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1. Introduction

¢ Subject of project
= Flywheel

¢ Project objective
= Cl2fsl 212 |F A2 2 F[E6H ALk

= J|E A1t Hju E4 T OF

¢ Conception
= Fmincon(Matlab)
= Excel solver
= Pattern search

= Genetic Algorithm
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2. Modified problem formulation
Project statement & Data
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2. Modified problem formulation

¢ Assumptions
Lr2
Ly Ly
] = I — S
= Flywheel 2| damping =1} FA| o
I i
LL ,II,W
= Bolt, flange $A| NG
5 |
= Shaft= 7|E8Aet 22 37| : N2
- tg‘?ﬁf i
. N g
v Ri = 0.05396 m 15 i |ls ‘ Js
Im g “H Imi - Pilq a4
L4
with =T
fail-safe device —a{L6
- Ls -
Ac.vsk | Flywheel connection dimensions MECHANICS cardan shaft connecting dimensions
. : Total
oou.plmg SAE Dy [ Dy | Dy (Z4[D4|Dgf Ly [Lg| Size 36 L, Lg Lg L, M by | 9 w;:ht
size | size
! o] | (kgm’] | [kg]
1 8 [2635)2445| 105( 6 C (10792 8365 | 95 | 87.3|%,-24] 0.055 8.8
-15."F2 140({215| 8 | 83 0.010
10 |3143(2953( 105 8 5C 11506 | 51 (429 |1426| 889|%-24] 0.084 10.2
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2. Modified problem formulation

¢ Design Variables
= R, [radius]: Flywheel 29| 2|4 [m] = |
= b [width]: Flywheel 2| & [m] @W \L

|\D
® Cost fiinetinn J

] Mir o = COZM r2+r2+ri2r02_1+3vr2 Pa
TP T T T T Ty [Pal
¢ Cons 2.2
Oy :pwzw riz"'roz_%_r2 [Pa]
g, : 8 r
g,:| %= \/Cfrz -0,0,+0; [Pa, von Mises stress]
9s - .
g,: —b <

s : SFxo —o,<0
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3. Optimization

¢ Graphical Solution

Graphical solution for the project problem

gl
| g2
0.25 g3
g4
—>>¥
0.2
E 015
o)
0.1
/
0.05
.1171,0. o¢293)
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3. Optimization

¢ Algorithm(Matlab)

function [a,h]=ConstraintsFunclsx,ri) function von=YonMisesStress(x,ri.ra)
den="7870: den="270;
sy=2B0+10°6; w=471 ., 2359;
i0=0. 065; w=l, 35
i =0, 0540; ri=0,0540;
ra=xi1): c=den+w™ 2+ 3+v ] /5;
b=x(2);
st=c+(ri 2+ro™2+ri"2+ro” 2w 2= 1+3+v )/l S+v ) +x"2) ;
al(11=—pi+dens{ ro~dri~d)+h+0, 5] 0: sr=c+(ri"2+ro"2-ri"2sro™2/w"2-x"2);
g =d+h;
3i2)=ro-4s yvon=—sart (st 2-st+sr+sr™2)
gl3l=ri-ro;
enﬂ
gid1=-h;
options=[];

[alpha, won]=fminbnd({ YonMisesStress' .ri,ro,options.ri.rol;
gl B)=—von-sv;

h=[]:
end
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3. Optimization
¢ Fmincon(MATLAB)-1

Current Point Total Function Evaluations: 21~ Current iteratian: | Llear Results

0.2 n 4 Objective function walue: 7,316548340850757 A
0.15 _5 35 Optimization terminated: first—order optimality
-g ' <_§ ' measure less than options. TolFun
;- 01 g 36 * * * ® * * anlfl maximum constraint wiolation is less than
o c options. TolCon,
5 S b/
O 0.05 § 2.5 —
L Final point:
0 2 ‘ ‘ ‘
1 2 0 2 4 6 I 2
Number of variables: 2 lteration 0.117 0,029
Current Function Value: 7.8168 Step Size: 4.1302e-008
15 0.04 ¢
g 0.03 ¢
= ¢ - =J|ZF - FJI=M
g 10 . 3 Ejlﬂk - 7|'|'_'E7:“
c ¢ ¢ ¢ 202
o o Y
s [0.11604, 0.02901]
3 ¢ 0.01 ¢
ot ‘ ‘ ‘ 0 ‘ * o 9
0 2 4 6 0 2 4 6
| stop || Pause | lteration lteration
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3. Optimization
& Fmincon(MATLAB)-2

