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A Study on the Minimum Weight Modification Mcthod

of Box-type Structure

Joo-tlyun Oh , Sok-Chu Park

Abstract

Lately. the sub-structure synthesis method which analyzes the structure by
dividing it into sub-structures is employed. But it can’'t provide optimal
structure design techniques for engineers. In order to improve the aspects, the
sensitivity analysis method is a useful tool. The change quantities and the
modification positions  are obtained by the optimum structural modification
method using the sensitivities.

The objective of this paper is to offer the method of performing  the
minimum weight structure as keeping the observing natural frequency
constantly.

The suggested method is as follows:

1) to analvze the vibrational characteristics of the box-type structurc by the
cub-structure synthesis method.

9y to decide the plate thickness of the position to be modified using the
sensitivities  analysis method by weight and the optimum structural

modification method.
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3) to reanalyze the structure making addition to the plate thickness in the
structure.
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(' I M1 + [ KINX} = (AM]I +[KINX} = {0k2-D
o] 1ex FANA ratel TAA A0 dE TRVEFRSE HEHE {¢,}, A
& y7) ol A mlas dysrg Hststd
y = v + dy (2-2)
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AA Mol thet 17 ulEaTe 1t
(k1 - k) v MLy = TR TRT 2

w, = w, T o dy (2-3)

Ao = Ayt Ay

{¢r} = {¢L)r} -+ {¢r,} AY

0 = A2 w, (2-1)
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AR = AL 71etE &t Aoz ARG

S = {4w}T {4w} (3-2)
olHF FEE AA} FasH ERe) Bar)

{Aw}: [BIT ([B] [ B]T)* (41 (3-3)
A (3-3)ell JHA {gwlrt FHAA 4(3-2)2BE

4t = dw; / (S X p;) (3-4)

2 Ha, zt a49 ARFAES oA g
3-2 WALH

FEFW (WE Z a23F w, o gozy
Ww) = wi+wy+ - +w, = {1} {w} (3-5)

A {FAFF g2 (wie FF2H ALzAL
g (w) = f (i=1,m) (3-6)

AdzAe TE3n W (W7 F4Fe2 HE 8248 (w)d 39 A4

Wy w7t wooll A tlAF gwekE @A
w

T
giw) = gwo) + [N () we)) 67
e T
{'a__gal-(\;vy_)-} = {Bil’ o ’Bim} (3-8

Lagrange< <% (the method of Lagrange multiplier)& 2 &3},
Lagranges 82 A2 A3oA gF59 IAE Forls wgosw
4(3-5)7 4(3-6)ZH ¥ Lagrange®s Z& 38 & Utk

Z= Ww) - SLg(w) — 1) (3-9)

ol BoolA A%GzUE HEFsn W (w)7t 242Y o,

3

{4z} = {1}' — ZL{B) = {0} (3-10)
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S0mm7tAel AwE fEasz 1ol 5 9 &) (modeling) 34t oldd ZdHH
axze 7aY pesgAEe B AEAAE AT A Aol WE At Rl

2% Table 420 UERAReH . ztzhe] nf{REFA HF nHEFES Fig
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Fig. 4.1 Dimension of the open Fig. 4.2 Modeling of the open-box-type
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(a) 7th mode (b) 8th mode
Fig. 4.3 Natural modes before modification
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Fig. 44 Natural modes after modification

Table 4.1 Change of the sensitivity and thickness following the modified structure

 Natural Frequency 4101 1819 3164
© No. ' No. ‘ongmal first 1st
Lomp \Elem ~modal ‘+ modal Calc.
| 1-2 28095 288 | 0355
i 3-6 -0.0880 -0.085 5303
:Sensitivitytw '  7-8 T {80q4 288 0353,4}
(k) o, 1720 238020 243 10878
| ‘; - 3-4 -0.1483" *().1;)3= 2389
56 _2.3802? 943 0878
1210 44 102
| l% 3610 14 12
. | 7-8 10 14 102
Thickness = et 0 T a4 T 93
'“1 3110 14 11
, . 56 10 44 93
Total nght(kg) 55 Ly

| 4089

3rd

» Cale. | o
© 1549 | 1564
1.536 | 1.531 i

5th
Cale.

9 | 4100 40097 | 4101

.

- Tth | 9th
. Cale. i,CjﬂL?J

1.542 \16334‘
1520 11.6329 |

L1542 16331

Ry 6398

- 1619 16338
| 1.807 | 16328

1549 L %!
1.822 ; 1822 1807
1.49%6 = 1.488
1822 1.822
108 108 = 108
68 69 69
108 108 | 108 |
103 103 103
57 57 56
103103 103

107
68
107
105
56
105 |

_48‘3';
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Fig. 4.5 Comparison of the original and modified compliances
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Table 4.1 Change of the sensitivity and thickness following the modified structure

