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1. Executive Summary

In this report a wide range of research will be gathered as there will be a focus on DC drives and
its design and control techniques used. Also, a compatible example of a DC drive available will
be researched and its specification will be shown. Applications and comparisons of the four
quadrant DC drive will be given with a small conclusion of the research.

Next will be to design the four-quadrant circuit on Multisim and run a series of tests both
simulated and practically using waveforms, HMI graphs and a Pico scope.Tasks identified

The series of tests willinclude alternating the speed and torque while recording all results from
each test and comparing them.

Also, calculations will be made for the various speed setpoints and the motor constant in order
to prove the testing from the practical.

After this an analysed conclusion will is written to discuss each test and simulation and to prove

whether or not the experiment was successful.
Summary includes key points




2. Work plan for Life-long Learning

Areport will be written to investigate the characteristics of a DC motor and drive while
connected to an AC motor and how its variables are affected by alternating the values of
speed, and torque. As part of the health and safety, making sure that there iéssoo?glt?gn. such
as using MCB’s, fuses and isolation transformers due to high voltage and current. Filters for
the three-phase input must be checked to minimize spiking errors and for smoothing

waveforms. ) )
Good points included




3. Research

3.1 Design Features and Control Techniques

Three-phase Circulating current Three-phase
full converter inductors and full converter
smoothing inductance
Ao— ren. rren ——oA
: Speed
B o—+ DC Motor ..,__‘sensor ——oB
I ]
I
1l
1 * A
i = : Torque Speed
I 3”dge. reference reference
v —puf firing unit
Firing angles * Current A Reguaton § 1 Y { ' .
Pl Current Bl inadodive [ Pl Speed Good supporting diagram
Controller [ Controller
reference

Figure 1 - Four-Quadrant Three-Phase Rectifier DC Drive Diagram

In Three-phase, four quadrant DC drives are integral components in various industrial

applications due to their ability to control the speed and direction of DC motors efficiently.

These drives contain several design features and control techniques to achieve precise control

and optimal performance. By looking at figure 1, it shows a closed-loop speed control with two )
anti-paralleled three-phase thyristor rectifiers. These rectifiers form a circulating current ﬂowGOOd point here

Good point including the help of current inductors. A speed control loop then connects to the armature

current feeding the Pl current controller. By using the controller, the two thyristor firing angles
for the rectifiers are used to gather gate signals through a thyristor bridge unit.

(MathWorks, 2024) Good explanation that includes good key points

3.1.1 Design Features

With this system there are a few different stages that are implemented into the design. These
are listed below:

The DC drive includes a power conversion stage that converts AC input power into DC power.
This stage typically consists of rectifiers to convert ACto DC. Good key point

In a four-quadrant DC drive, an inverter stage is employed to control the direction of rotation of
the DC motor. This stage utilizes power electronic switches such as Insulated Gate Bipolar

Also thyristors Transistors (IGBTs) or MOSFETSs to regulate the voltage and current supplied to the motor.

These drives incorporate feedback control systems utilising sensors such as encoders or
tachometers to measure motor speed and position. This feedback is used to adjust the control
signals sent to the inverter stage, giving accurate speed and torque control.Good point

To ensure safe operation, DC drives include protection mechanisms such as overcurrent
protection, overvoltage protection, and thermal protection to prevent damage to the motor and
drive components. (rvstcc, 2024)




3.1.2 Control Techniques

In this system there are also control techniques needed for the system to operate efficiently,
these are listed below:

Pulse Width Modulation (PWM) control is commonly used in DC drives to regulate the average
voltage supplied to the motor. By modulating the width of the pulse, the effective voltage across
the motor terminals can be controlled, giving accurate speed and torque regulation.

(Media, 2024)  Good key point included

Field-Oriented Control techniques are employed in advanced DC drives to control both the
speed and torque of the motor independently. By aligning the field vector with the rotor flux,
FOC ensures optimal performance and efficiency. (Lewin, 2024)

DC drives use current control loops to regulate the armature and field currents of the motor. By
maintaining the desired current levels, the drive can achieve smooth and stable motor

operation across varying load conditions. (Torres, 2024) Good technical information
Dual converter functions for 4 quadrant operation should be
included

3.2 Details of a Suitable DC Drive

One suitable DC drive is the Siemens SIMOREG DC MASTER. This drive offers precise control
and flexibility for various industrial applications.

