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1. Executive summary
In this assignment, an investigation was made into DC drives. The construction, features and control
techniques of a DC drive were explained with a range of applications being discussed. The modern
day replacement of a DC drive was also investigated, whilst discussing the engineering context of the
drives. A practical and simulation investigation of four quadrant operation for a DC drive was carried
out in order to measure waveforms, continuous current and discontinuous current, to make
calculations and comparisons between theory and practical. For both simulation and practical, the
results were explained, analysed and critically evaluated giving reasons for differences found
between theoretical and practical workings. The performance of the four-quadrant DC drive was
explained with a critical analysis of its performance also given. Overall conclusions were made of the

research, practical and simulation, giving an analysis of each section.

2. Research
With reference to figures 1 and 2 the Siemens DC drive is made up of three main parts. These are
the power interface, thyristor stack, field module and the control unit connector board. The power
interfaces purpose is to monitor things such as armature current, voltage, protection monitoring and
also apply gate pulses to the thyristors. The power interface is the brains of the drive where all the
calculations are also made. The thyristor stack is made up of either 1 or 2 bridges of thyristors. The
most commonly used thyristors in a DC drive is the SCR thyristor. According to Elinoff (2017) By
applying a small voltage between gate and cathode, the lower thyristor will be forced on by the
resulting base current. This means that once the power interface sends a pulse to the thyristors,
they will conduct and allow a certain amount of voltage to the motor. The amount of voltage
allowed to pass through the thyristors depends on the firing angle. For example, if the maximum
voltage is wanted at the motor, then the firing angle will need to be as close to 0 as possible. The
field module is responsible for regulating the shunt field voltage of the DC motor. This module will
allow the motor to go into a state of field weakening. Field weakening is a method of raising the
speed in DC motors. (Sharma, 2018) The control unit connector board is where all of the drives input
and output signals are wired into. There is also @ memory card on the drive, which will store the

drives parameters on it.
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Figure 1- (SIEMENS, 2019) — Construction of DC drive
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Figure 2- (SIEMENS, 2019) — Construction of DC drive




One of the main features of the siemens DCM is the four-quadrant operation. According to Hughes
(2006), torque is directly proportional to the armature current, which in turn depends on the
difference between the applied voltage VV and the back e.m.f. E. We can therefore make the machine
develop positive (motoring) or negative (generating) torque simply by controlling the extent to
which the applied voltage is greater or less than the back e.m.f. Since the siemens drive is able to

meet that criteria, it can produce the same performance as figure 3.
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quadrant operation

Using figure 3 as the reference, Quadrant 1A is the forward motoring quadrant. This means that the
voltage and current are flowing in the same direction making them both positive polarity therefore,
the current is assisting the rotation of the motor. 4D is the forward regenerative braking quadrant,
this means the voltage and current are flowing in the opposite direction. This means the voltage is
positive and the current is negative, so the current is opposing the rotation of the motor meaning it
is trying to stop the motor. 3Cis the reverse motoring quadrant. Both the voltage and current are
negative so the motor will turn inthe reverse motion. The current is assisting the motor rotation, by
applying the torque in the same direction as the rotation. 2B is the final quadrant, which is reverse
braking. The current and voltage are flowing in the opposite direction. There is negative voltage but
positive current, so the torque is being applied in the opposite direction to the motor’s rotation. The
four-quadrant operation is achieved by switching between 2 thyristor bridges. Using the positive
bridge as an example in figure 4, when the motor is forward motoring, the drive will only be using
the positive bridge which will apply torque in the same direction as the motor rotation. When the
drive wants to regeneratively brake, it will switch out the positive bridge and switch in the negative

bridge which will apply the current/torque in the opposite direction to the motor rotation. This




operation is used in order to accurately regulate the speed to match the set point assigned to the

drive.
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(Todmal, 2018) — 2 Thyristor stacks

