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1. Research
In the analysis of the waveforms produced by the rectifying circuit, a few assumptions are made:
The rectifying devices will have a zero-forward volt drop and rectifying devices will have zero reverse

recovery time. These assumptions can be made when the supply voltage is large, and the frequency

of the supply is low (50/60Hz).

Single phase, full wave, controlled rectifier
The first circuit to be researched is the single phase full-wave controlled rectifier; with alow resistance,

high inductance and back EMF. The diagram in Figure 1 shows this circuit.
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(Coleg Sir Garfhis is not a published source but a hand drawing, no
citation needed.
Figure 1 - single phase, full-wave, controlled rectifier

Basic operation of the circuit:

For the thyristors to conduct and allow current to flow, the thyristors must be fired in pairs; T1 & T2,
T3 & T4. The easiest way to achieve this is to connect the pairs to the same firing circuits, T1 & T2
controlled by one firing circuit, T3 & T4 fired by a separate firing circuit. (Lander, 1993, pp. 50-52) T1

and T2 are fired at the angle @, T3 and T4 are fired at i+ a.

The firing angle q, is the value that effects when the thyristors are fired. When the load current is

Vimax

continuous, the load Vmean = 2 cos o (Lander, 1993, p. 53). Using the Vmean equation it can

pi
be seen that: The maximum value of Vmean is achieved when a is 0°. The minimum value of Vmean
is achieved when o is 90°. This is the very basic principle behind the control of a dc machine connected

to the output of the rectifying circuit, by varying only angle a.
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Figure 2 - Single phase rectifier waveform

Figure 2 shows the waveform produced from the circuit in Figure 1, with a small value of alpha that
produces a continuous load current. The output voltage waveform can clearly be seen as a sine wave,
with the strange shape being caused by the firing delay. If the firing delay was set to 0, the complete
sine wave would appear across the load. It can be seen from the waveforms that the output current
is the sum of the two sets of thyristor currents, or the supply current if the negative half cycle was

flipped positive. The back EMF does not appear in this example as the current is continuous.

The peak forward and peak reverse voltage values are also shown in Figure 2. The thyristors must be

correctly rated based on the respective max voltage levels.

The firing angle can be pushed passed 90° which causes Vmean to become negative. This is called

Inversion. This happens because if a > 90°, cos a in the Vmean equation becomes negative.




When the output current is discontinuous, the equation is slightly more involved, as one can’t simple
integrate the area under the voltage output curve. This is because when the current becomes
discontinuous, the sine wave is no longer intact: The back EMF appears across the load and must be

taken into consideration as it effects the average output voltage. The following equation can be used:
1 Vi )
E(E(a: -B)+ 5 [cos(a) — cos(pi + B)]

Where: Vm =V max. E = Back EMF. a = firing angle. B = current conduction angle.
(Krishnan, 2001)

Figure 3 shows an example of what discontinuous current looks like, in terms of the load voltage and

load current. The moment the output current drops to 0 the back EMF is clearly seen across the load.

(Coleg Sir Gar)

Figure 3- Discontinuous current example




Three-Phase full-wave rectifying circuit
The diagram in Figure 4 shows a three-phase, full-wave, fully controlled rectifier. The three coils on
the left-hand side of the diagram represents the transformer secondary. The load is assumed to be

inductive.

Load

)

(Coleg Sir Gar)

Figure 4 - 3 phase, full-wave, fully controlled

An industrial supplier of electronics states that the type of rectifying circuits shown in Figure 4 are”
extensively used in industrial power applications up to about 120kW output power level, where two

guadrant operations is required”. (Pantech Solutions, 2017)

The resulting waveforms for the circuit in Figure 4 are shown in Figure 5. On the waveform diagram,
numbers 1 to 6 have been written along vertical lines that represent each key stage of the circuits

operation. From both diagrams it can be seen that:

