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There are many different power system configurations and measurement 
scenarios.  PowerSight has a solution for just about any situation that will arise. 
 

Situations that this application note covers are: 
1. Single phase 
2. Single phase outlet adapter accessory 
3. Multiple single phase loads 
4. Split phase 
5. 3-Phase wye 
6. 3-Phase delta 
7. Grounded delta 
8. Open delta 
9. Open delta 3CT / 2PT 
10. 4-Wire delta 
11. 3-Phase 2 Current (2 Wattmeter) approach 
12. 3-Phase 2CT / 2PT 
13. 3-Phase 2CT / 3PT 
14. 3-Phase 3CT / 3PT 
15. Direct connect to medium voltage with PowerSight medium voltage probes 
16. Measuring with just 1 of several parallel conductors 
17. Measuring currents below the measuring range of the current probe 

Introduction to Power Delivery Configurations 
 
Figure 1 presents most common power delivery 
configurations.  Figure 1A presents the normal 
single-phase and split-phase service as found in 
a residential service.  In North America, V1N and 
V2N are 120V and are 180 degrees out of phase 
with each other.  When heavier loads are 
encountered, V12 (240V) is used by delivering 
both hot voltages to the load.  Neutral provides 
the current return path.  If the load is balanced, 
there will be relatively little neutral current.  Refer 
to figures 2, 3, 4, and 5 for various ways to 
connect to single-phase and split-phase power 
service. 
 
Figure 1B presents normal three-phase “wye” 
power service.  Voltages are usually measured 
from phase-to-neutral.  Neutral provides the 
current return path.  If the load is balanced, there 
will be relatively little neutral current.  Refer to 
figure 6 for how to connect to a three-phase wye 
power service. 
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Figure 1C presents normal three-phase delta service.  Voltages are usually measured from 
phase-to-phase. In North America, service is usually supplied as 120/208V, 277/480V, 
346/600V, 2401/4160V, or 7200/12,470V.  There are several others.  In most of the world, 
phase-to-phase service is usually supplied as 230/400V, 400/690V, 3,000V, 6000V, and 
11,000V.  Summit Technology has regular and special voltage probes for direct connect to all 
of these services.  Refer to figure 7 for how to connect to a delta power service.  When there 
is no access to measuring one of the currents, figure 8 presents the 2 current approach for 
measuring power.  This approach is also useful for measurement of an open delta circuit as 
described in Connections to an Open Delta Circuit (2PT/3CT) figure 10.  Although phase-to-
phase is the normal voltage measurement mode for this service, PowerSight can be set to 
phase-to-neutral (even though the neutral is not connected).  In this case, the measured 
voltages will be phase-to-metering-neutral (such as V1N V1N = 277V for a 480V service) and 
all other measurements will also be correct. 
 
Figure 1D presents three-phase four-wire delta service.  In this configuration, a neutral is 
supplied from a point midway between two phases.  This is handy when 240V delta is 
supplied.  V2N and V3N supply conventional 120V single-phase power and V1N provides 
208V, if needed.  In this configuration, depending on what you are measuring, you may 
choose to measure in phase-to-phase mode or in phase-to-neutral mode. 
 
Figure 1E presents grounded delta service.  This configuration is actually not very common.  
It can be attractive to use if an electrically isolated three-wire delta service is available and 
there is a need to provide the power a long distance away at a private facility (such as a saw 
mill).  By grounding one of the phases at the source, the cost of supplying one of the phases 
to the remote site is saved.  A motor at that site would be connected to phase 1, phase 2, and 
earth ground.  There is increased danger in this configuration over normal isolated delta 
service since the reference to ground is intentionally an excellent conductive path.  
Nevertheless, PowerSight will provide the desired measurements in this configuration. 
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Connecting to Single-phase Power 
 
Figure 2 presents the basic connections to a 

single-phase system.  Be sure to follow 
the safety warnings of the user’s manual 
before making the connections.   
 
Clamp your phase 1 current probe onto the 
"Hot" wire.  Make a metallic connection to 
neutral with the VN voltage lead.  Similarly 
connect the V1 lead to "Hot".  Since voltage 
now comes into PowerSight on V1 and current 
is sensed by I1, the power and power factor for 
this single-phase system will be available as 
phase 1 power and phase 1 power factor.   
 

