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Namaskar, so in last session we started our discussion about the 3 phase circuits and last we
discussed about the Y-Y balance circuit that means you can also say Y-Y balance circuit. So, in

today’s session we will discuss about Y-A as well as A-A circuits.
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BALANCED WYE-DELTA CONNECTION

* A balanced Y-A system consists of a balanced Y-connected source feeding a balanced A-connected load.

* The balanced Y-delta system is shown In the below figure, where the source is Y-connected and the load
is A-connected.

* There Is. of course, no neutral connection from source to load for this case.

Let us start our discussion related to first we will discuss balanced Y-A connections. You will see
there we have Y-A circuits where the source is connected in star or you can say Y and load is
connected in delta form. You will see that the a phase of the source is connected to A of load, b is
connected to B of load and then c is connected to C phase of the load. In this way you can say that
the star source is feeding power to the delta connected load. Now if you see this arrangement, you

can simply say that that we do not have neutral connection between the source as well as load.
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¢ A g the positive seq ¢, the phase voltage or line to neutral voltage are,

Vo = V,20°

Vin = V2 — 120°
Ve = ¥,£120°

* As discussed previously the line yoltages are,
Vap = V3V,£30° =V,
Vie = V3V, £ — 90° = Vg,

\Y

ca

V3V,£ - 210° = V.,

*+  This shows that the line voltages are equal to the voltages across the load Impedances for this system

configuration.

BALANCED WYE-DELTA CONNECTION

* A balanced Y-A system consists of a balanced Y-connected source feeding a balanced A-connected load.
* The balanced Y-delta system is shown In the below figure, where the source is Y-connected and the load
is A-connected.

* There Is, of course, no neutral connection from source to load for this case.

Now if we assume the positive sequence, the phase voltage or you can also say line to neutral

voltage will be,
Van = V,20°
Vin = V2 —120°

Ven = V,2120°



Now when we discussed about the Y-Y connection, we discussed about the phase voltage as well
as line voltage so in this case also the line voltage will be V. So, since the source is your star

connected, so you will see that the line voltage will be V,;, and we derived that the value of V,;,, =

/313,£30°. This is what we derive when we discussed about the Y-Y connection.

Similarly, V. = \/§Vp4 —-90° V., = \/§Vp4 — 210°. Now if you see this arrangement, the line
voltage of the source will be equal to phase voltage of the load because line voltage that is V,, is
coming across the phase AB of the delta. So what we can write that V,;, = V45 that is the load

phase voltage, V,. = Vg and V., = V., of the load.

So, in this arrangement, you will come to know that in case of delta connected load or in case of
delta connect source the phase voltage will be equal to line voltage. So, whenever we see the delta
connected source or load, we will say that the phase voltage of the delta will be equal to line voltage
of the delta whether it is source or load. So, we can say that line voltage are equal to voltage across
the load impedances for this system configuration. That means line voltage will be equal to phase

voltage coming across the load impedance.
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+ From these voltages, we can obtain the phase currents as,

_Vas

b = Z

Vi
by =
i

vl A
I
i 7

* These currents have the same magnitude but are out of phase with each other by 120°.

* Another way to obtain these phase currents is by applying KVL to the balance wye-delta connection.




BALANCED WYE-DELTA CONNECTION

* A balanced Y-A system consists of a balanced Y-connected source feeding a balanced A-connected load.

* The balanced Y-delta system is shown In the below figure, where the source is Y-connected and the load
is A-connected.

* There Is. of course, no neutral connection from source to load for this case.

Now from the voltage values which we got, we can find out the value of the phase current. So,
phase current will be,

I, = Vap
AB ZA
I — VBC
BC ZA
L= Yea
CA ZA

So now here you can say that these currents have the same magnitude but these will be out of phase
with each other by 120 degree because these voltages are out of phase with each other by 120
degree. Now we have another way to obtain these phase currents. How? We will simply apply

Kirchoffs Voltage Law to the balanced Y- delta connection.
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*+ Applying KVL around the around the loop aABbna gives,
Van + Zylag + Vi = 0

Van=Vin _Va» _Vas

1 s
AB Z Z 7

* The line currents are obtained from the phase currents by applying KCL at nodes A. B.and C.

