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APPENDIX A: VOLTAGE CONVERTER DESIGN

Converter requirement:

Maximum input voltage (Vm(max)) =12.5V
Minimum input Voltage(Kn(min)) =11.5V
Output voltage(V, ) =5V
Output ripple(Vpp(maX)) =0.5V
Output Current(l out ) =1.24

The basic design is done by SwitcherPro software depending on the basic

requirement. Figure A.1 shows the schematic of the software design.
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Figure A._1: Basic schematic get from the software
C1 and C9 capacitors are replaced with 220uF capacitors. The total system
cost is reduced due to this replacement. Also, the input ripple is reduced, because the
capacitor has less ESR and high capacitance. The input voltage ripple is calculated as

follows.

(IOUT x 0'25)"' (IOUT X ESRin(max))

Copux XF gy

AV, =

in

AV, =Voltageripple Cy  =Inputcapacitance  F, =Switching frequency
ESR .. = Maximum ESR of input capcitor
(1.2x0.25)+ (1.2 900mQ)

AVin =
2201 % 500k
=0.0125V
Vpk—pk = 2A I/in
=0.025V
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The voltage ripple is lesser than the required level, so this capacitor is
suitable for this design. This capacitor can tolerate up to 25V, therefore, it can

withstand the input voltage.

Inductor (L1) replaced with the 68uH. The inductor can tolerate up to 1.5A.
Also, it reduces the current ripple in the output side and it eliminates the spikes in the

output side. The RMS current and the maximum current are calculated as follows.

Vauz (Vz‘n(max) - VOUT) T

V1n(MAX)L0UT FSW(M[N)

2
12{12.5x68ux 500k

=1.444

IL(RMS) = (Iom(max))2 +é(

)i .y " VOUT (VIN(MAX) - VOUT)
(PK) — T OUT(MAX)
e v 1'6I/1N(MAX)LOUTFSW(M1N)

:1_2+( 5x(12.5-5)) J

1.6 x12.5x 681 x 500k

=1.2554
1, zusy = RMS current through the inductor
1, ) = Peck current through the inductor
Loy = Output inductance

I rms) 18 lesser than the inductor maximum RMS current (1.5A). Also, I k)
is lesser than the saturation current of the inductor (1.4A). The calculation is done at

maximum current. Therefore, this inductor is suitable for the design.

C2 capacitor is replaced with 330uF, because the output filtering is increased
and the cost wise both are same. The cutoff frequency for output filleting can be
calculated as follow. The maximum rated voltage is 6.3V; therefore it can tolerate

the output voltage (5V).
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85
Fie =l 3277 ~
3357L,,,Cour

=1062.24Hz
F, . = Output filter cut off frequency
C,,r = Output capacitor capacitance
Frc 1s very lesser than the switching frequency (500kHz). Therefore, this
capacitor and inductor value can produce a good filtering on the output side. The

maximum allowable output capacitor ESR is calculated as follows.

85xV,
ESR,,x = ot 2
2nC oy Fie

=182m€

ESR,,,, = Output capacitor maximum ESR

ESR maximum is greater than the C2 capacitor ESR (50mQ). Therefore, it
can be used for this application. Output voltage ripple for the selected components

can be calculated as follows.

. ESRXV 57 (Vin(MAX) T VOUT)
il N, CVIN(MAX)LOUTF SW
_ 50mQx5%(12.5-5)
 1x12.5% 68 x 500k
=0.0044V
ESR = ESR of the selected capacitor

Vokpk 18 lesser than the required level (0.5V). Therefore, it satisfies the
requirement. The component which was selected for this converter design can satisfy

the specification.
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APPENDIX B: MECHANICAL CALCULATION

Acceleration of the crystal:-

The maximum speed of the motor is 0.157rad/s. The time taken for the
acceleration is 100us. The speed of the motor and the load inertia are very low.
Therefore, the motor can start the rotation immediately. The maximum acceleration
time is equal to the minimum microsteps delay. The actual delay is more than this.

