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Shape Optimal Design of the Door Frame of a Microwave Oven to
Minimize Its Twisting Deformation

Boo Youn Lee and Jin Young Koo
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Abstract

When one opens the door of a microwave oven during its operation, twisting deformation of the
door occurs, which may cause leakage of microwave through the gap between the door and the front
plate. A numerical optimization is implemented to minimize the gap by maximizing twisting stiffness of
the door of the oven. Design variables are defined, which describe the shape of the bead in the
horizontal and vertical flanges of the door frame. To minimize the twisting deformation, Two optimal
design problems to find shapes of the bead in the flange are established. The problems are solved by
a numerical optimization technique, their results being evaluated.
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Fig. 1 The OTR microwave oven model
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Fig. 3 Bead of the flange of the door frame
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Table 1 Initial values, and upper and lower
limits of design variables (unit: mm)

Design Initial Lower Upper

variable value limit limit
a 17.8 15 30
b 21.0 10 30
c 234 1 30
d 19.8 1 30
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Fig. 6 Finite element model for the initial design

of the door frame

NODAL SOLUTION
sTERRL
fup =1
TIMEL
v
Rsvs=ll
o =649
e =- 144929

K =.646358
bsyssil

So1a4529 AEE T23ERT TiEzesr 558473
-.€57004 L138847 .294697 470548 845398

Fig. 7 Deformed shape and distribution of

displacement # , of the initial design

elastic structural shell) @49 SHELL93 Q4 & A}
fatgih a4 £ 2HY = A7 27672
A%k 2843770015k, 4 829 FAE ol o
A9 AA FAUL 0.7mmE F A5 H 5, SdAF
o ToFule Zue EAXNE ALY =
of ZH AN Fe] & A4y WAL X3}
Fig. 20 EAIE th& Y (perforated area)= Ui-$

T AL 4 FHE] EAEEE, g4
5 99 it cel)e] ¥H7E 7] Q&

azle] SrtA%Ae W9 FopAEE 3}
MR AP Fate Ag-sigth

2 (e A FRAA EA= uxyg Agd
(nonlinear programming)'?g A}-&3&t] FxHo 2
HANE 7+ ¢ dov, & AdFd4E ANSYS
Optimization Moduledl A A FstE DA H(first
order method)'V& Atg3slgich YAWA B

fromd E gl rlr
Jz rlo

ol rlo



1020 o] B g .

=

S5t AFxye D E(sensitivity) 7|
A2 (forward difference)S AMg-31=d),
M SeFe Astd dA9 03 %2 43
stk AgA o] A2 (step size)o] AUge 7
Y& F(iteration)of A 2] HEA Hu) sl% o] %A
29 25 %= Hostct. BAGF FgFA
(convergence tolerance)= 10'°2.2 A o] 5} t}.
2714749 A4 23 ¥y g4y xoisl o
e W3 B9 40 EEE Fig 79 Yeh)
A, 2 8A AN E-gEe Zo] TYe) y
B Ao WeF DT 0646 mmEA, £
AN ANE 71E AAr) Hd WY 0724
mmE.tE 28 ZA ALE A

> )y

]_

.

>
g

i
X ro
o[N

SO

weem—e—  Optimal design

— Initial design

\/”—\

<Section view of vertical bead>

: Optimal design

Initial design (

<Section view of horizontal bead>

Fig. 8 Initial and optimal shapes of the bead

—— ‘ b A —— ]
- 148503 Teres BILE T TS2A71
-.e6z1a7 L1527 .2z sa0e73 608346

Fig. 9 Deformed shape and distribution of

displacement 7, of the optimal design

!

ol 4 HAZel e utE Ao AFsE
Akl mo] 31x9} WAL ¥l AA o
ZHde] V)& dAcked Ln—i}ﬁl N mds
ALEgHEIA F]dEkE Ao, siA mde Hu
WHFE HAzste vz Xl-r% 235t o
de F27t e ; 2 dddg.

