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@ Introduction
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@ Design of a cantilevered beam
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B 1 &A% T & B

Bt eaT R FEI G L4 cross
section & section A-A-

Py = 50,000 N
Pz = 50,000 N
E = 200 GPa = 200x10° N/cm’
L = 500 cm
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Ii = 100 cm
s =14000 N/cm’ (allowable stress)

y=2 = 0.5 cm (allowable at free end)

FREE()-—- B3 BB R
12(i)
= (2*s(i)*b(i)*+h(i)*t(i)?) / 12

ly(i)
= (b(i)*((2*s(1)+h(i))?*-h(1)**b(i)-t(i)) / 12

The deflection Dyi & D at the right end of
segment 1 1s calculate by the following
recursion formulas:

Yo=Y0=0
Pl € g
i~ léL __alju+y|1
El, & = 0
P2 é 2l U
i = : él—'al +_L,J+y'| I|+y|
2El, & &' 3§ 7 '
2,=2,=0
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pPI2é [,
Dz = - g1+ g+Z,l+7,
2Elie ia G

Where the deflection Dy & Dz i1s defined as
positive downward , y &z is the derivative
of y with respect to x (the slope), and I 1s
the lengh of segment i. Young s modulus E is
the same for all segments, and the moment of
inertia for segment 1 1S Lié& la.

The bending moment at the left end of segment
| is calculated as

_pt ¢ U
M, _P§|—+|i' a IleJ i=1,-,5
e =1 U
the corresponding maximum bending stress 1is
_Mib
SYi - 2| . 1 = 1,"',5
_Midi
Szi - | i = 1,-,5

Yi
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The design task 1s now defined as

Design variables : Design variables

X={hbi,ti, hi, si} i:1,°",5(X20)

Minimize the volume
N Objective Function
V(bi, ti, hi, si, Li) = § (2bi" s+hi" ti) Li

i=1

Subject to :
1. 3¥.1g0 i=1,-,5
S Constraint Function
2. %A-lﬁo i=1,-,5
5 ( x 12)
3. 2 1£0
y
4. P& 10
y
5.9 _1£0 i=1,-.5 Geomet
‘100 N eometry
6.1231-150 1=1,-.,5 Constraint Function
7. M1go i=1,4 (x 14)
h.,
8. b"£bi£b’ 1=1,---,n
9. t"£ti £tV 1 =1,---,n Lower/Upper Bounds
10. h*£hi£n’ 1=1,--,n
11. s"£s£¢ 1i=1,--,n
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@ Result & Discussion

SmartDo _1optmzr =1

SmartDo _i1dflt =1

(Feasible Direction Method, FDM)

Minimum Material Volume : 315052.5000 cm’

smartdo_idflt 1 1 2 3 4 5
b(i) 9.00E+01 | 7.69E+01 | 6.33E+01 | 4.82E+01 | 2.85E+01
s(i) 3.40E+00 | 3.42E+00 | 3.43E+00 | 3.44E+00 | 3.45E+00
t(i) 9.02E+00 | 7.72E+00 | 6.35E+00 | 4.84E+00 | 2.86E+00
h(i) 3.40E+01 | 3.41E+01 | 3.41E+01 | 3.42E+01 | 3.43E+01

set smartdo_idflt 1

7.00E+05
6.00E+05

S .DOE-+05 ’ \
4.00E-+05 ( K

3.00E+05 I!

2.00E+05

1.OOE+05

(.00E+00
7 13 19 25 31 37 43 49 55 61 o7 73 79 & 91 97 103 109
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SmartDo_1dflt =15
(Recursive Conjugate FDM, RCFDM, minor
nonlinearity)
Minimum Material Volume :

314715.6000 cn’

smartdo_idflt 15 1 2 3 4 5
b(i) 8.95E+01 | 7.71E+01 | 6.35E+01 | 4.82E+01 | 2.90E+01
s(i) 3.41E+00 | 3.41E+00 | 3.41E+00 | 3.42E+00 | 3.42E+00
t(i) 8.95E+00 | 7.72E+00 | 6.36E+00 | 4.83E+00 | 2.91E+00
h(i) 3.41E+01 | 3.41E+01 | 3.41E+01 | 3.41E+01 | 3.42E+01

7.00E+05
6.00E+05
5.00E+05
4,00E+05
3.00E+05
2.00E+05
1.00E+05

0.00E+00

set smartdo_idflt 15

i

\\

N

|
/
!

1

10

19 28 37 46 55 64 73 82 Ol

100 109 118 1

27 136 145 154 163
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SmartDo

_idflt =16

(Recursive Conjugate FDM, RCFDM, high
nonlinearity)

Minimum Material Volume : 314710.9000 cm’
smartdo_idflt 16 1 2 3 4 5
b(i) 8.95E+01 | 7.70E+01 | 6.37E+01 | 4.82E+01 | 2.90E+01
s(i) 3.41E+00 | 3.41E+00 | 3.41E+00 | 3.41E+0Q0 | 3.42E+00
t(i) 8.95E+00 | 7.71E+00 | 6.37E+00 | 4.83E+00 | 2.90E+00
h(i) 3.41E+01 | 3.41E+01 | 3.41E+01 | 3.41E+01 | 3.41E+01

smartdo_idflt 16

7.00E+05

6 00E+05 “\
5.00E+05

|
4.00E+05 [} \

3.00B+05 |

2,00E+05

1.00E+05

0.00E+OO I NN NN NN RNy

1 9

17 25 33 41 49 57 65 73 81 83 97 105113121 129137 145
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7.00E+05 p — set smartdo_1dflt 1
6.00E+05 [ — set smartdo_idflt 15

\ set smartdo_1dflt 16
5.00E+05 \QH\
4.00E+05 ~

3.00E+05 - = —
2.00E+05
1.00E+05

0,00E‘I'OO LU L R D L e
1 13 25 37 49 61 73 &5 97 109121 133 145 157

Initial Design and the Final Design also the
lower/upper bounds, with exact values and
graphics showing the two shapes.

Initial Design
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Final Design

Page 14

PDF created with FinePrint pdfFactory Pro trial version http://www.softwarelabs.com



http://www.softwarelabs.com

@ Discuss and Conclusions
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