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Initial Problem: Integrity of Ground Risers
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EMAT Transducer Concept
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Torsional Modes
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Nodes are zero crossings in a Bessel function



Trapped Torsional Mode

Force at single point in cross-section of cylinder
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Experimental Setup
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Signal from Damaged Conductor
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Signal moves down conductor applied Here

and reflects off of damage




Perpendicular Cut

Clean Sample
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Broken Strands in ACSR
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The main objective of this study is to develop a robust,
portable, intelligent monitoring and diagnostic system
for the health assessment of ACSR strands

In energized transmission lines.
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A Monitoring System Should Be:

* Robust to operating and environmental
conditions

* Intelligent to analyze data and provide
useful information

» Stable enough as to not set false alarms

* Easy to use (user friendly)
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A Monitoring System Should Be:
(continued)
* Portable
» Easily attachable and detachable
» Capable of providing adequate bandwidth

 Inexpensive
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Causes of Damage

Aeolian Vibration
Galloping
Turbulent Winds
Ice Loading
Other
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Present available tools and techniques suffer from
-Accuracy
-Reliability
-Complexity
-Cost

-Required Training
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Technical Approach

Mathematical Analysis
System Design

Laboratory Experimental Design and
Construction

Field Tests
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Mathematical Modeling and
Analysis
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Analytical Modeling —
Equations of Motion

» Consider a straight section of wire rope loaded

simultaneously 1n both tension and torsion:
Ck\ 2\ LATA
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* where f 1s the external force and ¢ 1s the external
moment (both per unit of stressed rope lengths) ¢ 2




Orthotropic Sheet
(Layers of Wires) Model
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with the Strand axis

Wire Strands
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Interwire/Interlayer

Contact Forces
i
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Ri : Herical Radius

T : Torsional Moment

™~

NN O : Angle Disp.
o—Lys Axial Force
] O : Axial Disp.
e Ja, e
« O :1th Stl?nd Lay Angle

................................ Fs,i : i th Strand Force Component

F ¢ - Total Force induced by Strands
a ;. Net Area of 1 th Strand

E ; - Young’ Modulus of i th Strand
Egit Strain of 1 th Strand
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Axial Force, A, and A,

P = ZF cosa, = I(ij | Azgj

A, = ZaE cos>

l l l

A, =ZaER cos’ a, sin a,




Torsional Moment, A; and A,

ki sing +JG@ A2)eaf?

J: : Polar Moment of Inertia
G, : Shear Modulus

l l l

A, :ZaER cos’ a, sina,

A, = Zn: (al.El.Rl.2 cosa, sin” o, + JZ.GZ.)
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Formulas for

Constitutive Constant

4
Al — (;Z aikll,i + acore Ecore
=1
| a;:Each Wire Net Area

R.: Helical Radius

k,, ;. Stiffness in Axial direction

kg, ; :Coupled Stiffness in Axial
Shear direction

ki ;:Coupled Stiffness

ke ; - Stiffness in Shear direction

[.: Wire lay direction (—1or1)




Experimental Analysis of ACSR

33






Experimental
Setup in the Lab

6 cuts & 3 cuts &
4 semi-cuts \ /- 2 semi-cuts
Transmitter oA
)= Abnormal conductor
: ! Normal conductor
Recelver \
1 foot Armor rod

Aluminum conductor
Shoe
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Signal of Bare Conductor with Large Cut
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Field Tests

e Tri- State Transmission Lines in Nebraska

« EPRI High Voltage/High Current and
Environmental Chamber in Lenox, MA

« EPRI High Current, High Temperature
facilities in Haslet, TX
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Id Testing of ACSR
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Conclusions

A portable, non-invasive, and intelligent sensor
system for integrity assessment of transmission
lines and other conductors has been developed.

This system can be used on energized lines.

This monitoring system has passed high
voltage, high current, and temperature
performance tests at EPRI facilities.

Prototypes are being made for beta testing at
utility facilities.
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Questions?
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