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Instructions:

= You

ina

= The

= Internal laboratory regulations must be observed.

must wear alab coat.

= Attendanceiscompulsory and will be monitored. Any unjustified absence or failureto hand

report will result in a mark of 0/20.

= Haveyour assemblies checked before connecting the voltage sour ce.

= |tisstrictly forbidden to move equipment from one station to another. In the event of a
breakdown or faulty equipment, contact the teacher.

=  Thereport must bewritten by a maximum of four students.

= Thereport must be handed in at the beginning of the next session.

report must include the following sections:
TP cover page.

Thedate of the practical session.

Last Name and first name of the main writer.

Last Names and first names of the WP participants.

Preparation and work in manuscript,

Person in charge of practical work: Dr ROUABHI.R



PW n°02: Measuring Voltage, Current and Power in Three Phases

|- Aim of the manipulation:

The aim of this experiment is to measure the voltage, current and active and reactive power in athree-
phase circuit.

[I-  Equipment used :

» Three-phase voltage sources (AC).

» Electrical loads (resistors, inductors and capacitors).
» Instruments (multimeters, power meters).

[11- Theoretical reminder :

Note:
I, U: instantaneous val ues.
U: the effective composite voltage between two phases.
V' the effective simple voltage between phase and neutral.

| V- Three-phase electrical power

01) Theactive power

The active power, P, is the average value of the instantaneous power. It is equal to the arithmetic sum of
the active powers of the three single-phase receivers. In other words, three times the single-phase active
power when the system is balanced.

Pthree—phase =P1+P;+P3 =3+ Psingle—phase

%+ Case of abalanced star-coupled system

P =3.V.1.Cosg V : isthe effective value of the phase-to-neutral voltage

_ 1 : isthe effective value of the line current.
With vV =U/V3 @ : isthe phase shift of I relativeto V.

¢ Case of abalanced delta-coupled system

P =3.U.].Cosg U : isthe effective value of the phase-to-phase voltage
With J =1/V3 ] : isthe effective value of the current of areceiver 8]
@: isthe phase shift of J relativeto U J
i
S|

Whatever the coupling for a balanced three-phase system

The active power is given by: P=+/3.U.1.Cosg
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02) Thereactive power

The reactive power noted Q is the power brought into play in the reactive dipoles. It is due to the
reactance and is expressed in Var (Volt Ampere reactive). It is equal to the arithmetic sum of the reactive
powers of the three single-phase receivers. That is to say three times the single-phase reactive power
when the system is balanced.

chree—phase =Q1+Q2+0Q3 =3+ Qsingle—phase

Whatever the coupling for a balanced three-phase system
The reactive power is given by: Q =V3.U.1.Sing

03) The apparent power

The apparent power noted S is the power that characterises the generator of the voltage and alternating
current sources. When a source of aternating current is made available, we do not know how it will be
used by the user and therefore we do not know the phase difference between the current and the voltage.
However, it is necessary to know the voltage and current available.

This is equal to the vectorial sum of the apparent powers of the three single-phase sources. In other
words, three times the apparent single-phase power when the system is balanced.

Sthree—phase = Sl + SZ + 53 =3 Ssingle—phase

Whatever the coupling for a balanced three-phase system, the apparent power is given by:

S=+3.U.1 Orby: S =+P?+Q?

The three-phase power factor is: Cosp =P/S

V- Three-phase power measurement methods

01) Singlewattmeter method : (1) s | P.] \
I = s : +— 1, i ‘
This method is valid when the three-phase system (1 |_h 1 —
is balanced and the neutrd is connected (balanced iz F Y |
4-wire system). m_: — =
N i Y

Figure 1
e Thecurrent coil is connected to line (1), so the current I flows through it. The voltage coil of the

same power meter is connected between the lines (1) and the neutral, so it measures the simple

voltage V;. Theindication on the power meter istherefore :

P, =V,.1,.Cosq, and Q, =V;.1,.Sing,

We can therefore deduce that the active power of this systemiis: P=3.v,.1,.Cos@, =3.P,
The reactive power is: Q =3.V,.1,.Sing, = 3.Q,
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The apparent power is: S=3.V..I, =+ P*+@?
02) Two wattmeter method: ) A e
_pl-l |_| 3 "' 'l.-_\.. : -I .
This measurement method is used for three-phase systems —~ L i W :
without neutral. It alows the measurement of active and " !"‘-_,“-'"-3-_i"_;'*=, —| |
reactive powers. The assembly corresponding to the method is _ || [_i —| |
asfollows: (3 i — |

