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Causes of Lunch Boxes Tilting when Carrying in a Plastic Bag

Atsuhiko Akazawa

Abstract

Previous research about movement when carrying a lunch box in a plastic bag
has not been fully examined, and its causes remain largely unknown. This paper aims
to investigate the causes of this phenomenon. Analysis by stroboscopic photography
and simulation using Newton's equation of motion was performed to better
understand the movement. The results showed that the movement can be described by
the addition of horizontal translational motion, vertical simple harmonic motion, and
pendulum motion at shoulder and elbow. Next, the motion was measured by an
accelerometer while changing the mass held in the hand, and the changes in the
frequency domain were analyzed using the Fourier transform. Our findings indicate it
is possible to classify the movement into two qualitatively different types of motion,
and that there is a correlation between amplitude and mass, and between gravity and
inertia. We concluded that major causes of the phenomenon are the effect of adding
force to the arm in small increments to move the arm regularly and of a larger inertial
force when the end of the elbow's range of motion is reached. We plan to invent a
solution and conduct experiments to check whether the solution has a reduction
effect.

Keywords: Plastic bag, Discrete Fourier Transform(DFT),
Stroboscopic photography, Simulation, Newton's equation of motion
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# WEGEDI—ILOEA

from numpy import sin, cos

from scipy.integrate import solve ivp

from matplotlib.animation import FuncAnimation
from matplotlib import animation, rc

from IPython.display import HTML

import matplotlib.pyplot as plt

import numpy as np

G=29.8 # BEAMEE [m/s"2]
# IRYFORS [m]

Il
—
o

# EFAER

def derivs(t, state):
dydt = np.zeros_ like(state)
dydt[0] = statel[l]
dydt[l] = -(G/L)*sin(state[0])
return dydt

t span = [0,20] # BURIEFR [s)

dt = 0.05 # M@ [s]

t = np.arange(t span[0], t span[l], dt)

thl = 30.0 # FEABE [deg]

wl = 0.0 # MHAAEE [deg/s]
state = np.radians([thl, wl]) # #ERIREE

sol = solve ivp(derivs, t span, state, t eval=t)

theta = sol.y[0, ]
print (np.shape(sol.y))

x = L * sin(theta) # x = Lsin(theta)
y = -L * cos(theta) # y = -Lcos (theta)

fig, ax = plt.subplots()

line, = ax.plot([], []1, 'o-', linewidth=2)
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print (x)

print (y)

def animate (i) :
thisx = [0, x[i]]
thisy = [0, y[i]]

line.set data(thisx, thisy)

return line,

ani = FuncAnimation(fig, animate, frames=np.arange (0, len(t)), int

erval=25, blit=True)

HEHIRE DEETE

ax.set xlim(-L,L)
ax.set ylim(-L,L)
ax.set aspect('equal')
ax.grid()

plt.show ()

rc('animation', html='jshtml")

ani

ani.save('pendulum.gif', writer='pillow', fps=15)
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L7=MRoT, BREDLVICIZIEHL Io®e—X 0 ME

va? + b?
—aT sin6 + bT cos 6 — (mg cos(6 + @) —masin(6 + 0)) 3)
THhEEHELT
mva? + b?
—aT sin 6 + bT cos 6 — ————(g cos(6 + 0) — asin(6 + 2)) 4)
IIT,f=tanty KV
mva? + b? a a
o B N -12
aT sin 6 + bT cos 6 — (9 cos (9 + tan b) asmn (9 +tan b)) )

WIZ, ROTZBREDLVIZIZEEL NDE—A L MIOWT, RO NRT A —2 5%
BT HZLICLoTEDIIICEALT HONER LT, FERIZTT w77 I 7 (python) &
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R EIRETE R TA—F LT L LERORZU FIORT(X5), =720, 7Y
HORK»Ha<bTHLOT, BIZBLTUIFSE LT3 E LTV, 7ok, Ffihixe
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m=1,(a,b)=(1,3),T=1

Moment at B
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Angle of Tilt

(X 5] BEAARYBICITZO6IDE—RXV b
IDTT TN BEEDLYDIOET—RA L ME, BUENMENT & SIS 0ITRIEL

TELT D2 L0 D,
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