0.157

Acceleration = —_
100

1570.87ad / s*

Inertia of the crystal:-

Figure B.1 shows the load which is used for the application. The mass of the
load is 0.3kg. The inertia for solid cuboids was calculated, but the load is not
complete cuboids solid. Therefore, the actual inertia is lesser than the calculated

value.

3cm xis of

TOP VIEW

cim

1

LOAD

~—— Motor shaft

SIDE VIEW
Figure B.1: Crystal mounts

2 2
. . miw- +d
Load inertia = J—)

12
0.3(0.017 +0.03%)
12

2.5x10 kgm*

The crystal and the holder mass and the dimensions are lesser than this load.

Therefore, the inertia of the crystal is lesser than the calculated value.

Starting torque:-
Starting torque = Ja
= 0.000025%x1570.8
= 0.0392 Nm
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APPENDIX C: QEI MODULE DESCRIPTION

The incremental quadrature encoder generates the 3 pulse output. Those
signals are QEA, QEB and index. The encoder generates the pulses depending on the
angular position of the motor. The index signal is used to identify the reference (0"
position) of the motor. The index pulse generated position is considered as the
reference point. Therefore, the index signal of the encoder is used to create the
absolute position reading. There is a 90° phase shift between QEA and QEB signals.
Figure C.1 shows the waveform of these signals. The encoder generates 10,000

pulses per revolution.

Figure C.1: Enco.ti(.ar pulse
The QEI module in the microcontroller is using these signals and counts the
position. The QEI module increased and decreased the counter depending on the
rotation direction. It uses the 16bit counter for the position counting. There are 2

different modes of counting in QEI module. Those are x2 and x4 mode. Figure C.2

shows the counter changing points in the waveform for each mode.

The QEI module can detect 4 positions within the one clock period in x4
mode. The encoder resolution is higher than the x2 mode. The QEI module can
detect 40,000 positions in one revolution. Therefore, the encoder resolution is
0.009°, so x4 mode is selected for this design. The index pulse width covers the 2
encoder positions in x4 mode. The QEI module can select one position as the index
position according to the configuration. We can select QEA and QEB logic value for

the index position detection.
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Quadrature Decoder Signals in x4 Mode
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Figure C.2: Mode of counting
Example:-

The QEA and QEB should be logic 1 for detecting the index point. If the

index pulse and another 2 signal are higher than only the index position will be

|
detected.
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Figure C.3: Index detection

Table C.1: Encoder specification

Operation voltage 3.3-28V
Input current 100mA
Output format incremental
Output type Open collector
Pulses 10000 pulse per revolution
Index One per revolution
Max Shaft speed 8000RPM
Bore size S5mm
Max Acceleration 1 x10°rad/s’
Starting torque 0.001Nm
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Digital filter
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Figure C.4: Filter structure

Figure C.5: Waveform of the filtering

Figure C.4 shows the filter structure. Figure C.5 shows the waveform of the
filtered signal. Tcy clock is used to control the digital filtering. The period of the T,
clock is 3.2us. The state of the QE signal is decided after 4T, clock pulse. The filter
creates the 12.8us phase delay. It eliminates the short pulses generated by the noise.

The pulses which have the period less than the 12.8us are removed.
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APPENDIX D: MOTOR SPECIFICATION

Motor specification:

e Maximum current per winding 0.21A.
e Resistance per winding 57.1Q.

e The inductance of the winding is 32mH.

Maximum power loss per winding = (I°R) *2
= (0.21%) * 57.1%2
= 4.568W
The system is not battery powered. Therefore, this loss is not a problem. The
motor case is made of metal, therefore the heat transfer to the environment quickly.

The motor is not damaged due to the heat.

Resonance vibration compared with the standard stepper motor
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Figure D.1: Vibration comparison between the motor
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Figure D.2: Torque vs. speed
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