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(57) ABSTRACT 

A phase identi?cation system identi?es the unknown phase 
attribute of any energized conductor Within a three-phase 
poWer distribution netWork by comparing remote location 
non-contact phase identi?cation instrument phase measure 
ments to phase measurements taken at a reference location. 
The vector sum of three-phase conductor voltages at the 
remote measurement location are used to determine the near, 
center, and far conductor phase attributes of the three-phase 
lines being measured. This alloWs phase attributes of high 
overhead conductors to be determined from ground level 
using a non-contact handheld instrument. 
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NON-CONTACT PHASE IDENTIFICATION 
METHOD AND APPARATUS 

RELATED INVENTION 

The present invention claims priority under 35 U.S.C. § 1 19 
(e) to: “Non-Contact Phase Identi?cation Method and Appa 
ratus” Provisional US. Patent Application Ser. No. 61/338, 
910, ?led 24 Feb. 2010 Which is incorporated by reference 
herein. 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to the ?eld of three-phase 
poWer distribution netWorks. More speci?cally, the present 
invention relates to the ?eld of identifying the phase of a 
conductor in a three-phase poWer distribution netWork. 

BACKGROUND OF THE INVENTION 

Electric poWer distribution netWorks are used by the elec 
tric utilities to deliver electricity from generating plants to 
customers. Although the actual distribution voltages Will vary 
from utility to utility, in a typical network, three-phase poWer 
at high voltage 345,000 volts phase-to-phase (345 KV) is 
delivered to multiple high voltage substations at Which trans 
formers step this high voltage doWn to a loWer three-phase 
voltage 115 KV. Multiple transmission substations further 
loWer this voltage to 69 KV. This 69 KV three-phase poWer 
then feeds multiple distribution sub stations Who se transform 
ers further step doWn this voltage to distribution voltage (12, 
470 volts phase-to-phase) and separate poWer into three 
single-phase feeder cables. Typically, these feeder cables 
operate at 7,200 volts phase-to-ground. Each of these feeder 
cables branch into multiple circuits to poWer a plurality of 
local pole-mounted or pad-mounted transformers Which step 
the voltage doWn to a ?nal voltage of 120 and 240 volts for 
delivery to commercial and residential customers. 

The instantaneous phases of the three conductors in a 
three-phase system are separated by 120 degrees. A phase 
attribute of A, B, or C is typically assigned to each of the three 
conductors to identify them. The initial assignment of phase 
attribute to each of the three conductors typically takes place 
at a transmission or distribution substation and this assign 
ment is someWhat arbitrary. The attributes assigned at the 
substations become knoWn as the tagging reference phases 
for that substation because the goal is to consistently tag, 
mark, or identify each conductor With its proper phase 
attribute throughout the substation’s distribution region. 

Utilities have many reasons for accurately identifying the 
phase of each conductor in their utility. Examples are load 
balancing to reduce neutral current ?oW, faster service resto 
ration after outages, and for distribution automation pur 
poses. 

Most currently available phase identi?cation instruments 
use GPS timing signals to obtain instantaneous phase mea 
surements at a reference location and ?eld location at the 
same instant of time. The phase attribute at the reference 
location is knoWn Which alloWs the phase attribute at the ?eld 
location to be determined. For example, if the reference loca 
tion phase attribute is B and the instantaneous phase mea 
sured at both locations are the same, then the ?eld location 
phase attribute is also B. If the instantaneous ?eld location 
phase is leading or lagging the instantaneous reference loca 
tion phase by 120 degrees, then the ?eld location phase 
attribute is either A or C depending on the utilities knoWn 
phase rotation. 
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2 
To identify the ?eld location phase attribute, the instanta 

neous phases at both locations have to be compared. Current 
phase identi?cation instruments differ primarily in the 
method they each use to communicate the instantaneous 
phase reading betWeen the reference location unit and the 
?eld location unit. Most manufacturers implement a real-time 
communication system using cell phones. Piesinger’s, US. 
Pat. Nos. 6,667,610 and 7,031,859 describe a phase identi? 
cation method that does not require real-time cell phone com 
munication. 

To phase identify high voltage transmission and distribu 
tion conductors, the phase identi?cation instrument is typi 
cally attached to an insulated ?berglass stick. Short sticks are 
called hot sticks and long telescoping ones are called extendo 
sticks. The purpose of these sticks is to place the phase iden 
ti?cation instrument in close proximity to the conductor 
being phase identi?ed and to protect the lineman from the 
high voltage. To reach high overhead transmission and distri 
bution lines, long extendo sticks on the order of 30 to 50 feet 
may be required. 

