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Module A

One PV module is run through the Atlas 2595
testing sequence over the course of 12 months.

Comprehen ive
PV Dura ility Tes ing

Results and data

Completion of the Atlas 25PtYS
program provides test data that
would be otherwise unattainable
with current test methods.

UV Conditioning A report details all data, images
and analyses at the end of the

one year test sequence.

Arizona
Solar Tracking
Including peak
summer
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Salt Spray
Corrosion

Condensing

Humidity Solar/Thermal/
Humidity/Freeze
Solar/Thermal/ Cycle
Humidity Cycle
Modules B & C
Two modules provide baseline data using outdoor
solar tracking in subtropical South Florida and the
arid Arizona Sonoran desert for one year.
To learn more about the Atlas 25V Program,
ATLAS ? contact your local Atlas Sales Representative
TESTED or visit us online at www.solardurability.com
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IEC design type qualification
tests

Preconditioning (5 KWh/m?)

Visual Inspection, Performance, Insulation, Wet leakage

Damp Heat Test Thermal cycling

Electrical uwv
(200 cycles)

FParameters preconditioning

Outdoor Thermal cycling
Test (50 cycles)

Bypass Humidity freeze
Diode Test Test

Terminations
Test

Visual Inspection, Performance, Insulation, Wet leakage

IEC 61215 environmental tests

IEC 61646 environmental tests are similar

B Primary Infant Mortalities
Residual Failures
Service Life . ~ 0

B Wearout Period

Accumlating damage/declining
perfoermance

Lifetime




IEC and weathering methods

Design Qualification environmental tests

Atlas module weathering tests

Intent: Accelerated tests to screen for major materials
design and manufacturing flaws which result in premature
(infant mortality) failures.

Climate Stresses:

E.g. Temperature-only cycling; UV-only exposure;
Humidity-Freeze cycling; Damp-Heat. Most tests delivered
to separate modules.

Stress levels and delivery not representative of end-use:
No module goes through all tests; limited to 1 or 2

stresses, e.g., thermal cycling, damp heat, humidity-freeze.

Intent: Accelerated environmental durability tests to
reproduce likely field failures and estimate service life.
Tests target failures resulting for the accumulated damage
of long term outdoor exposure.

Climate Stresses (comprehensive):

Alternating cycles of SolarSim-Temperature-Humidity and
SolarSim-Temperature-Humidity-Freeze; additional UV, salt
spray, condensing humidity and outdoor solar tracking
(AZ,FL). Modules under solar operate at max power point.

Stress levels based on climate-derived conditions:
Multiple simultaneous stresses delivered in short and long
term cycles and at levels more representative of nature.

“Global Composite” climate condition standard;
alternative Hot Arid Desert, Tropical/Subtropical or
Northern Temperate climate conditions available.

Optional test modifiers: Coastal/Marine; Alpine/Snow
Load; Urban Industrial; Agricultural Chemicals, Dust-Dirt,
Acid Rain, Mildew effects.




IEC and weathering methods

Design Qualification environmental tests

Corrosion Testing:
Limited to Damp-Heat test

No long term outdoor exposure.
IEC cautions about shortness of test; most tests are
chamber-based with limited stresses.

Few cycles but under harsh conditions:
Designed to stress for infant mortality failures; may
induce failures which will not occur in service

Modules exposed non-operational

Atlas module weathering tests

Salt Spray and Condensing Humidity tests and outdoor
exposures included.

Uses combination of lab accelerated and outdoor solar
tracking exposures with additional outdoor reference
modules on one-year exposure in Arizona and Florida.

Higher number of cycles (diurnal >1500) under climate
derived conditions designed to stress to longer term
environmental effects.

Modules exposed during solar load (lab and outdoor)

Only short outdoor test is electrically active under load. operated under resistive load at maximum power point.

