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ENGINEERING SCIENCES AREA AND MODULE
PERFORMANCE AND FAILURE ANALYSIS AREA

~

R.G. Ross, Jr., and L.D. Runkle, Chairmen

Presentations from the Engineering Sciences Area and Module Performance
and Failure Analysis Area were offered in a joint technology session;
summaries of the presentations are given below.

C. C. Gonzalez (JPL) presented an update of photovoltaic-array/power-
conditioner interface studies. The objective of these studies is to
characterize flat-plate arrays by determining significant array operating
parameters such as optimum operating voltage. The characterization was
obtained by calculating the effect of array/power-conditioner interface
parameters on system annual energy prcduction by performing an hour-by-hour
array energy simulation using SOLMET weather tapes. The update included
correlations of previously reported results with weather atlas data and
additional sensitivity studies including effects of array test angle. Also
discussed was the effect of power-conditioner efficiency on array annual power
production.

Ceorge Hart of the Massachusetts Institute of Technology (MIT) described
an experiment conducted at the MIT Lincoln Laboratories (MIT-LL) Northeast
Residential Experiment Station (NE RES) by MIT-LL and JPL to evaluate
different operating-point strategies, such as constant voltage and pilot
cells, and to determine array energy losses when the array is operated off the
maximum power point. Initial results over a test period of three and a half
weeks showed a 2% energy loss when the array is operated at a fixed voltage.

Charles Cox of MIT-LL reviewed degraded-array studies conducted at NE
RES that used a range of simulted common types of degraded I-V curves. The
additional amount of energy lost at fixed array voltages was compared with
outputs from an ideal maximum-power tracker. 1In a wide variety of degraded
arrays the scudies found insignificant increases in annual energy losses in
tracking arrays.

R. W. Weaver (JPL) described the instrumentation installed at the JPL
field-test site to obtain the irradiance data. These include precision
spectral pyranometers, normal-incidence pyrheliometers, filtered radiometers,
LiCor pyranometers and assorted reference cells. These instruments are
appropriately mounted on a sun tracker, horizontally or tilted at 34 degrees.
Data is taken every five minutes from sunup to sundown, and the turbidity
coefficient, water vapor content and air mass are calculated. It was noted

‘. that the turbidity coefficient is a good indicator of the diffuse radiation
fraction in the normal plane, but gives poor correlation with the ra.io of
total horizontal to total tilted irradiance.

C. H. Seaman (JPL) described experiments using an optical filter to
adjust the spectral irradiance of the large-area pulsed solar simulator
(LAPSS) to AM1.5. A "round-robin" set of intercomparison tests using tour
different reference cells with matched and ummatched red-blue ratioz and using
the LAPSS both with and without the Schott GG-4 filter produced the following
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conclusions: the red-blue ratio is not a satisfactory criterion for matching
reference cells with solar modules for power measurements, and if the LAPSS is
used with a filter adjusting the spectral irradiance to approximate AM1.5,
then the reference cell need not be matched spectrally with the module,

A. H. Wilson (JPL) reviewed contractor and in-house activity associated
with residential-array research. A roof-mounted support structure, designed
as a research model and fabricated at JPL, was reviewed and displayed in the
PIM lobby. Features of the model were presented, including its lightweight
non-conductive frame, simplified configuration for module installation and
removal, and an electrical system design consonant with proposed 1984 National
Electrical Code requirements. The model will aid JPL efforts in synthesizing
solutions to the technological gaps identified by contractor and JPL studies.

G. R. Mon described recent voltage isolation test results that included
voltage probability characterization of 22 as-manufactured materials,
including pottants, single-layer and multilayer back-surface polymer films,
and multilayer composites. The advantages of using multilayer films was
emphasized by exhibiting the increased reliability to be gained at the module
level. Preliminary test results from a small sample of aged materials has
indicated a higher failure probability at a given operating voltage for aged
(vs unaged) materials,

A. Shumka (JPL) reviewed experiments performed on one type of module to
determine the relationship between leaksge current and temperature. The
leakage current between the electricallv -.tive part of the module and ground
was found to be strongly dependent ur 1 te perature in a module using PVB as
an encapsulant., As & result of this 1¢ other effects, the specification of
the voltage-withstanding test is beinq reviewed.