Good supporting image

There is probably an accompanying
SIEMENS " circuit diagram avialble for this driver.

Rated Voltage Up to 690V

Power Range 6 kW to 1900 kW




Control Modes Armature Voltage Control, Field Voltage Control

Feedback Options Analog and Digital Feedback
Communication Interfaces Profibus, Profinet, Ethernet/IP
Protection Features Overcurrent Protection, Overvoltage Protection,

Thermal Protection

Advanced Controls FOC, PWM Control
Field Orientated Control

Manufacturer Siemens AG

There coud be more details such as connections and key parameters
(Siemens, 2024)

3.3 Typical Applications and Comparisons

3.3.1Applications

These drives find applications in industries requiring precise speed and torque control, such as
steel rolling mills, paper mills, and cranes. They offer both forward and reverse operation with
regenerative braking capabilities. (McTaggart, 2024) Applications are identified

3.3.2 Comparisons

Unlike single-phase converters, four-quadrant DC drives offer bidirectional control and

regenerative braking, making them suitable for applications requiring dynamic speed and
torque controlGood point included

While chopper drives also offer bidirectional control, they are limited in power handling
capacity compared to four-quadrant drives. Additionally, chopper drives are typically used in
low to medium-power applications.Chopper fed drives application is identified

AC drives have higher efficiency and improved control algorithms. However, DC drives still hold
advantages in certain applications requiring precise speed and torque control, especially in

industries with existing DC motor infrastructure. (Danfoss, 2024) Good key points here

Research Conclusion

Three-phase, four quadrant DC drives offer control and flexibility for various industrial
applications. By employing advanced design features and control techniques, these drives
ensure better performance and efficiency rates. Even though modern AC drives are improving,
DC drives remain relevant in industries requiring speed and torque control. The choice between
different drive types depends on factors such as application requirements, existing
infrastructure, and cost considerations. Good points in conclusion for research content.
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4. Simulation and Design Adaption

4.1 Three-Phase Full Wave Fully Controlled Rectifier

Firstly, Multisim was used to create a simulated circuit consisting of many components that are

listed in the figure below. Once the circuit was designed and built, it could then be simulated.

6 controlled rectifiers in bridge

| Voltmeter for Armature Current ‘

connection.

=nuw

Firing Angle

Figure 2 - Three-Phase Full Wave Fully Controlled Rectifier

For simulating the circuit, a battery formed voltage source is connected directly to the phase
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Very good
annotated cct
diagram. key
components are
identified.

Good work

Point of key components should be explained

angle controller. This will then determine the firing angle as the voltage is directly proportional to
The reason for the offset should be explained

it.

By using the equation below, five different firing angles were then used to work out the average
voltage foreach angle.

Vmean =

(cos a)

Good point

Formula is identified

Vmax =242v (had to deduct 2v for the volt drop thyristor firing). This figure can be shown in
Figure 77?7 in the appendix.

Number should be shown




Next, by using the equation given and knowing the Vmax, the five different firing angles were
then used to calculate each average voltage.

a=10
a =20
a =30
a =40
a =50

3 x 242
—— (cos10) = 227.6v
m
3 x242
(cos20) = 217.1v
3 %242
——— (cos 30) = 200.1v
3 x 242
—— (cos 40) = 177v
o
3 x242

(cos50) = 148.5v Excellent work here

After calculating the different firing angles, each angle was used in Multisim and a simulation
was done by recording each angles waveform and also seeing what readings the armature
current voltmeter had. This can be seen in figures 27-31 in the appendix.Good ref to appendix

After calculating and simulating the five different firing angles, a table of results was then
created to see if all the tests and calculations matched and were successful. This can be shown

in the table below.

