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RF power distribution as well as deformation and resonance frequency of the structure after stepped changing of
RF power or cooling water temperature were investigated. Transient process is not exponential. Effective time con-
stant corresponding to 90% level of resonant frequency is equal to 16/19 sec at power/temperature changing. Effec-
tive time constant corresponding to derivative value in the control region is equal to 11/21 sec at power/temperature

changing.
PACS: 29.17.+w

1. INPUT DATA

On-axis coupled biperiodic accelerating structure is
used in industry electron linac [1]. Main parameters of
this linac are: electron energy 9 MeV; average beam
power up to 11 kW (4.6 kW nominal); average RF loss
in the structure up to 11 kW (3.1...8.3 kW nominal); op-
erating frequency 2856 MHz; structure is cooled by the
water flow through 16 longitudinal 10 mm diameter
channels; water speed 2 m/sec; water flow 38 dm*/min;
outlet-inlet water temperature difference up to 0.2°C;
copper-water temperature difference up to 6.5°C.

The calculation of thermal-frequency transient con-
ditions in the structure is needed to design the regime of
control of frequency, RF power and cooling water tem-
perature.

2. BLOCK DIAGRAM OF CALCULATION

The block diagram of the calculation process is
shown in Fig.1. All input data of the accelerating struc-
ture are introduced in Cavity Input Data module. The
model of calculation is produced in Cavity Geometry
module.

Cavity RF and Cavity Thermo modules prepare
models for calculation of electrodynamics and thermal
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Fig. 1. The block diagram of the calculation
3. MODEL OF CALCULATION
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The model of calculation includes a quarter of two
accelerating half-cells and coupling cell between them.
It is shown in Fig.2.

Fig.2. The model of calculation of accelerat-
ing structure
RF power can be lost on the inside surface of the ac-
celerating cells and coupling cell. The cooling water
flows in four cylindrical holes of the model.
Distribution of RF power loss on the model surface
calculated in Cavity RF Power module is shown in Fig.3.

Fig.3. The distribution of RF power loss

4. STEADY STATE

Total RF power lost in the model is equal to P. Wa-
ter speed is 2 m/sec. If water temperature is equal to T
and RF power P=0, that temperature of the model is
equal to T also, and resonant frequency is equal to F.
Uniform temperature distribution and strainless model
are shown in Fig.4,a.

87


mailto:introscan@mtu-net.ru

88

Fig.4. Temperature gradient and deformation of
the model increased 1000 times without RF power
(a) and with RF power 600 W (b)

Thermo Trans and Frequency Trans modules calcu-
late deformation and resonant frequency F(t) as a func-
tion of time t in the model in transient condition after
stepped changing of RF power loss P or cooling water
temperature T.

RF power loss leads to temperature gradient in the
copper of the model and to its deformation. Temperature
gradient and deformation of the model increased 1000
times at 600 W RF power lost in the model are shown in
Fig.4,b. These results are got in Thermo Stat module.
Temperature gradient on the surface is AT=13°C. Cop-
per-water temperature difference is 6.5°C.

The deformation leads in turn to the resonant fre-
quency shift AF of the model. The frequency shift AF,
in steady-state calculated in Frequency State module de-
pends linearly on the power loss P as this is shown in
Fig.5.
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Fig.5. Frequency shift depending on RF power loss

Different science teams investigated the task of ther-
mal calculation of accelerating structure.

The calculation of 2450 MHz disc-and-washer struc-
ture gives 16..20°C temperature gradient at different
types of disk cooling channels and — 450 kHz frequency
shift at power 1 kW/cell [2].

As 2D calculation with 3D approximation shows,
frequency shift in 2450 MHz on-axis coupled biperiodic
structure with one coupling slot in the wall is — 455 kHz
at I kW/cell [3]. 20...25 sec is needed to reach thermal
equilibrium.

The temperature gradient in 1300 MHz Cut Disk
Structure (a version of MHz on-axis coupled biperiodic
structure) with circumferential cooling channels is
250°C at 10 kW/m power loss [4].



The difference of the results is accounted by the dif-
ference of construction, power and cooling of structures.

