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1. Introduction
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2. Problem Formulation Process

I. Project statement
a. Assumptions
= Disk SEjQ| solid &IE}
= Bolt, flange Al
= S|MoE 2l 8, damping E1f FA|
b. Objective
= Z2 FEHDUHE (J) B EA22 FAHE ES

e = O L

R

m == A —
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2. Problem Formulation Process

Fhywheel connection dimensions

I. Project sta g
coupling | SAE | Dy Dy | D3 | 4| Dg|Dg| Lz | L |Le|Le2
- LE2 size | size
Ly L,
. ~ 8 |2635|2445|/105| 6
C. Requn‘er I Ol 15 F2 140[215(18 | 8 |57 | 68
i 10 | 314.3|2953|105| 8
Rad HFF ~ |10 |3143|2953|105
. § 25" F2 8 |144 (26022 |10 |74 | 85
% ] 11.5 | 352.4(333.4| 105
- . \ %
W" s & \ ) 10 | 314.3|2953|105 16
g \ e -35." F2 8 |180 279 | 28 78 | 90
z D\E 115 | 352.4(3334|105 8
- N v 3
N / § _ 115 352.4|3334| 105 26
o o /’ ol i o o | -45"F2 8 (180|314 25 89 | 100
oo 4 1 |O|og alo 14 | 466.7(438.2]13.0 10
. J > Ly
- with i
fail-safe device _a{LE -50.F2 | 14 | 466.7|4382|13.0| 8 |[210(352| 36 |12 | 103|120
I Ls
55" F2 | 14 | 4667|4382 13.0| & |285|417|35 |28 | 115 130
AcvsK | Flywheel connection dimensions MECHANICS cardan shaft connecting dimensions
. . Total
oou.plmg SAE Dy | Dy [ Dy |24]D4|0g| Ly |Lg| Size 36 L, Ls Lo L, M P Jy woightzz 147
size | size
! fkgm?] | kgm']
18" F2 140215 8 | 83

0.01
10 [3143(2953| 10.5) 8 5C (11506 51 |429 |1426| 889|%'-24| 0 10.2

8 |2635(2445| 105 6 4C 10792 38 |365 | 95 | 873 5-‘1,"-21( 0.055 8.8 155
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2. Problem Formulation Process

Il. Data and Information Collection

= J|& £=&l0[# spec.

v Mass: 8.8 kg
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2. Problem Formulation Process

Ill. Design Variables

= R [radius]: Disk 2| HIX|Z [m]
= b [width]: Disk 2] & [m]
|

c— =

IV. Cost function

f =p-7R*-b
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2. Problem Formulation Process

V. Constraints

g,:—b<0
g,:—R<0
g,:R-4b <0

g,:J —%pﬂRz-sz <0 (J =0.065 kg-m?)
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2. Problem Formulation Process

VI. Graphical Optimization

[ 4. B C D £

1| Graphical Optimization

2

=

4 | 7870|kg/m’

5 |l 0.065|kg:m* 4

6 9

7 b g3 g4  fmass 9.6

291 00284 01136 0116647 0117292 R [m] )
292/ 00285 0114 0116545 0117086 93
203 00286 01144 0116443 0116881 0.1 / — g4
294 00287 01148 0116341 0116677 0.09 / I
295 00288 01152 011624 0116474 0.08 =
296 00289 01156 011614 0116273 - /

297 0.029  0.116 0.11604 0.11607 o ’ ‘ ’ ' '

293 00291 01164 011594 0115872 0.015 0.02 0.025 0.03 0.035 0.04

299 00292 01168 011584 0115674 b [m]

M4 » M| Project /%3 4
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2. Problem Formulation Process

VI. Graphical Optimization

Graphical Optimization Graphical Optimization
0.2 -3

—

1500~ T 0.18 =

1000

0.14

0.12

f, weigh [kg]

500

R, radius [m]
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O 04 SR 0 8
. R SIS SN .
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. b, width [m]
b, width [m] R, radius [m]
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3. Check for Convexity

m gl:—bSO
g,:—R<0
g;:R-4b<0
g4:J—%sz2.szso (9 =0.065 kg-m?)
= 0,,0,,0; :linear inequality — convex
5.26x107°
- g,:526x10°-bR*<0 - e ~1<0
. _ bR
1 2
b2R* M1:2R >0
Vg, =-5.26x10"° -~ "
4 M, = 40R%? —16R*b* >0
| bR® | , . .
- 4 / S Po(s;twe definite h
3p4 2p5 = 2 — onvex 3
Vg, =5.26x10° b°’R* b’R :5.263><%30 _{ZR 4sz}
4 20 b°R 4bR  20b 5
b’R®  bR® | E




3. Check for Convexity

- f =p-7R*-D

MassS

R? : 0 2R
Vi = Vi =
2bR 2R 2b

—4R* <0

. indefinite — Non-convex
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4. KKT necessary conditions

= Lagrange function

L=bR? +u, (~b+57)+u,(~R+5; )+u, (R—4b+s] )+u,(5.26x10"° —bR* + ] )

a _
ob
ﬂ=2Rb—u2+u3—4bR3u4 =0
R

R?—u,—4u,—R%u, =0

us, =0, g,+s° =0, 5720, u; 20 (i=1to4)

v" 16 switching conditions -> 4 switching conditions
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4. KKT necessary conditions

= Case 1 u, =u, =0, u,=0, u, =0
R=0
v not acceptable
= Case2 y-=u,=0, ,=0,u,=0

%:8b2+u3:0
OR

u, =—8b* <0

v" not acceptable
= Cased u=u,=0, u,=0,5,=0

oL 2x5.26x107° B 4x5.26x10°°

u,=0
R R® R )
1 oL 1 1
U, . —=R*-ZR’= > R*#0 v not acceptable

ToRZ Tab 2
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4. KKT necessary conditions
= Case4 u=u,=0, s,=05,=0

5.26x10™° —256b°> =0
.b=0.02901, R=0.11604

o

h

v KKT Mlo| ZHS BHE 0f%2

I8k

s’ >0, s >0
~u,=0001347,  u, =44.559
S.u, &u, >0
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5. Sensitivity Analysis

-« of =-ue, —ue,
u, =0.001347
u, = 44.559

5t"=-u,-0-44.559-(~1.5976x10" ) =7.1187x10°°
OW = pr5 f" =78707-(7.1187x107°) =0.176 kg

= cost function — g, EC} g, 0]l &4 { OIZ

= Jlkg-m?]: 3% &7} > mlkgl: 1.76% =7}
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6. Conclusion & Comment

» ESjEoZ A 5liQF Lagrange functionE AIE

Origin
Value

Optimum
Value

[

131.75

116.04 29.01
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