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Abstract

In this study, a series of experimental investigations and numerical models were made
for the levitation of the magnetic flea. Through observation experiments, the interaction
between the magnetic flea and the driving magnet is analyzed, and the reasons why the
magnetic flea can jump and levitate stably are proposed. Motion equations were then
established and used with numerical simulation methods to predict the effects of various
variables, even going so far as to write programming languages to make the simulation
results presented in animation. In accordance with our theoretical predictions, experiments
were designed to verify the applicability of the simulation. Then, the kinetic energy of the
suspension was explored, and coupling properties were discovered.

In terms of application, the levitate movement is a combination of stirring and
suspension, which should be able to provide a stable reaction stirring system for chemical
reactions with large differences in viscosity. In order to improve the practicability of
"levitation stirring", a numerical simulation was used to test the feasibility of the multi-pole
drive system with great success. Then the influence of length on stirring efficiency was
explored, and a solution to achieve levitation in a weak drive system was discovered. Finally,
to show if this phenomenon can become more developed at the application level, a method
for controlling the height of the suspension is proposed through a theoretical model, and
the experimental results confirm the feasibility of it. It provides a development direction for

the "magnetic flea levitation " that did not have a practical use for it in the past.
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fafirfs(rad)
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omega ¥

2 003 48 005
2002 0038 22395 00342
-1.9%6 00379 9471366 002621
<1964 00379 1508689 001374
-1.967 0039 19293 000129
-1.346 0.0370 2221574 0010902
-1.923 00379 24.01284 0.0026564
-LE09 00370 2481333 00335
-LBT 0033 2473041 0.044346
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-LTI6 0039

12390 0092346
174020 008304
L7796 0039 223620 0.083734
-LE21 00391 271826 0.077055

L7

phi

amy
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2616395
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3085219
3145117
323681
3.334636
3434046
3.537319
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Tonque force
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2.05

1.95 =y -
1.9 i

18 1 y=-3.0457x - 2.6199

175 R2=0.9957 I

17 e |

log(wd)

1.65 1 1 1 1 1 1
-1.54 -1.52 -1.5 -1.48 -1.46 -1.44 -1.42 -1.4

log(z)
B ()l SRR B e 2 7

(USRS E R (AR > BRI S - B TR o () 2R T iR (—)HES
R R REGER > BRI NE o ReE (U BRI E () > (ERE E R T
G (% - SESRRIRIENT-3 -

(U 1B 2. )il 1 REIR T AR S - B G I mT DU H e B s L % s ]
AYRREY - (B2 L S R e - DASHE Aok g - M AREE L AR T B S
B > HAREEE R LL vpython EhEE 23 - £ Jupyter J?L*EP FEAL T R R S I B Y
EETR » EACEA F R 2 BRI BT - WA EEE BT ER -

dt=0.001

from ipywidgets import interact |pyth0n omegad 100

def f(omegad,k,mass,buoyancy,length): NP =
buoyancy=buoyancy/1000 %{1@ /B $q=
mass=mass/1000
f=-mass*9.8+buoyancy
vistor=(-2.52001*10**-5)*k/19.2*(length/25)**3
visfor=-0.48%k/19.2*length/25 buoyancy
inertia=mass*1.87304*10**-7/0.00405
for i in range(1,n,1):

t[1]=0.001*i SpryRpo.
thidad[i]=omegad*t[i] 77_$£:_EEE/\J l:l-l_v-t-
alpha[i]=(magtor*math.sin(thidad[i]-thida[i-1])/(z[i-1]**3)+vistor*omega[i-1])/inert
a[i]=(-magfor*math.cos(thidad[i]-thida[i-1])/(z[i-1]**4)+visfor*v[i-1]+f)/mass

k 19.00

mass 4.00
24.00

length 25

'z[i]=z[i-1]+v[i-1]*dt+a[i]*dt*dt/z
thida[i]=thida[i-1]+omega[i-1]*dt+alpha[i]*dt*dt/2

v[i]=v[i-1]+a[i]*dt | s N
omega[i]=omega[i-1]+alpha[i]*dt ET%’TH%@@E

interact(f,omegad=(50,150),k=(9.,29.),mass=(2.,6.),buoyancy=(12.,36.),length=(15,35))

[&(— ) Jupyter RIS R AR 2 —

12



from vpython import * prthonE/\] Egji .