Figure 4-

Closed loop control system

The control technique used in the Siemens DCM drive is a closed loop control system. According to
Sharma (2011) Closed loop control, also known as feedback control, eliminates the shortcomings of
open loop control. Here, the response or the actual result is continuously compared with the desired
result, and the control output to the process is modified and adjusted to reduce the deviation, thus
forcing the response to follow the reference. In this case the drive would trying to maintain a set
speed. This set speed would be the set point entered through a HMI. The set point goes through an
acceleration/deceleration block which determines, how fast the drive will accelerate and decelerate
the motor. This reference then goes into a summing junction. The drive will also receive speed
feedback, which will come from either a tacho generator, encoder or the armature voltage
measurement from the drive can be used. This speed feedback will also go into the same summing
junction where the speed feedback is subtracted from the speed reference. This then produces a
speed error. The speed error will then go through a speed controller and a current limiter, which will
generate a speed reference that is needed to reach the desired speed. This reference then goes into
another summing junction. The armature current is measured by a current transducer, which
provides current feedback. This current feedback is then subtracted from the speed error in order to
generate a current error. Finally, the current error then goes into a current controller. This will then
generate a current reference for the drive. The drive will then select the bridge, which is needed to
provide the correct polarity of current. Then finally, the drive will alter the firing angle sent to the

thyristors in order to correct the speed and match the initial reference. This process is continuously




repeated in order to regulate the motors speed at the correct set point. This explanationis

demonstrated in figure 5.
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Figure 5- (Siemens, 2019) — DC drive closed loop control

DC drives are used vastly in industries because of the distinct characteristics that they have. These
characteristics including effective speed regulation, high torque performance, cost effective
integration and also, they have a long-life span. Common dc-drive applications include the
movement of axes on wire-drawing machinery, hoists and elevators, paper-web handing, extruding
applications, spindle drives, and material handling. (Miles Budimir, 2017). DC drives in their earlier
years would be the only choice for most industrial applications due to the early limitations of trying
to regulate the speed of an AC motor via an AC drive. With the development of modern-day
electronics, the DC drive is now very closely rivalled with an AC flux vector drive. The flux vector
drive can regulate the speed of an AC motor and control the motor torque by using current
switching techniques. If a modern industrial plant were built in the present day, the flux vector drive
would be an obvious choice over a four-quadrant DC drive. The reason for this is that the flux vector
drive can regulate speed and torque as effectively as a four-quadrant DC drive. From a business
perspective, the AC flux vector drive would be cheaper and more sustainable. This is because AC flux
vector drives are smaller, there is no DC brush maintenance needed as an AC induction motor is

used and finally there is no need for auxiliary cooling on the AC motor unlike the DC motor.




3. Practical
Shown in figure 6 is the experimental set up. The set up consists of one AC drive and one DC drive
which are both controlled by the siemens 1500 PLC. There is also a HMI screen being used to input
references and see different types of feedback from the drive. Both drives are connected to the PLC
by a profinet link. The AC drive connections consists of 3 phase AC incoming to the drive and 3 phase
AC being sent out to the AC motor. The AC drive will also receive speed feedback from the encoder
coupled to the rear of the AC motor. Various digital input/output signals can go into the drive and
come out of the drive, aswell as analogue input and outputs. The DC drive will have 3 phase AC
incoming into the drive, with two connections coming out of the drive for the armature and two
cables for the shunt field. Like the AC the DC drive also has a range of digital inputs and outputs
aswell as analogue inputs and outputs. Two messuring devices also seen in figure ... are the current
transducer amplifer and also the voltage transducer amplifer. The current transducer measures
current but ouputs 1 volt per 1 amp as the measurement and the voltage amplifier measures

voltages to give out 1 volt per 100 volts measured.

Figure 6 - Practical set up

Following below in figure 7 is both motors speed measuring devices. The grey DC motor has a tacho
generator on the back-measuring voltage as speed feedback, whilst the AC motor is using an
encoder which counts the pulses when the motor is turning. These pulses are sent back to the drive

by a profinet cable.




Continuous current

Figure 7- Practical measuring devices

The DC drive was set up to run in quadrant 1 with the waveforms measuring continuous current.

Once the motor current was continuous, 3 different torque settings were applied and then

measured. Following below in table 1 are the measured values taken off the HMI screen for 3

different torque settings.

