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In the previous (first) lesson of this module, the two types of connections (star and delta), 
normally used for the three-phase balanced supply in source side, along with the line and 
phase voltages, are described. Then, for balanced star-connected load, the phase and line 
currents, along with the expression for total power, are obtained. In this lesson, the phase 
and line currents for balanced delta-connected load, along with the expression for total 
power, will be presented.  

Keywords: line and phase currents, star- and delta-connections, balanced load.    

After going through this lesson, the students will be able to answer the following 
questions: 

1. How to calculate the currents (line and phase), for the delta-connected balanced load 
fed from a three-phase balanced system? 

2. Also how to find the total power fed to the above balanced load, for the two types of 
load connections – star and delta? 

Currents for Circuits with Balanced Load (Delta-connected) 
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Fig. 19.1 (a) Balanced delta-connected load fed from a three-phase balanced 

supply 
 (b) Phasor diagram 
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A three-phase delta ( )-connected balanced load (Fig. 19.1a) is fed from a balanced 
three-phase supply. A balanced load means that, the magnitude of the impedance per 
phase, is same, i.e., 

Δ

BRYBRYp ZZZZ === , and their angle is also same, as 

BRYBRYp φφφφ === . In other words, if the impedance per phase is given as, 

pppp XjRZ +=∠φ , then BRYBRYp RRRR === , and also BRYbRYp XXXX === . 

The magnitude and phase angle of the impedance per phase are: 22
ppp XRZ += , and 

( )ppp RX /tan 1−=φ .In this case, the magnitudes of the phase voltages pV  are same, as 

those of the line voltages BRYBRYL VVVV === . The phase currents (Fig. 19.1b) are 
obtained as,  
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In this case, the phase voltage,  is taken as reference. This shows that the phase 
currents are equal in magnitude, i.e., (

RYV

BRYBRYp IIII === ), as the magnitudes of the 
voltage and load impedance, per phase, are same, with their phase angles displaced from 
each other in sequence by . The magnitude of the phase currents, is expressed as °120

( )ppp ZVI /= .  
The line currents (Fig. 19.1b) are given as 

)30(3)120()( ppppppBRRYRR IIIIII φφφθ +°−∠=−°∠−−∠=−=−∠   
)30( pLI φ+°−∠=  

)150(3)()120( ppppppRYYBYY IIIIII φφφθ +°−∠=−∠−+°−∠=−=−∠   
)150( pLI φ+°−∠=  

)90(3)120()120( ppppppYBBRBB IIIIII φφφθ −°∠=+°−∠−−°∠=−=−∠   
)90( pLI φ−°∠=  

The line currents are balanced, as their magnitudes are same and 3  times the 
magnitudes of the phase currents ( pL II ⋅= 3 ), with the phase angles displaced from 
each other in sequence by . Also to note that the line current, say , lags the 
corresponding phase current,  by .   

°120 RI

RYI °30
If the phase current,  is taken as reference, the phase currents are  RYI

)0.00.1(0 jII pRY +=°∠ :    )866.05.0(120 jII pYB −−=°−∠ ; 
. )866.05.0(120 jII pBR +−=°+∠

The line currents are obtained as  
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 )866.05.1()}866.05.0()0.00.1{(1200 jIjjIIII ppBRRYR −=+−−+=°+∠−°∠=    

°−∠=°−∠= 30303 Lp II  
)866.05.1()}0.00.1()866.05.0{(0120 jIjjIIII ppRYYBY +−=+−−−=°∠−°−∠=    

°−∠=°−∠= 1501503 Lp II  
)}866.05.0()866.05.0{(120120 jjIIII pYBBRB −−−+−=°−∠−°+∠=    

°+∠=°+∠== 90903)732.1( Lpp IIjI  

Total Power Consumed in the Circuit (Delta-connected) 
In the last lesson (No. 18), the equation for the power consumed in a star-connected 

balanced circuit fed from a three-phase supply, was presented. The power consumed per 
phase, for the delta-connected balanced circuit, is given by  

( )pppppppp IVIVIVW ,coscos ⋅⋅=⋅⋅= φ     

It has been shown earlier that the magnitudes of the phase and line voltages are same, i.e., 

Lp VV = . The magnitude of the phase current is ( 3/1 ) times the magnitude of the line 

current, i.e., ( )3/Lp II = . Substituting the two expressions, the total power consumed 
is obtained as 

