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(57) ABSTRACT 

An insulator inspection tool and method for identifying 
defects or conditions that may prevent the insulator from 
performing properly is disclosed. The apparatus includes a 
launcher adapted to launch a projectile towards an insulator 
being tested, a listening device adapted to receive a response 
signal from the insulator upon being struck by the projectile, 
and a processing device adapted to measure the response 
signal received by the listening device and process the 
response signal to determine whether the insulator contains 
any defects or conditions. 

15 Claims, 7 Drawing Sheets 
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NSULATOR INSPECTION APPARATUS AND 
METHOD 

BACKGROUND OF THE INVENTION 

This application relates to an insulator inspection tool and 
method. More particularly, it relates to a porcelain insulator 
inspection tool and method for identifying defects or con 
ditions that may prevent the insulator from performing 
properly. 

Porcelain Insulators are widely used in electrical distri 
bution systems. One area in particular where porcelain 
insulators are used is in Substations and on overhead elec 
trical transmission lines. These insulators help Support trans 
mission lines and insulate Supports, such as wood poles, 
from arcing or leakage of electricity. 

Unfortunately, porcelain insulators may have or may 
develop defects and conditions in the porcelain which pre 
vent the insulators from performing properly (mechanically 
or electrically), or be an indicator of a defect or condition 
that with time may result in the insulator being unable to 
perform at all. In particular, the defects or conditions of 
interest are internal cracking (FIG. 2) or external cracking 
which is visible upon close inspection (FIG. 1). For external 
cracks, it is common for utility personnel to either use 
close-up visual techniques or strike the insulator with a hard 
(metal) object and listen to the tone of the porcelains 
response. This creates safety issues with in-service, ener 
gized transmission lines. 

Accordingly, there is a need for an inspection apparatus 
that allows utility personnel to safely inspect insulators 
deployed in energized distribution systems. 

BRIEF SUMMARY OF THE INVENTION 

These and other shortcomings of the prior art are 
addressed by the present invention, which provides an 
insulator inspection apparatus and method that provides a 
low cost technique that allows field personnel to remotely 
inspect porcelain insulators while in-service and under ener 
gized conditions. 

According to one aspect of the invention, an apparatus 
adapted to identify defects or conditions in an insulator 
deployed in an energized electrical distribution system 
includes a launcher adapted to launch a projectile towards an 
insulator being tested, a listening device adapted to receive 
a response signal from the insulator upon being struck by the 
projectile, and a processing device adapted to measure the 
response signal received by the listening device and process 
the response signal to determine whether the insulator 
contains any defects or conditions. 

According to another aspect of the invention, an apparatus 
adapted to identify defects in a porcelain insulator deployed 
in an energized electrical distribution system includes a 
launcher having a tube adapted to receive a projectile therein 
and to allow a user to accurately aim the launcher at the 
insulator, and a trigger operably connected to the tube, 
wherein activation of the trigger causes the projectile to be 
propelled down the tube towards the insulator. The apparatus 
further includes a listening device adapted to receive a 
response signal from the insulator upon being struck by the 
projectile, and a processing device adapted to measure the 
response signal received by the listening device and process 
the response signal to determine whether the insulator 
contains any defects. 

According to another aspect of the invention, a method of 
determining a condition of an insulator deployed in an 
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2 
energized electrical distribution system includes the steps of 
providing an apparatus having a launcher, a listening device, 
and a processing device. The method further includes the 
steps of using the launcher to propel a projectile towards an 
insulator to be tested and thereby strike the insulator with the 
projectile, using the listening device to capture a resonate 
response signal from the insulator, and using the processing 
device to measure and process the resonate response signal 
to determine whether the insulator contains any defects or 
conditions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The Subject matter that is regarded as the invention may 
be best understood by reference to the following description 
taken in conjunction with the accompanying drawing figures 
in which: 

FIG. 1 shows an insulator with an external crack; 
FIG. 2 shows an internal crack of an insulator; 
FIG. 3 shows an apparatus for inspecting an insulator 

according to an embodiment of the invention; 
FIG. 4 shows inspection components of the apparatus of 

FIG. 3; 
FIG. 5 shows a Fast Fourier Transform of a measured 

response from an insulator tested with the apparatus of FIG. 
3: 

FIG. 6 provides a comparison of decay times of cracked 
and uncracked insulators; and 