Let us see this particular figure and to apply KVL we will consider the loop that is aABbna to get,

—Van + Zplyp +V,, =0
or

Van = Von  Vap _ E

S e N

In this way also you can find the value which is same. Now to find out the line current what we
have to do? We have to take the phase current which we derived and apply KCL at the nodes A,

B, and C. So now if you apply KCL at node A,

I =Ip —Ica =0
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* Thus,

* Since,

Tes = Lige — 240°

1, = L —loq = Lip(1 — 12 — 240°)
Lig(1 4 0.5 ~ j0.866) = I,zV3£ - 30
*  Similarly, 1
I = lyo— g = TgeV32 ~ 30°
I, = Ipy = lIpe = I V32 - 30°
*+ This shows that the magnitude of the line current is V3 tmes the magnitude of the phase current. l.e.,

1, = V31,

ICA == IABL - 24‘00

I, =L — Iy = L(1 — 12 — 240°)
=1,5(14 0.5 —;0.866) = I,zV/32 — 30°
Similarly,
I, = Iz — Iyp = I5cV32 — 30°
I, =gy — Igc = Ig4V/32 —30°

This shows that the magnitude of the line current is v/3 times the magnitude of the phase current,

i.e.,
lL = \/glp

From the line currents you can simply say that the magnitude of the line current is root 3 times the
magnitude of the phase current in delta connected load. For the delta connection the line current

will be equal to root 3 times of the phase current.
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and

1, = gl = lgel = Teal
Also, the line currents lag the corresponding phase currents by 30° assuming the positive sequence.

This is illustrated in the phasor diagram shown below.

Thus, i
o =hg=lca
Since,
Ieq = gt — 240°
1, = Iy — oy = Lip(1 — 12 — 240°)
Lip(1 + 0.5 - j0.866) = I zVv3z ~ 30
Similarly, 1
I, = lgp = I4g = IgcV32 ~ 30
I, = gy = Ipc = IgpV32 - 30
This shows that the magnitude of the line current is V3 tmes the magnitude of the phase current. l.e.,
1, = V3l

Now what you can write, you can write,

and

I, = |Ia| = |Ib| = |Ic|

I, = [Lig| = [Igc| = [1cal



The important thing which we have to keep in mind is that the line current in case of delta
connected load will lag the corresponding phase current by 30 degree. So, this you can see from

the current expressions that the line current is lagging the phase current by 30 degree.

If you represent line current as well as phase current on the phasor diagram, if you take I,5 as a
reference, I, that is the line current will be 30 degree lagging from I45. Similarly, I, will be lagging
by 30 degree from Iz and I, will be lagging 30 degree from I.-4. So, this will give you an idea
that how the current in case of delta connected will be having relationship with respect to the phase
currents. Now important thing you need to remember that the phase current is having value smaller

than I, that is why it is represented in the phasor diagram I, larger than I 5.
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* An alternative way of analyzing the circuit is to transform the Y-A connected load to an equivalent Y-Y

connected load.
* Using the transformation formula

. Zy
Zy 3
* After this transformation, we now have-a Y-Y system.
* The three-phase system can then be replaced by the single phase equivalent circult as discussed in the
balanced Y-Y case.
» This allows us to calculate only the line currents

* The phase currents are obtained using I, v’.il;. and utilizing the fact that cach of the phase currents

leads the corresponding line current by 30°.

Now there is an alternate way also to analyze the circuit to transform star delta connected load to

equivalent star star connection. In that case what you have to do, you have to convert delta

connected load into equivalent star connected load which we can do with the help of star delta
transformation. In that case you can say Z, = Z?A and when you put you can analyze the system as

we did in case of star star connection.