At stage 1 T1 and T6 are fired together. Vo =Va-Vb
At stage 2 T2 and T1 are fired together. Vo =Va - Vc
At stage 3 T3 and T2 are fired together. Vo = Vb - Vc
At stage 4 T4 and T3 are fired together. Vo= Vb - Va
At stage 5 T5 and T4 are fired together. Vo = Vc - Va
At stage 6 T6 and T5 are fired together. Vo =Vc - Vb

The average load voltage can be found by integrating between n/3 +a and 2n/3 + a, averaged over

/3 rads. This equation simplifies down to:

3Vmax(£me)
Vmeam ==

+ cos(a)

(Krishnan, 2001, p. 52)




From both diagrams at:

Stage 1: T1 and T6 are fired together. Load current flows from phase ‘a’ through T1, into the load,

through T6, then returns through phase ‘b’.

Stage 2: T1 and T2 are fired together. Load current flows from phase ‘@’ through T1, into the load,

through T2, then returns through phase ‘c’.

Stage 3: T3 and T2 are fired together. Load current flows from phase ‘b’ through T3, into the load,

through T2, then returns through phase c’.

Stage 4: T3 and T4 are fired together. Load current flows from phase ‘b’ through T3, into the load,

through T4, then returns through phase ‘a’.

Stage 5: T4 and T5 are fired together. Load current flows from phase ‘c’ through T5, into the load,

through T4, then returns through phase ‘a’.

Stage 6: TS and T6 are fired together. Load current flows from phase ‘c’ through T5, into the load,

through T6, then returns through phase ‘b’.




currents .

(Coleg Sir Gar)

Figure 5 - Three-phase, full-wave, fully controlled waveforms




4-Quadrant operation of DC drives
The diagram in Figure 6 best describes what each quadrant means in terms of controlling a DC

machine.

The first quadrant is the motor turning forwards (i.e. Clockwise), producing mechanical power at the

shaft with a positive speed and positive torque.

The third quadrant is the opposite; the motor is effectively turning backwards (i.e. Anti-Clockwise).

Mechanical power is still being produced at the shaft as the speed and torque are both negative.

The fourth quadrant is the DC machine operating as a generator. As the speed Is positive it can be said
that the shaft is still turning clockwise, but because the torque is negative, this produces a braking
effect. Eventually the shaft will stop, change direction and then it is motoring in the third quadrant

(anticlockwise) again.

The second quadrant is generating in the opposite direction. The speed is negative, so it can be said
that the shaft is turning anti-clockwise. The torque is positive which opposes the negative speed
creating a braking effect. The speed will eventually reach 0 and then swap directions, which will return

to the first motoring quadrant.

Torque-speed characteristic of an industrial drive.

FIRST FOURTH | THIRD | SECOND [=— quadrant
motar generalor | motor generator machine mode
i rectifier inverter | recifier | Inverter converter mode
N'm (+) I (=) | ) converter polarity
1000 | |
800 [ [
600 |
%_ g 300 | | A, | |
g 200 ' |
0 f . w— . —ri —
I T 200 2 4 6 8, 10 12 14 16 18 20" 22 24 26 s
400 Y, torque | S A
600 \o’
800 = time EEEESEEEES e !
1000

(Wildi, p. 564)

Figure 6 - 4 quadrant operation
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Dual bridge converters

The rectifying circuits that have been investigated up until this point are only capable of one or two
quadrant operations. To allow the rectifying circuit to make use of all 4 quadrants of operation,
another converter consisting of 6 thyristors are added to the load, but allow the current to flow the
other direction into the load. (Krishnan, 2001, p. 60) This is shown on the diagram in Figure 7. The
diagram assumes that the method for controlling this DC motor is keeping the field the same polarity

and using the reversing of the applied voltage to the armature to control speed and direction.