Figure 2
e The current coil of the first wattmeter is connected to line (1), so the current I, flows through it. The
voltage coil of the same wattmeter is connected between lines (1) and (3), so it measures the
composite voltage U;5=V,-Vs. Theindication on the 1st wattmeter is therefore :

/3

W= (Ui 1), =U 1008~ 5) U1 cosp +sing):

e The current coil of the second wattmeter is connected to line (2), so that current 12 flows through it.
The voltage coil of the same wattmeter is connected between lines (2) and (3), so it measures the
voltage U23=V2-V 3, so the indication of the second wattmeter istherefore :

;3

T 3 1.
W, = (Ugsl3) moy = Ul COS((PJFE) =Ul (7005@—55'%))

We show that the active power of this three-phase system is the sum of the readings of the two wattmetes:

The same applies to reactive power: W, —W, =Ulsing = Q//3, therefore: Q =3(W-W,)
The apparent power is: S— \/m
03) Three wattmeter method: R — "
(1) . { 1! : = i
If the three-phase system is unbalanced and with the it __.'_.;? ! '*T' ‘

. 14 S (p 2} L i
neutral connected (unbalanced 4-wire system), three ]-', LA R ‘
power meters must be used to measure *3]—5?---;7Lﬁ_5‘:-—13---~—§—§ : |-

w2 ] | | (¥m—
the total power. '
Figure 3

In this case, the active power is: |P =P, +P, + P3|

The reactive power is: @ -0,+Q,+q,

The apparent power is; |S=+P*+Q°
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VI- Practical part:

1. Singlewattmeter method :

Purely resistive load: The three-phase system is balanced and with neutral connected (4-wire balanced

system).
1) Carry out the assembly shown in Figure 4:
Py
AC VC vi R
U=U1,=Uz5=Ugy= 50V Ay Seey
12=U23=U31 Tkr]]ree —>—O aD - [ 1—
phase | \4 %_
R=.......Q voliage | v —1—]
Vq= vV source I3 E_
N
2= ¢
............................................... Q
Figure 4
2) Complete the table below:
Greatness Vi(V) 11(A) P(Watt) | QuVar) Si(VA) Cos(g)
Formula
Calculation
M easurement
Tablel
3) Calculate the total power and the power factor.
Calculations M easurement
PT_0— PT_M ittt e rararr s ar e a s
C= QT_M e i e aa e rre s aEs s ey
ST_C = ST_M B
(0001 (77 T (000 1S (77) E O
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2. Threewattmeter method:

Purely capacitive load: The three-phase system is unbalanced with the neutral connected (4-wire system)

and the load is connected in star configuration.

1) Carry out the assembly shownin 5:

U15=U23=Uz=U=50V iy Vi TS
= 50Hz e (A—{P1 Q’B
Cim i uF ohase i : <
— 2 N\ > 2
C2— ............ H.F V0|tage > L‘\P_Z/‘
Ce= i, uF source , «—
|3k V3 C3
2= e > 4
................................. Q N ®
Figure5
2) Complete thetable below: Tab2 et Tab3
Greatness Va(V) [1(A) Py(Watt) Qu(Var) SiI(VA) Cos(¢,)
Formula
Cadlculation
M easurement
Table2
Greatness P,(Watt) Qx(Var) SA(VA) Ps(Watt) Qs(Var) S(VA)
M easurement
Table 3

3) Calculate thetota power and the power factor.
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3. Twowattmeter method :

Inductive load: The three-phase system is balanced and has no neutral (balanced 3-wire system).

U=50V. i T O

—_ 1
f= 50Hz e W, ,—v——IZI—rfm—ﬂ

= ). phese | - O —s

= i H. voliage |5 (W) E_m—,

= Q. e ——

.......................... X | — ™
.............................. Q _ R L
Figure 6

1) Complete thefollowing tables. Table 4 et Table 5

Greatness J(A) | Pyy(Watt) | Quri(vAR) | Pr(wait) | Qr(VAR) | Sr(vA) | Cos(g)
Formula

Calculation
Table4
Values to be measured Vauesto be calculated
u(v) I(A) W, Wz | Pr(Watt) Qr(VAR) | Sy(vA) | Cos(e)

Table5
2) What can we conclude?
VII- Conclusion.

6
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