Table 1 Test 1 Test 2 Test 3
Armature Volts 337.26 339.41 340.26
Alpha (deg) 51.0590 50.5151 49.7076
Back EMF 324.352 320.363 318.851
Actual Speed 1799.9 1800.9 1798.4
Power (KW) 1.25 1.41 1.77
Actual Torque 4.87 5.48 6.8
Armature 3.72 4.21 5.12
Current
Field Current 18.642 18.726 18.668




Test 1

As seen in figure 8 is the Pico scope measurement for test 1. The blue line represents the voltage
and the red line represents the continuous current. When the current is continuous the back EMF is
unable to be seen. The average voltage seen in this Pico scope reading is 332 volts compared to the
value of 337 volts taken from the HMI screen. The average armature current was 3.52 amps on the

Pico scope compared to 3.72 amps on the HMI.

Ede Edit Views Messwremants Took Help
AT | P |zt o] [[x1 () |[1ns [ [ W ] seerm FNEEEEEIE
TN (¥ [oc [5] | By 420v ] oc [+ yq|
T

v

200 | 2aims  |334ms
oov v [uav

o |

S

40

@ Q)| Tiager o [0) 1| 5
Figure 8- Continuous current test 1

Test 2

As shown in figure 9 is the Pico scope readings for the second test with continuous current. The
average armature voltage was 336 volts and the average armature current was 4.82 amps on the
Pico scope. The value taken from the HMI for average armature voltage was 339 volts and the

average armature current was 4.21 amps.
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Figure 9- Continuous current test 2

Test3
As shown in figure 10 is the final Pico scope waves for continuous current. The average armature
voltage was measured at 332 volts and the average armature current was 3.9 amps. The average

armature voltage taken from the HMI was 340 volts and the average armature current was 5.12

amps.
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Table 2 Test 1 Test 2 Test 3
Armature Volts 337.26 339.41 340.26
(Volts) 332 336 332
Armature 3.72 4.21 5.12
current (Amps)
3.52 4.82 39

Using table 2 above and comparing the Pico scope readings to the HMI readings there are some
discrepancies. Comparing the armature voltages with each other, there is always at least 5 volts
difference between the HMI and Pico scope. This can be due to the place at which the measurement
is taken and how it is measured. The drive will use the stack voltage in order to determine the
armature voltage, making use of Hi-tech calculations to make sure that the armature voltage is as
accurate as possible. The voltage transducer uses a series of resistors and amplifiers to measure the
voltage, meaning there can be some error due to tolerances with the resistors. Looking at the
difference in armature current the same reason for discrepancies can be given. The drive makes use
of a current transducer to read the armature current which is highly accurate. Comparing this to the
to the current transducer used for the Pico scope, which uses resistors and amplifiers to measure
the voltage to represent the current. The same tolerance issues can be the reason for discrepancies
between the Pico scope and HMI readings but also, the measuring device is measuring voltage in

order to read amps so again this can cause the result to vary slightly due to voltage drop.

Now the formula for average armature voltage will be derived, then the average armature voltage

will be calculated in order to analyse and compare the measured values to the calculated values.

Zm

S+a
Area = f Vmax Sin(8)d8
Zia

= Vmax [—cos8] %
E'HI

2m T
Vmax [—COS (? + a) - —cos(§ + a)

1 V3
)Z —COsS & — TSIHC[

Cos (E-{- o4 7

3




C‘(m )_ 1 3
0s 3+cr,— zcosa zsma

1 3 1 3
Area = Vmax [— (—Emsrx - gs‘intx) + (Ecosa — gs‘ina )

1 V3 1 V3
= Vmax Ecoscr + ?Sina + Ecosa — T.S‘incr

= Vmax cosa

3IVmax
Cosa

Therefor :

Now that the suitable formula has been derived, the average armature voltage will be calculated for

all 3 different firing angles.

Firing angle 1

Taking Alpha from the drive and converting it into radians.

T
=— % 51.0590 = 0.891
180

Vmax = V2 x 415 = 587v

3 x 587
—— (Co0s 0.891 = 352.377 volts

Firing angle 2

Taking Alpha from the drive and converting it into radians.

