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Problem Statement

= Problem Statement

1. Necessary Condition

- Do not exceed
allowable stress

2. Optimization

- Minimize total
turbine blade area

3. turbine blade2| AL°IE IMmE 3.
\ \

4 turbine blade& 3|9 part=
Lo B4 1.
part1 part2 part3
b_t[mm] 64 95 140
w_t[mm] 28 55 80




Data & Information collection

* Data & Information collection

r\ l StatonR  0.286  0.51  0.755

325.7 239.9 131.4

90.4 71.3 44.2

I (i

1083.4 583.1 195.8

StatonR  0.286 0.51 0.755

b_f 1031 783 512
[mm]
b_w[mm] 803 465 214




Problem formulation

= Objective Function = Constraints
f = bebt + bwtw F, + M.(y) < X, ; Flange®| I 38
- Minimize total turbine blade area L >
i . F M (- X ol orx ©
= Design Variable 5 § 4 )) <-g ¢ Flange™ 85 <5
”:T“{f’"f T, = % <7 (allow) :webd HEHEY
y L F < ’2 ";I ; Flange®l gt 2201
- b_f : I beam¥ flange A°| F, < ﬂLEeIZZ : Web©| TSt &p=23M

-b_w :Ibeam? web U9l




Optimization results

m Excel(Newton’s method)

1st 2nd

design initial Newton method design initial Newton method
variables value solution variables value solution

x1=Dbf 5.120E+02 4.090E +01] x1=Dbf 7.830E+02 5.576E+01]

x2=bw 2.140E+02 7.039E+02 x2=bw 4.650E +02) 8.523E+02
constraintl 3.623E+02 -3.767E-09 constraintl 1.268E+02 9.131E-07
constraint2 2.565E+02 -1.982E+02 constraint2 2.251E+01 -1.884E+02
constraint3 -1.756E+02 -1.808E+02 constraint3 -1.802E+02 -1.815E+02
constraint4 -6.838E+06 -4.276E+05 constraint4 -5.575E+08 -3.960E + 07
constraint5 -2.191E+08 -1.581E+06 constraint5 -2.321E+08 -4.865E+06

f 7.153E+04 2494E+04 f 1.743E+05 5.747E+ 04
3rd

design initial Newton method 4.3 28 93 ]
variables value solution SEYE: (g

x1=bf 1.030E+03 5.534E+01 f2 zA:  OFEM @M  OAZUM: 7

x2=bw 7.900E+02 9.615E+02 i;i:;fﬁ@ - e
constraintl -1.049E+01 5.556E-07 SE— -
constraint2 -1.128E+02 -1.819E+02 $Epn<=n __
constraint3 1816E+02 18186402 | EC
constraint4 -2.348E+09 -1261E+08 8 <0 =22
constraint5 -3.385E+08 -1.222E+07

f 3.516E+05 9.241E+04




Optimization Tool ; MATLAB

m 15t part (fmincon; ‘interior-point’, ‘active set’/ pattern search)

x0=[512 214 ]; _ Curent Point
Ib=[0,0];

ub=[inf,inf];

[x fval exitflag]=fmincon(@b1,x0,[]1,[1,[1,[1,!b,ub,
@con_bladel,optimset(‘'Algorithm','active-set'))

Current point
oy
0
(=]

1 2
Murber of variables: 2

Active Inequa|ItIeS (tO W|th|n OptlonSTO|C0n = 1e'006) 153(104 Current Function Yalue: 24942 9303
lower upper ineqglin inegnonlin %10 ¢,
.2 &
X = 40.8990 703.8520 z o e o b e b e e
fve?l = 2.4943e+004 05 L n L . - -
ex|tf|ag = 5 stop | [ Pause | Iteratian
design initial Fmincon A\;t;\:e- (480 590) pattern (480 590)

