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An Analysis on the Thermal Characteristics of a Magnetron
Structure
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Abstract Magnetron is applied in microwave ovens for generating microwaves. It is composed of r-fin, yoke,

AJF seals, gasket base, filter box. The temperature is occurred highly, when magnetron operate in its systems.
Therefore the thermal characteristics must be considered in the design of magnetron. Because of its geometric

complex, it is difficult to analysis the thermal characteristics. In this paper, temperature analysis is performed
for all components. The commercial software ANSYS is used to consider both conduction and convection. The

analysis is carried out by adding each component. An experiment on the thermal characteristics is performed to

verify the reliability for simulation.
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[(# 1] PI2HEE £3&Y 84 A

Parts Finite Element
anode brick
r-fin shell
yoke shell
pole pieces brick
A/F-seals, gasket base shell
magnet brick
filter box shell
R 8 HAelA B mAYs] A A
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HRRE7FA) 2 shell @42 2Elg] 319t Pole piecesw=
anode®] A&} slto] A o] anode & WE AlAT
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Thermal analysis in magnetron: Py 126, Fink=6

[38 2] nfadER 759 34 =ndd

[ 2] fIIHERE FFoA shell 249 £7

Parts Thickness (mm)
r-fin 0.6
lower yoke 14
upper yoke 1.6
A/F-seals 0.6
gasket base 0.2
filter box 0.2

1040



PlyEE 720 AEAe] Tt o4

HFIYEE HA F2RES A md"sk= 4% 23 47 4 5= =A
off Wato] A Bkl AN BHol WAR BEANE  arogeo] ook AT AAS 2asz] 9I5ol anode
2 Zbzto] rdlg] A] #4 FHEA(local coordinate)S A 2A(Pp)< vane®] 7} oFZ wo| tjale] 211 W A

o

oJste] ofF olgste] mAlFsh= Alo] Helstth. 5, ¢ gim= ¢lelslgir). Anode 2241 4] ()T} o] & 94
S Ve A Al (global coordinate)E HH  (heat flux, ) 0B BHAlBR] AABFATH3].
St 7h BEE 7o) Al AR R Sh AEAS A

rlo
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AEA e YAoz sto] A [HmAL} 7 A HEA
o A A& AXkkete] HA| Hxet A4 ARAE 3H

where, n; number of vane,
h; height of vane,

t; thickness of vane

of PAE Belalsct. ofe) Aol FHREL Zgkete] A
A BAE TR O AV FolE B 7 FAES A -
3} 4% s o US| FHEoloF i Aol e i
2 ol& og}oq Et—ﬂﬂ]ﬁ. oﬂo}och;}
AA 9] ufIY EE-E anode®} r-fin, r-finT} yokeZ}
o] ols] Qg Hela wlo] WAISIAIGL, 15 o
o ABL o) Auely] fldt Sus 2bS ARl
of 5131 Qe wAg BAlo|nE ajHo] BTk
webA oA HZo] ohuet M2 AgkEloln
ASRTh 7Hgete] BAS TASRAT AL St
At
Therma) analysis in megpetron: ppedse, he26, Finket
2.2 4% [O8 3] nfavER BE9] v4]
ThIYEEe] QUG SIAE Slstel 2.1 8ellA] i
WHoR UlIYEE RESS mAGs im0 CHHIEE FE R A 2] st
AT WA uﬂ_r]h 19 39 UFE}LH‘”EP E351 o "41% oﬁ]izﬂ% 23k Wi BA =xd0] A
297 dlolelt 3o vehiolch & o4 o g BHEE TEE rfin, yoke, fiter box's ST 53t 1%
0] pole piecesQ} filter box= SPCCEA U3t 22 0| sto] o] HEHe Frsolal olid dif SdEA
w, A/F-seals¥} gasket baselr= SPCEZX ZU3t 20| he 26 WK d3stn], i 2w T, & 25 CR
t}. SPGC2} SPCEQ] B4 )= SPCCS} T3t 714 At
Bsic
[(# 3] nf2HEEY E44
Part name anode r-fin yoke pglliefigf)is’ g/:S/II::eELSS’e magnet
Material name OFHC AL-1100 SPGC SPCC SPCE Carborundu
m brick
Young’s modulus, GPa 117.2 70.33 70.33 70.33 70.33 70.33
Poisson’s ratio 0.34 0.35 0.35 0.35 0.35 0.35
Yield stress, MPa 68.9 35 35 35 35 35
Thermal expansion 16.24¢-6 23.6e-6 23.6e-6 23.6e-6 23.6e-6 23.6e-6
Conduction coefficient, W/m-K | 374 222 15 15 15 19
Density, kg/m’ 8954 2710 2710 2710 2710 2710
Specific heat, J/kg-K 383 900 900 900 900 900
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2.140)4 AAIEE YO E anode, r-fin, yoke, pole
pieces, A/F-seals, gasket base, magnet, filter boxS 4]
g2 mEgstn, ¥ 39 BANE dstoch B9 23
Mol A et A7 W a1 24L Qlejsio] ANSYSE
o]-§3t I EE FFol it = ol df i A S
XS 485l oluf brick @ A24 SOLID70-S AR
5}91, shell 8424 SHELLS7-S AMg3ldch 18 5

w ER HZo R Zylslma] 2
= g ER BES F7leldA dE 2=
S Uehii
RIS W
- AN
NODAL SOLITTION MAR 11 2011
STEP=1 20:25:50
SUB =1 PLOT NO. 1
TIME=1
(AvG)
¥5=0
SMN =43.946
X =386. 64
— — e —
43.946 120.102 196.257 272.412 348.568 _
82.024 158.179 234.335 310.49 386.645
Thermal analysis in magnetron: Pp-dSs W, Lr26 i/ (@2 deg)
_ -
(a) Anode, r-fin, yokeS 313t 2= H3E
NCOAL SCLOTICN
MAR 11 41711
'_'EFI
SUB =1 FLOT [VL, 1
llMl‘_rl
(Be)
SPN =43.946
SMX =386.643
S .
43.946 120.101 196.256 272.411 348.566
82.024 158.178 234.333 310.488 386.643
Thermal analysis in magnetron: Pp=458 W, h=26 W/(m"2 dag)