' \dturdrliF}‘gguch\ 4101 | 1819 | 3164 4089 | 410.0 | 409.97 4101
T, No. ' No. worlgmal first © 1st = 3rd 5th ‘T 7th } Oth
Lomp Elem ~modal wmgdgl Lglcii Calc. - Cale. (,‘"’,IL |
1272809 u88 03 159 1560 | 1542 16{34\
| , 36 00880 0. 085 5303 1536 | 1331 1520 1()3)()\
‘Sensitivity 78 28091, 288 0355 1549 1554 | 1542 16331
(Hzke) ., 172 23802 243 | 0878 1822 1822 | 1807 ‘163)8‘
R —0.14831 -0.1531 2389 ' 1496 1.8 1619 16338,
56 23802 243 0878 . 1822 | 1822 0 1807 16328
L2 14 102108 108 108 107 |
, 3610 14 12 68 69 69 68
hickness 1810 140102 108 0 108 | 108 | 107
, 1210 141 93 | 103 103 ' 103 105 |
3110 14 11 57 51 56 661
56 10 44 93 | 103 103 103 | 105
Total Welght(kg) ) ] 7 483
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Fig. 4.6 Modeling of the open-box—-type structure with 4 components
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Fig. 1.7 Natural modes before modification
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Fig. 4.8 Natural modes after modification
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Table 4.2 Chang of the sensitivity and thickness following the modified structure

Natural Frequency 397.94 340.63 396.24 39792 397.95
No. | No. original first 2nd 4th 6th
Comp | Elem. modal modal Calculation | Calculation | Calculation
1-2 2.7796 3.0288 2.8543 2.8522 2.8491
1 3-6 | -0.0713 0.0652 -0.0507 -0.0545 -0.0551
7-8 2.7793 3.0288 2.8543 2.8522 2.8491
9 1-2 2.4064 3.1439 2.5420 2.5267 25293
4 3-4 | -0.178 0.2301 -0.1432 -0.1467 -0.14
Sensitivity 5-6 2.2593 -0.3157 155 1.6431 1.6212
1-2 2.2253 3.0227 1.0969 1.0818 0.9228
(Hz/ke) 3-4| 0695 | 096% | 11703 | 11268 | 09223
5-6 0.0785 0.0943 0.9276 0.8944 0.922
3 |7-10| -02297 -0.3708 0.182 0.1969 0.922
11-12 0.0785 0.0943 0.9276 0.8944 0.922
13-14| 0.6985 0.9695 1.1703 1.1268 0.9223
15-16 2.2253 3.0227 1.0969 1.0818 0.9223
1-2 10
1 3-6 10 S - - -
7-8 10
DEL T = A
CKNness 5—6 10
1-2 10 6 11.0 11.1 114
3 3-4 10 6 85 8.7 9.0
5-6 10 6 70 7.2 7.1
7-10 10 6 5.5 56 45
Total Weight(kg) 55 5.18

4-3 Engine Block 289 FHFH 43}

o] Ao 44U < EH(engine block) EFE ez FFHALINYE
LA A Bttt 2dL FA7t 4mm, 2 717F 320X160 X 280mm¢S! E¥ L2 Fig.
4991 JERAQ. 283 Fig. 4108 Zo] 79 REFZE W ZdH 3T

agla ztztel /A FF g ZFESEE Fig. 4119 JeERIITH
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Fig. 49 Dimension of the engine Fg. 410 Modeling of the engine-block-type
-block-type structure -type structure with 7 conmponents
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(a) 7th mode {b) 8th mode

Fig. 4.11 Natural modes bhefore modification
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Zt 29om FUFHA FHA TAE8L 5% 196%9 A EL BYth
Ztztel Aejol] tigt WA Fo LHELEE Fig. 4129 Fig. 4139 JERIL
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Table 4.3 Change of the sensitivity and thickness following the modified structure

No.| No. |Original| t=2.0 | t-30 Orig.| =20 | t-30

Co. |Elem. | Model | (mm) | (mm) ‘Mod. | (mm) | {mm)

1 01279 051737 [1.01921 2124 |2.051

1.64604 (0.25942 0.34371 336 14033

3 |-0.1071 [1.26015 [1.74665 231 12176

4 | 249812 1095697 |1.09371 4169 4491

5 |-0.8058 |1.39375 [2.05902 2386 2,074

6 | 28329 1.66419 [1.40975 4551 4.349

7 |-0.1729 (0.85252 (159198 2172 2327

o 8 | 233359 127006 1116449 4069 |4.445

131 g 01434 |L0os973 167485 1 loos6 2187

10 | 222971 |1.98319 |1.30452 4087 |4.198

_ 11 |-01102 [1.10175 156335 2278 [2.299
Sensit 12 | 203523 [1.55761 |0.98516 |Thick 3858 |4.391
“ivity 13 |[-0.0405 [1.39674 [1.87862 | -ness 2404 12253
(Hz 14 | 167111 |1.93961 0.93146 | (mm) 3615 [3.84
/kg) 15 |-00511 (041105 |0.86737 2.188 (2,082
16 | 0.83172 |0.15954 |0.23684 ) 2,682 |4.093

L | 14 06685 0279 |-0.1030 L 1906 3074

23 |-0.0580 |-0.2039 |-0.1205 192 [3.068

L | 14 02728 01410 [-0.2065 , 1752 [3062

23 |-0.1688 |-01071 |-0.1726 | % 1841 3051

o |14 01847 [ 001329 |-0.0546 , 1935 (2973

23 |-00991 |-0.0605 |-0.0413 1952 |3.026

o | 14 01213 | 006773 |-0.0348 L 1905 (2954

23 |-00589 |-0.0263 |-0.0344 1944 [3.017

_ 14 00753 | 015377 |-0.0657 , 187 297

o 23 |-00445 01374 |-0.0642 | | * |1013 3025
T Total Weight(kg) 966 | 65 | 7.76
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Fig. 1.12 Natural modes after modification
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