Current Point Total Function Evaluations: 18 Current teration: |5 Llear Aesults
02 4 T ——
4 Dbjective function walue: 7. 81684583408322553
(o) il il il il . ' _ ' il
= 0.15 5 35 Optimization terminated: first-order optimality
'g T:; measure less than options.TolFun
2 0.1 T 3¢ & ¢ ¢ o o and maximum constraint wiolation is less than
% _5 options. TalCaon.
O 0.05 9 25 v
L:L’ S 4
0 2 ‘ : ‘ Final point:
1 2 0 2 4 6 | 5
Number of variables: 2 Iteration
Current Function Value: 7.8168 Step Size: 2.229e-009 0117 0.029
25i 0.03&
g 20 0.02
g g o =72} - 7= M
e B =717k 71E A
8 Q
— [¢]
< & 0.01 [0.1318, 0057]
T 10 ¢ ¢
®* ¢ ¢ o
5 ‘ ‘ ‘ 0 ‘ ¢+ o ¢
0 2 4 6 1 2 3 4 5
| stop || Pause | lteration lteration
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3. Optimization

¢ EXxcel solver

p(density) 7870|
ri 0.05396
v(poisson’s ratio) 0.3
w 471.239
oy 250000000
safe factor p.
J(origin) (0.065
ot 11054163.56
or 9022335.611
oe 10191305.04

Design variables

Minimize function

Constrains

Cost Function: f = g (rj — )E:l

1

Constraints:
: i 4 4
1+ _EP("'Z: T )‘Ej-i_""rorigjniﬂ
g.0  n-—-4b=0
g:: K—%=0
g,: —b=0
Est SFxa, -—ag, =0
=713 ol & 7| Mg =a
013175 | 0.1171066 Al Ak
0.057 0.0292767 Adl 0= A
20.3590975 | 7.8191895 SFS18 gl Bh&t7| 4 5684E-07
-0.14133685 | 4.5684E-07 $FS10 g2 BHEHT| 0
-0.09625 0 $F320 g3 SiE7| -0.11710664.2
‘”ggg g;;g:z $FS21 g4 of&t7| -0.029276661
— — $F$22 g5 BH&HT| -229617389.9
-229617390 | -229617390 =

-82.0490256
-21.2288604
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3. Optimization

& Pattern Search(MATLAB)-2

_ Current iteration: |3 Clear Results
Best Function Value: 7.8169 g Total Function Evaluations: 202
10 ° < 150 Dbjective function walue: 7, 81686ETI5E] 2328 -
E Optimization terminated: mesh size less than
$ 8 o . & R options. TolMesh
g g 100 R and constraint violation is less than
& 6 '§ options.TolCon.
e § 50 W
I 4 1) Y,
.§ ® Final point:
2 : : o Q 0 ; : ‘
0 1 2 3 5 0 1 2 3 |! 2
Iteration Iteration 0117 0,029
Current Best Point
0.2
£ 0.15
o 0.
8 i oF = =0I1l5k 74
7 v" Fmincon ¢112|F1} Sst Ziu}
o] 01 ]
z v lteration Zt&
E 0.05
S = - b
o v" Total function evaluations &7}
0
1 2
Stop Number of variables (2)
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3. Optimization

¢ Genetic Algorithm

SQDCb\IOCﬂ-th—l

Average

0.1170
0.1190
0.1130
0.1150
0.1160
0.1170
0.1080
0.1050
0.1070
0.1170
0.1134

0.020
0.030
0.034
0.033
0.038
0.029
0.041
0.049
0.044
0.029
0.0347
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4. Conclusion & Comment

* Fmincon&Pattern Search&EXxcel Solver 2| Zd1}

Origin Value

Previous
Optimum Value

Fmincon
Excel solver

Pattern Search

Genetic
Algorithm

131.75

116.04

117.1
117.1

117.1

113.4

27

29.01

29.3
29.3
29.3

34.7

b

8.8
9.66

7.819
7.819
7.819

8.535
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4. Conclusion & Comment t
= Rout:117.1mm , b = 29.3mm
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