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Background of Project

Pole vaulting - Olympic record heights
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Statement
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|I. Data and Information Collection

B =1 Al oIHA BE A

UNE + 2FE(HMYER MP) = AUNE + ALSE

IANE + SFE(EMYEE MT) — Energy Loss = 9IAE + A2FE

Dillman, C.J. and Nelson, R.C. (1968): The Mechanical Energy Transformations q
PoleVaulting with a Fiberglass Pole
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2

v Energy Loss by Body AE = 2Pk cos’ (¢ + a)
h

v'Energy Loss by Impact

AE = % mv® cos’ (¢ + )

= K, = °, g3l &a 2
_ Energy loss factor
fight phase (Ae M4S° 8¢ : 250 N/m)

pole release

peak height

=X : ‘The perfect vault’,Mike Clapson 2005




|I. Data and Information Collection

PoLE VAULT

"PHYSICAL MODEL"
IMPORTANT NOTES COMNCERMNING THIS VALLT:
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[ 0.38 h, : height at Maximum bending

COoOPYRIGHT DAVID F. JOHNSTOMN 2008
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lll. Identification of design variables
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V. Identification of an objective function

mgh, +%mv2 =mgh,




V. Identification of an objective function
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V. ldentification of constraints
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VI. Graphical method

do=3.11 cm
L=5.645 m
H2=5.101 m
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VII.Excel _Solver

ro 3800
d o 0031175749
d_i 0028173749
m
v
hl
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E e 000000000
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Energy=  1773.716268 SCi2 < D557
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SCE2E <= 30426 SFHIDS

[

0.34906585

Constraints
gl -1.98088E-09
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g3 -1.018824251
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-0.17952079
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VII.MATLAB - fmincon

Eile Help

Problem Setup and Results

Solver: | fmincon - Constrainad nanlinesr minimization

Algosithms | Active su
Frobdem

Objective nction: [ @neight

Ella_Helo

Derivatives: | Aoprosimated by solver
Start point: 001

o Satup and Rezulls

Constraints:

Linear inequaliins: A b [
Linear aqualiies: asc: [ bex[
Bounds: Lowerifros ——  upen[:

MNanlinaar constraint function: [@cantunnn

Darivativas! | Appraximated by solver

Pun solver and view resuks

: =5 |01 201055050155
- : first=grder opbenaity muasune |
than opfons, TolFun and maximum canstraint volatics
than opfions, TolCon,

Sobwe: [ tmincon - C) i riniazation

Algoeithm: [ Active st
Problerm

Objective fanction: | @eigtt

Dorivativis: | Aaprdenated by sobaie

Start poiet: [rom

Cansiraints:
Linesr Inequalities: A be |
Linear oqualitios: s [ boa: |
Bounds: Lower: |'1D.03— Upger:
Monlingsr constraint hanction: [Tcursannn

Dorivativnps:

[Popraximated by subver
Fun solvir and view rogults

Cument meration: [ll

potimization ninning,

Final point:

1 £

b, B45

in Opo nlFun and madrnusm c
i opdons. TalCon.

int wolafion

Final point:

1 £

5,645

D:31mm , L 5645 m




VII. MATLAB_ GA

) O
File Help

Problem Setup and Results

Solver: | ga - Genetic Algorithm

| Problern

Fitness function: @height
Mumber of variables: [2

ion Tool
File Help

Constraints:

Problem Setup and Results

Lingar inequalities: B

Linear equalities: heq: l—
Bounds: Lower: [£0.05
Monlinear constraint function: W

(Run solver and view results

I™ Use random states fram previous run

Start | Paugsg, | Stop) |

Current iteralion:

Optimization running,

Optimization terminated,

Objective function value: -5, 101261630407230
Optimization terminated: average change in the fitr
and congtraint violation is less than options, TolCc

AY

Salver: | ga - Genetic Algorithm

~Problem

Fitness function: |@height

Mumber of variables: |2

Constraints:

Lineat inequalities: A |

b

Lineat equalities: Aeq: |

beq: |

Bounds: Lower: |r1JEI,[I3

Upper: [5.624322:0, 05

Maonlingar constraint function: |@cnnfunnn

Final point:

rRun solver and view result

™ Use random states fram previous run

Start | Panse: | ) |

Current iteration: |3

Clear Results

Qptimization running,
Optimization terminatad,
QObjective function value: -4, 979833399374716

Optimization terminated: average change in the fitness value less than options, TolFun
and constraint violation is less than options, TolCon,
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VII. MATLAB Pattern Search

) Opti on Tool

File  Help

Problem Setup and Results

Solver: | patternsearch - Pattern Search

[ Problemn

on Tool

File Help

QObjective function! | @height

Problem Setup and Results

Start point: 10,05

Constraints:

Salver: I patternsearch - Pattern Search

Linear inegualities: A |
Aeq:
Bounds: Lower: |4:0,03

Linear equalities:

~Prablern

Objective function: | @height

Start point: [r.001

Naonlinear constraint function: |@confunnn

Run solver and view results

I | Eer randor statas fron previous: i

Start | Fause, | Etap |

Current iteration:

Constraints:

Linear inequalities: A |

bt |

Linear equalities: Beg: |

beq:|

Bounds: Lower: |4:D.03

Upper: [5,624922:0,05

Monlinear constraint function: |@Eunfunrm

Optimization running,

Optimization terminated,

Objective function value: -4,68652046201936
Optimization terminated: mesh size less th
and constraint winlation is less than option

~Run solver and view result

I Weerandom etates fron prevons i

Start | Faee! | Shop |

Current iteration: [5

AW

Final point:

12

5,45

Clear Results

Qptimization running,

Optimization terminated,

Objective function value: -4,221414251030648

QOptimization terminated: mesh size less than options, TolMesh
and constraint violation iz less than options, TolCon,




VII. MATLAB__ fminimax

Salver: | fminimax - Minimax optimization

Problem

Objective funciion: | @height K -I -I I. o m §
Detivatives: | Approximated by solver | Problem Setup and Resulis . I uA — I

Start paint: [10.0.5 Salver: [ fminimax - Minimax: optimization

Constraints: Pmulw" X . ol
Objastiva function: | @height
Linear inequalities: B — - >
Derivatives: | Approximated by salver .
Linear equalities: Aeq: ,
Start point: |I,D.DI
Bounds: Lawear: [4:0.03

o @ i

Constraints:

ar inequalities: a b

Bun solver and view resu bea: |

Upper: [5.624922,0.05

o o ~Run solver and view results _ [1 ,0.01 ] _> 1 1 §I

Current iteration: |32 Start | FAlSE |

Clear Results

Current iteration:

and raximum constraint vialation s less thal

Optimization running,

Optimization terminated,

Objective function value: -5, 1012810661826125

Qptimization terminated: magnitude of search direction less than 2«options, TalX
and maximum constraint violation is less than options, TolCon,

’

v

Final point:

14 2 —
E Rd5 Final paint:




VII.MATLAB

[ 1 L [m] 5.645 5.601

0.1] 0.1] D, 31 31
L [m] 5.645 5.645 [mm]

D, 31 32 H, [m] 5.1013 4.9798

[mm] lteration 2 3

H2 [m] 51013 51013 population 20 5

Pattern Search

ZJlak [10 [1 ek [ 10 [ 1
0.5 ] 0.01 ] 0.5] 0.01]

L [m] 5.489 5.314 L [m] 5.645 5.645

D, 31 30 D, 31 31
[mm] [mm]

H, [m] 4.6865 4.2214 H, [m] 5.1013 5.1013
iteration 4 5 iteration 32 11
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