00 -

bf(mm)  5.12E+02 4.09E+01 4.09E+01 4.10E+02 4.02E+01 1.65E+02
bw(mm)  2.14E+02 7.03E+02 7.03E+02 5.60E+02 7.07E+02 5.90E+02
Conl  3.60E+02 2.21E-05 2.21E-05 4.18E-01 -1.23E-02 7.36E-02
Con2  2.50E+02 -1.98E+02 -1.98E+02 -1.07E+02 -2.00E+02 -1.22E+02
Con3  -1.70E+02 -1.80E+02 -1.80E+02 -1.80E+02 -1.80E+02 -1.80E+02
Cond  -6.80E+06 -4.27E+05 -4.27E+05 -5.45E+06 -4.18E+05 -2.11E+06
Con5  -2.10E+08 -1.58E+06 -1.58E+06 -2.55E+07 -1.53E+06 -9.25E+06
f(mmA2)  7.10E+04 2.49E+04 2.49E+04 6.81E+04 2.49E+04 3.76E+04

bw




Optimization Tool ; MATLAB

m 2" part (fmincon; ‘interior-point’, ‘active set’/ pattern search)

X0=[55 645]; - ___ Curent Poit
Ib=[0,0];

ub=[inf,inf];

[x fvalexitflag]=fmincon(@b2,x0,[1,[1,[1,[1,!b,ub,

a00 -

Current point

@con_blade2,optimset(‘'Algorithm','active-set')) . : .
Murmber of variables: 2
Active inequalities (to within options.TolCon = 1e-006): G210 Current Function Value: 57475518
. " ¢ + # ¢
E &
lower upper ineqlin inegnonlin £
1 Ba
X = 55,7582 852.3552 o
fval = 5.7474e+004 S e et T F
exitflag = 1
design  initial  fmincon Acst;‘;e' (55645) pattern (780 700) \

a0l f=2\{3600

bf(mm)  7.8E+02 5.50E+01 2.00E+02 5.50E+01 5.30E+01 5.27E+02
bw(mm)  4.6E+02 8.50E+02 7.30E+02 8.50E+02 8.60E+02 7.00E+02
Conl  1.2E+02 1.19E+00 2.10E+00 1.19E+00 5.87E-01 8.31E-03
Con2  22E+01 -1.88E+02 -1.20E+02 -1.88E+02 -1.92E+02 -1.07E+02
Con3  -1.8E+02 -1.81E+02 -1.81E+02 -1.81E+02 -1.81E+02 -1.81E+02
Cond  -55E+08 -3.90E+07 -1.42E+08 -3.90E+07 -3.76E+07 -3.75E+08
Con5  -2.3E+08 -4.82E+06 -2.40E+07 -4.82E+06 -4.53E+06 -6.88E+07 e e —
f(mmA2)  1.7E+05 5.72E+04 7.81E+04 5.72E+04 5.72E+04 2.03E+05




Optimization Tool ; MATLAB

m 3" part (fmincon; ‘interior-point’, ‘active set’/ pattern search)

Current Point

x0=[55 760]; 1000
Ib=[0,0];

ub=[inf,inf];

x fval exitflag]=fmincon(@b3,x0,[]1,[]1,[1,[]1,Ib,ub,
@con_blade3,optimset('Algorithm’','active-set'))

500 -

Current point

1 2

Active inequalities (to within options.TolCon = 1e-006): et et B e ra1a
lower upper ineglin inegnonlin 2 LA S MR
1 585
X = 55.3443 961.4674 E al
fval = 9.2414e+004 a4
eXItﬂag = 4 mfl?am 1 : : Iler:tion ° ° ! ;
design initial fmincon A(;te“;e' (565,760) pattern (55,760) T IJ \\ Y
o0 - a4
cl
bf(mm) 1.00E+03 5.50E+01 5.90E+02 5.50E+01 9.60E+02 5.10E+01 - \\\\\
700 |-, 5 '
bw(mm) 7.90E+02 9.60E+02 7.90E+02 9.60E+02 7.60E+02 9.70E+02 I
Con1 -1.00E+01 5.90E-01 4.18E-01 5.90E-01 6.84E-02 1.77E+00 el
Con2  -1.10E+02 -1.81E+02 -1.05E+02 -1.81E+02 -1.02E+02 -1.87E+02 PR
Con3  -1.80E+02 -1.81E+02 -1.81E+02 -1.81E+02 -1.81E+02 -1.81E+02
Con4 -2.30E+09 -1.25E+08 -1.34E+09 -1.25E+08 -2.18E+09 -1.16E+08 oo ,
Con5 -3.30E+08 -1.21E+07 -1.93E+08 -1.21E+07 -3.40E+08 -1.10E+07 D ~