Converter A Converter B

(Lander, 1993, p. 342)

Figure 7 - Dual bridge converter
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Control techniques used in commercial drives

There are 3 main ways that the speed of a DC motor can be controlled: Field control, armature control
and a combination of both (field and armature control). Why this is possible can be explained by the

mathematical relationship between rotor speed, field current and

Field control
If the armature voltage remains constant and the field voltage is varied, this is known as field control.

The reason this is possible is the speed of the rotor is inversely proportional to the field current.
Wi o i_

(Krishnan, 2001, p. 37)

The equation shows that; If the field current is changed, the rotor speed is changed. If the current is
reversed (negative value), the rotor speed becomes negative, which effectively reverses the direction.
One limitation of field control is that the field cannot be strengthened passed its rated value, due to

the magnetic saturation of the steel laminations. (Krishnan, 2001, p. 37)

Armature control
If the field voltage remains the same and the armature voltage is varied, this is known as armature
control. This is due to the relationship between the rotor speed and armature current, shown in the
following equation:

Wiy X (U - ‘(aRa)
(Krishnan, 2001, p. 38)

The advantage to armature control over field control is the much quicker response time to an applied

voltage. This is due to the time constant of the armature being 10 to 100 times smaller than that of

the field. (Krishnan, 2001, p. 38) good reason given

Field and armature control

Both control methods can be combined to allow both currents to be varied, enabling the motor to
This enables

work above and below its rated value. Which enable a much broader speed operating range than

either control method on its own. (Krishnan, 2001, p. 38)

12




The main commercial DC drive that will be investigated is the Parker 514C, which will be used in the
practical experiment. A product manual for this drive states that “The regenerative 514C DC drive

offers full four quadrant control of DC motors from single phase supplies” (Parker, 2012

page number needed here

for a direct quote

Studying the technical documentation, the function block diagram, it appears that this device does
not control the field voltage of the motor. The AC voltage fed into terminals FL1 and FL2 simply go
through rectifying diode, then into the field in the correct polarity. See Figure 8. For the field voltage

to be controlled, firing circuits and thyristors would have to be connected to F+ and F-, which is not

good observation

present in this model.

+ > F+ *
| MOTOR
—_ FIELD
- > F- -
————{FLT— AC
FIELD
4 i SUPPLY
f |

(Parker, 2007)

Figure 8 - 514C - Field supply

It can be deduced from the documentation that the 514C controller uses only armature control. This
is confirmed by the function block diagram showing the armature terminals of the controller, shown
in Figure 9. This is a single phase, full wave, 4 quadrant rectifying circuit. The dual-bridge configuration
is apparent from the separate thyristor blocks, which allow current to flow in either direction. As it's

a single-phase setup, 2 sets of 4 thyristors allow the device to run the DC machine in all 4 quadrants.

Although the 514C has many additional features, at a fundamental level the controller uses the same
techniques as simple rectifying circuits to allow the speed of the motor to be controlled. The difference
with the modern DC controllers are the precision in which they can control the speed of a DC motor,

using tacho feedback or armature current feedback. (Parker, 2007)

13




i MOTOR
.{\RMATURE

(Parker, 2007)

Figure 9 - 514C - Armature control

you could have looked into the control loops for current,
voltage and speed from the datasheet
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2. Simulation of rectifying circuits

Multisim was used to setup simulations of full-wave, fully-controlled single phase and three phase

rectifying circuits, like the circuits investigated during research. The circuits contain an inductance,

resistance and back EMF.

Single-phase, full-wave, fully -controlled rectifier

The following parameters were provided by the specification: L = 100mH, R = 10 Ohms and E = 100V.

Two firing angles were used to test the simulation. The values of alpha that were chosen were: 77V

and 44V, which corresponds to the angle alpha in degrees. The two angles chosen were selected to

produce discontinuous current and continuous current respectively. Figure 10 shows the first

simulation setup for a firing angle of 77. Isolation transformers are used between the thyristor

controller and the thyristors themselves.