Now the 3 phase system here can be replaced by single phase equivalent circuit which we discuss
in case of star star case. This will allow us to only find the line current then we have to use our
recent discussion that I, = \/§Ip. So, phase current you can obtain with the help of this relationship
and we utilize the fact that each of the phase currents leads the corresponding line current by 30
degree. This will help you to analyze the star delta circuit while you convert star delta into star star

combination.
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EXAMPLE

|
A balanced abc sequence Y-connected source with V,,, 100£10" V is connected to a deita

connected balanced load (8 + j4)0) per phase. Calculate the phase and line currents?

The load Impedance is,
Zs (8 + j4)N) = B944.£26.57°0
If the phase voltage V., = 100210° V, then the line voltage is

Vap = Vi V3430 100V3£(10° + 30°)V = 173.2£40°V = Vg

Now let us take 1 example. Suppose there is A, B, C phase sequence star connected source with

the phase voltage V,,, = 100£10° V and it is connected to a delta connected balanced load with
impedance (8 + j4)Q per phase. We need to calculate the phase and line currents. So, the load

impedance you can convert it into phasor form as,
Z, = (8+j4)Q =8.944,26.57°Q
Now the phase voltage V,,, = 100£10° V.
Now what will be the line voltage, line voltage,
V,, = V,V3£30° = 100v3210° + 30°V = 173.2240°V = Vs

Now in case of star delta combination, you know that the line voltage of the source side will be

equal to phase voltage at the delta side.
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* The phase currents are

Vag _ 173.2£40°

b = = =19,36£13.43° A

Z, B.944,2657°
Ige = g4 — 120° = 19.364 — 106.57° A
Toa = lig4120° = 19.36£133.43° A
* The line currents are
Iy LipV3<4 — 30° = V3(19.36)2(13.43° — 30°) = 33.532 — 16.57° A
I, = 1,2 —120° = 33532 — 136.57° A
I, = 1,£120° = 33.53£103.43° A

So, you can easily find out the value of phase currents as,

: _ Vup  173.2240°
4B T 7, T 8.944,26.57°

=19.36£13.43° A

Ipc = 1,2 — 120° = 19.362 — 106.57° A
Ioy = 1,52120° = 19.36,133.43° A
Now what will be the line currents in case of the delta connected load. Line current,
I, = I,3V32 — 30° = /3(19.36) £(13.43° — 30°) = 33.532 — 16.57° A
I, =I,2—120° = 33.532 — 136.57° A
I, =1,4£120° = 33.532103.43° A

In this way you can analyze the circuit if it is star delta if it is in the star delta combination.
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* A balanced A-A system consists of a balanced A-connected source feeding a balanced A-connected load.

= The balanced A-A system is shown in the below figure.

* There will be no neutral connection from source to load for this case

Now let us talk about the balanced A-A connection. In this case if you see this particular circuit,
the circuit is A-A connected here the source is delta connected as well as the load is delta connected.
So, the source voltage that is V,;, V,. and V.., will be applied across the load impedances also. So,
if the line current is I, I, I.. in the load we consider phase current as 1,5, Iz and I.,. Now since
both are balanced delta-delta connections we will not be able to put neutral from source to load

because we cannot identify neutral in case of delta-delta connection.
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* Assuming the positive sequence, the phase voitage for a A-connected source are,

Vap = V40

* The line voltages are same as the phase voltages.
* Assuming there is no line impedance, the phase voltages of the delta-connected source are equal to the

voltage across the Impedance,

Vas = Vas
V v[h
Vo = Veu




Now if we assume positive sequence that is the sequence is A, B, C the phase voltage for a delta

connected source will be,
Vo = V,20°
Vpe = V,2 — 120°
Voo = V,2120°

Now since the line voltages are same as the phase voltages in case of delta connection delta

connected source as well as load.

