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A Study on the Structural Modification
of the Open Box Type Structure by Using the Stiffener
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ABSTRACT

The objective of this paper is to offer the method of the optimum structural modification by fixing

the stiffener on the structure. The vibrational characteristics of a open box type structure are analyzed

by the sub-structure synthesis method and sensitivites of each sub-structure are calculated by sensitiv-

ity analysis method. The positions to modify are found and the quantities to change are obtained by

optimization techniques. As the result, it was found that; (1) The sensitivites of the natural frequency

could easily be calculated by the sensitivity analysis method and the optimum position to fix stiffeners

could be found. (2) The exact size of stiffeners could be calculated by the optimum structural

modification method and the natural frequency could be easily shifted to the objective value. (3) It

could be confirmed that the stiffener is a effective tool for accomplishing structural modification.

1. A =2

WA fteae Fate Aol wE FopA 7}
A oubdel ajAubgow A4l Um, AA
AgE T gl B3], FRAM Folddt f38
2L o]g3te] T2 Yo . EH BHL 4w
A A4 5 ol gedon, o dobrbas A
A FEREe A% vy Yo =g
s glAl =gk, :LEM ko g FxEo] 2it
AW A Az Grg Eolr] s 84 B
+8 2 AL m A FzEe AfEst 7
AA 3 o]z lske] A7 AAEAIZEH 7)ol &
el g wA HArh HITole olHF FAHE
3|, Ps)oboystar 2AFstat
gl ol sta o shel
e g 7] A g s

e

_13(_1’

HAdE7] sl AA FRES Ged o AHe
FETEEE Wl dAste AR Egady
(sub-structure synthesis method)e] A-4-3}5) 5 gju}
(1,2)

olglgt TP ES o] &3le] FRE sl
Ax & 84 495 dous ojxwtew ur
F2 BAe FxEe] AFEE 2L ol &,
Ao g FRES Azar] 93 A
AMA LA} T4 B A7 d& Ao P
ZHATA g HEs AN S A ¢ gle
Holrl, A= diMANE BEUE AR Ao}
A Fel ol dAE WAL F AlsiA st AA
& ZUste Al 2o Hql whe| o]&3 4 4}
1313} Alefate el wye A
1 7V 283, B3R FxE ds)
e 1-1%'}714 F’:%ﬁﬂﬂﬂr oldd FAAHE HAls)
7l f8A, TS A-TFREAAYE AE =

ARLFTUSSHIAX A 64, 4|13, 19963757



AT H A

oA A4 - gAY

of & Aojrh, HAFZAAD &5 AFe] 9
o Apge] Hejshn AxAde] FAlx glow Fakol
ozt v AL P FERES tEE A0
gt #&  glov dM2AE old YHE FEF
o] AAes E7besieh wEbA Eﬁ wAAHE HA

st b e ok flx, EAME F 2 N F A
o] FAAE MAdse Zlem JJZ—ﬁH 54& A7
sk Zlo] dwbHelct, 53] AFEAL M3
A FREANAE A7 Fee FERIF Aol
A5l ds FHEZF o]FojHok su o] wE
T EAHA AFA o] aFHER A4 2o
wol ZA Hcth ol FAE AAspede A
TaiMye] AAE Aotk 7|4 A=Y W &
AR Habelvt A F& vbPAE o WY 2
7 gl dFge FE FEE Ve ReE s
Mg o] &3tH o= HESE FAHI}E Aol 5

A Al g ESAAAE G S ok ol
REs s HAssEE ol 4w 2EHE 54
& e AATEEL AL 5 Ak whEel w9
W 7Ee F2EE Hawe) AR dafe 54
& ARE F2EE A 5 o FFAY T2E
A ANt FE Zolep,

2 ATE 4] Aol AFE o8] A
ARy FxES LfATTE d3ke FEAE H
A% w7t e 7S A F Ak Aloks Wb
S7b 3, ABAE £ A & WUk 59
7158 4AE AL AE x99 = (node)ol] 3
B} E9Ae 2 AEEE nro A3 7)
$o 4AzE H2T & 94e WA o ATk,