 Caution:  Until you are certain that 
your voltage connections to PowerSight are 
correct, disconnect any current probes.  
This is because PowerSight and all of its 
connections float at the potential of VN.  If 
VN is "hot", there may be a breakdown 
through the insulation of any attached probes. 
 
Helpful Hint:  How to Identify the "Neutral" lead. 
Normal single-phase wiring follows the convention of "neutral" being the white wire, "hot" 
being the black wire, "hot2" being the red wire, and "ground" being the green wire.  If the 
wiring and your connections to PowerSight are as shown in figure 2, V1N will be some 
relatively large number like 120 volts and V3N will be a small voltage like 3 volts.  If you then 
reverse the ground and neutral leads, V1N will now read slightly less, like 117 volts.  If "hot" 
and "neutral" are reversed, then V3N will become a large number, like 117 volts. 
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Connecting to 120 V Outlet Adapter Box 
 
The 120 V Outlet Adapter Box 
accessory (order number 120ADP) 
offers a safe, convenient, and accurate 
way to monitor voltage in a commercial 
setting or to evaluate power usage of 
appliances. 
 
Figure 3 presents the connections to 
the Adapter Box.  Simply plug the 
adapter box into a wall socket and then 
attach the voltage and current leads 
into PowerSight.  Each lead is labeled 
to eliminate errors in connections. 

 Note:  Make sure that the hot 
and neutral wiring being measured is 
not reversed.  If so, PowerSight and 
its attachments will "float" at 120 V.   

 Note:  The 120ADPa is rated for 
continuous duty of up to 15 Arms.  
Do not exceed this continuous load.   
 
To evaluate the power usage of an 
appliance, simply plug the appliance 
into the top of the 120 V Outlet Adapter 
Box after the other connections have been made and verified.  Even without an appliance 
plugged in, the adapter box offers a convenient means of checking for transients or analyzing 
the harmonic content of the incoming voltage.  
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Connecting to Multiple Single-phase Loads 
 
Figure 4 presents a means to monitor 3 
single-phase loads simultaneously.  The 
loads must all share the same neutral 
voltage connection.  If the loads run off 
the same line voltage, connect V1, V2, 
and V3 to the same "hot" wire.  I1, I2, and 
I3 serve the 3 loads.  This approach can 
also be used to evaluate the current of a 
4th load, but the power used by that load 
will not be calculated. 
 
In this configuration, the voltage, current, 
and power of each load can be displayed 
directly or graphed on your PC using our 
PSM-A software. 
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Connecting to Split-Phase (Two Phase) Power 
 
Fig 5 shows the recommended 
connections to a split-phase system as 
found in commercial and residential 
facilities, when measuring the supply to 
two single phase loads.  There are two 
"Hot" wires 180 degrees out of phase 
with each other and sharing the same 
neutral.  Appliances such as ovens that 
require 240V will span across both hot 
wires.   When evaluating the power for 
a load spanning the two phases, 
remove the VN voltage lead since it may 
affect the power factor readings of each 
phase.  
 
In this configuration, a reading of V1N is 
of hot-neutral and V2N is hot2-neutral.  
IN does not need to be connected and 
VN should not be connected when the 
load spans the two phases.  The power 
associated with one hot is measured as 
phase 1, the power of the other hot is 
measured as phase 2.  In phase-neutral 
measurement mode, the voltage 
readings will be from hot-to-neutral.  If 
you change the measurement mode to 
phase-phase, V12 will be the hot-to-hot voltage that serves the high-power appliance. 
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Connecting to Three-Phase Four-Wire (Wye) Power 
 
Figure 6 presents the recommended 
connections to a three-phase system 
with voltages referenced to neutral, a 
"phase-neutral" or “three-phase four-

wire wye” configuration.  Be sure to 
follow the safety warnings of the 
user’s manual before making the 
connections.  
 
Although the current of each phase is 
carried by neutral, neutral current is 
generally relatively small since the 
currents of the 3 phases largely cancel 
each other in the neutral leg.  In a 
perfectly balanced system, the current in 
neutral would be zero. 
 
