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NOTICE
The information contained herein is, to our knowledge, accurate and reliable at the date of publication.
Neither GTRC nor The Georgia Institute of Technology nor NEETRAC shall be responsible for any
injury to or death of persons or damage to or destruction of property or for any other loss, damage or

injury of any kind whatsoever resulting from the use of the project results and/or data.

GTRC, GIT and NEETRAC disclaim any and all warranties, both express and implied, with respect
to analysis or research or results contained in this report.

It is the user's responsibility to conduct the necessary assessments in order to satisfy themselves as
to the suitability of the products or recommendations for the user's particular purpose.

No statement herein shall be construed as an endorsement of any product, process or provider.
Copyright of this report shall reside with GTRC.
Sponsor(s) are assigned the non-transferrable rights listed below:

1. Sponsor has title to the evaluation data contained herein. If there is more than one sponsor,
they have joint title to the evaluation data.

2. Sponsor(s) may conduct their own analysis of the data, while representing such analysis as
their own.

3. Sponsor(s) may use Copyrighted material in its entirety within their organizations (listed
below).

4. Sponsor(s) may provide Copyrighted material in its unabridged entirety without any transfer
of rights to external entities for that entity’s internal use only as indicated in the NOTE below.

5. Sponsor(s) may place Copyrighted material in its entirety in the public domain (literature
packet, internet, etc.) provided that the context of such publication may not be construed as
an endorsement of any product, process or provider by GTRC, GIT, or NEETRAC.

Sponsors may not distribute or publish abstracted or excerpted material from this document without
the prior written permission of NEETRAC.

For the avoidance of doubt, sponsor(s), in the context of this assignment of rights, shall mean the
entities listed below:

Tennessee Valley Authority

NOTE: This Copyrighted material is intended solely for the use of the project sponsor(s) in the
manner listed above. If you are not an intended recipient you are hereby notified that any
dissemination, distribution or copying of this Copyrighted material is prohibited. If you have received
this Copyrighted material in error, please immediately notify the provider and permanently delete this
Copyrighted material and any copies.
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Connector and Conductor Testing of TS Conductor “Ruddy” with AFL
Connectors - Electrical Test Results

NEETRAC Project 22-132

1.0 SUMMARY

Jeff Phillips from TVA requested modified mechanical and electrical testing per ANSI
C119.4-2016 on eight (8) AFL B135010-Y-TS connectors (deadends) and four (4) B4684-
Y-TS connectors (compression joints) installed on TS conductor, “Ruddy,” M3 8.5. This
report covers the electrical testing. The modifications included a tension scheme and a high
temperature limit of 180 °C x 3°C. The tension scheme consisted of applying an initial 10%
of the conductor’s RBS load to the conductor-connector samples at room temperature and
resetting the tension to 10% of the conductor's RBS while the samples were at room
temperature every 25 cycles. The modified ANSI C119.4-2022 current cycling testing had four
pass / fail criteria:

1. No connector may have a maximum temperature that exceeds the temperature of the
control conductor. As shown in Figure 6, all connectors met this requirement.

2. All connectors must not have a stability factor exceed +10°C for each connector
temperature measurement recorded at the test intervals specified in Table 9 of ANSI
C119.0. As shown in Figure 7, all connectors met this requirement.

3. For each connector, all DC resistance measurements recorded at the test intervals
specified in Table 9 of ANSI C119.0 must be within £5% of the average DC resistance.
As shown in Figure 8, all connector met this requirement.

4. Each connector must not experience slippage. Throughout the test, all connectors met
this requirement as no slippage occurred.

In summary, all connectors passed the modified ANSI C119.4-2022 current cycling testing
requirements.
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2.0 INTRODUCTION

Jeff Phillips from TVA requested modified mechanical and electrical testing per ANSI
C119.4-2016 on AFL connectors B135010-Y-TS (deadends) and B4684-Y-TS
(compression joints) installed on TS conductor, “Ruddy,” M3 8.5. This report covers results
for the modified 500 cycle current cycle testing (CCT). The modifications included a tension
scheme and a high temperature limit of 180 °C. The tension scheme consisted of applying
an initial 10% of the conductor’'s RBS load to the conductor-connector samples at room
temperature and resetting the tension while the samples were at room temperature to 10%
of the conductor’'s RBS every 25 cycles.

