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Abstract: Based on the development of a magnetron injection electron gun (MIG) for gyrotron oscillator operating at

140 GHz and with about a megawatt output power, the temperature homogeneity of the cathode and thermal deforma-

tion of the MIG were analyzed with ANSYS code. Under an improved temperature homogeneity of the cathode, the geo-

metrical and electrical parameters have been adjusted and optimized to eliminate the effect of thermal deformation on

beam trajectory. The simulated temperature of the cathode will be compared with the tested one for evaluating the ratio-

nality of the simulation model, which may be helpful for the actual design.
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Fig. 1 The schematic view of electron gun and cathode emit-
ter,(a) the structure of electron gun, (b) the structure of cath-

ode emitter
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Table 2 Material parameters
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Fig. 2 The maximum temperature of the emitter changing

with heating power
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Fig. 3 Temperature distribution of electron gun, cathode body
and cathode emitter, (a) temperature distribution of electron
gun, (b) temperature distribution of cathode body, (c) tempera-

ture distribution of cathode emitter
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Fig. 4 Heater structure
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with different heater parameters, (a) heater pitch, (b) heater

winding radius, (c) heater position
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Table 3 Temperature difference of cathode emitter

varying with heater position

KT 22 PR b 5 52 o o
SR B IR 2 17 22/°C BM AR 22/°C
1.4 1.1 3.2
2.4 1.4 3.5
4.4 1.7 3.5
6.4 2.8 4.4

3 BFRARERRR TSR SN

MRS A TR B & S oA 1000 °C
1 S e o 2. 2 N U O P N A V8
14 I 78 S 0F 5 P 1 A6 1 B S 7= A 1 H - 3 T
HEEE Y. 7 ANSYS $ 4 rf g8 57 45 4 1 3 A7
M IR AR B 0 AR RS IR AR i fer ,
EISEIRE R 20 °C, I PRAE T A L R R A
SE SCPEAER T LA H A S0 i o [0 5 24 5 43 A
HL A 7= AR R BOE A o TR G BT SR G
Wl 1) b B BIE AR 4 A AN R 6 BT, B HL AR R
JEAR 1 0, L T Fh 1) b AR A I e OB AR
0. 57 mm (CRAEML TR ) | B4 A& G bl b
AHAL T H AR I KIEAE M 0. 36 mm, HLFHE 1L
KPR I TG AR 4 A E AN B T R AR
i KB AR J5 R b, AR T AR
HU TR KBS 5 4 0. 3 mm, K SPHAR I FATE T
LA ROl B KTEAE R 0. 26 mm. L FAR A4
B A EBLAE P AEAT 22 J HLIRE I B, S 6T DR 1

Bl6  FL A S AR A Sty ol i) b PRIE AR oA 4]
Fig. 6 Thermal deformation distribution of electron gun and

cathode emitter in the axial direction
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Fig. 7 Thermal deformation distribution of electron gun and

cathode emitter in the radial direction

R B A AT IR AR AT A AR
FESEBRIEERE f, F AR R 5 58— PHARGE 1T AP 52 I
FORE B E A — . & 8 A H FA S5 — PR 25
B BAELT 22 AT R 1100 W B P3RS 73 A
B, b AR R S R TR B O 913 °CL 55— FHAR
TR R 200 Co FEMLRRASIRE T, & B K HBICINES
FTEAL 154 0, 2 — PHAR ZM A28 A5 T Hp o Bl 1) Sh i
FIB AR 2R 0. 23 mm, AR ] S ROIE A8 1S 1o
0. 19 mm , 5 B BB AR 17 A [51 4 AR X007 B (4 0. 37
mm , fli 7] _F A TR B RIE A R 0.5 mm, LT
AR ) AHER T rfO il KB AE 4 0. 29 mm, B &
SRR 9K 0. 24 mm F: LAl i) AH X7 2K
0. 57 mm , fli 1] 5 KAHK 4 0. 72 mm.

HL A 114 PO A8 % i 2 il LA S — BH Bl =z ]
(448 1) B B /0N, BOFR 3 i AR 22, SR AN B T
WIRBET A5 B 9 JB/R T HL i 4% 55— PHAR A
HL AR AR, Forh d o i B8 — BH AR Ry
FEES . 38 LDRF CST iy BLAR 20 B R S50
55— BHAR RN L T4 057 ' S 50T A Matlab #0440, £k
(B335 21 A8 1 R T A 4% A W IR A — BH R
B/NEB N 2.1 mm, A G X — /N B AR R T
1.8 mmo FEL {4 2% A0 301 T BE 57 — FH AR B 2 s /)
T 14% o HFARIEAS I B 1 B 5 — PH AR B in 42
I, AT — P b A AR 384 O, PR T s
o 28 B R B AN T4y i R el N R AR Al R 1 S
AT L 3RAS A AT A5 45 SR A& B L AR A R 45 4
SR B YU AL CST 3R rp AR 3



21 BAIET 5 S ST AL T RO B SRR A b 013

FHESHBRAMEFAFTR, BFES SO0
FIT 0. 08 mm , S BE LI K T 0. 16, 4[] 3 %
HUEART0.6%.

1559.3 Max
1407.5
12558

104
95247
800.38
648.59
4968

345

193.21 Min

K8 HL T S8 — B 4 A A5 AL R 40 A 1]
Fig. 8 Temperature distribution of electron gun and first an-

ode

position y
[\ I )
oS35 S
—
o

I
(=]
(=

,40 -
60t — .
-400 -350 -300 -250
position x

Ko A T ERLE A
Fig. 9 The 2D trajectory of electron beam
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Table 4 Variation of electron beam parameters be-

fore and after electron gun deformation
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Table 5 Measured and simulated data
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