Maneuvering the phase identi?cation instrument, on the 
end of a long extendo stick, into position is dif?cult and time 
consuming. It is especially dif?cult in a strong Wind because 
long extendo sticks are not very rigid. Gusting Winds can 
cause the phase identi?cation instrument to sWay Wildly mak 
ing it nearly impossible to hold it into position next to a high 
overhead cable. HoWever, evenusing short hot sticks is incon 
venient because it takes time to attach the phase identi?cation 
instrument to the stick and hot sticks have to be carefully 
stored and maintained to remain effective as an insulator. 

Accordingly, it is the object of the present invention to 
provide a neW and improved method and apparatus for phase 
identifying high voltage conductors Without the need for hot 
sticks or extendo sticks. 

SUMMARY OF THE INVENTION 

Brie?y, to achieve the desired objects of the present inven 
tion, a high sensitivity handheld phase identi?cation instru 
ment is combined With an optimum measurement procedure 
to alloW a lineman to identify the phase attributes of high 
overhead transmission and distribution lines While standing 
on the ground near or underneath the overhead lines. 

To achieve the required sensitivity, a high gain front end 
poWerline voltage ampli?er or hard limiter is used prior to the 
phase identi?cation instrument processing circuit. Lineman 
measurement positions are selected, based on the type of 
overhead line construction, to ensure that at least one of the 
lines is closer to the lineman than the remaining lines. 

It is a further object of the present invention to implement 
the front end ampli?er so as to minimiZe the phase shift 
through the ampli?er as a function of signal dynamic range. 
This alloWs the same handheld instrument to be used in 
ground level high voltage cabinets and in substations Where 
close proximity to high voltage conductors result in high 
signal levels. 

It is a further object of the present invention to implement 
a handheld phase identi?cation instrument that can be used by 
loWer-labor-cost non-linemen personnel by eliminating the 
need for close or direct phase identi?cation instrument con 
tact With the energiZed conductor. 

These and other embodiments are discussed beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates voltage phase relationships in a three 
phase poWer netWork With ABC phase rotation using both 
voltage-time and phase vector diagrams. 
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FIG. 2 illustrates a typical three-phase power distribution 
network. 

FIG. 3 illustrates typical horizontal three-phase construc 
tion and various phase attribute measurement positions near 
the lines. 

FIG. 4 illustrates a block diagram of the phase identi?ca 
tion instrument. 

FIG. 5 illustrates the resultant vector due to near, center, far 
conductor attributes ABC. 

FIG. 6 illustrates the resultant vector due to near, center, far 
conductor attributes BCA. 

FIG. 7 illustrates the resultant vector due to near, center, far 
conductor attributes CAB. 

FIG. 8 illustrates the resultant vector due to near, center, far 
conductor attributes ACB. 

FIG. 9 illustrates the resultant vector due to near, center, far 
conductor attributes CBA. 

FIG. 10 illustrates the resultant vector due to near, center, 
far conductor attributes BAC. 

FIG. 11 illustrates the resultant vector due to near, far 
conductor attributes AB. 

FIG. 12 illustrates the resultant vector due to near, far 
conductor attributes BC. 

FIG. 13 illustrates the resultant vector due to near, far 
conductor attributes CA. 

FIG. 14 illustrates the resultant vector due to single con 
ductor attribute A. 

FIG. 15 illustrates the resultant vector due to single con 
ductor attribute B. 

FIG. 16 illustrates the resultant vector due to single con 
ductor attribute C. 

FIG. 17 illustrates the resultant vectors for different differ 
ential distances from three-phase conductors whose near, 
center, far attributes are ABC. 

FIG. 18 illustrates conductor distances for different mea 
surement positions on horizontal overhead lines. 

FIG. 19 illustrates the resultant vector when standing 
directly under the center conductor of horizontal overhead 
lines with attributes ABC. 

FIG. 20 illustrates offset vertical overhead line construc 
tion. 

FIG. 21 illustrates conductor distances for different mea 
surement positions on vertical overhead lines. 

FIG. 22 illustrates the expected resultant vector phase 
angle and its rotation with distance for phase attribute mea 
surements on horizontal overhead lines withABC phase rota 
tion. 

