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A Study on the Structural Modification of
Open-box-type Structure using the Stiffener

Chang-Woo Choi, Sok-Chu Park
Abstract

The finite element method has become a very popular technique in the field of
structural analysis. Recently, the sub-structure synthesis technique is also employed in
conjuction with finite clement method, which analyzes the structure by dividing it into
sub-structures. These methods, however, can not provide an appropriate technique for
the optimal structural design.

The sensitivity method is a useful tool for this optimal design. The sensitivity is
defined as the differentials of design variables for the characteristics of the structures.
The change quantitics and the modification positions can be obtained by the optimum
structural modification method using the sensitivities.

The objective of this paper is to suggest the optimum structural modification
method to the structure with the stiffener, and to validate the suggested method by
performing the followings; The first is to analyze the vibration characteristics of the
structure of open-box-type, the second is to perform the sturctural modification using
sensitivity method and the optimum structural modification method, and the last is to

reanayze and to examine the obtained results by sub-structure synthesis method.
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The followings can be found as the result of this study.

1. The analytical results from the sub-structure synthesis method coinside with one
from the experiment.

2. The sensitivites of the natural frequency can be easily obtained from the sensitivity
method.

3. The structural modifications can be also easily calculated by the optimum structural
modification method.
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Fig. 41 24924 Fig. 42 293 (modeling)
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Table 4.1 37+ 7H 2

; o Hoﬁrp pldtL

; i beﬂSlthlt} ' . scnbmvny ‘
iNo. ¢ iy P .I\, : L \.P |
Rocome NP ) (Recome N ) |
1 -4 69259E+00 | 1 - 26 ¢ 54638E+00
! . |
1 L2 - 42 61436E+00 2 -2 -27  46132E+00
3 - 43 59210E+00 | 3 - 28 | .44353E+00
Table 4.2 o] BAHE A5k 79
; N " ]ét Calrculatir(r)n E 2nd calculation 3rd célculation
j NP sensitivity |+ | sensitivity y osensitivity |y
|comp, ! f i i !
A _(Hz/mm) ] (mm) _ (Hz/mm) * (mm) iHz/mm) - (mm)
“ 1 \3 43‘ ,09210F+OO 9132 12328+E01 11.047 . 15123+E01 ) 10.861
3 3 43‘ .o9210b+0() | 9132 ]2%28+F01 11.047 © .10123+E01 | 1 10.861
| nF 4028 H/ 556 1z 4501 Hz
Table 4.3 <= 23ho] B} HHF 41x)3k 735
N \ lst Lalculatlon ' m‘anv calculation 3rd calculation
0. | P N X A . " T
‘ J N.P | sencmvm | y sensitivity y sensitivity | y
'comp. _ | ; ; |
‘F*l o p Mz/mm) | (mm) - (Hz/mm)  (mm) | (Hz/mm) | (mm)
|2 ‘3—-28T A44353E+00 | 9.702 ' 58082+E00 15921 26388+E00 | 21.015
? 4 J3~28 - .33303E+00  9.702 - .o8082+E00 15921 | .26388+E00 | 21015
NF 37.78 11z ' 4311 He 4495 1z
Table 44 4% 2o BAZ Ax3 242
N() 7 B 7 lst 7(,Valculatlon ! ' 7 72r1d Lalculatlon 7| ) 7 'irgi calcqlathn
‘corﬁ. N.P [ sensitivity | | sensitivity | ( ) sensitivity | )»
: i 7 (mm) ; m) | mm
. ik L. (Hz/mm) 777 L (Hz/mm) :)i mii _(Hz/mm)_ Ly
1 3-43 © 5921E0+00 | 7.341 . O1714+E00 @ 10.238 | .13315+E01 [ 9.76)
2 | 3-43 | 5921E0+00 | 7.341 | 91714+E00 (10238 13315+E01 © 9.765
3 3-28 A44333E+00 } 5499 ' 47670+E00 | 70046 | | B6479+E00 | 6.768
4 3—281 .44353F+OO \ 5.499 : 47670+F00 7()046 .66479+EOO ! 6768
| NE 3825 Hg 46:)7 }17 4:3 OO Hz
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Table 45 F+ZWAF AFAs59 W3t
2

