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1.0 Task1l

In a team, the ELT171C and ELT171A units were set up as a STAR connected

balanced load and connected to a STAR supply respectively. Configured the
ELT171C unit as follows;-

Set the variable resistors Ra Rs Rc to 7002,
Switch the L/C switches to L,
Set the variable inductors to 200Mh
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Figure 1 Star Balanced load Configuration
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Figure 2 Delta Load balanced Configuration

Good examples for intro to
practical task.




Figure 3 Nanovip and connections

Figure 5 Star Bala nced Load

4 Good diagrams.




Task 2 Calculations

1.1  Star Load configuration calculations

Line voltage = 213V

Viine  213__ 155 96y

Phase voltage = 5

xL =2nflL = 2xnx50x200x1073 = 62.83W
Zen=V(R? + xL?) =V(70% + 62.83%) = 94.06 W

VPH 123 =131mA

Phase Current lppyj. — =——
ZPH 94.06

The load current in a Star configuration is equal to the line current,
Therefore Line current | line = 1.31mA

Power factor P.F. = cos @

Phase @ = tan™ [%L] = tan? [62‘83 =41,911°

70
P.F.=cos 41.911° = 0.744.

2.2 Power Calculations (Star)
This data can now be used to calculate the ‘True power P’ / ‘Apparent power S’
and ‘Reactive power Q' using the following formulae;-

P (W) =v3 (V1) (I1) (cos @)
Q (VAR) =v3 (V1) (1) (sin 9)

S (VA)= V(P2 + Q?)

P =v3 (213) (1.31) (cos 41.911) = 359.00W
Q =v3 (213) (1.31) (sin 41.911) = 322.25VAR
S=+/(359% + 322.252) =482.42 VA

2.3 Delta Load Configuration Calculations

Line Voltage = 205V
Phase Voltage Vpu= Vune as there is no neutral
Ve =205V

Zpy is same as for the ‘star load configuration’ =94.06 W
5




VPR _ 295 _718mA

Phase Current lpy. — =
ZPH  94.06

lune = (\/3) X (|p|-|) = (\J"3) X (218) =3.77A
Power factor and phase angle for Delta and star configurations are the same,

P.F. =0.744 and Phase angle = 41.911°

2.4 Power Calculations (Delta)
This data can now be used to calculate the ‘True power P’ / ‘Apparent power S’
and ‘Reactive power Q' using the same three formulae;-

P (W) =v3 (VJ) (1) (cos @)
Q (VAR) =3 (V) (1) (sin @)
S (VA)=V(P? + Q?)
P =v3 (205) (3.77) (cos 41.911) = 997.45W
Q =V3 (205) (3.77) (sin 41.911) = 895.3VAR
S=+/(3997.452 4 895.32) =1.34kVA

Table 1 Calculated Values for Star and Delta Good setof results and
calculations.
Voltage (V) Current (l)
Load Line | Phase Line Phase | PF P (W) | Q(VAR) | S(VA)
Star 213 122.96 1.31 1.31| 0.74 359 | 322.25 | 482.42
Delta 205 205 3.77 2.18 0.74 | 997.45 895.3 | 1340

Table 2 Measured Values for Star and Delta (NANOVIP)

Line Voltages Phase Voltages
Supply | Load Vas | Ve | Ve | Van | Vou | Ven la g Ic PF Real Apparent Rasative
Power | Power
Power
(W) (VA) (VAR)
Star Star | 213|212 | 213|122 | 122|123 |1.17 | 1.16 | 1.21 | 0.65 | 290 449 338
Star Delta | 206 | 205 | 206 | 206 | 205 | 206 | 3.48 | 3.42 | 3.46 | 0.65 | 803 1.24k 938

The calculated and measures values and very similar, the minor variance in the
current can be accounted for by wire resistances which are not calculated for
in the formulae used, poor connections by the test equipment and location the
test meter is attached along any wire.

The differences in the power ratings are different due to the current values
being different.

Figure 6 Star and Delta Power Triangles (Approx 1cm =60w/VA/VAR)
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3.0 Task 3 Unbalanced Loads

400
N
50w 70w
B C
Figure 7 Unbalanced Star load
Line Voltages Phase Voltages
Load | ye [Vec | Ve |Vaw [V |Veu [ [' [ | FF
Star | 206 | 208 | 210 | 118 | 118 | 122 |3.37 | 2.72 | 193 | 1.0
Table 3 Unbalanced load results
Unbalanced Star (task3) | VAB VBC VAC
True power (P) 688W 1.22kwW 981W
Apparent power (S) 688VA 1.22Kva 981VA
Reactive power (Q) OVAR OVAR OVAR
Table 4 Un-balanced star power
Should explain the reason for the
OVAR condlition.
Line Voltage = 208V
VLINE _ 208
Phase voltage Vpy= =2 —-=120.09V
g€ Ver= — 13 V3
_  Vph _ 12009 _
lgep = RAPH - — 40 = 3.00A
_  Vph _ 12009 _
Ivewow = zgpE = 50 - 2.40A
_  Vph _ 12009 _
lgLue = RCPE= 70 - 1.72A

Good results and calcs




PHASE Measured Current (A) Calculated Current (A)
Ireo 3.37 3.00

lveLow 2.72 2.40
IsLue 1.93 1.72

Table 5 Measured v calculated comparison.