Table 1- Table of Results for Firing angles Calculated and Simulated

Armature Mean Voltage (V)
Alphaa Error | Evidence

Simulated Voltage | Calculated Voltage

- Good explanation and use of

10 227.3v 227.6v 0.3v | Figure27 table for test results. Good ref to
20 217v 217.1v 0.1v | Figure 28 | fig numbers in appendix.
30 199.9v 200.1v 0.2v | Figure 29
40 176.7v 177v 0.3v | Figure 30
50 148.3v 148.5v 0.2v | Figure 31

By looking at the table above its clear to see that there is very little errors between the

calculated and simulated average

armature voltage. This indicates that the tests an

simulations were a success as they almost marched the calculated results.

10
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4.2 Dual Converter

4.2.1 Multisim Circuit

"
a1 s

Knys dpnse

Hoye e

Figure 3 - Dual Converter Multisim Circuit

Good work here

£
3
g =
£ 3§
H

Mo o
e b b 1 e
I st ity o

Rt e solage ke R NV

Next was to create a modified circuit on Multisim to create a dual converter, this can be shown
in the image above. While building this circuit a modification was made to the three-phase full
wave fully controlled rectifier circuit that had already been created. Good point
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The modification was to add an additional 6 thyristors and reversing their polarity to the original

bridge 1, these would then identify as bridge 2. By running the simulation on the Multisim

Good work

software, there were 4 waveforms gathered with each waveform representing each quadrant.

Quadrant 2

Voltage is Positive and the current is negative.

Quadrant 1

Green is Voltage and Red is the current, both are positive.

Good test result

Quadrant 3

Average voltage is negative, and the current is also negative.

Good test result

Quadrant 4

Average voltage is negative, but the current is positive.

-

Good test result

Figure 4 - 4 Quadrant Waveforms for Dual Converter

Voltage +V

Figure 5 - 4 Quadrant by Matsusada

+ jueun)

Good test result

This is excellent work here comparing with theory

As shown by Matsusada’s theory the
waveform with a positive current and voltage
represents quadrant 1, a positive voltage and
negative current represents quadrant 2, a
negative voltage and current represents
quadrant 3 and a negative voltage and a
positive current represents quadrant 4.

(Matsusada, 2024)
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Table 2 - 4 Quadrant Comparison

Quadrant Simulated Results Expected Results
1 +V, +| +V, +|
2 +V, -l +\, -1
Good useful
3 Vol V. table for
4 A, + -V, H operation

By looking at the comparison table above, the simulated results were the exact same as the
expected results. Therefore, the tests that has been completed were successful as it proved the
theory correct.

Excellent work with this section
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5. Practical Investigations

5.1 Practical Setup

Figure 6 - Panel including both Drives

Very good annotated images of test setup

Figure 7 - AC Induction and DC Motor

By looking at the figures above, the practical was focused on an AC - DC motor system. The AC
motor is controlled by a Siemens S120 Drive while the DC motor is controlled by a Siemens
Three-phase Sinamics DCM DC converter. The AC motor is acts as a variable load to the other
motor and the two are mechanically connected by a drive belt and pully. Good key points identified

During the practical, there were waveforms taking by a Pico scope as well as the waveforms off
the HMI screen of each quadrant.

14




Notsimut

5.2 Four Quadrant Operation

Excellent annotated
image of test result
for all 4 quadrants

Figure 8 - Four Quadrants HM! Practical

?exé was to capture the waveforms of all four quadrants in one image, this was done by running
e simulation of the two motors and examining the characteristic of each quadrant to see the
outcome of the results gathered. By looking at the image above each quadrant has been
separated into its own category to show its characteristics. The blue line represents the voltage
and the red line represents the current.Key parameters identified

Next was to gather the results of each of the four quadrants from the Pico scope. These results
can be shown below.