3.0 TEST SAMPLES

The test samples consisted of AFL connectors B135010-Y-TS (dead-ends) and B4684-Y-
TS (compression joints) installed on TS conductor, “Ruddy,” M3 8.5. A sample assembly
consisted of deadend-conductor-compression joint-conductor-deadend. The assembly
lengths were approximately 40 ft. A general diagram of the sample assembly and loading
method can be seen in Figure 1. As received condition of materials can be seen in Figure
2, Figure 3, and Figure 4.

Voltage Lead

A -5l - B DEI-B 331::
Control

Ambient ,_—/>O

L‘ Return Lead

Figure 1. Loading Method and Generalized Diagram of Sample Assembly

- Figure displays two sample assemblies (deadend-conductor-compression joint-
conductor-deadend). Four assemblies were tested in the series configuration shown.
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Figure 2: Typical as Received Condition of AFL Compression Joints, B4684-Y-TS
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Figure 3: Typical as Received Condition of AFL Deadends, B135010-Y-TS
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Figure 4: As Received Condition of TS Conductor
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4.0 PROCEDURE

4.1 Sample Preparation

All deadends were installed on TS conductor per AFL Installation Instructions INS-ACA126.
All compression joints were installed on TS conductor per AFL Installation Instructions INS-
ACA127. Per instruction from the customer and manufacturer, the inhibitor used for all
installations was HiTemp AFL Universal Compound (HiITUC).

4.2 Testing

A 500-cycle current cycle test was performed per ANSI C119.4-2016, with the following
additions/modifications:

e Four sample assemblies were tested. Each sample assembly consisted of deadend
— conductor — compression joint — conductor — deadend. In total, eight (8) deadends
and four (4) compression joints were tested.

e The samples were placed under an initial mechanical load (tension) of 10% of the
conductor’'s RBS while the samples were at room temperature, and then reset at
room temperature to 10% RBS every 25 cycles.

e The max control temperature was not allowed to exceed 183 °C.

e The time for the “on” portion (current on) of the test cycles was set to 3 hours and 50
minutes to enable samples to sit at the high temperature for approximately 2 hours.
The “off” portion of a cycle was set for 2 hours and 40 minutes.

e Per customer’s instruction, fans (forced convection) were used throughout the cool
down periods.

e DC resistance was measured using a four-wire method at 100 amps.

e In addition to the ANSI C119.4 test requirements (maximum temperature,
temperature stability, and resistance stability), the pass criteria for the test stated,
that no slippage may occur during the test.

e For resistance measurements on deadends, equalizer plates were used on the eye
side of the connector and metal wire-ties were used on the other side. For
compression joints, wire-ties were used on both sides. All resistance measurements
were made using a micro-ohmmeter.

A photo of the test cell can be seen in Figure 5. Thermocouples were placed in holes that
were drilled inside of the connector barrel. Deadends had one thermocouple. All compression
joints had two thermocouples installed, one installed on each barrel. To measure the tension
across the sample assemblies, a 10-kip Honeywell model 3124-10k was used in each span.
When setting the tension to 10% of the conductor’s RBS, the tension was adjusted manually.
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Figure 5: Photo of Test Cell — Series Loop

4.2.1 Test Event - Filler Port Pins

Inside the initial 25 cycles, the filler port plugs of 2 connectors ejected out of the aluminum
body. The plugs were unable to be found; however, holes in the shielding plastic
encapsulating the test were found; additionally, inhibitor was found on the ceiling of the lab
located ~20 ft above the samples. As NEETRAC personnel were working around the test
cell, immmediate preventative measures were taken once the samples cooled to ambient
temperature. 1/16” holes were drilled in the uncrimped zone of the aluminum bodies for
each connector to act as pressure relief “vents” as the ejected pins could not be found.
Prior to resuming the test and after discussing the event with the customer, the following
actions were taken: the 1/16” holes were filled with aluminum screws and the filler port
holes for the two connectors that ejected plugs were plugged with new plugs. Afterwards,
hose clamps were fastened around the filler port plugs on all connectors.
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5.0 RESULTS
The modified ANSI C119.4-2022 current cycling testing had four pass / fail criteria:

1. No connector may have a maximum temperature that exceeds the temperature of the
control conductor. As shown in Figure 6, all connectors met this requirement.