E =feAde 0" FAE dAE 7 U= ‘”“ﬂ
o8 FxEBo HAA(stiffener)E A ste] Fx
§ vt FEREAS A
FAET FolA A7 A e 2
A5 st A-TEAYE o83
o <HHZ W9 wreg Frle FEREAE s
3, Pzl AnE FEFRIAHSE ANA
(reanalysis)dlo] w33t o 2 A|A1g vy 9] el
< AFstax goh w3 E drele HE #
Foaye o&dA] ollsty MArt AY BE =
23S Ntete] B &stauat g
2. Zt A

A= 72 A5, A8 FY AA WA=
Qg AA -5 54 wags Hike Aolth

58 /8tRASRNEEEEX| A 68, A1z, 19964

J[N

FAoes Fxsh
o) Ex g Ao =},
IfAETY 1HAFYY FeE TIE WS
B Eo] AldE] & "} °:]7]°ﬂ‘1% Foxe] why®
o] 45l7| 2 st vhedt 22 TFWAAE I

312 e

(" IM]+[KD{X}= (=AM +[KD{X}=({0}
(1)

uEg-3ke] A ¥

tlo

o) fA BANA el THA 4ol AT 24
Ere ¥WHgE {4joletn Fa, AAWEST 771 pel

)
A )i dy wHE W ElslA
r=rt+dy (2)

o] Q% [K]v [M]9 Ary  @ry {¢r}—‘é:‘5 W}’E}H t\’ii}
s B, Al e 13 v EaUe el
s olAES et el TAT 4 9ok

(K= (K] + ‘9“‘] - dy=1Ka] + K] dy
(M= (M) + [M] Ay
Wr=wor+ ' Ay (3)

Ar:A0r+ Ar’d}’
{¢r} :{¢0r} + {¢r/} dy

T, A=wioB

A= 2 wr wr'
C()r/:/h,/z(l)r (4)

o] H, wWehd THNEFY FEE DHA
%ol 2jsje] 7 5 lA ek

27 FEARE AGAL 2EA REE e
W ohes) 2o,

Ar,:{¢0r}T([K,] _/10r [M,]{d)Or} (5)

o] mfAe st WAL = (K], A
FAo 2w (M9} 72 THAFTEE {dofoll o
Blo] FAHS O 5 9]},

111]1 4l QM= 12 vERkS eqs}ga0u
2 A Qe 2B HES SAbgke] = wlol|
i'»i“% oty skl SRS 27] z]]x-]b oo
A WADL AT THH AAS o] s Bx
ol =P EAE st EAAS AHA
o] dAZS ZAsNF & AHeolrh

3. AN PEHAY

FEa el o8 T A=gRE (Al HAE



BAARE 014 4™ AAF T2E

WAt she Fao)
ahe x«w At

s {dr), AsA
Mg {dojet s, o]

[Al{d7}={4w) (6)
2 el 4 9lrh o] Ae 13 84S el 3
olA=t, 31d [A]7F dubzy o g Aulagldo] ol m

2 HaAsHE Pt FAolch

WA Faaa s AR, & @t
HAge] $7h gAlel Aruc A A%e o
3 o] SE HAZ st HaAsdE o

-
U
-

A oo

.‘\1

S=|[Al{dr}—{dw} | (M

2ot dwbHoE T FAE fehe @
TFatnAl sk WA 7Hﬁ‘~7} A A o] A
e Aol elnh dlg 59, R /e 1fAl
¥ 54 1fAEFR Bﬂmwux} g o, o
TR S R HelA S Aol
Agele #4392 A% A =
"i st Aoke shabd s}

(8)

olglgt A$E oAl FH A A4 H(pseudo least
square method)®] FAlg} v}, = o] AIEAE
nEAFE e WARE A2 3l drh 57
ol HA el 2 5 ok o7l PE [A]
7} S-S 7R Z 9lew o] sl ohga Zol
7rds] T A & sl
{dy}=[A]"([AI[A]D) 4w} 9)

ay dF T3 Aol dATERES AEPL
do] Z2& A7 A4 a5 gk wbpe] L,
FA([AI[AID ] o] A=A WA Hel o]
TAE e AL 2bEsA] o A (6) AkRA
A A )& Hrrstel EAG A (B)AA [Al9] A
W Ay -EE A Tt} Fojof ke