The measured and calculated values for the unbalanced star load are again
similar but some discrepancy, this could be due to a number of factors
including calibration of the equipment, the setting may not be correct on the
test rig and also there is the calibration error of the NANOVIP tester. Either or
a combination could change the resultant measured current significantly, each
measured current is approximately 11% above; which is a similar error

percentage.
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Good argument.
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Figure 8 Phase Diagram (Measured Currents) (Scale 100:1)

Yellow Phase using trigonometry (SOH & CAH),

Vertical element =sin30° x 2.72 = 1.36A

Horizontal Element = cos30° x 2.72 =2.356A

Blue Phase using trigonometry (SOH & CAH),

Vertical element = sin30° x 1.93 = 0.965A

Horizontal Element = cos30° x 1.93 =1.671A
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PHASE Horizontal Vertical
Ireo 0 3.37

lveLow 2.356 1.36
IsLue 1.671 0.965

Table 6 Horizontal & vertical elements per phase

167,14

IRed

337A

23556

This is good here.

180deg

965
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IYellow

Figure 9 Phase Diagram (vertical /horizontal) (Scale 100:1)

The combined vertical element = 3.37 -1.36 -0.965= 1.045

The combined Horizontal element = 2.356- 1.671= 0.685

The Neutral current Iy=V ((vertical element) 2+ (horizontal element) ?)

In=V ((1.045)%+ (0.685)?)

Iy = 1.25A

10
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Figure 10 Neutral phasor diagram (scale 10:1/1cm=0.1A)

Being as the unbalanced load had no capacitors or inductors it is a purely
resistive load — not leading or lagging, thus the power factor found was
measured to be 1.0.
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4.0 Three Phase Electric Supply (use of)

Phase to ground Phase to phase voltage
Voltage

N 3 6 (| 12 || 24 ||36
80 138(( 80 || 41 || 21 ||14
133 230|133 69 || 35 |[23
199 345((1991103 ] 52 ||35
289 500((289(| 149 75 ||50
433 750((433 |[224|(113][75

Table 7 Phase to Phase Voltages (Multiple phases) (Electrowsky, 2018)

1. Lower voltage for the same power can be transmitted.

2. Lower phase to phase and phase to ground clearances and shorter towers
with narrow right of way

3. Lower phase to phase spacing

4. Lower voltage gradients, resulting smaller conductor size to used.

5. With increasing number of phases, the probability of flashovers’ between
phases increases. Therefore special attention must be paid to the design of
insulation

6. Power transmission with more than three phases, for example six-phases,
requires corresponding transformers and circuit breakers, switchgear and
bus bars for six poles as well, what is more expensive and results in difficult
protection (relaying) when interconnected with three phase lines.
Therefore, the use of multiple phase transmission is presently restricted to
some few lines.

(Electrowsky, 2018)
This needs more
explaining and what

are the applications
of 3 phase.
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5.0 Task 5 Power factor
140kw

B2

o1

66

1.92 kVA

132

66

Figure 11 P.F. Triangle A

_140 _ g =
Cos @2—192 73% P.F=0.73

KVAR Correction =V ((KVA)2-(kw)?) - V ((KVA)%-(kw)?)
(Measured) (Target)

65 KVAR =V ((192)%-(140)?) - v ((155)%-(140)?)

140kw

#2

66

1.55 kVA

Figure 12 P.F. Triangle B

Cos @2 ==22 _ 90% P.F. = 0.9
155

In the triangle shown in Figure 11

The power P= 140kw
Reactive Power Q= 132 KVAR

Apparent Power S=V(P? + Q2) = V(140% + 1322) = 1.92KVA
_ 11401 _ o_
@ = cos?[] - 43°=0731

In triangle B and @ angle = cos™ 0.9=25.84°, this is the target g, to increase the
power factor this can be achieved by adding capacitor banks in parallel.
13
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6.0 Task 6 Transformer Connection Arrangements
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Figure 13 Three phase Delta-Delta full wave bridge (McLyman, 2004)

The delta-delta type transformers shown in Figure 13 are used for isolating
transformers such as the one shown in the schematic shown in Figure 14. This
is because all the voltages are the same and the current will transfer in the
magnetic field.

3 PHASE ISOLATING TRANSFORMER
DELTA / DELTA CONNECTION
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Figure 14 Delta-Delta Isolating Transformer (Anon., 2018)
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Figure 15 Three Phase Delta-Wye Full Wave circuit (McLyman, 2004)

The Delta-Wye Transformer is commonly used to transform voltages up or
down as the combination of the two changes the step up/down ratio. Some of

14




these voltages can be obtained by selecting a single Live wire and Neutral
giving the option to transform down to “single phase” as well; these are shown

in Figure 16.

— O Phase —
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240 ¥
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Figure 17 Three Phase Delta-Wye Half Wave Bridge (McLyman, 2004)

A three Phase Delta Wye half wave bridge is a rectifier used to convert the AC
sine wave into either DC positive or DC negative and the Neutral would be the
opposite DC Negative and Positive respectively. This is achieved using a
common output and a “Diodes” to prevent current back flowing, the output
graph shows the negative part of the sine wave inverted onto the top doubling

the positive, this is shown in Figure 18

3 Phase Rectified DC

0 180 270 0

Figure 18 Rectified 3 phase Direct current
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Figure 19 Three Phase Delta-Wye 6-Phase Star (McLyman, 2004)

Three phase Delta-Wye 6 phase create 6 phases from the 3 incoming, this is
shown in Figure 19.

“6 phase Induction Motors” are two “3 phase motor” field windings combined
but arranged 60 degrees apart to benefit from the magnet wave induced in the
motor as the motor turns; by increasing the number of phases in the motor there
will be a smoother power flow and a constant torque flow.

Figure 20 Six Phase Induction Motor

The disadvantages of using this system is that you require 6 cables but smaller,
connections are more complicated and the process to reverse the motor
required 2 pairs of wires to be changed, 1 pair from each field winding set. You
also have many more components which make these motor more costly to
produce.

Good
explana

16 tion.
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