A presentation by J. W. Lathrop explained the encapsulated-cell testing
approach being used at Clemson University. Findings from earlier tests on
unencapsulated cells and differences being pursued in the testing of
encapsulated cells were summarized, A total of more than 367 encapsulated
cells involving more :1an 25 different metallization-encapsulation
combiravizns will be tested.

f. % 0k (JPL) and G. R. Mon (JPL) described in a joint presentation
the test pregrss, data reduction methods and initial results of long-duration
module -ecting at Wyle Laboratories (Huntsville, Alabama). Although visual
encapsslant degradation occurred on several Block II and III PVB modules from
temperature-liumidity environments, the loss in peak power was on the order of
5% after 112 days of 85°C/85% RH exposure, Other failure mechanisms that
identified the need to increase JPL quality test durations to verify module
20~year field-site capability for U.S. environments were reviewed. The need
for an intermediate test condition, between the current 40°C/93% RH and
850C/85% RH temperature-humidity levels, was also discussed. The new test,
together with the 85°C/85% temperature soak tests, would support accurate
definition of generic module degradation rates.
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PV ARRAY/POWER-CONDITIONER INTERFACE UPDATE
JET PROPULSION LABORATORY
C.C. Gonzalez

! Objective

TO CHARACTERIZE FLAT-PLATE ARRAYS BY DETERMINING SIGNIFICANT
ARRAY OPERATING PARAMETERS:

© OPTIMUM OPERATING VOLTAGE

© OFERATING VOLTAGE RANGE REQUIRED TO OBTAIN A GIVEN
AMOUNT OF ENERGY ANNUALLY

© MAXIMUM POWER AND CURRENT LIMITS REQUIRED TO OBTAIN A
GIVEN AMOUNT OF ENERGY ANNUALLY

© MAXIMUM OPEN-CIRCUIT VOLTAGE

© CHANGES IN VALUES OF OPTIMUM AND MAXIMUM OPERATING
PARAMETERS WITH ARRAY DEGRADATION

© ANNUAL ENERGY OUTPUT VS POWER LEVEL
(USED TO CALCULATE POWER CONDITIONER EFFICIENCY)
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Approach

® Calculate Effect of Array-Power Conditioner
Operational Interface Parameters on System
Annual Energy Production:

® Annual Energy Based on Hour-by-Hour
Simulation Using Array Temperature and
Irradiance From SOLMET TMY Tapes

® 26 Site Locations in U.S.

® All Parameters Normalized to Array
Maximum-Power Parameters at Standard
Operating Conditions (SOC = NOCT, 100 mWjcm2)

Status of Array/PC Interface Studies

© WORK REPORTED LAST PIM

o OPTIMUM FIXED OPERATING VOLTAGE AND VOLTAGE TRACKING
RANGE

o MAXIMUM POWER AND CURRENT LIMITS
o MAXIMUM OPEN-CIRCUIT VOLTAGE

© RECENTLY COMPLETED ACTIVITIES

o CORRELATION OF COMPUTER SIMULATION RESULTS WITH WEATHER
ATLAS DATA

o COMPARISON OF ANALYSIS RESULTS WITH VARIATIONS IN ARRAY
TILT ANGLE

o DEVELOPMENT OF TECHNIQUE FOR USING ARRAY SIMULATION
RESULTS TO OBTAIN POWER CONDITIONER EFFICIENCY

o REPORT FOR SANDIA PCS SPECIFICATION
o PAPER FOR AS/ISES MEETING (HOUSTON, TX, JULY 1.4, 1982}
o COORDINATION OF JPL/MIT PCS STUDIES

©® FUTURE ACTIVITIES
o FINAL REPORT IN PREPARATION
o PROVIDE SUPPORT FOR CONCENTRATOR ANALYSIS
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Correlation of Computer Simulation Resulits
With Weather Atlas Data