T
=180 % 50.5151 = 0.882

Vmax = V2 x 415 = 587v

3 x 587
—— (Cos 0.882 = 356.44 volts

Firing angle 3

Taking Alpha from the drive and converting it into radians.

T
=— x49.7076 = 0.868
180
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Vmax = V2 x 415 = 587v

3 x 587
—— (Cos 0.868 = 362.497 volts

Table 3 HMI Readings Pico scope measured Calculated values
readings

Test 1/Firing angle 1 337.26 332 352.38

Test 2/Firing angle 2 339.41 336 356.44

Test 3/Firing angle 3 340.26 332 362.49

Looking at table 3 all of the average armature voltage results can be seen. Comparing the calculated
results to the HMI readings there is an average error of about 13 volts. The reason for this could be
that the firing angle used in the calculation was slightly off and the maximum voltage can be wrong if
the phase voltage varies from 415 volts. The differences between both HMI and calculated to the
Pico scope readings, will be down to the tolerances in components and the way in which the voltage
is measured. To conclude the most accurate way of measuring the average armature voltage will be
from the drive. This is down to the amount of sophistication and accuracy that is used by the drive-in
order to take measurements. The drive uses the voltage feedback for under voltage and overvoltage
protection to protect the convertor and generate alarms, so the accuracy of the voltage

measurement has to be perfect.

Motor constants
In figure 11 the measurements taken are the maximum current, which is 4.88 amps. The difference
between the voltage at the point of maximum current and the back EMF. This is 18v. The armature

resistance can now be calculated.

dia
Va=Fa+la x Ra+ L—
dt
Va—Ea
Ra=———
la
= 16 = 3.280hms
=188 - > ms




The motor constants Ke and KT will now be calculated. These are constantans for back EMF and

torque.

Ea
Ke=—
wm

1800 X7
Converting RPM into radians = 30 = 188.496

DC Average W... 1.85V 1849V 1854V 1852V
B OC Average W... 2.521V 2489V 2533V 2514V 13.42 mV_20

Figure 11- Motor constants multisim

Discontinuous current
The drive was set up to run in order to produce discontinuous current with the same torque but

varying speed. Following below in table 4 are the readings from the HMI for all 3 different speed

settings.
Table 4 Test 1 Test 2 Test 3
Armature Volts 176.84 189.88 209.44
Alpha (deg) 74.5203 77.0581 70.6860
Back EMF 161.040 180.807 198.745

17




Actual Speed 900.5 999.3 1099.5
Power (KW) 0.59 0.43 0.66
Actual Torque 4.57 3.07 4.28
Armature 3.47 231 321
Current

Field Current 18.701 2.276 18.656
T1-T2 4.04ms 3.8ms 4.14ms

Speed 1

Following below in figure 12 is the Pico scope measurement for the speed 900RPM. The blue line
represents the voltage and the red line represents the current. The back EMF can clearly be seen,
this also means that beta can be measured. Beta is measured from where the blue wave goes to 0,

to where the blue wave reaches 0 again. The average armature voltage for this speed is 171 volts.
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Figure 12 - Discontinuous current speed 1

Speed 2
As shown in figure 13 is the Pico scope measurement for the speed 999RPM. In this waveform beta

is 0 as it cannot be seen. The average armature voltage for this speed is 183 volts.




Fle iews Weassements  Jook  Help

(e 1L | P (3 |z (o] |1 (+I)|1vs (] a| M @] eore elEnass 4]
Ay |8V [l oc (5] | By 2300 =] o (o] | g
1

v

=l
| s

971 4o am ? 1 nn
N e - onFFETHCE T
B DC&W(HE Who..  2.246 V 22_? 2.27.. |2.24... 16.1... |6
QD[ Trigger wre [ £ (8 [] [l % | [-21ms B | [saase (] MY [FIEEE]

Figure 13- Discontinuous current speed 2

Speed 3
Below in figure 14 is the final Pico scope waveform for discontinuous current. The speed of the
motor is 1099 and the average armature voltage is 205 volts according to the Pico scope. Beta is too

small to be seen.
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Figure 14- Discontinuous current speed 3