XsC1

<

Loy =
Vdc+
o Vdc+
5. 71 E7 13| & %‘1
5 =1 =1 100mH
TRREI R 100
2 2 H
Ig c 16 :
m m + <
R1
Vi 100
()240VI ms 9 3T4 E 812 g PE’ |:|
~ J60Hz G | - W0 " . L [+] [}
s hy TRy Toov =
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3 i ! 5 5 3 R2 c Ve
5 Beom bl 3 5 : AN 1t &
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8 t R3 —(]:sz Vde
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= ™ g 0 10k nF
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18 6 7 Vde R4 c3 3
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To confirm that the firing angle is 77°, and to calculate 8, various time readings were taken from the

oscilloscope output. Figure 11 shows half a cycle, which
8.32ms. Alpha and Beta were then measured using the
shows the time values where alpha and beta occur res

the measurements were taken. The LHS marker is T1 an

equates to 180° or mt radians, which occurs in
same starting point. Figure 12 and Figure 13
pectively, as well as where the points where

d the RHS marker is T2.

T
\_\\‘
- ,..f">\\ Hk"'\.
\\ ,// \\\
- A p ,
™~ (= A \\ These
e .
“ ’ e ~| images
N { ' ' ' " should not
\\ ‘ be cropped
| as all the
| Time
N %sc/ﬁo-s'c DP31.405 ms
£ | 239.732ms
5% 8.327ms
carir lUt t
Figure 11- Single phase, a = 77 - Calculating alpha seen and
therefore
— results
™. cannot be
< & - -T e verified.
.\\\ ] //'
. {" ey \.\
N \\\ //// ™
L e e e o e e e N M e e ey e e I
i 111 (e ]| Tme
| ™G 231.405ms
! €% | 234.944ms
211 3.539 ms
Figure 12 - single phase, a = 77 - Alpha
‘-\' - 'f\di\ T -_“\
T e ™, T
\ //’ \‘\_\
N\, ) pd A
"‘ 1 I " I I
N Time
. E_ € 2 535 05 ms
\,\ 4 > 233.377ms
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Figure 13 - single phase, a = 77 - beta
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The following equation will be used throughout in the same manner to confirm a and calculate B.

SOWMS L 180° = 76.5°
= — =% = 3
“~ 833ms
= 107 180° = 426°
P = g33ms 1807 = %2

The firing angles and current conduction angles are converted from degrees into radians for use in the

equation.

pi
— 770
* 180

= 1.34 rads,

PP LI
[ =42.6°* 180 0.74 rads

As this first simulation is discontinuous current, the following equation that was researched earlier is
used:

1 Vn ‘
E(E(a - }5’)) + E [cos(a) — cos(pi + )]

1 339
o (100(1.34 — 0.74)) + - [cos(1.34) — cos(pi + 0.74)] = 123.5V

The multimeter in Figure 10 shows that the mean output voltage is 125.3V, which is reasonably close

to the calculated value of 123.5V.

The simulation was run a second time with a different firing angle, shown in Figure 14. The value of a
used in the second simulation was 45V. As the current is continuous, B is not apparent, and a different

equation that was researched earlier is used to calculate the mean voltage.

2077mS 1800 = 44.9°
I — =
8.33ms ’
_ o P _
a = 44.9°x 180 = 0.78rads
2V 2 %339
Vmean = —2%%cos a = cos 0.78 = 153.4V

The multimeter in Figure 14 shows the average voltage to be 152.3V, which is very close to the
calculated value of 153.4V. As the cursors used to get the time values of a and B, the calculated
answer was not expected to be exact. The fact that the values are so close, proves the formulae

researched earlier apply to simulated dingle phase circuits.