FIG. 7 shows an apparatus for inspecting an insulator 
according to an embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to the drawings, an exemplary insulator inspec 
tion apparatus according to an embodiment of the invention 
is illustrated in FIGS. 3 and 4 and shown generally at 
reference numeral 10. The apparatus 10 is designed to shoot, 
propel, or launch a plastic projectile at a porcelain insulator. 
As shown, the apparatus 10 includes a launcher 15 in the 
form of a firearm to allow a user to easily target and fire a 
plastic projectile at an insulator. As shown, the launcher 15 
includes a magazine 11 for containing plastic projectiles, a 
rear sight 12 and a front sight 13 to allow a user to aim the 
launcher 15, and an action 14 for loading a projectile from 
the magazine 11 into a barrel 16 mated to the action 14 and 
launching the projectile down the barrel 16 towards the 
insulator. While the launcher 15 is being discussed in 
reference to a firearm form, it should be appreciated that the 
firearm form is just one type of launcher and that other 
Suitable launching-type systems that launch a plastic pro 
jectile accurately may be used. 
As shown in FIG. 4, the apparatus 10 also includes a 

microphone 20, a Global Positioning System (GPS) 21 to 
allow a user to record the location of the insulator being 
tested, a camera 22 to allow a user to photograph the 
insulator being tested, and a Smartphone 23 connected to the 
microphone 20 and loaded with an application for measuring 
and processing a response from the insulator. 

In use, a user loads the magazine 11 of the launcher 15 
with a plastic projectile by moving the action 14 from a fire 
position to a load position. Once a projectile has been 
removed from the magazine 11, the action 14 is released into 
the fire position. The user then aims the apparatus 10 at an 
insulator and launches the projectile at the desired insulator 
by depressing or activating a trigger 24. As used herein, a 
trigger refers to any device that initiates the process of 
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propelling the projectile towards the insulator. It should be 
appreciated that while these steps are being detailed for a 
launcher in a firearm form, much simpler steps may be used 
for other Suitable launchers, such as a tube connected to a 
compressed air Supply. 
Once the trigger 24 is depressed, the projectile is launched 

through the barrel 16 and strikes the insulator. The projectile 
may be launched using compressed air, a propellant, or any 
other suitable method. The strike by the projectile on the 
insulator causes the porcelain to resonate. The resonate 
response is captured by microphone 20 and sent to Smart 
phone 23 where the resonate signal is digitized and mea 
Sured. The application on the Smartphone processes the 
measured response and determines the insulators condition 
based on one of two methods: (1) Fast Fourier transform 
(FFT) which determines the frequency components of the 
resonate signal (FIG. 5) and (2) the decay time of the 
measured response (FIG. 6). As shown in FIG. 6, a com 
parison of the decay times allow a user to determine the 
condition of the insulator. It should be understood that 
pre-determined responses for different types of insulators 
may be developed in a lab for comparison in the field. 

Referring to FIG. 7, an apparatus 100 according to an 
embodiment of the invention is shown. The apparatus 100 
includes a launcher, such as an airsoft rifle 110 mounted to 
a 3D pan and tilt system 111 which is controlled by a 
computer (not shown). A camera 112 is mounted to the rifle 
110 to aim the rifle 110 via a computer interface. The 
apparatus 100 further includes a high speed camera 113 
connected to the computer to track pellet trajectory, a 
separate microphone 114 to receive resonate signals from 
the insulator being tested, an analog to digital converter (not 
shown) to digitize a measured response to the computer, and 
computer Software to perform an analysis of the measure 
response. The apparatus 100 operates in much the same way 
as the apparatus 10. In particular, the apparatus 100 shoots 
a projectile at an insulator to be tested and records the 
response. 
The foregoing has described an insulator inspection appa 

ratus and method. While specific embodiments of the pres 
ent invention have been described, it will be apparent to 
those skilled in the art that various modifications thereto can 
be made without departing from the spirit and scope of the 
invention. Accordingly, the foregoing description of the 
preferred embodiment of the invention and the best mode for 
practicing the invention are provided for the purpose of 
illustration only and not for the purpose of limitation. 