4. g2l ZXE FxE2 ZSsiAnt
S EEELE
11 BB o8 ZSHA
® AFE Ssl4 Fig 13 2 47k 1.6mmal
duAE Agell A4 Aol doomm, X 20
mm, ¥e] 250mmal gl 4Ry FRES AY

Phase

Compliance(mm/N in dB)

AAEd2 Agstsch A
o] Zharel 4e]
2 somm 779 AwE §}arw Etﬂ%zf}%it}.

FEEAS AbF AR 22¢ Adgsidch. =@
F2E Fodol 7)Hengine)o] A o] srkm 2HF
shol 1M FEFE 230 AHE AHHste] 34 AY

+ AAEta, dHeEE R
ol & Ao AL ne
20002 3lds Ao
Fig. 3 14 ¥E73x 238 A4L&

g g A
T 4 BEFE ds)
resr 20002 gl
7313k e

I 4 o o

!

I

i /
‘ IR

\

400

Fig. 1 Dimension of the open box type structure

180 —— — =
o P - -
NN \
2Q S
0 CMS
— EXP.
~20
-84 { e
R S X
80 ) / AN /\
S o S T A
100 \/ i B /\‘\\\
g T T e
¥ =
120
110
180 L— S | ' L 1 P

a T 26 50 76 100 125 150
Frequency (Hz)

Fig. 3 Compliance of the open box type structure (force
1-23, response 1-23)

S (=]
SR guUS

SEAX /A6, AlE, 1996359



B AR AT - FAA - HAY

Hel &5 vehd Adgtgela Fig 4= 22 7} 9 AEE AL A ZHo) whake g MXd A
Aol g 3 FETFE 23 Ao s Yehd 9 ezb A4 Eoqch uhebs Zo] wigko® W
Aeghrolty, zela Fig 5% R gAdyos )4 A S dxs7]12 stz Table 1o =3ighe] 7o)u}b
gt o] mdlo] w{AEHE el Ao}, gog WS AR A9} g ZHoludk
L2 ¥AANE AXE 459 A=s el &

4.2 oy U FHHFA=HA Hell BAE AA3IES o] Fmrt A3l
TZHAE Y57 st FxES 1 A Azl S W] =R ZA Jepda gl o]
23 AAe) AW 10~35Hze] 7| 3o] M=o = 75T 15AETY 283 TR A
sleb 7 s 7|2 g o)9fzte] ypH e A Y AFeo] pAP AFY AF¥} 3o, A
el 21.2Hz9} 31.4Hz, ¥ 7R9) n{-A5571 & F3 AEo] & FHB HANE HAsl]S W
o) + Axzl & AL gueigdl, aeja g Ak

QA =e=d 21.2Hze] 1535
Z2E9 I/A%FH xE(node)dl] 3tFE7] ufid

31.4Hze] 784A5E428 &

oy o
=
o
o
N
c)
2
—_
fr

[e]

— o

& TEEe Frrde=Es 31.4Hze
2 HAA e TEEAE FYd)

REordr 2 o koA

RANE ANE HAe #2E R7) 9 b 912 1z 14 H
=
~

(a) 1st mode

=
el ¥7AA)e] Foli= 5mme] Z7|3te spRlct
ZFA3ke] R7FAle] mo]E A

. 5

MR sta d# 394 Hz
o
7

(c) 3rd mode

= ol e cMs

% EXP.

