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Details of the C-AST Runs
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•Above: number of failed connectors and current settings for 
the D1 C-AST fixture cable specimens.
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Details of the C-AST Runs
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•Left: temperature of cables by color in 
the C-AST chamber for M2212-8000 
(black), M2212-8011 (red), and M2212-
8001 (gray).



Characterization of DC lines of module string

4

Measurement equipment
Verivolt IsoBlock V-4c
•3 Way Galvanic isolation
•1,500V sustained and 5,000V 
peak isolation (1 min)
•DC to 100kHz Bandwidth
•1500 V in/10 V out
NI-9222
±10 V, 500 kS/s/ch, 16-Bit, 
Simultaneous Input, 4-Channel
NI cDAQ 9178
Into Laptop running LabVIEW

Frequency analysis by Fourier transform  (peak-peak)/2 

ABB Power One TRIO-2.0-TL-OUTD DC line voltage 
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Overview of Inverter DC Strings Characterized
Inverter 
Maker 

Inverter Model Measured 
System 
voltage

Peak 120 Hz (V)
(peak-peak)/2

Other significant 
peaks

SMA SB 3000HFUS-30 328 V 0.2 V 48 kHz

SMA SB 3000US-30 220 V 3 V

SMA SWR 1800U 208 V 3 V

PV Powered PVP 2000 162 V 5 V 10, 30, 50, 70 kHz

ABB Power 
One

TRIO-2.0-TL-OUTD 395 V 20 V 15 kHz

Proharvest
OutBack 
Power

TS-480-8K 410 V 23 V

Fronius IG 5100 284 V 0.7 V
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DC+AC in C-AST D1 Experiment (Representative FFT’s)

Tropical-2a (24±10 ... DC±AC)

Tropical-2b (15±8 ... DC±AC)

Tropical-3a (10±6 ... DC±AC)
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Morphology (Optical Microscope) of D1 and K3 C-AST Specimens



Surface Roughness (Profilometer) Methodology
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Morphology (Optical Microscope) of D1 and K3 C-AST Specimens
(black, XLPO outer/LDPE inner)
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Roughness (Profilometer) of D1 and K3 C-AST Specimens
(black, XLPO outer/LDPE inner)
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Morphology (Optical Microscope) of D1 and K3 C-AST Specimens
(black, XLPE)
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Roughness (Profilometer) of D1 and K3 C-AST Specimens
(black, XLPE)
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Morphology (Optical Microscope) of D1 and K3 C-AST Specimens
(black, XLPO outer/XLPO inner)
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Roughness (Profilometer) of D1 and K3 C-AST Specimens
(black, XLPO outer/XLPO inner)
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Morphology (Optical Microscope) of D1 and K3 C-AST Specimens
(black, XLPO outer/XLPO inner)
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Roughness (Profilometer) of D1 and K3 C-AST Specimens
(black, XLPO outer/XLPO inner)
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Morphology (Optical Microscope) of D1 and K3 C-AST Specimens
(red, for PVC inner)
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Roughness (Profilometer) of D1 and K3 C-AST Specimens
(red, for PVC inner)
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Morphology (Optical Microscope) of D1 and K3 C-AST Specimens
(red, for PA outer)
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Roughness (Profilometer) of D1 and K3 C-AST Specimens
(red, for PA outer)
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Morphology (Optical Microscope) of D1 and K3 C-AST Specimens
(black, CPE)
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Roughness (Profilometer) of D1 and K3 C-AST Specimens
(black, CPE)
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Morphology (Optical Microscope) and Roughness (Profilometer) 
of D1 and K3 C-AST Specimens

(black, TPE)
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Morphology (Optical Microscope) and Roughness (Profilometer) 
of D1 and K3 C-AST Specimens

(red, XLPE)
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Morphology (Optical Microscope) and Roughness (Profilometer) 
of D1 and K3 C-AST Specimens

(red, XLPE)



NREL    |    26

Morphology (SEM) of D1 and K3 C-AST Specimens
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Roughness (root mean square) of D1 and K3 C-AST Specimens
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Roughness (average) of D1 and K3 C-AST Specimens
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Roughness (maximum peak to valley height) of D1 and K3 C-AST Specimens
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Composition (EDS) of D1 and K3 C-AST Specimens
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Composition (EDS) of D1 and K3 C-AST Specimens
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Composition (EDS) of D1 and K3 C-AST Specimens
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Composition (EDS) of D1 and K3 C-AST Specimens
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Composition (EDS) of D1 and K3 C-AST Specimens
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Composition (EDS) of D1 and K3 C-AST Specimens
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FTIR (Polymer Structure) of Oceanside and Reference Cables
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Characteristics (FTIR, DSC, TGA) of D1 and K3 C-AST Specimens
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Characteristics (FTIR, DSC, TGA) of D1 and K3 C-AST Specimens
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Characteristics (FTIR, DSC, TGA) of D1 and K3 C-AST Specimens



NREL    |    40

Characteristics (FTIR, DSC, TGA) of D1 and K3 C-AST Specimens
M2212-8003 (IEC, Black, XLPO/XLPO): Polymer Characterizations

Outer

Inner
TGA comparing outer jackets 
of -8002 and -8003 having 
same copolymers, but 
different flame inhibitors
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Characteristics (FTIR, DSC, TGA) of D1 and K3 C-AST Specimens
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Characteristics (FTIR, DSC, TGA) of D1 and K3 C-AST Specimens
M2212-8006 (Multi-conductor, Black, CPE/EPDM): Polymer Characterizations

TGA of unaged cable jacket: 
up to ~60% of inorganic 
additives and fillers

DSC: mostly amorphous 
polymers

Outer

Inner

FTIR: Greatest changes with K3 on 
lamp side exposing more Si; inner 
cables unaffected
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Characteristics (FTIR, DSC, TGA) of D1 and K3 C-AST Specimens



NREL    |    44

Characteristics (FTIR, DSC, TGA) of D1 and K3 C-AST Specimens
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Characteristics (FTIR, DSC, TGA) of D1 and K3 C-AST Specimens



Mechanical Behavior (Instrumented Indentation) Methodology
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Mechanical Behavior (Indentation) of M2110-0058 (red, for PVC inner)
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Mechanical Behavior (Indentation) of M2110-0058 (red, for PVC inner)
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Mechanical Behavior (Indentation) of M2110-0058 (red, for PVC inner)
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Mechanical Behavior (Indentation) of M2110-0075 (red, for PVC inner)
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Mechanical Behavior (Indentation) of M2110-0075 (red, for PVC inner)
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Characteristics (FTIR, DSC, TGA) of M2110-0075 (red, PA/PVC)
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Mechanical Behavior (Indentation) of M2110-0075 (red, for PVC inner)
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Mechanical Behavior (Indentation) of M2110-0070 (red, PE)
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Mechanical Behavior (Indentation) of M2110-0070 (red, PE)
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Mechanical Behavior (Indentation) of M2110-0070 (red, PE)
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Mechanical Behavior (Indentation) of M2212-8000 Specimens
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Mechanical Behavior (Indentation) of M2212-8002 Specimens
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Mechanical Behavior (Indentation) of M2212-8004 Specimens
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Mechanical Behavior (Indentation) of M2110-0063 (black, rubber)
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Characteristics (FTIR, DSC, TGA) of M2110-0063 (black, rubber)
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Mechanical Behavior (Indentation) of M2202-0103 (black, rubber)
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Characteristics (FTIR, DSC, TGA) of M2202-0101/-0107 (black, rubber)

TGA DSC FTIR

cracked
hidden

representative
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