In a wye system, each phase is 
essentially independent of each other.  
For this reason, the power factor of each 
phase has direct meaning, but the total 
power factor is less meaningful. 
 
Most commercial wiring and newer 
industrial wiring is in this wye configuration. 
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Connecting to Three-Phase Three-Wire (Delta) Power 
 
Figure 7 presents the recommended 
connections to a three-phase system with 
voltages referenced to each other instead of 
to neutral.  This is a "delta", "phase-phase", 
or “three-phase three-wire” configuration.  

 Be sure to follow the safety 
warnings of the user’s manual before 
making the connections. 
 
Please Note:  Do not connect the VN input 
to anything when measuring in phase-
phase measurement mode.  This may 
affect the measurements associated with 
individual phases.   
 
In a delta configuration, current flowing in 
each phase is due to the interaction of 2 
different voltages.  For instance, I1 current is 
the resultant of V12 and V31.  Normally, there 
is no way to determine what portion of the 
current is due to which voltage.  For this 
reason, only the total power and total power 
factor have definite meaning in a delta system.  However, comparing the power factors of 
each phase can be valuable for spotting a connection problem or problem with the load. 
 
Delta power is common in motors. 
 
If you need to connect to medium voltages (voltages above 1000V, such as 4160V or 
12,470V) you can substitute PowerSight medium voltage probes in place of the regular 
voltage leads that are supplied with PowerSight.  Read our application note on how to 
safely connect to medium voltage.  You must make a ground connection and you will need 
to enter input ratios into PowerSight for the voltages and powers to be documented correctly.  
Follow all directions for the voltage probes and use the input ratios documented on their 
labels.  PowerSight medium voltage probes are only compatible with PowerSight power 
analyzers. 
 
A variation of delta is “four-wire” (or “center-tapped”) delta (see figure 1D).  In this 
configuration, if the main interest is in measuring phase-neutral voltage, then connect the 
neutral voltage to the neutral input for more accurate voltage readings. 
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Connecting to Three-Phase Four-Wire Delta Power 
 
Figure 6 presents the recommended connections to a three-phase delta system where a 
neutral is provided from the center of one of the phases. 

  Be sure to follow the safety warnings of the user’s manual before making the 
connections.  
 
This type of system allows delivery of both three-phase and single-phase power.  The three-
phase power is typically 240V for running motors.  The dual single-phase power is typically 
120V for running lights and small equipment, from one power service.  It also provides 208V.  
Depending on what you intend to monitor, it may be appropriate to set PowerSight in phase-
phase voltage measurement mode (to monitor three-phase loads or to look at total power) or 
in phase-neutral voltage measurement mode (to monitor single phase loads).  Although the 
selection of voltage measurement mode affects what voltage levels are displayed and 
recorded (phase-phase versus phase-neutral), it does not affect the power and power factor 
calculations. 

 

Connecting to Three-Phase Grounded Delta Power 
 
Figure 7 presents the recommended connections to a three-phase system with one phase 
tied to ground.  No connection is made to the neutral input.  One of the phases originates 
from ground. 

  Be sure to follow the safety warnings of the user’s manual before making the 
connections.  
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Connections Using 2 Current Approach 
 
In normal 3-phase system, total power is 
based on determining the power of each 
phase and then summing them to get the 
total power.  The 2 current approach 
(figure 8) allows you to determine the total 
power from measuring only 2 of the 3 
currents and combining them with the 3 
voltages of the three-phase circuit.  The 
disadvantage of this approach is that you 
cannot determine the power, power factor, 
or VA of each individual phase and, of 
course, you cannot record the current of 
one of the active phases. 
 
A necessary use for this type of connection 
is to measure utility power where only two 
metering CTs and three PTs are provided.  
After hooking up to the CTs and PTs, you 
enter the input ratios into PowerSight (see 
the Setting Input Ratios section of your 
PowerSight User’s Manual) in order to 
record the correct values (the values on 
the primary side of the transformers). 
 
A different motivation for using this type of connection is to save time and money.  By only 
connecting to 2 of the 3 currents, a small amount of time can be saved.  The frugal user 
appreciates this approach because he can save the cost of one current probe when buying a 
system in order to measure total power.  Another motivation occurs in situations where one of 
the phases cannot be measured due to accessibility. 
 
