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QUESTION 17: CRAZY UITCASE



PROBLEM

When one pulls along ®@vo wheeled suitcaseit can under certain
circumstancegobble so stronglyfrom side to side that it caorn over.
Investigate this phenomenon. Cansuppressor intensify the effect byvaried
packingof the luggage?




TERMS & DEFINITIONS

When one pulls along @vo wheeled suitcaseit can under certain
circumstancegobble so stronglyfromside to sidethat it canturn over.
Investigate this phenomenon. Cansuppressr intensify the effect byaried
packingof the luggage?
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FLOW CHART
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STAGE 1:
INITIAL CONDITION

Titled

Net Force =0
No External Force
Acceleration = 0 (i.e. Constant Spee /
Both wheels are in contact with the t
Weight of a suitcase o~
(a) Front View
Normal Force by two whee




STAGE
EFFECT OF INITIAL DISTURBANCE




STAGE 2:
EFFECT OF INITIAL DISTURBANCE

Mifferent effect depending on the position  of weight
ACase 1: High weight

A Centre of mass now causes rotation

about the supporting wheel a —-a
A Torque created by the center of mass
A Angular acceleration is present

KCase 2: Low weight
A Low centre of mass acts as a restoring
force that opposes the original
torque created by the initial disturbance

Anticlock

) Clockwise
-Wise

A Diminishes the wobble effect

{a) Front View (a) Front View



STAGE 3:
HUMAN RESPQONSF

— DL
Humarexerts aperiodic force
that opposeghe disturbance L=myr sin®
created by the weight.

Opposite directiono the torque
created by the weight

Effect ofinertia

....................

(a) Front View



STAGE 4:

POINT OF INSTABILITY

Angular Mm ntum by
Human +

Therestoring force overshoots

Overcompensation of restoring
force would lead to the rather
sharp increase in the oscillation.




STAGE 5;
REPETITION AND AMPLIFICATION

When a suitcase meetsatical amplitudehat exceeds what
human can counteractverturns.



QUALITATIVEONMODMBLARY
\) CASE 2

dy

J

j

Intensifies the initial disturbance Acts as a restoring force (torque
(torgue is applied in the same Is applied in the opposite
direction as disturbance) direction as disturbance)
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TO RQUE ANALY S urue
/7 1) Torque byWeight
Q. 2) Torque by Human

Net Torque Equation:

(’I‘)T’ J4 14 / _l_¢ 5

— o &+ & Q

C ,Q e ¥ J4 14 = "Q_‘S . . .
U cPE+ (Opposite Direction)



| TORQUE BY WEIGHT
N

From basic torque equation:

/7 0 ©
"EQi 0L Force is equivalent to the weight

O a'Q

Shortest distance is:

W, .. . Q ..
t —Al-O -OE+
G G

<>
M\, s q GF  4'Q-AT-0 -OE}é€
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TOR;)(UE BY SUMAEN RODEN)G S

Q

Two Fundamental Assumptions:
1) Pul l erds wal king motion induce
periodicmoment on the handle of suitcase

2) Pullerexerts additional restoring momeat
suppresshe wobble proportional toockingangle

n OBTo Q— (|2)

9508+ —| Qe —-angle of rocking
G N :amplitude of excitation torque
. walking frequency
k constant for restoring torque

Periodic Excitation Tor

(First Assumption)%esmr'ng Torque (Second

Assumption)



Combining Equation 1 & 2:

GQ_@ T 7
GQ_C‘) n OHI 9 Q—O(((EAI—@ EOE—9 e — TI

Or

"’Q_ , OElTO ?‘Q d“ wA|_©"QOEA i




FINAL NBERQUE EQUATION

Define: Y phQQ@ m Y phQQ m
SIMPE
Final Equation: »  ACCURATE

~y

Q — L\ . W~ . Q. ..
ng n OEIQ 'Q—“Yé(“é)AI—@ é(“QC—OE—I—

cgbottom length of a suitcase
Yeffective height As effective height increases, net
—-angle of rocking :

n :amplitude of excitation torque torque Increases!

1 : walking frequency

k: constant for restoring torque



THEORETICAL PRAQIBELEN

Sample Graph from our computer simulation (wolfram alpha) using values below:

p ¢ QQ
1t IV U
T® C TT A
( ) T WQ

&
&
)

Periodic Oscillation

y"(X)+0.69869 cos(y()3in(y(x))+y x (2.3232
-2 x-0.46) = 0.6 sin(4.99482.3232 x+0.426)