( ) pLLpLL IVIVW φφ cos3cos3/3 ⋅⋅=⋅⋅⋅=   

It may be observed that the phase angle, pφ  is the angle between the phase voltage 
, and the phase current, . Also that the expression for the total power in a three-

phase balanced circuit is the same, whatever be the type of connection – star or delta.  
pV pI

Example 19.1 

 The star-connected load having impedance of Ω− )1612( j  per phase is connected in 
parallel with the delta-connected load having impedance of Ω+ )1827( j  per phase (Fig. 
19.2a), with both the loads being balanced, and fed from a three-phase, 230 V, balanced 
supply, with the phase sequence as R-Y-B. Find the line current, power factor, total 
power & reactive VA, and also total volt-amperes (VA).    
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Fig. 19.2 (a) Circuit diagram (Example 19.1) 
 (b) Equivalent circuit (delta-connected) 
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Solution  

For  the balanced star-connected load, the impedance per phase is, 
Ω°−∠=−= 13.530.20)1612(1 jZ   

The above load is converted into its equivalent delta. The impedance per phase is,  
Ω°−∠=−=−×=⋅=′ 13.530.60)4836()1612(33 11 jjZZ   

For  the balanced delta-connected load, the impedance per phase is, 
Ω°+∠=+= 69.3345.32)1827(2 jZ   

In the equivalent circuit for the load (Fig. 19.2b), the two impedances,  &   are 
in parallel. So, the total admittance per phase is, 

1Z ′ 2Z

°+∠
+

°−∠
=+

′
=+′=

69.3345.32
1

13.530.60
111

21
21 ZZ

YYYp

°−∠+°+∠= 69.3303082.013.530167.0
)003761.003564.0()]017094.002564.0()01333.001.0[( jj j=−++=

1024.603584.0 −Ω°−∠=  
−

The total impedance per phase is,  
Ω+=°+∠=°−∠== )928.2748.27(024.6902.27)024.603584.0/(1/1 jYZ pp  

The phasor diagram is shown in Fig. 19.2c.  
Taking the line voltage,  as reference, RYV VVRY °∠= 0230  
The other two line voltages are,  

°+∠=°−∠= 120230;120230 BRYB VV  
For the equivalent delta-connected load, the line and phase voltages are same. 
So, the phase current,   is,  RYI

Aj
Z
V

I
p

RY
RY )8651.0198.8(024.6243.8

024.6902.27
00.230

−=°−∠=
°+∠

°∠
==  

The two other phase currents are,  
°+∠=°−∠= 976.113243.8;024.126243.8 BRYB II  

The magnitude of the line current is 3  times the magnitude of the phase current.  
So, the line current is AII pL 277.14243.833 =×=⋅=  
The line current,  lags the corresponding phase current,  by . RI RYI °30
So, the line current,  is RI AI R °−∠= 024.36277.14  
The other two line currents are,  

°+∠=°−∠= 976.83277.14;024.156277.14 BY II  
Also, the phase angle of the total impedance is positive.  
So, the power factor is  lagp 9945.0024.6coscos =°=φ  
The total volt-amperes is kVAIVS pp 688.5243.823033 =××=⋅⋅=  

The total VA is also obtained as kVAIVS LL 688.5277.1423033 =××=⋅⋅=  
The total power is WkIVP ppp 657.59945.0243.82303cos3 =×××=⋅⋅⋅= φ  
The total reactive volt-amperes is, 

VARIVQ ppp 5.597024.6sin243.82303sin3 =°×××=⋅⋅⋅= φ  
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An alternative method, by converting the delta-connected part into its equivalent star 
is given, as shown earlier in Ex. 18.1.  
For  the balanced star-connected load, the impedance per phase is, 

Ω°−∠=−= 13.530.20)1612(1 jZ    
For  the balanced delta-connected load, the impedance per phase is, 

Ω°+∠=+= 69.3345.32)1827(2 jZ   
Converting the above load into its equivalent star, the impedance per phase is, 
 Ω°+∠=+=+==′ 69.33817.10)69(3/)1827(3/22 jjZZ  
In the equivalent circuit for the load, the two impedances,  &   are in parallel. 1Z 2Z ′
 So, the total admittance per phase is, 

°+∠
+

°−∠
=

′
+=′+=

69.33817.10
1

13.530.20
111

21
21 ZZ

YYYp

)]05128.00769.0()04.003.0[(69.3309245.013.5305.0 jj −++=°−∠+°+∠=  
10235.61075.0)01128.01069.0( −Ω°−∠=−= j  