_10g 1 1 1 1 L 1 |
-100 0 100 200 300 400 500 B00 700 800 00 1000

f(mm”2) 3.50E+05 9.22E+04 2.28E+05 9.22E+04 3.29E+05 9.18E+04 §




Optimization result

design initial excel fmincon pattern design initial excel fmincon pattern

bf(mm)  5.10E+02 4.09E+01 4.09E+01 4.02E+01 bf(mm)  7.8E+02 5.57E+01 5.50E+01 5.30E+01
bw(mm) 2.10E+02 7.03E+02 7.03E+02 7.07E+02 bw(mm) 4.6E+02 8.52E+02 8.50E+02 8.60E+02
Con1 3.60E+02 -3.76E-09 2.21E-05 -1.23E-02 Con1 1.2E+02 9.13E-07 1.19E+00 5.87E-01
Con2 2.50E+02 -1.98E+02 -1.98E+02 -2.00E+02 Con2 2.2E+01 -1.88E+02 -1.88E+02 -1.92E+02
Con3 -1.70E+02 -1.80E+02 -1.80E+02 -1.80E+02 Con3 -1.86+02 -1.81E+02 -1.81E+02 -1.81E+02
Con4 -6.80E+06 -4.27E+05 -4.27E+05 -4.18E+05 Con4 -5.5E+08 -3.96E+07 -3.90E+07 -3.76E+07
Con5 -2.10E+08 -1.58E+06 -1.58E+06 -1.53E+06 Conb -2.3E+08 -4.86E+06 -4.82E+06 -4.53E+06
f(mm?2)  7.10E+04 2.49E+04 2.49E+04 2.49E+04 f(mm”2)  1.7E+05 5.74E+04 5.72E+04 5.72E+04
1st 2nd
design initial excel fmincon pattern

bf(mm) 1.00E+03 5.53E+01 5.50E+01 5.10E+01
bw(mm)  7.90E+02 9.61E+02 9.60E+02 9.70E+02
Con1 -1.00E+01 5.55E-07 3.00E-04 1.77E+00
Con2 -1.10E+02 -1.81E+02 -1.80E+02 -1.87E+02
Con3 -1.80E+02 -1.81E+02 -1.80E+02 -1.81E+02
Con4 -2.30E+09 -1.26E+08 -1.20E+08 -1.16E+08
Conb -3.30E+08 -1.22E+07 -1.20E+07 -1.10E+07
f(mm”2)  3.50E+05 9.24E+04 9.20E+04 9.18E+04 3rd

10



Optimization result model rod analysis

m Model rod analysis [ using SOLIDWORKS |

won Mises (N/m°2)
1039

l 953

- 867

=]

& >0

[ Tl
=4
oo 20h

- Tl
)
- B08

|l s
L 135

- 348
- 262

116
90
03

—b B2 SH:103648866.0

11



Optimization result model buckling analysis

m Model buckling analysis [ using SOLIDWORKS ]

=

102
toozod Son

rEHI0M] > HD
06k D

URES (m)
112124000
| Jsiten0n 25 M55 - soeas
- 8.407e-001 BiE:1.57152
_ 74738001 N
- 6,539 m
1 5:25:_;: 5,738e-001
_ a5Te-001 l 5,257e-001
_ 5.7386-001 . 4,773e-001
_ 2.8026-001 . 4301e-001
l 1.868e-001 - 3.823e-001
9,3416-002 _ 3,385e-001
C000e 00 _ 2.857e-001
_ 2,3892-001
_ 1,911e-001
_ 1,434e-001
9,557e-002
4,779e-002
0,000e+000
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Discussion

= Discussion

4.00E+05
o o o o N\
1. 455 | blade?| HEO| d42 3 508405
3.00E+05
design 1st opt 2nd opt 3rd opt 2.50E+05 Lst
bf(mm)  5.10E+02 4.00E+01 7.8E+02 5.50E+01 1.00E+03 5.50E+01 2.00E+05 2nd
1.50E+05 ™~ 3rd
bw(mm) 2.10E+02 7.00E+02 4.6E+02 8.50E+02 7.90E+02 9.60E+02 1 0OE+05 \\
—
f(mmA2) 7.10E+04 2.40E+04 1.7E+05 5.70E+04 3.50E+05 9.20E+04 >-00E+04 —
0.00E+00

2. 1st part, 24 part, 3" part 25 Local minimum;
Rk A3l D Hipgto] Bist

3. 20SFY AO|E A% HH ¥ & A°Tt EN
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