This approach is also called the “2 wattmeter approach” because it mimics how two single-
phase wattmeters can be used to measure total three-phase power.  The equation that it 
depends on is: 

( ) ( )total ab a cb cW V I V I=  +   .  This equation is true regardless of the harmonic content of 

the voltages and currents present.  A few words of caution are required, however.  First, a 
volt-ohmmeter cannot be used for this calculation.  That is because the equation depends on 
the instantaneous products of voltage and current.  That is normally quite different from the 
product of the RMS voltage and RMS current.  Second, a single-phase wattmeter should not 
be used for this calculation since conditions normally change second by second and hence 
adding the watts of two different setups will, at best, give a “feel” for the correct true power.  
Lastly, it is more important to make the connections correctly in this approach since an error 
will not be obvious and there is no way of recovering to an educated guess of the correct 
power reading. 
 
Refer to the Phase-Neutral vs Phase-Phase vs 2 Current Mode section of your PowerSight 
User’s Manual for how to operate the unit in 2 current probe mode. 
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Connections to a 3 CT / 3 PT Metering Circuit 
 
Sometimes it is helpful to monitor a load indirectly, by connecting PowerSight to a metering 
circuit in front of the load.  A few circumstances where this is the case are: 
▪ the CTs (current transformers) and PTs (potential transformers) of the metering circuit are 

readily accessible for connecting to, whereas the actual load carrying cables are not 
▪ the conductors carrying the load are physically too large for your current probes to fit 

around them 
▪ the load current is too large to be read by the current probes you have 
▪ the voltage delivered to the load exceeds the 600V insulation limit of the current probes 
▪ the voltage delivered to the load exceeds the 1000Vrms rating of PowerSight and you do 

not have other high voltage probes. 
 
A typical metering circuit showing 
PowerSight connected is shown in figure 
9.  This circuit has three CTs and, if 
higher voltage is present, may have three 
PTs.  It is typical for metering a three-
phase four-wire wye type service.  The 
currents flowing to the load are 
considered the “primary currents”.  Those 
currents are “stepped down” by each CT 
to a “secondary current” according to the 
ratio of the CT printed on its rating plate.  
A typical value would be 600:5 (120:1).  
The output of each CT must have some 
burden across it for the secondary current 
to flow.  The current probes of PowerSight 
are clamped around the secondary of 
each CT.  Make sure to use current 
probes that are suited for accurate 
measurement in the 0-5 amp range.  The 
HA5 is best for this.  The HA1000 or 
HA100 may be acceptable, depending on 
the current level. 
 
Once the current probes are attached, it is 
best to set the input ratios for each of the 
current probes (see the Setting Input 
Ratios section of your PowerSight User’s 
Manual).  This will allow the displayed 
values and logged values to reflect the 
primary current level instead of the 
secondary current level.  This in turn 
allows accurate power and cost readings 
without having to multiply the results 
times some ratio.  Remember that these 
ratios are reset to 1:1 whenever PowerSight is turned off. 
 
Similarly, the PTs take a primary voltage and step it down to a secondary value.  If the 
primary voltage is below 1000Vrms, you will not need to hook up to the PTs (in fact, there will 
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probably be none present).  The ratio of the stepping down of the voltage will be printed on 
the rating plate of the PT.  Typically, this would be 2400:120 (20:1).  As with the CTs, this 
ratio should be entered into PowerSight (see the Setting Input Ratios section of your 
PowerSight User’s Manual) to simplify interpreting the results. 
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Connections to a 2 CT / 2 PT Metering Circuit 
 
Figure 10 shows recommended 
connections to a metering circuit with only 2 
CTs or 2 PTs.  This type of metering circuit 
may be preferable when cost is an issue 
(less instrument transformers are used) or 
when metering a delta service with no 
reference to neutral.  The discussion of the 
previous section (Connections To a 3 CT / 
3 PT Metering Circuit) applies to this circuit 
as well, with one important exception.  If 
you clamp onto the CTs, rather than 
clamping onto each of the primary currents 
directly, PowerSight must be operating in 
the 2 Current Probe mode of operation (see 
the Phase-Neutral vs Phase-Phase vs 2 
Current Mode section). 