We claim: 
1. An apparatus adapted to identify defects or conditions 

in an electrical insulator deployed in an energized electrical 
distribution system, comprising: 

(a) a launcher adapted to launch a projectile towards an 
electrical insulator deployed in an energized electrical 
distribution system, wherein the launcher is located at 
a suitable distance from the electrical insulator to 
ensure a user's safety from the energized electrical 
distribution system; 

(b) a microphone co-located with the launcher and 
adapted to receive a response signal from the electrical 
insulator upon being struck by the projectile; and 

(c) a processing device operably connected to the micro 
phone and programmed to determine whether or not the 
electrical insulator is defective based on the character 
istics of the response signal. 
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4 
2. The apparatus according to claim 1, wherein the 

launcher is in the form of a firearm to allow a user to 
accurately aim and launch the projectile towards the insu 
lator. 

3. The apparatus according to claim 1, further including a 
3D pan and tilt system to aim the launcher via a computer 
interface. 

4. The apparatus according to claim 1, further including a 
Global Positioning System (GPS) to allow a user to record 
the location of the insulator being tested. 

5. The apparatus according to claim 1, further including a 
camera to allow a user to take photographs of the insulator 
being tested. 

6. The apparatus according to claim 5, wherein the camera 
is a high speed camera to allow a user to track a trajectory 
of the projectile as it is propelled towards the insulator. 

7. An apparatus adapted to identify defects in a porcelain 
insulator deployed in an energized electrical distribution 
System, comprising: 

(a) a launcher configured to propel a plastic projectile 
from a location remote from the porcelain insulator 
Such that the remote location provides a user with a 
separation from the energized electrical distribution 
system, the launcher having: 
(i) a tube adapted to receive the plastic projectile 

therein and to allow a user to accurately aim the 
launcher at the insulator, and 

(ii) a trigger operably connected to the tube, wherein 
activation of the trigger causes the plastic projectile 
to be propelled down the tube towards the insulator, 
such that impact of the plastic projectile with the 
insulator causes the insulator to resonate without 
damaging the insulator to provide a response signal; 

(b) a microphone co-located with the launcher at the 
remote location and adapted to receive the response 
signal from the insulator upon being struck by the 
plastic projectile; and 

(c) a processing device operably connected to the micro 
phone and programmed to measure the response signal 
received by the microphone and determine whether the 
insulator contains any defects. 

8. The apparatus according to claim 7, wherein the 
processing device is a Smartphone loaded with an applica 
tion for measuring and processing the response from the 
insulator. 

9. The apparatus according to claim 7, wherein the 
processing device digitizes the response signal and deter 
mines the insulator's condition by using Fast Fourier Trans 
form (FFT) to determine frequency components of the 
response signal. 

10. The apparatus according to claim 7, wherein the 
processing device digitizes the response signal and deter 
mines the insulator's condition by analyzing a decay time of 
the response signal and comparing the decay time to known 
decay times for insulators. 

11. A method of determining a condition of an electrical 
insulator deployed in an energized electrical distribution 
system from a remote location, comprising the steps of 

(a) providing an apparatus having: 
(i) a launcher, 
(ii) a microphone co-located with the launcher, and 
(iii) a processing device operably connected to the 

microphone; 
(b) positioning the apparatus at a location remote from an 

electrical insulator deployed in an energized electrical 
distribution system such that the remote location allows 
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a user of the apparatus to remain a safe distance from 
the energized electrical distribution system; 

(b) using the launcher to propel a projectile towards the 
electrical insulator to be tested, thereby striking the 
insulator with the projectile to cause the electrical 5 
insulator to resonant without damaging the electrical 
insulator; 

(c) using the microphone to capture a resonate response 
signal from the electrical insulator upon being struck by 
the projectile; and 10 

(d) using the processing device to measure and process 
the resonate response signal to determine whether the 
insulator contains any defects or conditions. 

12. The method according to claim 11, further including 
the step of loading a projectile into the launcher. 15 

13. The method according to claim 11, further including 
the step of activating a trigger of the launcher to propel the 
projectile. 

14. The method according to claim 11, wherein the step of 
using the processing device further includes the step of 20 
utilizing Fast Fourier Transform (FFT) to determine fre 
quency components of the resonate response signal. 

15. The method according to claim 11, wherein the step of 
using the processing device further includes the step of 
analyzing a decay time of the resonate response signal and 25 
comparing the decay time to known decay times for insu 
lators. 