17
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Figure 15-5ingle phase, a = 45, alpha

One relationship that is apparent from the simulation is: The smaller the firing angle, the larger the

average output current. The reason for this is as the firing angle gets reduced, more of the sine wave

appears across the load, until the point where a = 0 and the whole sine wave is allowed through. When

o raises above a certain threshold (exact threshold not apparent from these tests) the current

becomes discontinuous, back EMF appears across the load which affects the average output voltage.
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Three-phase, full-wave, fully controlled

A three-phase rectifying circuit was modelled on Multisim to test the effect two different firing angles
have on the output. Only continuous current will be investigated in this task. As Multisim measures
alpha from the zero-crossover point, 60° must be added to the firing angle to offset it, shown in the

circuit as a battery in series.
An equation researched earlier was used to calculate the mean output voltage:

pl

a =20 *ﬁ = 0.35 rads
3V, i
Vmean = ma;(ImE) * COS(GI!)

Vims(iine) = 415V, Vinax(iine) = V2 * 415 = 586.9V

— 315869, c0s(0.35) = 526V

m

Vmean

The DC voltmeter shown in Figure 18 shows the mean voltage to be 516V, which is reasonably close

to the calculated value of 526V.

noesl T O e
wla ms . o
T2 €| 275006ms 576,183V 366,382V These
T2T1 2777ms =30.533mV -12.911mV .
images
Timebase Channel A Channel B 1
Scalar 2ms D | scate: 200 ViR | scate:  [Roo viow | € should not
X pos. (D) ] ¥ pos. {Div): a ¥ pos. (D) [/] L be
cropped as
Figure 16 - three phase, a = 20, oscilloscope output
all the
oscilloscop
e data
cannot be
seen.
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The circuit was simulated again with a firing angle of 55.

o, PE_

a =55%=% 180 = 0.96 rads
3V, i

Vinean = W + cos(a)

Vrms(il’ne) = 415V, Vmax(il’ne) = \/E *415 = 586.9V

Vinean = L cos(0.96) = 321.4V

T

The voltmeter shown in Figure 17 shows the mean voltage to be 315V, which is reasonably close to
the calculated 321.4V. The small differences between the calculated values and the measured values
most likely because of rounding errors. The equation was found from a trusty and reliable source, so
the differences between actual and measured doesn’t necessarily mean that the research doesn’t tie
in with actual results. The fact that both answers are so close points towards human error in the

calculations.

The sawtooth shaped waveforms in Figure 16 and Figure 17 is the armature voltage, with the other
waveform showing the armature current. It's clear to see when comparing both output graphs that
the armature current gets considerably lower as the firing angle gets larger. Which is a similar
relationship to the single-phase rectifiers. Three-phase discontinuous current cannot be compared or
commented on as this was not investigated during the assignment. Once the firing angle gets too

large, the Multisim simulation goes into error.

The single-phase and three-phase simulations show exactly how the armature voltage of a DC machine
can be controlled using thyristors and a firing circuit, due to the relationship between rotor speed and

armature voltage that was researched earlier.
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Figure 17 - Three phase, a = 55, oscilloscope output
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3. Practical DC drive investigation

514
A practical investigation of the Parker 415 DC drive was carried out to compare real world results with

simulations and calculations. The drive was connected to a suitable DC motor, Feedback brand VSD
drive, pony brake and suitable measuring instruments. Health and safety was top priority during the

entire experiment. Shown in

The DC motor was run at one speed setpoint, with the load changing each test. The effect the load
has on the performance of the DC motor will be investigated, by recording average voltage and current

and comparing with calculated values.

I | Gie

Figure 20 - practical experiment
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The first test carried out was the no load test, the output waveform measuring alpha and beta is shown

in Figure 21 and Figure 22 respectively.