A (R B 4 AALA EAE 4P
A3}, 2599 t&%ila: Tt HAH =
At AAWNSTY HAAYL (a0 b ¢ d)
{15.000, 21.419, 23.746, 20.121} mmo|t}. Fig. 8&
Z714A ¢ HHAA Y vz due ¥4 ve
dot HHHANA HE Hole 27AA U
¥] W37t Aol glow wlze] 97t 2371 9
A% AgAE £oR olEF HAL RAFTH
o]g} Fol HAHEANMNY vl=7} T 7
zgeol AAgozH Z7|AA HE] HFe
o FY ZAe] FulEE Aoz Badd FF
AAA ¥E Pz zojrt e Wik W
4w, EXE Fig 90 Yehglon, %33
T ®o] THAY y= W Ao WAF D
= 0.609 mmEA, Z7]A4ANM2 0.646 mmol
vl 57 % #asdch Fig. 108 Z2XF$

o}

:‘_‘.

i

Doy ® 8 018& Yehd Rolwt,

@y, vs P4 Aolats dAus o) o
o wol madsl F30 AP 443 BF
o =ol ZAY FHE Hrlshy] Hatel 4 8
& dAe Aol tgrel 49 YL A9
@ WHe Adsn F9 4 Fetod A
& As g 271 4ANN Eof

F2 1.103 kgolH, HH A Ao
kg2 7] A 8918 1.0 % %7h
Bwth olE Bl=9 HHMEA S 274

066

065
064
063
062
061

060 S E—
1 5 9 13 17 21 25
lteration no.

Dmax (mm)

Fig. 10 Iteration history of the objective function



HEY WY H4se AT AxUIA 2o ZAde] 33 AHEA 1021

& FoME E°1 =zgde FFE s
%u gy WYL Aasdste ANAE THY
o, ogu}zjog 21]?-4 F%E 7tsd & MY
A BAsE Aol wiAsit meb B oA
T %L 1 I HHEAE =587 4
shod 4 @9 2ol F% A%EAL 2 HE
¥ 9y Hxs ZAE AEA FsAah

Find {a, b, ¢, d}
minimizing D,
subject to W< W,
a;<a<ay )
b <b<by
CLSCSCU
d;<d<dy
4714 A WA A%zANE £o] ZAYY A
Fol ZAUANNY ABnT FeA GES
499 Aoz, Wt Eolzdds A% Uy
Wi, W 27144004 AFE on|grh

——— Optimal design

Initial design (

<Section view of vertical bead>

—e  Optimal design

Initial design

I

<Section view of horizontal bead>

\//—\

Fig. 11 Initial and optimal shapes of the bead
under weight constraint

d el "4 AAUSE {a b ¢ 4 Z7)UH
z}z} o] H‘&, atgke ok A3 FdskA FoAsHH
o9, W, & 1.103 kgolth.

A (R He FF Ag=zA ste Y 43
AA EAE MF A, 2199 uEIHE F3
sto] HAs ol =dstglen, dARF HAHy
€ {a, b ¢ d} = {15.000, 18383, 23.990, 20.474}
mmo|t}. Fig. 11& Z714A 9 FF A|dz7 3
o HHAdANA w= FFL e HF
AAA HI=2] Zole Z7|AA vl Zobal
o9 237 AT AR Hoz HE=9 9
A7t ol T AL HoEn TF AYzA 8
o HAAAAN ¥y F4F =07t g
3ol W9 o $EE Fig. 1201 eI,
EREFA 2o ZAY y5 Y Hd AAF
D, = 0615 mmZA, Z71AANA 0.646
mmol| 8|3 48 % T3 Fig. 13& 5T
T Dy d T9 o188 Ugd Rojr. g4, 4
HdANA Y o] ZH P FF W 1.084

o2 ygted, ol 271dAN ¥d 1.7 %
Zag Aol ol FF AA2AL FAF H

4stg Foo] 229 M= F4EAL 2714
Aol wlate] BlEY MPL o= A= P24
dA FA FEHE #aAE F dde 2E 9
D]z‘sh:}

019-} Zol, & FolA 1&g uig go] F

a8 3kA %%8 ZASoE HEY ¥YL 57 %

- e
SI143594 NEEzo T35S 3657 +530895
-.cs9202 L 109338 277982 6504 615206

Fig. 12 Deformed shape and distribution of
displacement 7 , of the optimal design

under weight constraint



1022

P, S o )

1 5 9 13 17
Iteration no.