length = 25
l=length/2
scene = display(width=800 ,height=600, center = (0,300,0), background=(0.5,0.5,0))

floor = box(length=100, height=1, width=100, color=color.green)
floor.pos = vector(0,-25,0)

balla = sphere(radius = 5, color=color.red)

ballb = sphere(radius = 5, color=color.blue)
balla.pos=vector(l*math.cos(thida[0]),z[0]*1000,1*math.sin(thida[0]))
ballb.pos=vector(-1*math.cos(thida[©0]),z[0]*1000,-1*math.sin(thida[0]))
ballc = sphere(radius = 7, color=color.blue)

balld = sphere(radius = 7, color=color.red) =g=] =7
ballc.pos=vector(16,0,0) i%/ \'/’@\'LJF% 14: ER

balld.pos=vector(-16,0,0)

pointer = arrow(pos=vector(©,38.5,0), axis=vector(0,15,0), shaftwidth=1)

rod = cylinder(pos=vector(0,-25,16), axis=vector(0,0,-32), radius=7, color=color.black)
rod2=cylinder(pos=vector(25/2,38.5,0),axis=vector(-50/2,0,0), radius=5, color=color.white)

for 1 in range(1500,n,1): BRI BERENIE

rate(75)
balla.pos=vector(l*math.cos(thida[i]),z[1]*1000-25,1*math.sin(thida[i]))
ballb.pos=vector(-1*math.cos(thida[i]),z[i]*1000-25,-1*math.sin(thida[i]))
ballc.pos=vector(1l6*math.cos(thidad[i]),0-25,16*math.sin(thidad[i]))
balld.pos=vector(-16*math.cos(thidad[i]),©0-25,-16*math.sin(thidad[i]))

rod.pos=vector(16*math.cos(thidad[i]),0-25,16*math.sin(thidad[i]))
rod.axis=vector(-2*16*math.cos(thidad[i]),0,-2*16*math.sin(thidad[i]))
pointer.pos=vector(0,z[i]*1000-25,0)
rod2.pos=vector(l*math.cos(thida[i]),z[1]*1000-25,1*math.sin(thida[i]))
rod2.axis=vector(-2*1*math.cos(thidali 0,-2*1*math.sin(thidali
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S © python
BITERIR © Jupyter
H—Hhr
import math
import numpy as np
n=5000
inertia=1.87304*10%**-7
magfor=10**-6.76
magtor=10**-7.0117
thida=[0]*n
z=[0]*n
omega=[0]*n
v=[0]*n
a=[0]*n
t=[0]*n
alpha=[0]*n
thida[0]=-2
z[0]=0.0385
omega[0]=-6.8
v[0]=-0.05
thidad=[0]*n
dt=0.001
from ipywidgets import interact
def f(omegad,k,mass,buoyancy,length):
buoyancy=buoyancy/1000
mass=mass/1000
f=-mass*9.8+buoyancy
vistor=(-2.52001*10**-5)*k/19.2*(length/25)**3
visfor=-0.48*k/19.2*length/25
inertia=mass*1.87304*10**-7/0.00405
foriinrange(1,n,1):
t[i]=0.001*i
thidad[i]=omegad*t[i]
alpha[i]=(magtor*math.sin(thidad[i]-thida[i-1])/(z[i-1]**3)+vistor*omegali-1])/inertia
ali]=(-magfor*math.cos(thidad[i]-thida[i-1])/(z[i-1]**4)+visfor*v[i-1]+f)/mass

z[i]=z[i-1]+v[i-1]*dt+a[i]*dt*dt/2
thida[i]=thida[i-1]+omegali-1]*dt+alphali]*dt*dt/2
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v[i]=v[i-1]+ali]*dt
omegali]=omegali-1]+alphali]*dt

interact(f,omegad=(50,150),k=(9.,29.),mass=(2.,6.),buoyancy=(12.,36.),length=(15,35))

IR (8
from vpython import *

size =25
|=size/2
scene = display(width=800 ,height=600, center = (0,300,0), background=(0.5,0.5,0))

floor = box(length=100, height=1, width=100, color=color.green)

floor.pos = vector(0,-25,0)

balla = sphere(radius = 5, color=color.red)

ballb = sphere(radius = 5, color=color.blue)
balla.pos=vector(I*math.cos(thida[0]),z[0]*1000,*math.sin(thida[0]))
ballb.pos=vector(-I*math.cos(thida[0]),z[0]*1000,-1*math.sin(thida[0]))

pointer = arrow(pos=vector(0,38.5,0), axis=vector(0,10,0), shaftwidth=0.5)
pointer2 = arrow(pos=vector(0,38.5,0),axis=vector(I*math.cos(thida[0]),38.5,|*math.sin(thida[0])),
shaftwidth=1)

ballc = sphere(radius = 7, color=color.blue)

balld = sphere(radius = 7, color=color.red)

ballc.pos=vector(16,0,0)

balld.pos=vector(-16,0,0)

foriin range(1500,n,1):
rate(50)
balla.pos=vector(I*math.cos(thidali]),z[i]*1000-25,I*math.sin(thida[i]))
ballb.pos=vector(-I*math.cos(thidali]),z[i]*1000-25,-1*math.sin(thidali]))
pointer.pos=vector(0,z[i]*1000-25,0)
pointer2.pos=vector(I*math.cos(thida[i]),z[i]*1000-25,I*math.sin(thidali]))
pointer2.axis=vector(-2**math.cos(thidali]),0,-2**math.sin(thidali]))
ballc.pos=vector(16*math.cos(thidad]i]),0-25,16*math.sin(thidad[i]))
balld.pos=vector(-16*math.cos(thidad[i]),0-25,-16*math.sin(thidad[i]))
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