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Reliability Benefits of Undergrounding
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Joint Termination
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Condition Based Maintenance

Estimate future risk
* Non invasive
* Simple
Predictive
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Most routes for assessing joints involve Infra Red
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Connector - Cu (this work), Al (legacy)
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Surface Temperature - cable estimates
AT = Teona — Tikt = Weona *TR1/2 = I°R * 'Ry

Pth D/?2
TR = —l —
d/?2

T surface or Tjkt




Surface Temperature - joint estimates

D/2
R = Py, P12
2t d/2
Tsurface Tsurface
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Test Bed

Accessory Test Bed
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Accessory Test Bed
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Measurements

Multiple wide-angle IR Cameras
Internal joint connector temperatures

External joint housing surface temperatures

Real-time connector resistance

External surface temperature of applied tapes

v \
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Experiment Design

500kcmil 15kV Cu
EPR Cable

Joint Technology
(34)

Cold shrink Premolded
(30) (4)
|

As a first step
Only consider conductor
connections

6 bolt shearbolt 4 bolt shearbolt Crimp connector

(20) (10) (4)

Metallic shield connection§ later
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Connector Construction

Connector installation factors | Temperature monitoring
P - I
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Connector Resistances

= 4 wire measurement — impact of leads and contact resistances is eliminated

00025

0.00307

0.0025

00020

[E= RIS PRY R R TU R E R T

V V)

0.0015

0.0010

0.0005

-
-
-

0.0000 T T T
0 0 100 150 200

15



16

Not all connectors are the same
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Measured Temperatures - - Conductor =117 C
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Measured Temperatures - - Conductor =117 C

Temperature (C)
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Impact of Joint Type

Connector Temp (C)
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Joint Dimensions
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Temperatures - TC

Surface to Connector Difference

E il
807 =
50 B 51
B 5325 =3
B 4715 o=, *
40 4
35 = BE 3475 .
= 301 Delta T Corrections
207 —13 =11 ==14 are Joint specific and
el B=475 - Temperature
D R dependent

Difference Connector to Surface (C)
i

50-
401 ah E;g
BH 3¢ 345
B 274 B8 30 o ﬁ:EI:a.uEI ’ g
20+ = e B s
B E= 165 5
==a2 7 :
o E —-—cs °

225 405 o810 805 800 990 NMYO0 225 405 o610 BOS  B50 990 MTO

Conductor Temp (C) o w  wme am w0 ose e o

Splice Body Length (mm)






Infra Red Image - Joint 9 at Equilibrium
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Infra Red Image - Joint 9 at Equilibriu
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Infra Red Image - Joint 9 at Equilibrium

Temperature along Centre (C)
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TC to IR — work in progress — joint bodies
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Joints — no Defects
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Joints — no Defects

IR Surface Temperature Estimate (C)
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Joints — no Defects
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Comparison

Construct test groups with known “good” and known “defective”

IR Ts1

IR Ts3

IR Ts5

Tc



Surface Temperature Comparison — equilibrium
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Points

Shearbolt resistances generally low & different between designs
Connector performance on Cu different to Al

AT’s can be large

AT’s vary between joints - body Thermal Resistance

Arc / fire taping will complicate

AT’s depend on time / current / temperature — repeat measurements
T s typically overestimates the surface temperature of joints

T, comparisons should be made between the same component types
If temperature or temperature difference is large - there is a concern

10. Diagnoses require more information than just the IR image
1. Loading history required
2. Type of joint

O 0 N O U A~ W N R
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