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Analysis of the thermal effect of electromagnetic pulse on

high frequency structure
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Abstract: For Cerenkov-type devices, the thermal desorption caused by the temperature rise of the high-frequency structure can cause radio

frequency breakdown, which in turn leads to a decrease in output power and a shortened pulse. Based on this, the heating temperature rise effect

of electromagnetic pulses on the high-frequency structure was studied, the temperature rise formula of the high-frequency structure was deduced, the

scope of application of the theoretical formula was pointed out, and a numerical method to solve the temperature rise of the specimen was given.

Taking the two-period 1 MV -+ c¢m ~! high-frequency structure as an example, the numerical calculation and simulation study of temperature rise

were carried out. Results show that the temperature rise effect of a single pulse with a pulse width of 100 ns on the stainless steel specimen is

significantly higher than that of other materials. When the system is working at a high repetition frequency, the temperature rise of electromagnetic

pulses may cause the metal material to reach the threshold of gas desorption and cause the gas to desorb to form a local high pressure. The research

in the thesis can provide reference for the research of gas desorption and radio frequency breakdown in high power microwave sources.

Keywords: high power microwave; high frequency structure; microwave thermal loss; gas desorption

B 1Rk (high power microwave, HPM ) £
AN TR 20 ikl 70 AERIE L L IEERA N 1]
B B TR K R EOR o B
POREMEE G mNREAR LIRS i
DRI 2P m 2 B TR R A I L2
SRR, A 2R v S A GO IR Y B T S
EZ1TQUIE TR S

X} F Cerenkov 7 25 {1 i HAF HI X 15 4l 25
PR S AT 5, A 2 T DA e A1 45 A 2 T R o <
AT 0 R P, B EE R A, RN BB,
A Ja APRL R THD R B AT Y ST R ™ 2 ) ]
B A L) SR ARG 7 00 i i U W R R 0 5
TESRSIARRE S WAE T 12800 ] RE 25 (0™ ke

« Ui EHEA:2021 -02 -06

EEWE : [[}R A APERE ST FRE SR (51907202)

3 B 2R BT, S B R R 2R A

B v D ARGl R G e TRl R AR 5 |
A PR SR MGG B TR0 AT, AR St PR R Ik e o g 1 4
14 P AR ARG AT BEAE 0 A B E 5 A0 HAE S
AT Sy v A D A AR LA R 9 it 2
MBTTE RIS % 548 T

1 BREHWEALN
PRI RGO FE ", FLAE A T A

R/ NIIREE AL 1% , BV, RS Rk

WEN 8= V1/(wpor) o p ST R, 0 20

BEBEHIIAR o SRR MR RE R EA T
PRI HA N SR H A O A BE T e, 4% 17 [R) 4

EER N L5 (1989—) , B, NS i 522820 A, B EFSE 5t , 191, E-mail ; yuanyuzhang206 @ 163. com



1 BRI A A R A IS 4B - 145 -
LN L SR b D = ot R HLBEIK O 4 B BERHA 94 B

V() +g(r) = - 2H0D )
oy at
Fobt b AT oy RIS R () AP
W SRR IR, T 5 O3 G
PR BB AR AP R 5 7 B B IR
AT FER3 40 BT RIS 5, PR A SO A
RS AR R
L S o 4 B AR T o
SIS o 8 S P AT S A £
o HURE A T P50 0 7 T S0, P e
AL o 5 e ) 1 R K A B
L B 0 SR 02 AR e O
e H A T AT A B
S eGSR I LR (0
BELE r 7T 5 L LI Eh SR B o 0 o

TR AR AAFE A -
%SZ%RS ‘H” ‘2 (2)
—_—

AP/ oy

—
7

1 4 wlal

Fig.1 Diagram of one-dimensional model
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Tab.1 Electrical parameters of materials commonly used in

microwave sources(f=9.38 GHz,z, =100 ns)
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Tab.2 Partial characteristic parameters of copper,

stainless steel and aluminum at normal temperature
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Fig.2  Vector diagram of magnetic field distribution in

slow wave structure when injected in TM,; mode
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Fig.3 Magnetic field distribution ion the surface of

two periodic 1 MV - em ™' slow wave structure
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Fig.4 Schematic diagram of two periodic 1 MV - ¢cm
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rectangular slow wave structure
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Fig.5 Surface temperature rise of two periodic 1 MV + em ™"

stainless steel slow wave structure
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Fig.7 Vector diagram of the magnetic field in

the slow wave structure

FEL Ak ) B i ) P SR TR S 2R
H PN 2 T A 5 RE O B O R, B kO A
100 ns, FHCEH R EE BB R e 8 3, 205 5
e i) CL Uy

Pl 8 JiFF 7 Ay HEL T Jk v 435 R RE 3R 1) 3R B 43
i, i LA H f s TR BAE R S b KA 45 R
i3,

STER ANBENFERTE 2 GW 9. 38 GHz.100 ns
HL B K oh i AE TR R B IR T EEAT T 0 AR

8 100 ns BRNEEAIAM A IR A

Fig.8 Temperature distribution of stainless steel

slow wave structure at 100 ns
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Fig.9 Variation of maximum temperature distribution of

the slow wave structure with time
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