LITERATURERB\HEBARBSAIIN S S
OVERTURN OF A SUITCASE

= - - (a)
m> | L/ /
0

= - 07 \ﬁ
—lE— —l_— 1§
jII|IIIIlIlIlILIlhIlI
2 6 10

—I||I|III|IIIIIII|||IIII gIII||||II|IIIIIIII|JI|II
0 40 80 0 40 80

1. Sharp Change IN angular ROCKING ANGLE v TIME
displacement OVERTURNA -
2.No wobble during the overturn




N\YFZANYIANYIANTVI ANV I ANTY I ANY S AN

Z Qﬂ%ﬂ%ﬂ%ﬂ%ﬂ\ﬂ% /
NYZANYZANYZANYZANYZANYZANTZAN
ZAN\YZANYZANVZANYZANYZANY/ZA\Y/
NYZANYZANYZANYZANYZANYZANTZ4N

I\I\I\I\I\I\I\l

llllllllllllllllllllllll
- Computational Analysis

EXPERIMENT




EXPERIMENTAL SETUP

B Treadmill
B = Constant

2 Walking Velocity
/

Ramp
Obstruction

R

Height varied: 0.08m, 0.16m, 0.24m, 0.32m, 0.4m

. . -

— Trackers Video Analysis




RESULIOMWHEFFECTIVE HEIGHT OF (

[EnY

o
o

Angle oftilt in radians )

'
[

Time (t) in seconds (S)

- Very minimal angular displacement _
- Inaccurate measurement (interval: 0.1~ Fast Fourier Transform

- Hard to observe trend or data




SIMULATINIG EQUATION

The eguation of the original graph:

[2] :  import numpy 0+(1.67571644042+09) *numpy.exp (0.07*x) +(-0.3%338130797-0.2208594436727) *numpy.exp (0.001358695652175%x) +(-0.2407771180
86+0.2940889347767) *numpy.exp (0.002717391304355*x) + (0.160951518353+0.2923443413027) *numpy.exp (0.004076086956523%x) +
(0.0793870251769-0.02434000738687) *numpy.exp (0.005434TR2E60873%=)+(0.128171884923+0.1141657183167) *numpy.exp (0.0067534

data = numpy.genfromtxt (txt file name) 7826087%x)+(-0.0780217710141+0.05068765197155) *numpy. exp (0.008152173513045%x) + (-0.313683719822+0.1778827534225) *nump
y data = numpy.genfromtxt (txt file name, usecols=1) y.exp(0.009510869565225%x) + (~0.405657156874-0.3410404106239) “numpy.exp (0.01086956521745%x) +(0.169831208229-0.27419970
— _ - - 42919) *numpy.exp (0. 0122282608696 %x) +(-0.212322076372-0.05336754255947) *numpy.exp (0. 0135868565217 *x) +(-0.16271467461
Coef = numpy.fft.fft(y_data) 5+0.09910079554515) “numpy.exp (0. 0149456521739 %) + (~0,.2378306496968+0. 492738180197 ) *numpy.exp (0. 0163043478261 %x)+ (0.2
Freq = numpy.fft.fftfreq(len(y data}) 43829604558-0.04863852963467 ) *numpy. exp (0.01766304347837%x) +(~0.122470662663-0.07208974312645) *numpy. exp (0.0190217331
. " tolotlib 1ot 1% 3049%x)+(~-0.353615922653-0.05700991193015) *numpy. exp (0.02038043478267 %x) + (0.086710240438+0.3222578674397) *numpy. =xp
Import mactplotllib.pyplot as p (0.02173913043484%x)+(0.369227221677-0.5533374308469) *numpy.exp (0.023097826087%x) + (-0.690435800344-1.13521909335) *nu
Abs Coef = numpy.abs(Coef) mpy. exp (0.02445652173915%x) + (0.630962513333+0.983989300615) “numpy.exp (0.025815217309139 ¥x) +(-0.374196414620-0.172350054
= i i . 054 ) *numpy.exp (0.027173912304355%x) +({-0.102805844489+0. 1227973704089 *numpy.exp (0.0285326086957 %x) +(-0.246036407108+
tmatplotlib inline 0.2407984622247) *numpy.exp (0.0298913043478*x) + (-0.175279918721+0. 2555002695227 ) *numpy. exp {0.031257 ¥x} + (-0.1063953771

Fnlt.plot (Freqgf:int(len (Freg) /2) ], Abs Cosff:int(len (122-0.01933825711595) *numpy.exp (0.0326086956522 *x)+ (0. 179287240967+0. 0884711698517 ) *numpy.exp (0. 0339673213043 %x) +
<L - ql | - <
— . . (-0.0727410577482-0.3279137952469 ) *numpy. exp (0. 0353260869565 %x) + (0. 0584506889557-0.2416141518127) *numpy. =xp (0.036684
Pop_Coef Coef[:equaticn_ length] 78260879 %x)+(0.193100884027+0.1513697957957 ) *numpy. exp (0. 0380434782608 %x) + (—0.234083803334+0.03132818266025 ) *numpy. &
Pop Freq = Fregl:eguaticn length] xp (0.0394021739139%x) +{-0.365722068985+0.02855454520215) *numpy . exp (0. 0407608695652 %x) +(~0.470760261804-0.138469095373
. 7 .e 0421195652174 %x) +(-0.289941859810-0.0346112869117) *numpy.exp (0.0434782608696 %=} + (0.00716723058308+
def graph(formula, x range): 1) *numpy-exp (0.0421195652174] ]
graph ( . ge) 0.3063638187567) *numpy.exp (0.044836095652179%x) +(0.111570601653-0.4764492853745 ) *numpy. exp (0. 0461956521738 %x=) +(~0. 064
¥ = numpy.array(x range) 5311911822+40.1518791565567 ) *numpy. exp (0.04755434782619*x) + (0.0789154712737+0.,12305886863229) *numpy. exp (0. 0489130434783