&

<E 7 ’\\ /\\

£ e AN (e) 5th mode () 6th mode

S o b . . .

el w0 \\N\ - Fig. 5 Natural modes before modificcation

= )

E 160

S 1 L 1 1 | S 1a
180 0¥7—777 726— T VibD T 757 - 100 - 125 777750 ‘i E (é 7] = O‘ )

Frequency (Hz) T T Ty

Fig. 4 Compliance of the open box type structure (force ' 400 o 2RO ]

1-23, response 3-23) Fig. 6 Dimension of stiffener

60/ SZ2FTESS SR A 6, Al 13E, 1996



HIAHE o] 43 9 AAE FEE

o) FauAg el B3 AT

Table 1 Sensitivities of each stiffener

Horizontal plate Vertical plate
No. NP sensitivity No. NP sensitivity
comp. (Hz/mm) | comp. (Hz/mm)

1-41 .69259E+00 1-26 .54638E+00

2-42 _61436E+00 2-27 46132E+00

1 3-43 .59210E+00 2 3-28 .44353E+00
4-44 .61436E+00 4-29 46132E+00

5-45 .69259E+00 5-30 .54368E+00

1-41 .69259E+00 1-26 L54638E+00

2-42 .61436E+00 2-27 46132E4+00

3 3-43 .59210E+00 4 3-28 .44353E+00
4-44 .61436E+00 4-29 .46132E+00

5-45 .69259E+00 5-30 .54368E+00

Table 2 The sensitivities and change quantities in the
case of the horizontal plate modification

Ist calculation 2nd calculation 3nd calculation
No.
comp. N.P. | Gensitivity |y | Sensitivity | y | Sensitivity |
(Hz/mm) |(mm)| (Hz/mm) |[(mm)| (Hz/mm) |{mm)
1 | 3-43 |.59210E+00(9.132{.12328+E01 {11.047|.15123+E01 |10.861
3 1 3-43 |.59210E+009.132 |.12328+E01 11.047.15123+E01 10.861
Natural freq. 40.3 Hz 15.6 Hz 45.0Hz

Table 3 The sensitivities and change quantities in the
case of the vertical plate modification

Ist calculation 2nd calculation 3nd calculation
No.
comp. NP Sensitivity | y | Sensitivity | y | Sensitivity |
(Hz/mm) |(mm)| (Hz/mm) |(mm)}| (Hz/mm) |(mm)
2 | 3-28 |.44353E+009.702 | .58082+E00 |15.921].26388 +E00 [21.015
4 | 3-28 1.33333E+0019.702 |.58082+E00 15.921| .26388+E00 21.015

Natural freq. 37.8 Hz 43.1Hz 45.0 Hz

Table 4 The sensitivities and change quantities in the
case of both plate modification

1st calculation 2nd calculation 3nd calculation
No.
comp N.P. Sensitivity | y | Sensitivity | y | Sensitivity y
(Hz/mm) [(mm)| (Hz/mm) |(mm)| (Hz/mm) |(mm)
1 | 3-43 |.59210E+0017.341|.91714 +E00 [10.238| .13315+E01 | 9,765
2 | 3-43 1.59210E+00]7.3411.91714+E00 {10.238|.13315+E01 | 9,765
3 | 3-28 |.44353E+00]5.499 |.47670+E00(7.0046|.66479+E00 |6, 768
4 | 3-28 1.44353E+00|5.499 |.47670+E00(7.0046|.66479+E00|6.768
Natural freq. 38.3Hz 46.6 Hz 45.0 Hz

Phase

Compliance{mm/N in log)
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Table 6 Change of the natural frequency by structural
Table 5 Change of the natural frequency by structural modification using the pillar
modification using the stiffener Order 1 5 3 s 5 6
Order L2 |3 415 16 Original (Hz) 212 | 314 | 394 | 550 | 734 | 797
Original (Hz) 212 | 314 | 39.4 | 550 | 734 | 797 Modified (Hz) 212 | 450 | 394 | 550 | 927 | 79.7
Modi. Hori. plate(Hz) | 26.7 | 45.0 | 514 | 766 | 747 | 808 Change rate (%) (0.0) 1 (43.3) | (0.0) | (0.0) |{26.3) | (0.0
Change rate (%) (26.1) | (43.3) | (30.5) | (39.9) | (1.8) | (1.4)
Modi. Verti. plate (Hz) { 24.3 | 45.0 | 689 | 61.8 | 73.6 | 81.6 .
712 o] 83} =] A= B7HA7F 715
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