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Halbach Array of Magnets
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Halbach Array in an Actual Bullet Train




Our Inductrack System without
Safety Enclosure




Copper Inductrack Rail
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Magnetic Field Interaction
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Objectives

Selection of suitable platform for controller
Implementation, which will allow a user to enter desired
levitation height.

Use of the selected platform to generate a PWM signal
to drive the power electronics.

Design controller implementation for system autonomy.
Selection and design of appropriate power electronics
which will allow control of the PWM signal.



Common Dc Motor Circuit Schematic



Measurable Quantities:

w_ — machine rotational speed /- armature current
V, — source voltage

Parameters to determine:

R, —armature resistance L_ —armature inductance
k ,— motor torque constant k.. — back emf constant
B — motor viscous friction T _. — coulombic friction

J — moment of inertia



Values Used for Motor Model

R=2.00 QO L =0.0216 H

k,=0.615 "m/, k,=0.615 Y/ aa/s

I,=05105 Nm B=0.0061 "/ .4/
J=0.216 kgm?
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Green = Experimental Steady State Blue = Model Simulation




Voltage | Velocity | SIMULINK Model | % Error
Va (V) W (rad/s) W (rad/s)
7.15 8.792 8.643 1.69%
11.15 14.915 14.947 0.22%
13.00 17.741 17.861 0.68%
16.85 23.864 23.925 0.26%
20.34 29.830 29.421 1.37%
45.35 70.650 68.815 2.60%
49.96 76.930 76.077 1.11%
54.86 85.958 83.795 2.52%
64.70 102.050 99.295 2.70%




Plant for Closed Loop Control

G(s) = 109.09

s2 4+ 92.62s + 69.25 p1 = —91.86 [rad/s] p2 = —0.75 [rad/s]

Pole-Zero Map

nd

Imaginary Axis (seco

Real Axis (seconds™)



Controller Transfer Function
Using Matlab

Controller Transfer Function:

St1

C(S) = kp T

Design Specification 1: steady state

error =0
Design Specification 2: Less than 10%
overshoot. (=0.707 o U
Design Specification 3: { < 6 seconds :

A more realistic Transfer Function:
St2Z
kp
s(s+p)

Alead network with integral action




Controller Transfer Function Using Matlab

s+ 1.56

€O =771 7602




Open and Closed Loop System
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Simulation Results for Open and
Closed Loop System

= Controller Blue = Uncontrolled

Rotational Velocity (rad/s)




Determining Sampling Time

C(s) = 75.71 s + 1.56
S) = . _
G = 109.09
s(s + 76.92) (s) s2 + 92.625 + 69.25
Desired Resulting
Rotational Rotational

Velocity Velocity
\w ,
+

s+ 156

Gey(s) = 1.42
1 (5) s* + 169.545% + 7193.8552 + 13776.925 + 13207.69




Magnitude (dB)

Phase (deg)

Determining Sampling Time

Bode Diagram

Frequency (rad/s)

T, <

40 X BW

T.< ————
® 40x 1003

T, < .0125 sec



Converting continuous time to
discrete time controller

s+ 156

€)= 7571 37692y

Discrete Time Controller:

T, = 0.01 sec

0.5453 + 0.5369z71
1—-1.463z71+ 0.4634z2

C(z) =



Performance Specifications for
Controller

e The controller selected 1s a Spartan 3E FPGA
board.

e The ADC chip has enough resolution to handle
changes of .0002v 1n displacement sensor
voltage.

e The controller shall sample displacement at least
every S0 ms.



High Level Block Diagram
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Datasheets
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Controller Flowchart
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PWM Flowchart

Start = User Input

Check User Input

Set Percent = Input

If count < else

Percent

PWM out=1
Count++

else

PWM _out=0
Count++




PWM Oscilloscope Results

Ch1 Period
1.024ms

Chi +Duty

$0.39%

Chi
19.61%




ADC Flowchart

S15- 512 are DON'T CARE values

Done=0

Busy=1

CS_L=0
ADC_data<=SData

51150 are the Anzalog to Digital Values

Done=0
Busy=1
CS_L=0
ADC_data<=SData




ADC Simulation Results
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ADC Input Results
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Input Voltage and Output Voltage




Equipment and Parts List

Oscilloscope
Spartan 3E starter kit
ADC chip

VHDL

Maglev system in power lab



Schedule for This Semester

o 11/26-12/10 Code rotary encoder



Schedule for Next Semester

e 1/28-2/4 Combine rotary encoder with
PWM code to be able to vary duty cycle

e 2/11-2/18 Create lookup table to convert
user input to PWM duty cycle

o 2/25-3/4 Select power electronics and
design circuit to power motor



Schedule for Next Semester

3/11 Test power electronics
3/25-4/1 Implement controller design

4/8-4/15 Make system a stand-alone
system and mount FPGA on a PCB

4/22-5/6 Prepare for final presentation
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