Quadrant 1

| |

1K h | f\ \

\\ \‘ i e\ ] Vo
Wk\ |||‘i"' /\;\ L,’ \ -i.l.‘\v‘ \‘ .|:.’-' "’\‘/ |
i" \\. r' \.‘. I_. ._ .\‘! \

Good test result

Channel | Name | Value | Min | Average \ [ | Capture Count
DC Aversge 1854V |185V 1859V 1854V 2514 mv |20

B DC Average 1502 A 1454 A 1513 A 1505 A 6169 mA 20
< |AC RMS 483V |aTzv 4138V
=]

AC RMS 16004 1T A 13 A cmm'zo ‘Whole trace

Figure 9 - Quadrant 1 Pico scope Waveform
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Quadrant 2

alafowev o [adfee - [fngfafsws - [adioe - fegfa]rw
E-xli

i a3

a0 4

| Average

|4127v

|o

| Capture Count

173V 1727 V 1701 mV |20
1611 A -1622 A 6435 mA 20 Whole trace

Good test result

Figure 10 - Quadrant 2 Pico scope Waveform

Quadrant 3

wen

Channel | MName |Value |Min

| Max

| Average

1857V |-1863V |-1855V |-1858V

-1634 A

AC RMS 418V 4105V

1614 A
4184V

-1622 A

415V

|a | Capture Count
2135 mV |20
5421 mA 20

3243V |20

| Span

Whaole trace

Whole trace

Good test result

AC RMS 1712 A 1607 A

1721A

1709 A

738mA |20

Whole trace

Figure 11 - Quadrant 3 Pico scope Waveform
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Quadrant 4

Good test result

00 50 avn

Value Min Max Average o Capture Count
ATI2V |ATITV |-T3V |-1734V 172 mv
DCAverage 1592A  1S87TA 1604A 1507 A 5219 mA 20 Whole trace

Whole trace
‘Whole trace

Excellent set of test results that clearly show the values
changing polarity for each quadrant.

Figure 12 - Quadrant 4 Pico scope Waveform

After gathering all the waveforms for each quadrant during the practical, each result from the
Pico scope, HMI and the expected results were then put into a table of comparison. This table
can be seen below. Although the Pico scope doesn’t measure torque and speed, in this case,
the speed of the motor is proportional to the voltage and the torque is proportional to the

current. . . . o
Good work here. The proportional parameters in the system are identified

Table 3 - Four Quadrant Operation - Practical Results Comparison

Quadrant HMI Result Expected Result Pico scope Result
1 Positive Speed and Positive Speed and Positive Voltage and
Torque Torque Current
2 Positive Speed, Positive Speed, Positive Voltage,
Negative Torque Negative Torque Negative Current
3 Negative Speed and Negative Speed and Negative Voltage and
Torque Torque Current
4 Negative Speed, Negative Speed, Negative Voltage,
Positive Torque Positive Torque Positive Current

Good use of table for evaluation of results

17




5.3 Various speed setpoint with constant torque (Discontinuous)

racticals

practical

Next was to run three simulations by using 3 different speed setpoints but each simulation
would have the same torque setpoint. The Waveforms and the HMI screens for each speed

setpoint test can be shown below.

Speed Setpointat 1100 rpm

[ verage

2028V 2031V 1301.. 20 Whole trace
DC Average 1512A (1514 15424 1524A 851mA 20 Whole trace
AC RMS A4V (40BSYV 4148V 4118V 2266V 20 Whole trace
AC RMS 1708 A 1704 A 17354 172A 0 9803 20 Whole trace

Figure 14 - HMl at 1100rpm

18

Good test result




Speed Setpoint at 1500rpm

= Span
DC Average 2749V 2754V Whole trace
B DC Average 1564 A (1507 A |16B3A 1574 A (5003 . 20 ‘Whole trace
C AC RMS 4159V 410V 4172V (4132V 2878V (20 ‘Whole trace
AC RMS 1.78T A (1682 A |1925A |1.77BA |5656.. |20 Whole trace

Figure 15 - Waveform at 1500rpm
Good test result

SIEMENS

Figure 16 - HMI at 1500rpm
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Speed Setpoint at 1900rpm

08 0B

A DC Average 3444V 3472V 345V 1.062 V Whole trace
B DC Average | 1495 A  1.318A |1635A 1486A |71.53.. (20 Whole trace
C AC RMS 4125V 4095V 4166V 4135V 211V 20 Whole trace
D AC RMS 16/9A 156A |1887A 1713A |8188.. 20 Whole trace
Running | b W |Tigger More ~ | | Messurements [ (@ (@ | Rulers [ Motes
RN — - =

Figure 17 - Waveform at 1900rpm

SIEMENS

Figure 18 - HMl at 1900rpm

20

Good test result




These results were gathered from the waveform on the Pico scope and the HMI vales and put
into a table of results. This can be shown below.