5. TRANSIENT CONDITION

Thermo Trans module allow us to calculate the tem-
perature gradient in the copper of the model and its de-
formation as a function of time during transient condi-
tions after changes of RF power loss or cooling water
temperature stepwise.

The frequency changing at stepped RF power chang-

ing is shown in Fig.6.
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Fig.6. Frequency changing at stepped RF power

changing

The frequency changing at stepped cooling water
temperature changing is shown in Fig.7.
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Fig.7. Frequency changing at stepped cooling wa-

ter temperature changing

6. CONCLUSIONS

The main conclusions of the calculation are:

The frequency stopway at RF power switching on
stepwise is 1.7 MHz at maximum power 11 kW,
and 0.5..1.25 MHz at 3.1...8.3 kW in different
versions of nominal regime [1].

The time dependence of resonant frequency during
transient condition is not exponential.

Effective time constant determined at 90% of
steady state level of AF, is 16 sec at RF power
changing.

Effective time constant determined at 90% steady
state level of AF, is 19 sec at water temperature
changing.

Effective time constant determined with respect to
derivative in initial control region of time depen-
dence of AF is 11 sec at RF power changing.
Effective time constant determined with respect to
derivative in the initial control region of time de-
pendence of AF is 21 sec at water temperature
changing.

The RF power and water temperature do not change
stepwise usually in accelerator. Therefore the con-
trol time can be faster at real smoothed changes.
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PACYET TEILJIOBBIX IEPEXOJHbIX PEXXMMOB B BUITEPUOJUYECKOMN YCKOPSIOLIEN
CTPYKTYPE

J.A.3aeaoues

[Tomy4eHs! BpeMEHHBIE 3aBUCUMOCTH COOCTBEHHOW YaCTOTBI YCKOPSIOUIEH CTPYKTYpPBHI IIPH CTYNEHYATOM H3Me-
HeHnu MomHocT CBY noteps U M3MEHEHHUU TEMIEPATyphl M MOTOKa BoAbL. IIpomeccel — He SKCIIOHEHIUAIbHBIE.
D¢ dexTrBHAs TOCTOSIHHASE BPEMEHH, OLICHEHHas! 110 YpoBHIO 4acToTsl 0,9, paBHa 16 ¢ npu m3menennun CBY mom-
HOCTH NOTEPh U 19 ¢ Mpu U3MEHEHUH TeMIlepaTypbl IpoTeKaromeld Boabl. (P GeKTHBHAS OCTOSIHHAS BPEMEHH, Olle-
HEHHAas 110 3HaYE€HHIO ITPOM3BOAHON B 00JacTH perynupoBanusi, paBHa 11 ¢ npu namenennn CBY momHocTH no-
Tepb U 21 ¢ Ipu U3MEHEHUH TeMIIepaTyphl IPOTEKArOIIeii BOIBI.

PO3PAXYHOK TEILIOBUX NEPEXITHUX PEKHUMIB Y BINEPUOJUYHINA MPUCKOPIOIOYMI
CTPYKTYPI

N.A.3a6aouyes

OTprMaHO YacoBi 3aJICKHOCT] BIIACHOI YaCTOTH MPUCKOPIOIOYOI CTPYKTYPH TPH CXiA4aCTIH 3MiHI MOTY>KHOCTI
HBUY Btpar i 3MiHi Temneparypu i moToky Bomu. [Ipomnecn — He ekcrioHeHTHI. EdekTrBHa mocriiiHa 9acy, omiHeHa
3a piBHeM vactoTH 0,9, nopisHtoe 16 ¢ npu 3mini HBY notysxHocTi BTpar i 19 ¢ npu 3MiHi TeMIiepaTypy BOJH, IO
npotikae. EexTuBHa mocriiiHa yacy, oliHeHa 3a 3HAUEHHSIM IOX1HOI B 00J1aCTi peryioBaHHs, AopiBHIOE 11 ¢ npu
3mini HBY noTysxHocTi BTpaT i 21 ¢ npu 3MiHi TeMIiepaTypH BOJIH, IO MPOTIKaE.
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