v = E'JEI.l{fD]‘.’Iﬂ'L‘I.lE.J F¥x)+{0.308350822225-0.3219862516387) *numpy.exp (0.03027173913043*x) +(-0.205330549438+0.0608225526617) *numpy.exp (0.051

63043478263 %x)+(-0.111432762432-0.1960022570367) *numpy.exp (0.052%9891304348)*x)+(-0.186147288585+0.0571708417067) *num
plt.plﬂt{:{, Yj py-exp(0.054347826087%x)+ (-0.3143266197-0.1050882050187 ) *numpy.exp(0.05570652173019%x)+(0.180001549056+0.11156075631
plt.ShﬂW{} 89) *numpy.exp (0.05706521730135%x)+(-0.138072497087+0.112684426125]) *numpy.exp (0.05842381304355%x)+(-0.0573358368746+0.

2123597137635 ) *numpy . exp (0. 0537826086057 3%x) + (—0.233010181104+0.3418709463775) *numpy. exp (0.06114130434785*x) + (0.28190

923794-0.4437856419157) *numpy . exp (0. 06253 *x) +(~0.0952119988175-0.04448268315033) “numpy. exp (0.06385869565227 *x) + (0. 24

Pop Freq complex = Pop Freq.view(dtype=numpy.complexl;5611700998-0.06619819143263) “numpy. exp (0.06521739130437%x) + (0.1754411686289+0.02838291356483 ) “numpy . exp (0. 066576086956
— = 59%x)

equaticn = atr(0)
for i in range (0, len(Pop Coef}):
equation = equaticn + '+' + str(Pop Coef[i]) + "*numpy.exp(' + str{Pop Freq[i]] +

l_i-\.(x:l [

print{"'The equation of the coriginal graph:'}
print{""}
print (egquaticn)
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' SECOND DERIMSTVER ACCELERA
C) ’I ﬁ f | W |
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U A Angular acceleration vs. time
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RESULD. IBBFFECABIEHT OF CM

Angle of tilt of teentref the suitcase from vergjgal (adians versus time (t) in seconds, heigh 2 (0.16
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' SECOND DERIMSIUVER ACCELERA
D | | -
] - N‘

\/M /\ e /\ /\ | '[ | .
Sl A Angular acceleration vs. time
C) J / A —npt

A Average range:
-2.49 ~ 3.63(rad/s/s) )




RESULO ZIHEFFECHBEHT OF CM

2 ! f3 14 15

Angle oftilt in radiansq)

Time (1) in seconds (s)



' SECODERIVARINELAR ACCELERA
G |

f || |
-
| |
5\/ \/\/\/\/\/\/\/\) \) /j& Angular acceleration vs. time A
WA —npt

A Average range:
Q | | | U U 887 8.220adisis) )
2 4 3 B 10 N




' RESULOT32EFFECHBIEHT OF CM
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' SECODERIVARINELAR ACCELERA
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o A Angular acceleration vs. time
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|RESULOITZEDFFECTIVE HEIG KHO\VERT!
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' SECODERIVARINELAR ACCELERA
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Angular acceleration vs. time
Chaotic & sharp beginning
(Overshooting of restoring force)
Constant zero torque once the

}Er suitcase overturns
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SUMMARY OF EXPERIMENTAL RES

EffectiveHeight (m) | Range of angular Average angular

acceleration (rad/s/s] acceleration
(rad/s/s)

As effective height increases:

0.08 -1.02 ~ 0.88 0.95 B ) :
=Increase in angular acceleration
0.16 -2.49 ~ 3.63 3.06 = Increase in torque
= Increase in wobble
0.24 8.87~8.22 8.54 = MORE LIKELY TO OVERTURN
0.32 -9.18 ~ 10.00 9.59

0.40 Overturn N/A J



COMPARISON TO THEORETICAL P¥

Theory (Oscillation) Experiment (Oscillation)

1
0.8
0.6
0.4 \ y - y
0.2
0
020 .,eA $ | Sl ¢S T[LOTLL 2 013l elde 15
-0.4 ¢
-0.6 i
-0.8 | ¢
-1

Angle of tilt the suitcase from
vertical §) in radians9

Time (t) in seconds (S)

Theory (Overturn)

Experiment (Overturn)
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