2. All connectors must not have a temperature stability factor exceed +10 °C for each
connector temperature measurement recorded at the test intervals specified in Table 9
of ANSI C119.0. As shown in Figure 7, all samples passed met this requirement.

3. For each connector, all DC resistance measurements recorded at the test intervals
specified in Table 9 of ANSI C119.0 must be within +5% of the average DC resistance.
As shown in Figure 8, all connectors met this requirement.

4. Each connector must not experience slippage. Throughout the test, all connectors met
this requirement as no slippage occurred.

NEETRAC Project Number 22-132, Final Report — December 2024 Page 11 of 17



Copyright © 2024, Georgia Tech Research Corporation

200+ Variable
—®&— Control, °C
- - DF1
o ® 0o o o o " % DR
—&— DE3
—»—- DE4
—<4— DE5

- % - DE6
150 --@-- DE7
—m— DE3
—4—- 51
—&— 52
- - S3
—4-- 5S4

—_
(=]
e

Temperature (degree C)

0
<

0 100 200 300 400 500
Cycle Number

Figure 6: Max Temperature vs Cycle Number

- Per test requirements, a connector could not exceed the control conductor
temperature. All connectors passed.
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Figure 7: Temperature Stability Factor vs Cycle Number

- Per test requirements, the maximum allowable stability factor value was +£10. All
connectors passed.
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Figure 8: Resistance Stability vs Cycle Number

- Per test requirements, the maximum allowable percent variation was *5%. All
connectors passed
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6.0 CONCLUSION

Modified electrical testing per ANSI C119.4-2016 was performed on eight (8) AFL
deadends (B135010-Y-TS) and four (4) compression joints (B4684-Y-T) installed on TS
conductor, “Ruddy,” M3 8.5. The modifications included a tension scheme and a high
temperature limit of 180 °C. The tension scheme consisted of applying an initial 10% of the
conductor’s RBS load to the sample assemblies and resetting the tension to 10% of the
conductor’'s RBS at approximately every 25 cycles. Based on the requirements defined in
the Results Section, all samples passed the test requirements.
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7.0 ANSIC119.4 REQUIRED DECLARATIONS
a. Test dates
= 04/08/2024 to 11/05/2024
b. ANSI C119.4-2016 standard used
c. Facility and personnel

o Test performed at NEETRAC’s mechanical test facility located at 22 Kennedy
Dr., Forest Park, GA 30297.

o Personnel

= Engineer in responsible charge: Joseph Goldenburg, P.E., Principal
Research Engineer

= Other engineering staff:

e Engineer executing project under supervision: Tristen Cline,
E.l.T, Research Engineer |

= Test Technicians:
e Oscar Rodriguez, Test Technician Il
e lan Brown, Test Technician IlI
e Kevin Garner, Test Technician IV
d. For equipment used refer to Equipment Section.

e. Connectors: AFL connector part numbers B135010-Y-TS (dead-end), B4684-Y-TS
(compression joint), and HiTemp AFL Universal Compound

f. Electrical Class: Class A
g. Report is for electrical testing only

h. Description of conductor: TS Conductor “Ruddy”; RBS = 42,510 Ib & overall diameter
of conductor = 1.131 in

i. Installed per manufacturer’s instructions, AFL Installation Instructions INS-ACA126
and AFL Installation Instructions INS-ACA127

J. After 25 cycles, current on period used a setpoint of 1470 amps. Test would stop if a
deviation of 10 amps was experienced.
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k. Connectors pass test requirements

I. Test method: augmented version of CCT (high temperature limit of 180°C and tension
scheme applied)

m. Thermocouple locations were drilled into connectors, equalizer plates and wire ties
were used for deadends, wire ties were used for compression joints.

n. Details in report
0. Details in report

p. N/A

8.0 EQUIPMENT

CN7810 - Connector Test Cell DAQ and Control System
CN7788 - Honeywell 10 kip load cell

CN7789 - Honeywell 10 kip load cell

CN7790 - Honeywell 10 kip load cell

CN7814 - Morehouse 10 kip load cell

CQ6791 — DMO600 Micro-ohmmeter

9.0 STANDARDS

ANSI C119.4 American National Standard for Electric Connectors - Connectors for Use
between Aluminum-to-Aluminum and Aluminum-to-Copper Conductors Designed for
Normal Operation at or Below 93°C and Copper-to-Copper Conductors Designed for
Normal Operation at or Below 100°C
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