21

Fig. 13 Iteration history of the objective function
under weight constraint

oN

=]

YABIA FHe 10 % E718tE
[dx7de Foddt ZHgole vEH
% TAasle FFHE 1.7 % Taste
ok F kRl Aol olet e 27 %9
F s o] ZHdy B FAMN 2 dF A
A= e Afole AFs AA BHANA FA
g e A4E 98 Aoz wadd ¥
of |5y W] g Axtul FAF AN
= 993 2% AGzAL ngstx = Aol
o fasig. ¥4, B 4P =4 A=
27 BYRe tliole AMA M de
g de vER Ao AR aRER YA TH
W2 78 ~ 376 %P ujstd AuyHoz Az
23e AAY 3% doMe A fIFd Ao
2 ggdg.

2

=
K
2

L

2

[,

5.4

B AFoME 44 FHMA PHe et
zo] TP vlEY WPL ABAINI] 9
Tz AA AR oz HEY ¥YL F
33l7] 9@ To] T 85y v=o ¥4
A EAE AT =ol T Apz
U2 de vz 4 J4E AAESE 4
Asta, A HEY ¥y Has FAZE FA3
HHg Y e AHEE M PozH ol Ty
Q Hled A FAL T2IHPY. 22 A%z
g ndsts A9 nstn e A F
A EAE #MEtY o BdE ME vag 2
3 % 7HA AZHolA F2o e 2tz 3A
ge Aoz Ugwt a2z xo =z 3

2

1

ot

% b

- 39

T FA7 AL dE BAAAY Beele
AEs AA BN FH AGzAL 19T
T= glon, olgd FF Az Lo AR
T AA gAA HEe dAe Faxd wet
A AAsl ste oz Bddd. ay zo
ZHAY vy WP A& TysE gl
3ol atol9] 7ol Mats} FAF AR
d FFE PAEE, =&d HHYAALE AY
g gole HED HYY Ao 7= A
zsor & Aoz FdHG

EOES

(1) Over The Range Microwave Oven Owner's
Manual, 2002, Maytag.

(2) Lee, B. Y. and Koo, J. Y., 2005, "Analysis of
Twisting Deformation and Structural Design of the
Door Frame of a Microwave Oven to Decrease
Leakage of Microwave," J of Korean Soc.
Precision Eng., Vol. 22, No. 12, pp. 141~148.

(3) UL 923-34, Standard for Microwave Cooking
Appliances, Users Laboratory.

(4) EN 60335-2-25, Standard for Household and
Similar Electrical Appliances, European Standard.
(5) Lee, B. Y. and Koo, J. Y., 2005, "Evaluation
of Twisting Deformation of the Door Frame of a
Microwave Oven by Transient Response Analysis,"
Trans of the KSME (4), Vol. 29, No. 9, pp.
1282~1288.

(5) Kim, C. S, Na, J. M,, Kim, J. H and Chung,
H. S, 2001, "Drop Analysis of Micro Wave
Machine with I-DEAS and LS-DYNA," Technical
Paper, Samsung Electronics.

(6) LS-DYNA3D, User's Manual, 1999, LSTC.

(7) Cho, W. J, Kim, H, Lee, C. S. and Lee, D.
R., 2000, "Drop-Impact Simulation of Micro Wave
Oven,"” HANPAM 2000 Users Conference in
Korea, pp. 61—67.

(8) PAM-SYSTEM, Reference Manual, 2002, PAM
System Intemational. ’

(9) Son, B. S., 2004, Research on the Finite
Analysis of the
Clamping of a Microwave Oven, M.S. Thesis,

Element Drop-Impact and

Keimyung University.



HIEY ¥y HasE A% AAHAA = ZH g F4 AAHAEA 1023

(10) Lee, B. Y., Koo, J. Y. and Kim, W. J,, 2006,<
"Structural Design of the Door Frame of a
Microwave Oven to Decrease Its Twisting
Deformation Using Dynamic Analysis," J of

Korean Soc. Precision Eng., (submitted).

(11) ANSYS, User's Manual, Revision 6.2, 2002,
ANSYS Inc.

(12) Arora, J. S., 1989, Introduction to Optimum
Design, McGraw-Hill, New York.