7.34ms 180° = 132° P 2.3rad

= * = *— = 4. ’
“= Toms 180 raas
L11ms 180° = 20° L 0.35 rad
F=Toms * R T:T Rt

The waveforms show that the current is discontinuous, which means that the back EMF appears across
the load, from the graph EMF is roughly: 69V. The values for voltage that are on the screenshots must

be multiplied by 100 to get actual voltage. Vmax for the supply is roughly 339V.
1 V. .
= (B@=p) + 2 cos(@) = cos(pi + )]

i 339
o (69(2.3-0.35)) + ?[cos(zs) — cos(pi + 0.35)] = 72.3V

The measured average values for this experiment were: V = 74V, | = 0.22A. Which is very close to the

calculated value of 72.3V. photogra

phic
evidence
needed
for
multimet
erresults

]
10 |
I
|

20

-20.57Tms -13.23ms 7.34ms
| 10.0mv 700.0mV 690.0mv

-20.57 ms -19.46ms 1.1ims
10.0mV 700.0mV  |E90.0mV

Figure 22- No load test beta
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The next test was the same speed setpoint, with a load of 0.2Nm. The screenshots for measuring
alpha and beta are shown in Figure 23 and Figure 24 respectively. EMF is roughly 114V.

63Ims 1800 = 113.58° + P~ = 1.98 rad
= * = 5 * = 11 5
= Toms 180 raas
087ms 1800 = 15.66°+ L= = 027 rad
= * = . * — = 0,
10ms 180 radas

1 339
o (114(1.98 — 0.27)) + ?[cos(l.%) —cos(pi + 0.27)] = 123.1V

These are the values that were measured: v = 123v | = 0.66. The calculated average voltage is exact.

-10.98 ms 631ms
115V 1.14v

-10.88ms  |B70.0us
1.15V 1.14V

Figure 24- 0.2Nm beta
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The load was then increased to 0.4Nm producing the graphs in Figure 25 and Figure 26. The back EMF

is roughly 115V.
b.12ms 180° = 110.16° P 1.92 rad
= * = 3 * = 1. ,
“= Toms 180 rads
1.23ms 180° = 22.14° P 0.39 rad
B=Toms * T R

1 339
= (114(1.92 — 0.39)) + F[cos(lﬂz) — cos(pi + 0.39)] = 118.9V

These are the values that were measured: v = 125v | = 1a. There is a slight difference between the

measured value of 125V and the calculated value of 118.9V. As the difference is relatively small, this

does not indicate a problem between the practical and experiment. As the measurements were taken

by eye (using markers on the software) this could be a potential cause of the values not being exact in

this case.

-5.06 ms -11.18ms €.12ms
10.0mV 115V 1.14V

|
N 7 A W AN _
AN

——
[ETETEN [ — — 9.395ms -11.18ms 1.23ms
|\ -10.0 mV 115V 116V

Figure 26- 0.4Nm beta
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A load of 0.6Nm was then applied to the DC motor. Producing the graphs in Figure 27 and Figure 28.

The back EMF is roughly 112V.

573ms 1.8 vad
=: * = 1. :
a Toms P rads
1.31ms )
B = Toms TPL= 0.41 rads

1 339
E(l 12(1.8 — 0.41)) + ?[005(1.8) — cos(pi + 0.41)] = 124V

The measured values were: v =127 | = 1.37a, which is very close to the calculated 124V.

Figure 27- 0.6Nm alpha

Figure 28- 0.6Nm beta

-5.37 ms -11.3ms S 73ms
-10.0mV 111V 112V

—

9.5ms -11.3ms 1.31ms

3 -10.0mV 1.y 1.12V
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The next sets of tests to be carried out are: No load reversed, regenerative braking and example of
the DC machine operating in all 4 quadrants on one graph. No load reversed waveform is shown in
Figure 29, as no calculations were asked to be done on this test, its relationship to theory will be
discussed instead. As discussed in research, it’s clear to see that the machine is motoring: Due to the

current and voltage being negative. This is the third quadrant which is motoring in the opposite

direction to the first quadrant.

1 E 2 . x
Ol-313ms  |-10.03ms  69ms

B oomv 22V 123V

Figure 29- no load reversed

The next effect to be discussed is regenerative braking: The current being the opposite polarity to the
voltage means that the current is flowing in the other direction. This means the load is being driven
faster than the magnetic field, causing a braking effect, and generating current. The DC drive recovers

this current, hence the term regenerative braking.