A suitable formula for average armature voltage will now be derived.
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AreaA:E(txl—ﬁ)EE(ﬂ-—;—r—ﬁ)

T+
Area B = f Vmax sin(0) d@
2

= 1
3 +a

Area A + Area B

Vmean =
/3

ArequE(ul—ﬁ)EE(a—;—r—ﬁ)

T+
Area B = f Vmaxsin(0) d@

2, 1
3 ta

Since a' = @-z

= Vmax [—6059]§+’8
Fta

= Vmax [—CDS(TI' + B) — —cos (g + tx)]

Cos(A + B) = cosAcosB —sinAsin B
Cos(m+ ) = cosm cos § — sinmsin 8
= —cosf
cosm = —1 sinm =0

T T us
Cos (§+ cr,) = cos gcosa - singsina

1 V3
= — OS5 —— Sina
2 2

V3
Therefor Area B = Vimax [— —cosf} + 5 cosa = TSintx

1
= Vmax [Cosﬁ + 5 cosa = ?sina
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E (g; — g — ;9) + vmax (cosf + %COSCE — \fz—gsina
/3

Therefor Vmean =

Speed 1 calculations
Now that a suitable formula has been derived, the average armature voltage will be calculated.

Firstly, the firing angle will be calculated.

T 4.04
Using T2 — Tla = o X 180 = ETE X 180 = 72.72 Convert alpha into radians

T
= — X 7272 = 1.269
180

B =330x10"° —330><180—594— 594 = 01036
- T 10 180 R

Vmax = V2 x 415 = 587

161.04 (1.269 -3- 0.1036) + 587(c0s0.1036 + %0051.269 - \/2_§ sin1.269)
/3

Vmean =

= 195.28

T
Using drive Alpha74.52 Conver alpha into radians = —— X 74.52 = 1.300

180
161.04 (1.300 - % - 0.1036) + 587(c0s0.1036 + %0051.300 - \g sin1.300)

Vmean =
/3

= 187.55

Speed 2 calculations
Since on the Pico scope f§ cannot be seen, it will be assumed that £ is zero. Since in the previous
speed example it was proved that the value of alpha from the drive leads to a more accurate result,

the next two speed examples will use alpha from the drive to increase accuracy.

T
Convert alpha into radians = 180 %X 77.0581 = 1.3449

V3

180.807 (1.3449 - Z -0 + 587(cos0 + l12'1‘3?5'1.3‘1-‘1-9 — —5-5inl1.3449)
3 2 2
/3

Therefor Vmean =

= 201.61




Speed 3 calculations

Since f cannot be seen on the Pico scope it will be 0.

b
Convert alpha into radians = 180 x 70.6860 = 1.234

198.745 (1.234 -3- 0) +587(cos0 + %0051.234 — ?sinl.234)

Therefor Vmean =

/3
=230.33
Table of results
Table 5 HMI Reading Pico scope readings Calculated values
Speed 1 176.84 171 187.55
Speed 2 189.88 183 201.609
Speed 3 209.44 205 230.33

Above in table 5 are all of the average armature voltage results. Comparing the HMI values to the
Pico scope readings they are generally close, the small discrepancies will be down to the tolerances
with the components that are used in order to measure the voltage for the Pico scope. As shown
with speed 1 of the calculated values, the values that are put into the equation are vital for accurate
results. By using the calculated value for alpha, the reading was further out than when alpha was
used from the drive. The discrepancies between the HMI and the calculated values are due to the
true Vmax value not representing 415 volts and varying slightly. To conclude on these results, the
HMI/drive readings will be the most accurate and reliable as there is no human error involved in the

calculations and the measuring equipment used is highly accurate will little error.