(b) Pole pieces7[A|E 3 &&= Hiz
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CDAL SOLUTICN AN
: MAR 11 2011
STER=1 21:08:08
SUB =1 FICT WO, 1
TOE-1
(BvG)

RSYE=0
ST ~45.879
S =383.622

— — T—

45.879 120,933 195.987 271,041 346,035

83.406 158.46 233.514 308.568 383.622

Thermal analysis in magnetron: Po=452 W, k=26 W/(m'2 deq)

(c) A/F-seals, gasket baseZ7[A| S EFSF &% HiE

NODAL SCLUTICN
: MAR 11 2011
21:13:15
No. &
—
97.833 154.726 211.619 266,511 325.404
126.28 163.172 240.065 296.958 353.85
Themal analysis in magnetron: Pp=458, h=26, Fing=6
= TES H it
(d) Magnet7HA& Egsh 2= BX
NODAL SCLUTICN
HODAL £ MAR 11 2011
STEP=1 21:24:49
SUB =1 PLOT NO. 1
TIME~1
WE (A
RSYS=0
SMN =31.91
MK =356.719
— T—
.91 .53 77.15¢ 9.783 322.407
ST g am 10093 140 046 1710 13 471 299783 56 005 24T 35 010
Thermal analysis in magnetron: Pp-458, h=26, Find=6

(e) Filter box7}A| & Z&Fel & B
(32 5] nlayERe] ex Rx

I S5@ollA g 4 %ol anodeoA] Hdf 2=
386.645 C7} HHAUBIATL, yoke AFSFEEO|A HA L&
43.946 T7} 2SI 18 S(b)= 19 59}t Aol
Bolsh ox HEE UehlT 9ok ol 18 S@et 1
& 5(b)of|A] anode] %7} r-fin, yoke FQHES E35}
o] yoke S0 82 AL Gl7] wjiol WyE Aujet

a1 AAECE 18] 5(c)= anode U =7} 383.622 C
24 o) Aze} 27 Aol7h gick. vRIYER BAE
A-seal, F-sealS £35}0] r-fine] AystEHy} H&Esta Q)
o, A-seal, Fseal®] 4% mHo] B Hopx L5
ol A9 17| WEoleti WerETh 1Y ()2} 1
5(e)0)| 4] anode®] ©E= 7z 353.85 C, 358.719 C&
o]Xe] ulste] sl oS & = glom, T A
magnet-S E3l| A anode?] =& 27} yoke, filter box =
Tue AYER) gEoleln Be.

22 (0

Anoderrfin  Polepiece ... wow,  Magmet  Filterbox
+yoke =3t Gasketbase =7t =7

3t

(a) Anode cylinder &%= R

2E(T)
g

Al
170 S Bas s S
160 -
150 - S i R e e
140
Anodetr-fin - Polepisce  AF-seals, Magnat Filterbox
“yoke &7} Gasketbase &7t =7
=7t

(b) R-fin £ 2% Z3&
[38 6] nfIUEE siAat Ay &&= Bl

7% 62 B E AN AEe o vne et
Wk 29 602 HE & 4~ 91%0] anode, r-fin, yokeTt
< 2123t 2 anode cylinderofl A= s A7k A3 Tt
18%2] @27} LAYsIH r-fin FolA= 5%2] 227t
9IAISICE. Pole pieces, A/F-seals, Gasket base 52 37}
2 aefstol e 4 Ail= A A2} anode cylinder
o} r-fin oA 22} 16~17%, 6%2] Zpol7} HAgict.

T} magnets TR AL HAY AL oA
B oUW AW Aolrh 4%, 1% A Zoj=t.
Filter boxE& 1133} A9 anode cylinder?] -1 22
6TA 232CE 28] g, r-fin T 2=
169°CoA 159C=E WelzE & 4= Stk o] itz 5E
BIERS RS HHHOR aEa] FRHE

2% magnet7HAl= AHSoF T AT 4= ek
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Anode cylinderofl A Z7g%t sf4{2p A9 7Ho] 2= 2}
o7} r-fin Eo A AT 2L Apolof HIg|A Z ol
€ W57 EXE A Ao] e s FzHEeh = 2
Aol A AHGE tF A Al 26 Win K2 24
3] H|5}o] anode cylinder®} r-finof| A 9] AA| o F &4
g Al s @71 dioltk EE filter box o] 7

£

£ 3 ut Aol 2 x}o]7t magnet®] 790 H|5}
F7Fhe ol Al sfd Al diREdE Ao 29
1] ojzoletar wekE

> o

TR EES ke el diste] A= 9 o

o g QA A g BTk BYHoR Y A
A A} we fARE A ATE B2 4 S Ao
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