The speed and average current is plotted whilst the motor is taken through each of the 4 quadrants.
Although the graph that was researched was torque against speed, torque is a product of armature

current so similar relationships can be drawn.
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The motor operating in quadrant 1 is shown in Figure 30. The speed is positive, and the current is
positive. The spike in current at the start is the starting torque of the motor, which is higher because

the inertia of the motor at standstill.

Figure 30- Quadrant 1 and 2

The second quadrant of operation is shown in Figure 30. The speed is still positive, but declining very
quickly. This is because the direction of the motor has been swapped, indicated by the negative spike
in current. This has a braking effect until the speed becomes negative, the motor then enters the third
quadrant of operation. The third quadrant of operation is effectively the motor turning in the opposite
direction to the first quadrant, shown in Figure 31. The motor enters the fourth quadrant when the
direction of the motor is swapped again. The braking effect occurs again until the current and speed

are positive, at which time the motor returns to the first quadrant.

a4

Figure 31 - Quadrants 3 and 4
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The DC drive current control loop was now investigated. The current is controlled with a Pl controller,
Ki and Kp were set to minimum as a starting point. See Figure 32 for the current waveform. With

minimum Ki and Kp settings, there is a small amount of overshoot, negligible oscillations and takes

1.25s to reach a steady state.

2.02s |-T720ms 12485
0.0V 4.38V 438V

Figure 32- min ki and kp

Kp was set to a maximum value and Ki was left at its minimum, results show in Figure 33. Changing Kp

to its maximum value introduced some oscillations but achieved steady state much faster, in 633ms.

Figure 33- Kp max Ki min

30




Kp was set to its minimum value and Ki was set to its max, shown in Figure 34. Lots of overshoot and

oscillations were introduced, as well as raising the steady state time to 3.69s.

Figure 34- Ki max Kp min

Both Ki and Kp were set to their maximum values, shown in Figure 35. Reasonable amount of

oscillation occurred and reached steady state in 1.08s.

|
|
|
|
| =
| L-Z.DSZS -383.0ms 1079s
___________ T |mleav 458V 158V

Figure 35- Ki max Kp max
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Ki and Kp were then set to mid values, shown in Figure 36. Overshoot and oscillations are neglegable

and achieved steady state in 732ms. The results are similar to the Ki min Kp max tests, but the

difference is only 100ms.

600.0 ms 732.0ms
4358V 438V

Figure 36- Ki mid Kp mid
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4. Conclusion and recommendation

Although summaries have been provided throughout each section, the general conclusion for this
assignment is the mathematical equations match up with real world results as well as the simulation.
Specifically, the researched performed on single phase rectifying circuits related to the operation of
the real world industrial controller. The values matched up, exactly in some cases, with small
differences cause by taking manual readings or rounding errors. All researched that was carried out
allowed the functional operation of the DC controller to be deduced; The use of dual bridge firing
circuits, only allowed armature control on the 514 controllers and the understanding of how the

controller operates in all 4 quadrants.

The simulation results for single phase matched up with the practical and the calculation that were
researched. The three-phase simulation confirmed that the research was correct. As a practical

experiment on three-phase drives wasn’t carried out, this cannot be commented on.

The practical experiment shown how the 4-quadrant torque/speed graph applies to a real-world
motor and controller. The research into various methods of controlling a DC motor shows how DC
motors can be controlled in different ways, depending on the application. Even allowing the motor to

be operated below or past its rated values in some cases.

Tuning the current control loop inside the 514 controller shows how the performance of the system
can be optimised even further by tweaking the current parameters. Some settings would have
introduced unwanted behaviours, such as oscillations and taking almost 4 seconds in some cases for

the current to settle to its setpoint value.

The authors role within the team during the practical was taking Pico Scope screenshots during the
experiment, annotating them in a word document, and recording the load that was being applied at

each stage.
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6. Appendices

There are no appendices for this assignment.
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