The total impedance per phase is,  
Ω+=°+∠=°−∠== )976.09251(0235.63023.9)0235.61075.0/(1/1 jYZ pp  

The phasor diagram is shown in Fig. 18.5c. The magnitude of the phase voltage is,  
VVVV LpRN 8.1323/2303/ ====   

The line voltage, is taken as reference as given earlier. The corresponding phase 
voltage,  lags by . So, the phase voltage,  is 

RYV

RNV RYV °30 RNV °−∠= 308.132RNV  
The phase current,   is,  RNI

A
Z
V

I
p

RN
RN °−∠=

°+∠
°−∠

== 0235.36276.14
0235.63023.9
308.132

 

As the total load is taken as star-connected, the line and phase currents are same, in 
this case. The phase angle of the total impedance is positive, with is value as 

°= 0235.6φ . The power factor is lag9945.00235.6cos =°   
The total volt-amperes is kVAIVS pp 688.5276.148.13233 =××=⋅⋅=  
The remaining steps are not given, as they are same as shown earlier. 
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Example 19.2 

 A balanced delta-connected load with impedance per phase of shown in 
Fig. 19.3a, is fed from a three-phase, 200 V balanced supply with phase sequence as A-
B-C.  Find the voltages,  & , and show that they (voltages) are balanced.   

Ω− )1216( j

bcab VV , caV
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Fig. 19.3 (a) Circuit diagram (Example 19.2) 
 (b) Phasor diagram 
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Solution  

  Ω=Ω= 12;16 Cpp XR
 Ω°−∠=−=−== 87.36201216 jXjRZZ CpppAB   

For delta-connected load, VVV pL 200==   
Taking the line or phase voltage  as reference, the line or phase voltages are,  ABV

°+∠=°−∠=°∠= 120200;120200;0200 CABCAB VVV  
The phasor diagram is shown in Fig. 19.3b. The phase current,  is, ABI

( ) ( ) AjZVI pABAB )0.60.8(87.360.1087.36200200/ +=°+∠=°−∠°∠==   
The other two phase currents are, 

 )928.9196.1(13.830.10 AjIBC −=°−∠=   
 )928.3196.9(87.156.010 AjICA +−=°+∠=  

The voltage,  is, abV

BCpABCpBbaBab IRIXjVVV ⋅+⋅−=+= )(  
°−∠+°−∠=°−∠×+°−°∠×= 13.8316013.5312013.83)1016()9087.36()1012(  

Vjjj °−∠=−=−+−= 32.7066.270)85.25414.91()85.15814.19()0.960.72(  
Alternatively,  

)85.25414.91()928.9196.1(16)0.60.8()12( jjjjVab −=−×++×−=
V°−∠= 32.7066.270  

Similarly, the voltage,  is, bcV

CApBCCpCcbCbc IRIXjVVV ⋅+⋅−=+= )(  
°∠+°−∠=°∠×+°+°−∠×= 87.15616013.17312087.156)1016()9013.83()1012(  

)5.4828.266()85.6214.147()35.1414.119( jjj +−=+−++−=
  V68.16966.270 +∠=

In the same way, the voltage,  is obtained as caV VVca °+∠= 68.4966.270  
The steps are not shown here.   
The three voltages, as computed, are equal in magnitude, and also at phase difference 
of  with each other in sequence. So, the three voltages can be termed as balanced 
ones. 

°120

A simple example (20.3) of a balanced delta-connected load is given in the following 
lesson 

The phase and line currents for a delta-connected balanced load, fed from a three-
phase supply, along with the total power consumed, are discussed in this lesson. Also 
some worked out problems (examples) are presented. In the next lesson, the 
measurement of power in three-phase circuits, both balanced and unbalanced, will be 
described.  
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Problems 

19.1 A balanced load of (9-j6) Ω per phase, connected in delta, is fed from a three 
phase, 100V supply. Find the line current, power factor, total power, reactive VA 
and total VA. 

19.2 Three star-connected impedances, Z1 = (8-jb) Ω per phase, are connected in 
parallel with three delta-connected impedances, Z2 = (30+j15) Ω per phase, across 
a three-phase 230V supply. Find the line current, total power factor, total power, 
reactive VA, and total VA.  
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