Table 4 - 3 Speed Setpoints with a Constant Torque

3 Speed Setpoints with a Constant Torque

Test Recorder HMI Pico Scope HMI Pico Scope HMI Pico Scope
Armature Voltage (VA) 202.98v 203.1v 277.02v 274.7v 345.40v 344.7v
Firing Angle (Deg) 79.65 75.86 58.42
Back EMF 198.185 270.28 339.711
Speed (RPM) 1088.6 1489.9 1900.0
Power (kW) 0.30 0.43 0.38
Actual Torque (Nm) 2.0 2.15 1.87
Armature Current (la) 1.52A 1.524A 1.56A 1.564A 1.58A 1.495A
Field Current (If) 18.648 18.671 18.699
Excellent table of results
By looking at the HMI and the Pico scope results for each test set point, the values are very
similar this proves that the simulations were successful as we can see clear patternin the
change of speed. The difference in current is due to the characteristics of a DC motor.
Good point

21




Next was to calculate the derived formula for Vmean. This can be shown in the calculations
below.

Vmean = Area A -]:Area B Formula is identified

3

Area A=E ><Y=[a:—g]

Area B = Vmax sin(f) d6
3+a

Vmax = [- cos(0)]x,
3

T
Vmax = [(—cosm) — (cos(§ + a)]
Use the rule cos(A + B) = cosA.cosB —sinA.sinB
If, cosm= -1
m

cos— =
3

sint =0
1

%]

2
V3
sing=—
11'13 2

Therefore : cos (73_r+ a) =cos ) cos a — sin (g) sina

w3

1 3
=—C05a ——sIna
2 2

1 V3

Vmax[(——1) — (- Scosa —?Sin a)]
1 V3

Area B = Vmax[1 +Ecosrx ——sina]

E .(a —%) + Vmax[1+ %cosa —gsina]
Vmean =

T
3

1 3
Vmean = —{E.(a —g) + Vmax[1 + Scosa fisin a]
T

Good work here
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After calculating the derived formula, the calculations for speed setpoint at 1100rpm can be

done. This is shown in the equation below. The Vmax value is shown by the cursor table on the
Pico scope shown in the appendixin figure 32.

Speed Setpoint at 1100rpm
HMI > E =198.185v
a =79.65° (1.39)

Pico Scope Waveform > Vmax = 591v

3 1 3
& Vmean = —{198.185 X (1.39 —g)} + 591[1 +Ecos(1.39) —gsin(l.m)]
w

Vmean = 205.53v
Good work

The calculations for speed setpoint at 1500rpm can be shown below.

Speed Setpoint at 1500rpm
HMI > E = 270.28v

a = 75.86° (1.324)

Pico Scope Waveform > Vmax = 591v

3 T 1 V3
s Vmean = ;{2 70.28 x (1.324 _E)} + 5911+ 3 cos(1.324) — 73in(1.324)]

Vmean = 238.32v Good work

The calculations for speed setpoint at 1900rpm can be shown below.

Speed Setpoint at 1900rpm
HMI > E =339711v
a =58.42°(1.02)

Pico Scope Waveform > Vmax = 591v

3 1 3
& Vmean = —{339.711 X (1.02 —g)} + 591[1 +Ecos(1.02) —gsin(l.oz)]
w

Vmean = 300.7v
Good work

The results from the calculations were then put into a table of results which can be shown
below.