FIG. 23 illustrates the expected resultant vector phase 
angle and its rotation with distance for phase attribute mea 
surements on vertical overhead lines with ABC phase rota 
tion. 

FIG. 24 illustrates the expected resultant vector phase 
angle and its rotation with distance for phase attribute mea 
surements on horizontal overhead lines with ACB phase rota 
tion. 

FIG. 25 illustrates the expected resultant vector phase 
angle and its rotation with distance for phase attribute mea 
surements on vertical overhead lines with ACB phase rota 
tion. 

FIG. 26 illustrates a sketch of the handheld phase identi? 
cation instrument. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Commonly owned US. Pat. No. 6,667,610 issued Dec. 23, 
2003 and US. Pat. No. 7,031,859 issuedApr. 18, 2006, which 
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4 
are incorporated herein by reference, describe a non-real 
time phase identi?cation system. Commonly owned patent 
application Ser. No. 12/927,767 ?led Nov. 23, 2010, which is 
also incorporated herein by reference, describes a real-time 
phase identi?cation system. 
The basic concept of three-phase powerline voltage with 

ABC phase rotation is illustrated in FIG. 1. Voltage-time 
waveform 10 and rotational vector diagram 35 illustrate volt 
age-time waveform 10 at instantaneous time t0 30. Attribute 
B voltage 20 and vector 45 lags attribute A voltage 15 and 
vector 40 by 120 degrees. Likewise, attribute C voltage 25 and 
vector 48 lags attribute B voltage 20 and vector 45 by 120 
degrees. 
A typical power distribution network is illustrated in FIG. 

2 in which three-phase power cables 50 at 345 KV feed a 
series of high voltage (HV) transformers 55 spread out over a 
large geographical area. The 115 KV output 60 of transform 
ers 55 are connected to a series of transmission transformers 
(TS) 65 also spread out over a large geographical area. The 69 
KV output 70 of TS transformers 65 are connected to a series 
of distribution substation (DS) transformers 75 situated over 
a smaller geographical area. 
The 7.2 KV phase-to-ground (12.5 KV phase-to-phase) 

phase A feeder 90 of DS transformer 75 powers a local dis 
tribution network, which contains a number of pole-mounted 
or pad-mounted (PM) transformers 103 that are used to pro 
vide the ?nal 120/240 volt power to the commercial or resi 
dential customers. In the same manner, phase B feeder 85 and 
phase C feeder 80 also supply power to the same local distri 
bution network. 
At some base station reference location 100 in the power 

distribution network, a PM transformer 95 is used to provide 
a low-voltage reference phase that can be used to determine 
the unknown phase of a conductor at any ?eld location 115 in 
the network. 
As described in referenced US. Pat. Nos. 6,667,610 and 

7,031,859, the instantaneous phase of voltage waveforms at 
two widely separated points in the power distribution network 
are measured and compared at the same instant of time using 
a GPS timing signal. Field location 115 phase measurement 
and GPS time are encoded into an alphanumeric sequence. At 
the base station reference location 100, this sequence is 
decoded and ?eld location 115 phase measurement, taken by 
a ?eld probe at the ?eld location, is compared to reference 
location 100 phase measurement taken by a base station at the 
same instant of time. 

For ?eld location 115 illustrated in FIG. 2, both instanta 
neous phase measurements would be the same because both 
reference location 100 and ?eld location 115 are on phase B. 
Therefore, conductor 110 would be identi?ed as phase 
attribute B. 

In a typical distribution system, 12.5 KV phase-to-phase 
voltage is carried by three conductors (215, 220, and 225) 
strung between insulators 210 attached to crossarms 205 on 
wood poles 200 as illustrated in FIG. 3. In this illustration, 
phase attributes A, B, and C are carried on conductors 215, 
220, and 225 respectively. Also illustrated is perpendicular 
path 228 along the ground under these conductors. Conduc 
tors 215, 220, and 225 are directly above ground points 245, 
250, and 255 respectively. A lineman 230 holds phase iden 
ti?cation instrument 235 and takes phase measurements at 
various locations 240, 250, and 260. 

FIG. 4 illustrates the capacitive coupling between the con 
ductors and non-contact phase identi?cation instrument 235. 
Phase identi?cation instrument 235 functions as the ?eld 
probe at ?eld location 115 in FIG. 2. Capacitor 270 represents 
the coupling between phase A conductor 215 and input ter 














