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ACCCE Conductor

ACCC can carry twice the current of a conventional conductor,
and - under equal load conditions - reduce line losses by 30% or more
compared to other conductors of the same diameter and weight

A

AHybrid Carbon Composite Core is stronger and lighter than steel core
AGreater strength and improved dimensional stability allows increased spans between fewer structures
ALighter core allows the use of 28% more aluminum without a weight penalty



Why Carbon Fiber Hybrids?
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Carbon fibers
particularly susceptible to fatigue
damage. A slight amount of
alignment in the fiber
microstructure takes place
during fatigue, but fatigue lives
at stresses as high as 98% of
the tensile strength - did not
exhibit fatigue f
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Thermal Knee Point
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Decreased Sag and Cooler Operating Temperature
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Installation Experience > 5,200 Conductor Miles at 135 sites

Countries: US Utilities:

A UsA A AEP

A China A APS

A France A PacifiCorp

A UK A Sierra Pacific (NV Energy)
A Poland A National Grid US
A Spain A Austin Energy

A Portugal A Xcel Energy

A Mexico A MI PUD

A Chile AKS PUD
A'Indonesia A KAMO

A Belgium A OG&E

A Brazil A Ozark Electric

A Germany A WAPA

A South Africa
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Six + Years of ACCC Conductor Testing

Core Testing:

2.1.1 Tensile Testing

2.1.2 Flexural, Bending & Shear Tests
2.1.3 Sustained Load Tests

2.1.4Tg Tests

2.1.5 CTE Measurements

2.1.6 Shear Testing

2.1.7 Impact and Crush Testing

2.1.8 Torsion Testing

2.1.9 Notched Degradation Testing
2.1.10 Moisture Resistance Testing
2.1.11 Long Term Thermal Testing
2.1.12 Sustained Load Thermal Testing
2.1.13 Cyclic Thermal Testing

2.1.14 Specific Heat Capacity Testing
2.1.15 High Temperature Short Duration
2.1.16 High Temperature Core Testing
2.1.17 Thermal Oxidation Testing
2.1.18 Brittle Fracture Testing

2.1.19 UV Testing

2.1.20 Salt Fog Exposure Tests

2.1.21 Creep Tests

2.1.22 Stress Strain Testing

2.1.24 Micrographic Analysis

2.1.25 Dye Penetrant Testing

2.1.26 High Temperature Shear Testing
2.1.27 Low Temperature Shear Testing

Mechanical Conductor Testing:

2.2.28 Stress Strain Testing

2.2.29 Creep Testing

2.2.30 Aeolian Vibration Testing

2.2.31 Galloping Tests

2.2.32 Self Damping Tests

2.2.33 Radial Impact and Crush Tests
2.2.34 Turning Angle Tests

2.2.35 Torsion Tests

2.2.36 High Temperature Sag Tests
2.2.37 High Temperature Sustained Load
2.2.38 High Temperature Cyclic Load Tests
2.2.39 Cyclic Ice Load Tests

2.2.40 Sheave Wheel Tests

2.2.41 Ultimate Strength Tests

2.2.42 Cyclic Thermo-Mechanical Testing
2.2.43 Combined Cyclic Load Testing
2.2.44 Conductor Comparison Testing

Systems & Hardware Testing:

2.4.55 Current Cycle Testing

2.4.56 Sustained Load Testing

2.4.57 Ultimate Assembly Strength Testing
2.4.58 Salt Fog Emersion Testing

2.4.60 Static Heat Tests

2.4.61 Suspension Clamp Testing

2.4.62 Thermo-Mechanical Testing

2.4.63 Cyclic Load Testing

Electrical Conductor Testing:

2.3.45 Resistivity Testing

2.3.46 Power Loss Comparison Testing
2.3.47 Ampacity

2.3.48 EMF Measurements

2.3.49 Impedance Comparison Testing
2.3.50 Corona Testing

2.3.51 Radio Noise Testing

2.3.52 Short Circuit Testing

2.3.53 Lightning Strike Testing

2.3.54 Ultra High Voltage AC & DC Testing

Field Testing:

2.5.64 Ambient Temperature

2.5.65 Tension, Sag, and Clearance
2.5.66 Conductor Temperature
2.5.67 Electric Current

2.5.68 Wind Speed and Direction
2.5.69 Solar Radiation

2.5.70 Rainfall

2.5.71 Ice Buildup

2.5.72 Splice Resistance

2.5.73 Infrared Measurements
2.5.74 Corona Observations

2.5.75 Electric and Magnetic Fields
2.5.76 Wind and Ice Load Measurements
2.5.77 Vibration Monitoring

2.5.78 Typhoon Test

US /UK / France / Canada/ Mexico / China / Brazil / Chile / Belgium / Indonesia/ Germany



Core Characteristics

Physical and Mechanical Testing of the core included:

ATensile Strength
AFlexural Strength
AShear Strength
ATorsional Ductility
Almpact Resistance
ANotched Degradation
AMoisture Resistance
AHeat Resistance
AThermal Oxidation
AAcid Resistance
ABrittle Fracture Resistance
AUV Resistance
ACTE

ASalt Fog

AR/T i HIT Creep
AHot Water Immersion




Brittle Fracture Resistance

Acid Con ’mer

Test performed unde

Chemical Attack Experiment

(early prototype samples)
12 day nitric acid exposure
NO exposure

iN

2N

Failure initiaton of CIFRP core in IN Nitric acid

Testing of samples aged at 200°C for 18 weeks also showed no sign of degradation




Torsion Test

4 Revolutions

54 Revolutions

&

Figure 3 Aluminum Wires at South End after Four (4) Complete Revolutions (32°/ft, 106°/m)

Figure 5 Spiral Crack on Core after 54 Complete Revolutions (437°/ft, 1433°/m)



Ice Load Testing




Electrical Testing

AResistivity
APower Loss
AAmpacity
AEMF
Almpedance
ACorona
ARadio Noise
AShort Circuit
ALightning Strike

S



Hardware and Systems Testing

-
Hardware and Systems Testing:

AAeolian Vibration
AHigh Temperature Sag
AHigh Temperature Sustained Load
ACreep

AGalloping

ASelf Damping
Almpact

ATurning Angle
ATorsion

ASheave

AUltimate Strength
AThermo-Mechanical
ACombined Cyclic Load Testing




BruceosE - OorEtta e Te st

APull conductor over sheave wheel 30 times at
various angles and tensions

Alnstall conductor in load frame with suspension
clamp installed at 1/3 span

AComplete 100 million cycles of vibration

AComplete additional 10,000 cycles of galloping

ARemove section near suspension clamp and
(What Bruce really looks like jnstall in horizontal load frame

under his disguise)
APull conductor to 15%, cycle conductor to 20,
30, 40, 50, 60, 70% RTS with 5 minute holds.
Pull conductor to 85% with 30 minute hold.
Release tension to 15% RTS and repeat 5 times



Torture Test Photos




Torture Test Observations

AEP Stress-strain Testing Results
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