PRIBLEM:

© LACK OF HOURLY DATA LIMITS USEFULNESS OF COMPUTER
SIMULATION RESULTS

o OPTIMUM OPERATING VOLTAGE
o ENERGY LOSS WITH FIXED VOLTAGE OPERATION

© EFFECT OF FILL FACTOR ON OPTIMUM OPERATING
VOLTAGE

o EFFECT OF FiLL FACTOR OM ENERGY LOSS
© MAXIMUM OPEN-CIRCUIT VOLTAGE

SOLUTION:
o OBTAIN CORRELATIONS WITH VARIOUS WEATHER ATLAS DATA:
© ANNUAL AVERAGE DAILY MAXIMUM TEMPERATURE

© STANDARD DEVIATION OF DAILY MAXIMUM
TEMPERATURE

® K4 = DIFFUSE FRACTION OF
EXTRATERRESTRIAL SOLAR IRRADIANCE

o KyiKy = DIFFUSE FRACTION OF SURFACE
SOLAR IRRADIANCE

o COLDEST RECORDED TEMPERATURE

Array Optimum Operating Voltage vs Average
Daily Maximum Temperature

1.0 T T T T T T

o =COMPUTER SIMULATION RESULT FOR 26 SOLMET SITES
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PERCENT ANNUAL ENERGY LOSS

Array Annual Energy Loss With Fixed-Voltage Operation
vs Standard Deviation of Daily Maximum Temperature
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1V CURVE FiLL FACTOR

Percentage of Energy Loss vs Fill Factor
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Rate of Change of Optimum Voltage With Fill Factor vs I?E
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Maximum Open-Circuit Voltage (From SOLMET TMY)

vs Atlas Lowest Recorded Temperature
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PERCENTAGE OF ENERGY AT IRRADIANCE LEVELS > 8

40  ENERGY RATIO®

° A i I

Array Energy Output vs Ilrradiance

T T T T
FILL FACTOR
60

t (.60VE {.70)

ALBUQUERQUE 0.97
MIAM 0.93

* MEASURED AT 100 mWicmZ,
NOCT OR 25°C

0 20 “ s 1) 10 120
IRRADIANCE LEVEL, S (mWicm2)

Comparison of Analysis Results With Variation in Array Tilt Angle

2 % POWER LIMITS ARENT LINYTS
VOLTAGE REQUIRED TO +EQUIRED TO
TRACKING 0BTAIN % CBTAIN %
mv OPTIMUM % WIDTH TO ENERGY LOSS ENERGY LISS
ANGLE | OPERATING | ENERGY ) OBTAIN
SITE (DEGREES) | VOLTAGE | LOSS | 0.1% LOSS 99.0 999 99.r 99.9
+-
ALBBOQUERQUE | 35.05° 0.96 17 85 1.04 113 1.06 117
20.05 0.95 17 8.5 1.01 wm 1.04 1.1%
50.05 0.96 16 85 1.06 LA 1] 1.06 117
———— ———t -
MIAMI 25.80° 0.93 0.7 5.5 0.82 0.91 0.86 0.97
10.80 0.93 0.7 55 c.80 | 088 088 | 094
40.80 0.93 0.7 6.0 083 | €93 0.87 0.98
P — e -
BISMARCK 46.77° 0.97 25 12.5 0.96 108 . 095 1.05
I 0.97 24 125 0.94 1.0 0.96 1.05
81.77 0.96 1 27 13.0 J 0.95 110 0.93 1.04

® TILT ANGLE EQUALS SITE LATITUDE
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NORMALIZED POWER OUTPUT, ()

NORMALIZED ARRAY POWER
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Normalized Power vs Operating Time
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Effect of Power Conditioner Efficiency
on Array Annual Power Production
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Fraction ot Annual Array Energy Available
in Various Relative Power Intervals