Four guadrant operation

Following below in figure 15 is the Pico scope waveforms for quadrant 1. This quadrant show
positive voltage as the blue line and positive current as the red line. By looking at the current and
voltage the motor will be motoring in the forward direction, with the current/torque being applied

the same way as the motor is turning, this is quadrant is also called forward motoring.
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Figure 15- Quadrant 1 Pico scope operation

As shown in figure 16 this shows quadrant 2. This quadrant shows positive voltage but negative
current. This means the motor will be turning in the forward direction, but the current/torque will
be applied the opposite way by the opposite bridge. The drive is trying to re-generatively brake by

switching in the opposite bridge but the motor is still being dragged forward.
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Figure 16- Quadrant 2 Pico scope operation
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Shown below in figure 17 is quadrant 3. This quadrant is where the current and voltage is negative

so the motor is goingin the reverse direction, but also the current is being applied in the same

direction the motor is turning.
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Figure 17-Quadrant 3 Pico scope operation

Below in figure 18 is quadrant 4. This show positive current but negative voltage. This means the
motor is still going in the reverse direction, but the drive is trying to re-generatively brake by

switching in the forward bridge. This will apply the current in the opposite direction to which the

motor is turning.
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18 - Quadrant 4 Pico scope operation
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As shown below in figure 19 is the HMI waveform for the four-quadrant operation. The blue line
represents armature volts and the red line represents armature current. The drive starts off in
guadrant 1 which is motoring forward with both positive voltage and current. The drive then
switches into quadrant 2 which is forward braking which shows positive armature voltage but
negative armature current, this means the drive is trying to re-generatively brake. The drive then
switches into quadrant 4 according to the HMI which is reverse motoring, so the armature volts and
current are both negative. Finally, quadrant 3 is displayed which is reverse generating. This is where
the armature current is positive but the voltage is negative as the motor is trying to re-generatively

brake.

Bl 12 DCM Four Quadrant Drive

foo |
11907 |
pisa |
.
sas ]
fom |
fow |
CET—

Figure 19 - HMI 4 guadrant

operation

Looking back at all of the results for continuous and discontinuous current, it is clear to see that the
most accurate way of measuring values such as alpha, armature voltage and back EMF is from the
drive. The reason for this is that the DC drive is a closed loop control system, which relies on
accurate measurement values in order to produce the required set point. It was proved that by using
alpha from the drive in the calculations, that the values actually increased in accuracy proving that
the drives readings are more accurate than the calculated ones. The drive also needs to know the
armature current in order to calculate an accurate current error in order to reach the required set
point, so this also enforces the proof that the drive measurements are very accurate. Looking back at
the waveforms measured, it is clear to see that the drive is very rapid in responding. This point is
proved by figure 18 where the drive is able to switch between forward motoring and forward

braking. It can be concluded that the drive is a very high-performance closed loop system, it can
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regulate voltage, current, speed and the firing angle in order to maintain the set point that

desired.

4. Simulation and design adaption

Following below in figure 20 is the three phase, full wave controlled rectifier circuit. The motor in

this circuit is represented by the back EMF and also the inductive load.
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Figure 20- Multisim three phase, full wave controlled rectifier circuit.
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Below in table 6 is the average voltage, firing angle and t of each firing angle. The waveforms will

now be presented.

Firing angle T2-T1 Average
(a) voltage
30v 1.433ms 475.539
40v 1.800ms 420.599
50v 2.367ms 353.178
Table 6
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Firing angle 1

As seen in figure 21 is the first firing angle. The waveform measured displays continuous current

with the blue wave representing voltage and the red one measuring current. T2-T1 which represents

t will be measured from when the voltage wave first reaches 0 and then when it comes back to 0.

Figure 21 - Multisim firing angle 1
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Now that t is known, the average voltage will be calculated.

3
% 180 = 30.95 Convert a into radians —— x 30.95 = 0.54

180

Vmax = 2 x 415 = 587

_ t 180 = 1.43
“=g333° °" 8333
Vmean =
Firing angle 2

3 x 587
— (Cos 0.54 = 480.78 volts
m

In figure 22 is the second firing angle. The same measurements were taken on the Pico scope asthe

previous firing angle.
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Figure 22- Multisim firing angle 2

Now that t is known, the average voltage will be calculated.

t 1.800
8.333 7 8.333

Vmax = V2 x 415 = 587

3 x 587
——— (Cos 0.67 = 436.22 volts

Firing angle 3
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% 180 = 38.88 Convert a to radians = % % 38.88 = 0.67

Below in figure 23 is the measurement of the final firing angle with the measurement of T2-T1.