N.F. Order 1 3 4 5 6
Original (Hz) 21.18 3143 | 3943 | 549 | 7337 79.72
Modi. Hori. plate (Hz) 26.69 45.01 51.41 76.56 | 74.73 80.83
change rate(%) (26.0) (43.2) | (30.4) | (39.3) (1.9) (1.4)
Modi. Verti. plate (Hz) 24.32 449 | 688 | 6181 7362 | 81.58
change rate(%) (14.8) (43.0) | (746) | (125) 0.3) (2.3)
Modi. Both plate (Hz) 30.76 4503 | 5964 | 79.00 | 7466 81.14
" change rate(%) (45.2) (43.3) | (51.3) | (438) (1.8 (1.8)

43 FZFW7R 39 1%
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58 neZa 9t Fig 46 W B23xe) 239 AAE 7HAAE o 22 HolrMe
Ag§Ho| L, Fig. 47 & 718 d A 3 F 7% 239 %o‘wq X*%@-’F-OIB}.
Fzu7A A 314HzoNN S FARHe] RE Aol did HHz2 AR g 93,
FzEe RFAES7 AMAoE FohASS AT £ AU 2R Flg. 4.8~Fig.
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(b) 2nd mode (45.01 Hz)

(a) 1st mode (26.69 Hz)

(d) 4th mode (74.73 Hz)

(c) 3rd mode (51.41 Hz)

(f) 6th mode (80.83 Hz)

(e) 5th mode (76.56 Hz)
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(b) 2nd mode (44.95 Hz)

Ist mode (24.32 Hz)
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(d) 4th mode (68.85 Hz)

(¢) 3rd mode (61.81 Hz)

(f) 6th mode (81.58 Hz)

(e) 5th mode (73.62 Hz)
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(b) 2nd mode (45.03 Hz)

(a) 1st mode (30.76 Hz)
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(f) 4th mode (74.66 Hz)

(c) 3rd mode (59.64 Hz)

(f) 6th mode (81.14 Hz)

(e) 5th mode (79.00 Hz)




WA ol E WRL A pRBe] Ryl e ek oty 31

5. 4 =
¥l BAAE o B3 W Y PREY AEHHL WANE TEuY

o
S Almekddrh i o A3 s aaste] vhga e AES Al
.‘

Lozmslag g olgekd e prgtd HHSFHS olgdtel WMAY A wAY

& HAR s 2R A gHor FI £ Qs A 93 s nifAE
TE NS ftom A ubE S A

2 7)5% olgdtel e FE el sMFste nHAEEd S99 nRNELS 2ol o
@ SfREFel mal Wl Bobssdou, BAAe Aol adAow )
X3 & el

3. W HAR) BAAE FERE NANEFE olod ARHUS AT F AATH

| WA o wee) mial %’?—01]%3 QS NAA Y3 FEshs aHNES
e WAT o Aol M BAAE G e nRAETE dnger 93
:

& mATh: 54% /b gk FENAE 99 ngdew Fasy) e Sus

EX U . M Ke] =L

Tl pruel EaNY 4 JES FREY A, @y PARA AR 5o 47
W4E Ao sl YEHNY o8 wYoR st HAYTEUA) WAy o]
v}

U AMBFE A4 AN, "RREERENTH o 99 T8 BEB T3, SEimKEes B16%,
198, 1992, p.47

2] RMEAEE, RARFE, "2 Bl IREHAEAT EhdRrEel REML, SEMMMRHEe
144, #3597, 1990, p.34

{31 R.L.Fox, “Rates of Changes of Eigen Values and Eigen Vectors”, AIAA
J., Vol6, No.12, 1968 p. 2426

(4] BIHEE L, 1 B, BRI, - MITY), RSB, s KB R &, 1983,
p.65

(6] =ras 9] 390 “Hd S FEREY A7) Hd B3 AR SR SAES
3] FASte R U 3 =53], 1994, p.28-33



@ )Collection | _ o -