23




Calculation Speed at 1100rpm

Speed at 1500rpm

Speed at 1900rpm

Vmean 205.53v

238.32v

300.7v

Good table of results

5.4 Various Torque Setpoints with Constant Speed (Continuous)

Next was to run similar simulation test as previous but with a various torque set points and a
constant speed setpoint. These simulations can be shown in the waveforms from the Pico

scope and the HMI screen values below.

Torque Setpointat SNm

46 06

ETE

1245

1" Whole trace

B DC Average 3867 A |3836A (3901A 3B63A | 186mA
< AC RMS 473V 4A1AV 4TIV 414V 2803V 11 Whole trace
o] AC RMS 345 A 34424 35ITA 34T5A (2634 11 Whaole trace

Good test result

NS

Figure 19 - Waveform for Torque set at SNm

=

[ve ]
e
(o
[ ]
o]
[ ]
linsas ]

Figure 20 - HMI for Torque setat SNm

24




Torque Setpoint at 3.5Nm

08 8

DC Average 366V
B DC Average 2543 A (25124
C AC RMS 4206V 4145V
D AC RMS 2451 A (2423 A

Whole trace
Whole trace
| Whole trace
‘Whale trace

2821 A 2654 A
4207V 4172V 2385V 20
2701 A 25394 9384 (20

Figure 21 - Waveform for Torque setat 3.5Nm

SIEMENS

Figure 22 -HMl for Torgue set at 3.5Nm
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Good test result




Torqg

ue Setpoint setat 2Nm

DC Average 3632V 1.081V

|DC Average 1485A |1321A |1.984A |1679A 167.2.. 20
|[ACRMS 4162V 4119V |418V 4152V 1879V 20
ACRMS  1663A (1468A |2088A |183A | 1572.. 20

Whole trace
Whole trace
Whole trace
Whole trace

SIEMENS

DCM Four Quadrant Drive

—,

e L NN TN AN

Figure 24 - HM| for Torque set at 2Nm
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Good test result
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After gathering all the results from the simulation tests, these were then put into a table of
results which can be shown below.

Table 5 - 3 Torque Setpoints with a Constant Speed

3 Torque Setpoints with a Constant Speed

Test Recorder HMI Pico Scope HMI Pico Scope HMI Pico Scope
Armature Voltage (VA) 370.61v 370.5v 370.60v 366v 365.20v 363.2v

Firing Angle (Deg) 47.35 51.31 51.80

Back EMF 353.74 356.907 360.513

Speed (RPM) 1994.7 1995.3 2059.6
Power (kW) 1.40 0.93 0.57
Actual Torque (Nm) 5.06 3.49 2.06

Armature Current (la) 3.74A 3.867A 2.61A 2.543A 1.80A 1.485A
Field Current (If) 18.647 18.665 18.664

Good table of results

By looking at the table of results the comparison between the Armature Voltage and Current for
the HMI and Pico scope for the three torque set points were similar. The characteristics of the
results show that when the torque is increased the current decreases. Due to these results
being similar for both test recorders this indicates that the simulations were successful as the

correct results were obtained.
Good test results and very good method of presentation using tables.

Excellent level of detail in the tables.

The explanations could have been more detailed
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5.5 Motor Constant

practical
Next was to run a simulation for the motor constant values. The waveform for this can be shown

below with the cursor table included.

lon =la? @[ lime oj[s]e [+ e -[+] ] 5w+ @] o [PmOasSo]a
agfelow - Teloc - [l falene - efloc - Tlefaleiw - [ojlac - fe [o] - & -

om

Good test resu/%ng parameter
values needed for calcs

Channel Average Capture Count Span

DC Average 185.7V 1857V 0V 1 Whole trace
B DC Average |1.521 A |1.521A |1521A |[1.521A 0A 1 Whole trace
C |ACRMS 413V 413V 413V 413V ov 1 Whole trace
D AC RMS 1.732A (1.732A |1.732A [1.732A |0A 1 Whole trace

Figure 25 - Motor Constant Pico Scope Waveform and Cursor Tables
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After running the simulation, the calculations for the motor constant could be done using the
values from the HMI. This can be shown below.

m DCM Four Quadrant Drive

Figure 26 - Motor Constant HMI

Dynamic Resistance:

Di
Va=E+IlaRa+ LE Formula is identfied

Di
Using Peak Current, L Di- 0

Re-arranged equation for armature resistance:

po  Va—E _ 202,98 198185
“="a - 152

Then by substituting Ra into the original equation, this can confirm the value for the armature
voltage.