 

Connections to an Open Delta (3CT / 
2PT) Metering Circuit 
 
In the open delta configuration, two PTs 
and 3 CTs are available.  Make the voltage 
connections as shown in figure 10 of the 
Connections to a 2CT / 2PT Metering 
Circuit section.  For current connections, 
connect the phase 1 and phase 3 probes as 
shown in figure 10 and attach the phase 2 
current probe to the phase 2 CT.  You will 
not need to operate in the 2 Current Probe 
mode of power measurement since there are 3 currents being monitored. 

 
 

 

  



 
 

Connecting to Various Power 
Systems and Measurement 

Scenarios 

Application 

Note 

Page 14 
o4f 15 15 

 

15 

 

Measuring Multiple Parallel Conductors 
 
A common problem with measuring large currents 
arises when the current of each phase is carried by 
several parallel conductors.  For instance, the phase 1 
current may be carried in 4 parallel conductors, as are 
phases 2 and 3, resulting in 12 conductors to measure.  
In this case, the work-around is to clamp onto just one 
of the conductors of each phase and enter an input 
ratio to record the correct total current of each phase.  
A fast way of doing this is to enter an input ratio of 4 : 1 
for each phase in the example of 4 parallel conductors.  
This may offer adequate accuracy for your needs.  
However, experience shows that although the current in 
each conductor of the same phase is similar in size, 
they are typically NOT identical.   
 
Overcoming the problem of unequal currents in parallel 
cables takes a few steps to do it accurately. 
1. Put a different probe on each conductor of a given 

phase and then viewing the currents of each probe simultaneously (see the Checking 
Current Levels – Using Checkout Connections section of your PowerSight User’s 
Manual).   

2. Start monitoring for 10 seconds or so and then stop monitoring (see the Starting Data 
Logging and Stopping Data Logging sections of your PowerSight User’s Manual). 

3. Press the [Current] key and then the [More] key four times to view the average current for 
phase 1 (which is actually just one of the conductors of one of the phases).  Write it down. 

4. Press the [Current] key and then the [More] key four times again to view the average 
current for phase 2.  Write it down. 

5. Repeat these actions in order to get the average current of each of the conductors for the 
same time period. 

6. Find the total of the average currents of each of the conductors of the same phase.   
7. Divide the total of the average currents into the average current of conductor you wish to 

connect to during the actual monitoring session.  This yields the portion of the total 
current that flows through the conductor that will be measured. 

8. Set the input ratio of the phase being measured to the number determined in the previous 
step.  For instance if the total of the average currents was 1000 amps and the average 
current of the probe on the conductor you wish to use during the actual monitoring 
session had an average of 26 amps, then enter an input ratio for that phase of 0.26 : 1. 

9. Perform steps 1 through 8 for each phase. 
10. Now connect each probe to the chosen conductor of each phase and begin monitoring.  

All the readings and logged values will be substantially correct. 
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Measuring Currents Below the Range of the Current Probe 
 
A problem with measuring smaller currents arises when 
the current to be measured is below the range of the 
current probe.  In such cases, the current may not be 
read or the reading may be inaccurate.  In addition, any 
waveforms that are captured will have excessive noise on 
them. 
 
If you are using a flexible current probe, you can simply 
wrap it around the conductor twice in order to double the 
magnetic field strength.  This can get it in the 
measurement range and it boosts the signal to noise 
ratio.  If you use this method, set the input ratio for the 
current probe to 1 : 2 (see the Changing Input Ratios in 
PowerSight section of your PowerSight User’s Manual). 
 
If the current to be measured is small, it may be acceptable to open the circuit and insert an 
extra length of wire that is wound up into a coil of 10 turns.  Clamping your current probe 
around this extension coil will boost the signal strength 10 times and allow accurate reading 
of small currents.  If you use this method, set the input ratio for the current probe to 1 : 10 (or 
however many turns there are in the coil). 
  

For more information on our products contact: 
 

Summit Technology Inc. 
2246 Monument Blvd. 
Pleasant Hill, CA 94523 

Voice: 1-925-944-1212 
Email: sales@powersight.com 

 
PowerSight® is a trademark of Summit Technology. Prices and specifications are subject to change without notice. 
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