SITE ARRAY RELATIVE POWER INTERVAL

0002 0204 0408 0608 0819 16012

ALBUQUERQUE NM 00343 00782 01040 02133 03693 02010

BISMARCK ND 00750 01363 0.144. 02435 03277 080739
BOSTON MA 00967 01383 0.1965 02840 02741 00163
BROWNSVILLE TX 0057Z 01393 02028 0397 01985 00138
CARIBOU ME 08779 01734 01754 02511 02542 00689

CHARLESTON SC 00541 01512 01996 03739 02043 00158
FORT WORTH TX 00590 01185 01642 03184 02995 08483

FRESNO CA 00446 00930 01213 02721 04098 08533
MIAMI FL 00508 @.1554 02382 04448 01073 00035
OMAHKA N8 00882 0.1282 01428 02723 03119 A087
PHOENIX AZ 00338 00679 0.1275 03091 03821 0059
SEATTLE WA 01362 0.1603 01847 02524 026892 00032
AVERAGE 00847 01305 0.1667 03027 02833 00522
CUMULATIVE

VALUE OF 00847 0.1952 03619 06643 09479 10890

AVERAGES

Summary and Cenclusions

® EXCELLENT CORRELATIONS OBTAINED WITH RECORDED WEATHER DATA
FOR FOLLOWING:
o ARRAY OPTIMUM OPERATING VOLTAGE
© ANNUAL ENERGY LOSS (%)
o VARIATION OF OPTIMUM OPERATING VOLTAGE AND ENERGY
LOSS (%) WITH FILL FACTOR
© MAXIMUM OPEN-CIRCUIT VOLTAGE

o SENSITIVITY OF ANALYSIS RESULTS TO ARRAY TILT ANGLE IS MINOR

o DETERMINED COMPOSITE ENERGY FRACTION PER GIVEN POWER
INTERVAL FROM DATA FOR 26 SITES
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ARRAY DEGRADATION

AND VOLTAGE CONTROL STRATEGIES

MASSACHUSETTS INSTITUTE OF TECHNOLOGY LINCOLN LABORATORY

CURRENT /Isc

H.M. Branz
G.W. Hart
C.H. Cox

Typical Single ‘‘Glitch-Point’’ Curves
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? Shorts in a Series-Wired Array

| j‘Ej"EJ""“;
Juli I
| |
Qo

Two fallure modes, B,

with the same 1-V curve

.
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Method

o Focus on resulting curve shape;
not on underlying failure

o Assume single "glitch—point" curves
o Simulate using TMY hourly data
o Compare annual cnergy between ideal

seximum power tracker and best fixed
voltage
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MPT Array Energy as a Function of Glitch-Point Location
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Percentage of MPT Array Energy vs Glitch-Point Location
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BFV Array Energy as a Function of Glitch-Point Lucation
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BFV Losses Relative to Full-Range MPT
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BFV Losses Relative to Limited-Range MPT
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MODULE PERFORMANCE AND FAILURE ANALYSIS AREA
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Two Special Cases

—

Conclusions

Best Fixed Voltage vs
Ideal Maximum Power Tracker

Small Difference
o Open in series connected array
o Short to ground near top of array

Large Difference

o Short in parallel connected array
o Glitch below maxium power radial
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Data Base

o |V CURVES EVERY 3 MNUTES
o COLLATERAL DAIA

o CELL TEMPERATURE
o WEATHER CONDITIONS
e PLOT CELL DATA

Applications

e IV CURVE TRANSLATION
e VOLTAGE CONTROL STRATEGES

o MAX POWER TRACKING
e FIXFD VOLTAGE
o PLC™ Cili
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Pilot Cell Experiments

BASED ON {v CURVES MEASURED EVERY 3 MINUTES
JANUARY

FOR 3 WEEXS N
TOTAL ENERGY ARLABLE TO IDEAL MAX POWER TRACKER 67.3
FXED VOLTAGE 658 2.20% LOSS
VOLTAGE MULTIPLYING (1 CELL) 668 0.79% LOSS
VOLTAGE MULTIPLYING (10 CLLS) 66.3 1LI7% LOSS
CURRENT MULTIPLYING (1 CELL) 625 7.43% LOSS
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