= 3.15 Ohms Ra value is identified through calc

Va =198185+ (1.52x3.15) = 202973 ./ work

29




Motor torque constant:

Kt r_206 1.36
“la 152 7
Motor Back EMF:
Ea
Ke = —
Where w:
Rpm 1100
w=——=——=175.07
2w 2m
Therefore Ke:
Ea 1100
Ke =—= = 6.283v/Krpm
w  175.07 Good work here
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6. Conclusions and Recommendations

In this report the research was carried out about the four quadrants for a DC drive based on the
Siemens DCM DC converter that was using in the practical. The control techniques and the
different loop stages were mentioned and understood. Applications for the system was given to
show what the system could be used for in domestic and industrial purposes.

During the design of the four-quadrant on Multisim this circuit was made up of many
components such as controlled rectifiers, phase angle controllers, oscilloscopes, supply, .

. . . - . . . Good key points
transient snubbers, isolating transformers and a firing angle. The simulation for this four- - om tasks
quadrant design was proven to be successful as the expected results matched the test results
proving the theory. Good point

The dual converter circuit was then designed by adding 6 more thyristors and reversing the
polarity to create two bridges. The simulation that was carried out for this \azggglso,suclgessm

oint that unéer ins the
asthe expected results matched the test results also proving the theory. uderstl()mding why the sua/ converter

Afterthe practical test was complete for the four-quadrant operation, wavet8aeiere gathered
fromthe Pico Scope and then HMI screens were compared, and table of results was made. The
simulation and results gathered for this was a success as the expected results matched the test

results for the simulation.

practical
After running the simulation tests with various speed set points the values from the waveforms

were gathered and then putinto a table of results. By comparing the HMI and Pico Scope results
for the VA and IA, the tests are deemed successful as they were similar. Next was to calculate
the Vmean for each speed setpoint and put the final values into a table of results. The pattern
with is was as the speed increases the so does the average voltage. Good key point identified

Next a similar test was done by changing the setpoints for the torque but keeping a constant
speed. No calculations were done for this, but a table of results was made. The simulation tests
for the Pico scope and HMI were similar, the patter was as the torque would decrease then so

would the armaturt/a current, therefore these simulations proved to be successful. Good point identified
practica

Finally, a simulation test was conducted to obtain the motor constant for the results gathered
fromthe HMI and Pico scope with the speed at 1100rpm. After calculating the results, the VA
calculation was similar to the HMI results proving that the test was a success.

There are a few recommendations that could be made to improve this method of testing and the
report. One improvement would be to compare the torque setpoint values as was done for the .
speed setpoints. Another improvement would be to measure for power attributes using powé;eocziv‘gggdation
meters, to obtain power factors, reactive power and real power. Also, more use of the field

current to test motor speed by altering the field resistance. Finally, further testing data from the

above to create characteristic graphs. This is also a good recommendation
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8. Appendix

Alpha =10°

Oscilloscope-XSC1
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10 Good test result
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Figure 27 - Alpha = 10°
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Alpha =20°

Oscilloscope-XSC1
— - -
T .\ -~
\N\\r \r\r\\
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Figure 28 - Alpha = 20°




Alpha =30°

Oscilloscope-XSC1 %
2 ¥
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" Good test result
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Figure 29 - Alpha = 30°
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Alpha = 40°

Oscilloscope-XSC1 X
= b4
Time Channel_A Channel_B
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Figure 30 - Alpha = 40°
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Alpha =50°
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Vmax =591V

Good test result with waveform
showing key parameters
necessary for calculations.

o Good work here

Figure 32 - Vmax Waveform
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