Solar Load: Modules primarily under full spectrum solar load (natural
No solar load in chamber tests — modules at chamber or SolarSim) for differential heating and solar load effects.
temperature

Max module temperature typically < 90°C




Weathering cycle

Atlas 257“s "global composite” environmental test cycle

(other climates available)

Sssssssss 1 module

UV conditioning
Salt spray corrosion

Condensing humidity

Solar — Thermal — Humidity Cycle

Solar — Thermal — Humidity/Freeze Cycle

Arizona solar tracking including peak summer

Total test program duration: 12 months

m 1 module FL W} 1 module AZ
sEsEEEERE

1-year solar tracking South Florida & Arizona




Corrosion

Condensing Humidity

UV preconditioning

Humidity Cycle with
simultaneous Solar
SC 2000 or
Enviromental
Chamber w/Solar

Temperature-

Humidity Freeze
Cycle with Solar

Arid Desert

MNAA (optional)

Tropical /
Subtropical

IS0 9227, ASTM B117
200 hours, 9% NaCl pH
6.5-7.2,35°C 1.0to

2. 8mls0cm®haur
"Meutral Salt Spray Test”

Northern
Temperate

IS0 9227, ASTM B117
400 hours, 2% MaCl pH
6.5-7.2,35°C, 1.0to
2.8mlfs0crm®hour
"Meutral Salt Spray Test"

“Global”

509227, ASTM B117
400 hours, 5% MNaCl pH
6.5-7.2,35°C 1.0to
2.8mlrsocrm=hour
"Meutral Salt Spray Test”

ASTM D2247, 125 hours
E38°C or |50 6270 40
*C

ASTHW D2247, 125 hours
E@38°C or |50 6270 40
°C

ASTHW DZ2247, 125 hours
E38°C or IS0 6270 40
*C

ASTHW D2247 125 hours
{@38°C or IS0 6270 40°C

IEC 61215 to 30 Kwhim2
(~28 days) UVA/UVE

IEC §1215 to 30 Kwh/m2
(~28 days) UVA/UVE

IEC 61215 to 30 Kwh/m2
(~28 days) UVA/UYE

IEC 61215 to 30 Kwhim2
(~28 days) UVA/UVE

control off at 40°C) and
69°C —5 °C (dark) in
28 min, hiold 20 min,
ramp up (light 1100
Wim=) 21 minutes, hold
20 min; repeat

Cycle time 86 minutes
16.70ycles per day
repeat 2.5 days (198
Cyeles)

control off at 40°CY and
BS°C — 18 °C (dark) in
25 min, hold 20 min,
ramp up (light 1100
Wiim=1 21 minutes, hold
20 min; repeat

Cycle time 86 minutes

16.7oycles per day
repeat 7 days (117
cycles

control off at 40°CY and
BS°C —8 °C (dark) in
25 min, hold 20 min,
ramp up (light 1100
Wim=y 21 minutes, hold
20 min; repeat

Cycle time 86 minutes

16.7cycles per day
repeat ¥ days (117
cycles

control off at 40°Ch and
BE°C —5 °C (dark) in 25
rnin, hold 20 min, ramp
up (light 1100 Wimz2) 21
rninutes, hold 20 min;
repeat

Cyele time 86 minutes

16.70ycles per day
repeat 7 days (117
cytles)

95% RH (turn FH%
contral off at 40°CY and
E9°C —-10*C (dark) in
40 miny, hold 20 min,
ramp up (light 1100
W2 28 minutes, hold
20 min,

105 minute cycle, 13.7
cyclesdday, repeat 0.5
day (7 oycles)

[4% of total 10 day
cycles are freeze|

AR

25% REH{turn FH%
control off at 40°CY and
F5°C —-+5°C (dark) in
40 mind, hald 20 min,
ramp up (light 1100
Wim=) 25 minutes, hold
20 mir;

105 minute cycle, 13.7
cyclesiday, repeat 3
days (44 cycles)

Mo freefe in topics

95% RH (turn FH%
control off at 40°CY and
E9°C —-10*C (dark) in
40 miny, bhold 20 min,
ramp up (light 1100
Wm=) 25 minutes, hold
20 min,

1058 minute cycle, 13.7
cycles/day, repeat 3
days (dd oycles)

[27% of total 10 day
CyCles are freeze]

5% RH (turn RH%
control off at 40°C) and
B2°C —-10*C (dark) in
40 miny, hold 20 mirn,
ramp up (light 1100
W2 25 minutes, hold
20 mim;

105 minute cycle, 13.7
cycles/day, repeat 3
days (d4d cycles)

[27% of total 10 day
cycles are freeze]




Module temperature tracking

Solar-Temperature-Humidity Cycle
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Module temperature tracking

deg C or RH%

Solar-Temperature-Humidity-Freeze Cycle
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Monitoring
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