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Introduction

• Loads to be served
– Three-phase induction motor
– 120/240 volt single-phase loads

• Transformer connection
– Grounded wye-delta
– Ungrounded wye-delta

• The question is should the neutral be 
grounded, grounded through an impedance or 
ungrounded?
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General Thoughts on Grounding

• Always taught that the grounded wye-delta is 
preferred because when a primary phase is 
open the secondary will still provide three-
phase voltages.

• Always taught that if the neutral is 
ungrounded upon the loss of a primary phase 
the secondary will become single-phase.
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Concerns about Grounding

• Paper at the 2016 REPC demonstrated large 
“feedback” current for upstream ground faults 
when transformer is connected grounded 
wye-delta.

• Do both the grounded and ungrounded cases 
provide a dangerous backfeed voltage?

• Purpose of this paper is to investigate the 
magnitude of the “feedback” voltages for both 
connections.
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The Thirty Degree Transformer Connection
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Note in the figure that there is a question mark between the neutral and ground.  A primary 
purpose of this presentation is to answer the question on whether or not to ground the neutral.   
 
Note also that there are switches on the three primary phases.  This is done so that various open 
switch positions can be studied in order to help answer the question about grounding. 
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Very Basic Transformer Theory
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Two Laws Must Always be Satisfied

N

+ +

- -

-

+

+

ANV

ANVT

CNVT

+
0Z

 

 

+

-

+

-

-

+

+
-

+
-

 n

+

-

+

- n
anVt

nbVt

bcVt

caV
nbV

bcV

cI

bI

nI

aI

1Z

yZ

zZ

2Z

cbID
acID

a

b

c

?
NGV +-

BI
+

AGV BNVT

CGV

BGV

CI

GI

anV

a

c

b

AI
naID

bnID

+

A
B

G

C

7

Kirchhoff's Voltage Law:                  Kirchhoff's Current Law
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Grounded Wye-Delta Test System
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Subtransmission Line
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Grounded Wye-Delta Transformer Bank
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The transformer bank data are: 
 Lighting transformer (Phase A): 
 25,   7200-240 volts,  Zt 0.012 0.017pukVA j= = +  
 Power transformers (Phases B and C) 
 10,   7200-240 volts,  Zt 0.016 0.014pukVA j= = +  

[ ]ABCVLG [ ]anbcV

[ ]ABCI [ ]abcI



Final Grounded Wye-Delta Model
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Quadraplex Secondary

Quadraplex
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The Secondary System
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The three phase induction motor is: 

 

25 HP,  240 volts,  slip = 0.3
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The single-phase lighting loads are: 
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Phase A Open, Motor Connected
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Backfeed Voltages:
1 6302.8/ 1.9 volts
2 6313.7/ 1.8 volts
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Phase A Open, Motor Off
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Phase B and Phase C Open

16

    Phase B Open                         Phase C Open
1 6794.5/ 120.4     1 6874.0/119.1
2 6806.1/ 120.3    2 6878.6/119.2

1.7                          1.2%
11

BG CG

BG CG
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V V
V V
V V
I

= − =
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= .7%                       6.9%unbalanceI =

Because the voltage unbalance is below the 3% level,  
the motor will not be tripped 



Summary for Grounded Wye-Delta

• No matter which phase is open, there will be a 
significant backfeed voltage at the open switch

• When phase A is open the voltage unbalance at 
the motor will be high and therefore the 
protective device will trip the motor off.

• When phase B or phase C is open the voltage 
unbalance is low so motor will continue to 
operate.

• In all cases the single-phase loads are served
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Ungrounded Wye-Delta Circuit
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Phase A Open No-Load Operating 
Condition

• Motor and Single-Phase Loads are Off

• Single-Phase voltages so motor will not start
• Without three-phase voltages the rotational 

magnetic field needed to start the motor is not 
there.
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Phase A Open with Motor and Loads On
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[ ] [ ]
117.3/ 20.9 71.7/ 168.6
169.3/ 106.0       78.6/ 101.8

214.0/107.1 125.6/46.5
29.7 %                  36.5 %
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Because of the high voltage unbalance the protective 
device for the motor will open turning the motor off. 



Open Phase A, Motor Off
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Phase A Open
Currents
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Kirchhoff’s Current Law (KCL)
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Phase A Open
Voltages
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• Voltage applied to primary windings:  12,470/ 90BC BN CNVT VT VT= − = −  
• Phase B winding voltage:  0.5 6235/ 90BN BCVT VT= ⋅ = −  
• Phase C winding voltage:  0.5 6235/90CN BCVT VT= − ⋅ =  
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Phase B Open with Motor and Loads On
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Because of the high voltage unbalance the protective 
device for the motor will open turning the motor off. 



Open Phase B, Motor Off
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Phase B Open
Currents
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• 0 therefore 0B cbI I= =  
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Secondary and Load Currents
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Computation of Open Switch B 
Line-to-ground Voltage 
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Phase C Open with Motor and Loads On
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Open Phase C, Motor Off
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Conclusions - 1

• The original question was whether the wye 
should be grounded.  The answer is still ???

• Grounded Wye-Delta
– Provides three-phase service with an open phase
– High backfeed short circuit current for upstream 

ground faults
– Provides a backfeed voltage below rated LG 

voltage but still dangerous
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Conclusions - 2

• Ungrounded Wye-Delta
– Does not provide three-phase service with an 

open phase
– Does not provide a backfeed current for upstream 

ground faults
– Provides a very high backfeed voltage (2.65 times 

rated LG voltage) when phase B or C is open
– Lower backfeed voltage when the center tap 

phase is open
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Conclusions-3

• So what is the answer?
– Good question
– Neither connection is perfect
– What is known is that both connections will 

provide a very dangerous backfeed voltage on the 
downstream side of the open switch

– Linemen must be trained to understand that just 
because the switch is open, it is not save to touch 
the line on either side of the switch
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