Power Electronics and Drives - Practical Exercise 1
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Answers:
Section 1
1a) Power factor = cos ᶲ = cos 25º = 0.91
None: 18º Lagging 
C2: 2º Leading  
C2 & C3: 23º Leading 
C2 & C4: 18º Leading  
	Correct capacitor
	None
	C2
	C2 & C3
	C2 & C4

	Phase angle (Lead/Lag)
	18 Lead/Lag º
	 2 Lead/Lag º
	23 Lead/Lag º
	18 Lead/Lag◦

	Current Amplitude
	532mA
	235mA
	540mA
	480mA



1b) C2 = 10
1c) B) Phase angle and current are both a minimum 
1d) Power factor = cos ᶲ = cos (18) = 0.95
1e) Power factor = cos ᶲ = cos (2) = 0.99
· 2.35 x 2 = 4.7V x 10 = 47V
1f) 
VI cos ᶲ
V = 2.66 x 2 = 5.32 x 10 = 53.2V
I = 523mA = 0.523
ᶲ 53.2 x 0.523 cos(18) = 3.3W
1g) 
VI cos ᶲ
V = 2.35 x 2 = 4.7 x 10 = 47V
I = 235mA = 0.235
ᶲ 47 x 0.233 cos(2) = 1.4W
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[bookmark: _GoBack]Answers:
Section 2
2a)
None: 25º Lagging 
C2: 28º Leading  
C2 & C3: 44º Leading 
C2 & C4: 32º Leading  
	Correct capacitor
	None
	C2
	C2 & C3
	C2 & C4

	Phase angle (Lead/Lag)
	18 Lead/Lag º
	 2 Lead/Lag º
	23 Lead/Lag º
	18 Lead/Lag◦

	Current Amplitude
	532mA
	235mA
	540mA
	480mA



Test performed: C3 & C4 together, still at 15. Gives the same output wave signal as original. Fault = C2 high. 
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Fig 3

@ Connectup the circuit of Fig 3. Switch ON the Module Power Supplies.

o Tum e snpinde conol VR 1 poiion ¢ O £ 5 singe e

supply. The inductive reactance of the motor windings increases with
frequency. To accentuate the effect, also furn the frequency conirol (VR2)
clockwise to maximum.
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Set up the oscilloscope as follows:

timebase to Ims/div
‘both CH.1 & CH. Y-amplifiers to 1 V/div, AC inputs

‘both fraces across the center of the graticule

adjust fine timebase control so that a half cycle covers 9 divisions (20°/di)
(you may have to change the fimebase to 0.5ms/div fo achieve this).

Measure the phase angle befween the supply voltage (referenced at zero) and.
the current, which should be lagging, since this is an inductive load. Record
the result in Table 1

Correction.
ton | wome C2-104F  [C2+C3 - 204F |C24C4 - 154F

Phase angle g B B g

(leadlag) | leadlag leadlag leadlag Leadlag

Current

amplitude mApo) mApp mapy mapp)
T 1

2 peak x 1000,

Measue the amplifude of the current in mA p-p (- ) to convert

10
the display of the half-cycle in volts fo a current in mA. Record this also in
Table 1

Add a shorting link between sockets 7.3 & 7.7 to connect one 104F
capacitor in circuit

Note the new values of phase angle and current and add these fo Table 1.

Add another shorting link befween sockets 7.4 & 7.8 to increase the shuat
capacitance to 204F.

‘Record the new values of phase angle and current in Table 1

Move the shorting link from sockets 7.4 & 7.8 fo be befween sockets
7.5 & 7.9 to make the shunt capacitance 154F.

‘Record the new values of phase angle and current once more in Table 1
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Enter the value of shunt capacitance which gives the nearest to complete
correction of the phase angle.

With the best value of power factor correction capacior i circut,the:
[l phase anete and correat ar both a masizom,

[E] phase anele and correat ar both a misimum.

[0 phase aneteis = minicmum and cuseat 2 masismom.

3] phase angleis 2 maxismom and cusent a mininuen

Calculate and enter the power factor (cos §) with no correction capacitor in
circuit.