Figure 23 - Multisim firing angle 3
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t 2.367 T
a=——x180= x 180 = 51.13 Convert a to radians = — x 51.13 = 0.89
8.333 8.333 180

Vmax = V2 x 415 = 587

3 x 587
—— (Co0s 0.89 = 352.81 volt

Table 7 T2-T1 Average Average Firing angle Firing angle
voltage voltage () (at)(Calculated)
(Multisim) (calculated) (Multimsim)

Firingangle 1 | 1.433ms 475.539 480.78 30 30.95

Firingangle 2 | 1.800ms 420.599 436.22 40 38.88

Firingangle 3 | 2.367ms 353.178 352.81 50 51.13

Using table 7 to compare the firing angle from multisim and the calculated value, there is a small
discrepancy. This is down to the accuracy of T2-T1. Since the placement of the measurement lines is
down to human accuracy, this will be the reason why the calculated value for alpha is slightly off.
Since alpha is used in the average voltage calculation and there is a small deviation in calculated
alpha, then this is the reason why the calculated average voltage differs to the multisim voltage. To
conclude it can be said that the calculated values can be accurate as long as t is measured

accurately.

Four guadrant operation

The rectifier circuit is made up of 2 bridges of thyristors which apply the voltage to the load,
transformers which receive pulses from the firing angle board to put a pulse on the thyristors, which
switches the thyristors on. Following below in figure 24 is the updated circuit, which allows four-
guadrant operation. By adding another bridge in the circuit and putting switches in, the alternative
bridge can be used by changing the pulses to the gates and also which bridge is active. Figure 24 also

displays quadrant one which is, positive voltage and positive current.
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Figure 24 - Multisim four quadrant operation - quadrant 1
Below in figure 25 is quadrant 2 which is positive voltage and negative current.
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Figure 25- Multisim four quadrant operation - quadrant 2

Below in figure 26 is quadrant 3 which is negative current and negative voltage.
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Figure 26- Multisim four quadrant operation - quadrant 3

Due to the limitations of multisim, quadrant 4, which is the reverse braking quadrant, could not be
created. If this circuit was used in a real-world application to run a physical motor, then quadrant 3

will be able to be seen.

5. Conclusions and recommendations
To draw a conclusion on the research of DC drives, it can be concluded that a DC drive is a highly
accurate and effective machine at regulating the speed and torque of a DC motor. Its open and
closed loop control system allows it to be the perfect choice for numerous industrial applications. It
can also be concluded that due to the development of AC flux vector drives, DC drives will eventually

be phased out of industry due to the money savings that are made by switch to the flux vector drive.

Analysing the results for the practical task, it can be concluded that the DC drives way of measuring
the values in question is the most accurate. Discrepancies in measurements with the way in which
the Pico scope receives its readings is not the most reliable, this is down to the voltage measured
must go through multiple components and receiver boxes to be measured. There is a high chance of
error being introduced between the time the initial measurement is taken and the time the
measurement is received on the Pico scope. The discrepancies in the calculated values for the
practical will be down to values entered in the calculation not being their true and accurate values.
This will also include any discrepancies between the HMI alpha and the drives alpha. Alpha in the
drive is able to change every 10 milliseconds, whereas the transmission of the data being sent from

the drive, to the PLC and then displayed on the HMI could take longer which can cause a discrepancy
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to be generated. The recommendations for this task would be to compile a larger list of tests, so that

there can be more thorough investigation in which method is the most accurate.

Concluding on the simulation, the results are very accurate. There is hardly any difference between
the measured values compared to the calculated values. The reason for the small deviation is due to
the purely speculative point at which T2-T1 is measured. Human error will cause the initial value to
be wrong, which will then impact the final calculated value. The recommendations for this task
would be to increase the amount of firing angles which are measured and calculated, then also

compare the multisim and calculated values to a DC drive measured values.

6. Team working
Reflecting on my performance to the team, | proved very helpful with my strong background
knowledge on DC drives. | was able help explain to the team what the waveforms were showing and
also what to expect. | contributed vastly by explain the operation of a 4-gquadrant drive. | also

contributed largely towards the measuring of the waveforms on the Pico scope.
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