ycTaHOBKH AopiBHIOE 30 T/roguny npu rIuOHHHINA
no3i 150 I'p. Papiamiiina ycraHoBka 0a3yeThCsi Ha JBOX 1NEHTUYHHMX JIHIHHUX IMPUCKOPIOBAaYax EJIEKTPOHIB 31
CTOSUOIO XBUJIEIO, L0 JKUBIISITHCS B1JI OIHOTO KIIICTpOHA 3 yacToToro 2856 MI'. Cucrema HBU->xuBieHHS BKIIIOYaE
3aJaBaJlbHUIl TeHepaTrop, NONepeqHii TMiJCHIIoBAaY, KIICTPOH, XBWJICBIAHMH MICT, TpPH CIPSIMOBAaHHX
Bigrany/pKkyBaua Ha 70 nb, nBa 010KM aBTOMaTH4YHOrO mificTporoBanHs yactotd (AITY) 3 gazoBuMu aerexTopamy i
CHCTEMY BOISHOTO 3a0e3ledeHHs, 00'€THaHi i1 KepyBaHHS YacTOTOI0 y JBa HE3aJe)KHUX KOHTYPH 3BOPOTHOTO
3B'SI3KY.