Calculate and enter the power factor (cos ¢) with the best correction
capacitor in cireuit.

@ From the reference voltage display on the oscilloscope, measue the supply
voltage (remember to allow for the x0.1 factor of the voltage monitor by
‘multiplying by 10)

suppty voisge =[] Vp

Calculate and enter the power supplied in watts from VIcos ¢ with the no

correction capacitor in circuit. (Hint - remember to allow for the +8 for
conversion to RMS and for m3)

Calculate and enter the power supplied from VI with the best correction
capacitor in cireuit.

o compueterestior @ 1ewin @ 1t

@ Switch OFF the Module Power Supplies.
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The Management Computer has inserted a fault into the following circuit:
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®  Connect up the circuit as shown and switch ON the Module Power Supplies.

o set VR o posicon 4 ) 1o give « sigiephase sppls snd s s
equency (VRG) to maxion.

®  Setup the oscilloscope as follows:
timebase to Ims/div
‘both CH.1 & CH. Y-amplifiers to 1 V/div, AC inputs
‘both traces across the center of the graticule
adjust the fine timebase control for a half cycle covering 9 divisions (207
Jdiv)

®  Repeat the measurements of the phase angle and current with power factor
correction capacitors as given. Record the result in Table 2.

Correction.
o | weme C2-104F  [C2+C3 - 204F |C24C4 - 154F
Fhase angle g = g g
(leadlag) | leadtag leadlag leadlag Leadlag
Current
amplitude mApo) mApp mapy mapp)
Tale 2

®  Compare the results of these fests with those obtained in Table 1,
Exercise 1

®  Deduce which component is faulty.

®  Switch OFF the Module Power Supplies.

Fault Response:  Enter the fault condition.

®  Now that you have completed the fault exercise, the fault has been removed.
by the Management Computer.
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Exercise 1 Power Factor Correction

Reactive components, capacitors and inductors, do not dissipate power. Any
energy which is supplied to them in one quarter cycle is taken back in the next. A
capacitor charges up to the peak of an applied voltage as it rises to a maximum, to
store energy (%:CV?). During the next quarter cycle the capacitor discharges and
the energy is returned to the supply. Inductors store energy in the magnetic field as
the current rises to a maximum (%:LI%) and then retum it to the supply as the
‘magnetic field collapses in the following quarter cycle when the current falls to

zero.

Although no power is dissipated, current has to flow from the supply to the device.
‘The power generator (alternator) winding has to be rated to allow this cusent to
flow and there will still be R power losses in the transmission wires carrying the
current to the consumer. The power company will not favor highly reactive loads
on their supply.

Power Factor

In a mixed (resistive/reactive) load, true power will still be dissipated in the
lrﬁsﬁnzmnpmk,hznﬁnofmwm/:ppﬂmkw“(%)ishmn
the power factor.

VI

From Fig lmcmmmuthewwaﬁcw(v—v:islh:muhmhuvf

the phase angle  between supply voltage and supply current.
‘True Power

Apparent Power

Power factor =

or  True Power = Apparent Power X cos ¢
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Example
If the load cusrent is found to be lagging the supply voltage by 20°, then:
power factor = cos ¢ = cos 20° = 0.94

‘This means that the load s inductive and only 94% of the supplied volt amps (Vx
1) is being dissipated as power in the load.

Ideally the power factor should be 1.0 (the greatest value it can have, if there is 5o
reactive component of current, and supply current is in phase with supply voltage).
‘The power company will aim for this ideal situation.

In the practical situation, inductive devices (such as motors) create the greatest
problems of phase shifts of current with respect to the applied voltage. This phase
shift can be canceled by using shuating capacitors to draw compensating leading
current.

Rols %

I

Fig 2

Note that this also means that the supply current Is reduces to 2 minimum, equal to
the resistive load current Ig.

Caleulate and enter the power factor if the supply (load) current lags the
applied voltage by 2:

Remember that when measuring with an oscilloscope, you get a peak-to-peak
reading of voltage. To convert this to RMS you must divide by 2 x 2.

If both voltage and current are measured from the oscilloscope, then the power is
I _VxI

v
calculated fic -_—
MR s