If we assume there is no line impedance means there is no impedance for the transmission line.
Transmission line is loss less. Then, the phase voltage of the delta connected source will be equal

to the voltage across the impedance. So, in that case

Vo = Vg
Vye = Ve
Vca = VCA
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+ From these voltages, we can obtain the phase currents as,

L Vaz _ Va»
=g =%

Vac _ Vi

lye = =
Tz 7,

Vea  Vea

I
AT =

* These currents have the same magnitude but are out of phase with each other by 120




Now from the voltages what we can do, we can obtain the phase currents. In this case the phase

current

VAB Vab

Lp=—2=2

_ Ve _ Vo

_Vea _ Ve

You can see from the current equations that the currents have the same magnitude but these will
again be out of phase with each other by 120 degree because these voltages are out of phase with

each other by 120 degree.
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@
I= [l
l
\H

* The line currents are obtained from the phase currents by applying KCL at nodes A, B, and C.

So now you have the phase current information. Next task is you need to find out the line current.

So how you can find out the line current, you can simply apply KCL at the nodes either A or B or

C you can apply the KCL. So here if you apply the KCL, you will get

I, =l —Ica=0
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* Thus,
lo =l - lca
* Since,
Iex = gl — 240°
Io = L —lgq = Lip(1 — 1£ - 240°)
Lig(1 + 0.5 — j0.866) = 1,5V3¢ 164
*  Similarly, Lo : Lpe

Iy = Igc = g = Igc V32 = 30°
I, = Igq — Ige = IgyV32 — 30°
* This shows that the magnitude of the line current is ¥3 tmes the magnitude of the phase current. l.e.,

I v.{l,, .

Now,
Ica = Ligz — 240°
I, =g —Ics = Lig(1 — 12 — 240°)
=1,5(14 0.5 —;0.866) = I,zV/32 — 30°
Similarly,

Ib = IBC - IAB = IBC\/§L - 300
IC = ICA - IBC = ICA\/§L - 300

This shows that the magnitude of the line current is v/3 times the magnitude of the phase current,

ie.,

lL = \/glp
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* An altefnative way of analyzing the circuit is to transform the A-A connected circuit to an equivalent 1-Y

connected circuit.

* The load can be transformed using,

Now here also you can use the alternate way of analyzing the circuit, you can transform the delta-
delta connected circuit to an equivalent star star connected circuit. So, in that case, you have to use

star delta transformation on both sides, convert them into star star combination. In that case your

Z

load will be Z, = ?A So, this is what we can get from the star delta transformation. Using that

when you convert delta-delta connected circuit into star star connected circuit, you can simply

analyze as we discuss in case of star star connected circuit in the last lecture.
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EXAMPLE

A balanced A-connected having an Impedance of (20 — j15)() per phase Is connected to a A-
connected positive sequence generator having V, 33020 V. Calculate the phase currents of the

load and the line currents?

The load Impedance is,

Now let us take the example related to our balanced delta-delta connection. In this case the

balanced delta connected load having an impedance of (20 —j15)Q is connected to a delta

connected positive sequence generator having V,;, = 33020° V. What we must find out, we have

to find out the phase current of the load and the line currents of the circuit. We can convert it into

phasor as,
Z, = (20 — j15)Q = 252 — 36.87°0

V,, = 33020°V =V,
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* The phase currents are

Vig 33040° S A
Iie= 2, = 75.-3687° 13.2£36.87°A
Ige = lag4 = 120° = 13.22 - 83.13° A
Tea = lig£120° = 13.22156.87° A
* The line currents are
I, = LpV32 — 30° = V3(13.2)£(36.87° — 30°) = 22.86£6.87° A
= Iy =1,2 120° 22.864 113.13A

I, = 1,£120° = 22.86,126.87° A

Vuz 33020°
I = =
4B ™ 7, 254 —36.87°

So,

=13.2436.87° A

Ige = Iypz — 120° = 13.22 — 83.13° A
I, = L,;z2120° = 13.22156.87° A

The line currents are,

I, = L,5;V32 — 30° = V3(13.2)2(36.87° — 30°) = 22.8626.87° A

I, =1,2—120° = 22864 — 113.13°A

I, =1,42120° = 22.862126.87° A

So, with this we can close our today’s session. In this session we discussed about the Wye Delta

that is popularly known as star delta and then delta-delta connected circuits. In the next lecture we

will start our discussion with the delta Wye connected circuit or delta star connected circuit. Thank

you.



