
ENGINEERING SCIENCES AREA AND MODULE 
PERFORMANCE AND FAILURE ANALYSIS AREA 

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

Presentations f r a  the Engineering Sciences Area and Hodule Performance 
and Failure Analysis Area =re offered in a joint technology session; 
s m a r i e s  of the presentations are given belau. 

C. C. Gonzalez (JPL) presented an update of photovoltaic-array/pouer- 
conditioner interface studies. 
characterize flat-plate arrays by determining significant array operating 
parameters such as o p t h  operating voltage. The characterization was 
obtained by calculating the effect of arraylpover-conditioner interface 
parameters on system annual energy prduction by performing an hour-by-hour 
array energy simulation using SOLWBT weather tapes. 
correlations of previously reported results vith weather atlao data and 
additional sensitivity studies including effects of array test angle. 
discussed was the effect of power-conditioner efficiency on array annual power 
product ion. 

The objective of these studies is t o  

The update included 

Also 

George Hart of the Massachusetts Institute of Technology (HIT) described 
an experiment conducted at the HIT Lincoln Laboratories (MIT-LL) Northeast 
Residential Experiment Station (NE RXS) 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 paint. 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 c m o n  types of degraded I-V curves. The 
additional amount of energy lost at fixed array voltages was compared with 
outputs f r m  an ideal maximum-power tracker. In a vide variety of degraded 
arrays the ecudies 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. 
spectral pyranmeters, normal-incidence pyrheliometers, filtered radiometers, 
LiCor pyranmeters and assorted reference cells. 
appropriately mounted on a sun tracker, horizontally or tilted at 34 degrees. 
Data is taken every five minutes froa sunup to sundown, and the turbidity 
coefficient, water vapor content and air maas are calculated. It was noted 
that the turbidity coefficient is a good indicator of the diffuse radiation 
fraction in the noma1 plane, but gives poor correlation with the ra-io of 
total horizontal to total tilted irradiance. 

These include precision 

These instrunents are 

c 

C. H. Seaman (JPL) described experiments ueing an optical filter to 
adjust the spectral irradiance of the large-area puleed solar simulator 
(WPSS) to AM1.5. 
different reference cells with matched anG umatched red-blue ratior and using 
the LAPSS both with and without the Schott GG-4 filter produced the following 

A "round-robin" set of intercomparison terts using four 
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conclusions: 
reference cells with solar modules for power measurements, and if the LAPSS i r  
used with a filter adjusting the spectral irradiance to approximate AM1.5, 
then the reference cell need not be matched spectrally with the module. 

the red-blue ratio is not a satisfactory criterion for matching 

A. 8. Wilson (JPL) reviewed contractor and in-house activity associated 
with residential-array research. A roof-mounted support structure, designed 
a8 a research model and fabricated at JPL, was reviewed and displayed in the 
PIM lobby. 
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. 

Features of the model were presented, including its lightweight 

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. 
emphasized by exhibiting the increased reliability to be gained at the module 
level. 
indicated a higher failure probability at a given operating voltage €or aged 
(vs unaged) materials. 

The advantages of using multilayer films was 

Preliminary test results from a small sample of aged materials has 

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

A presentation by J. W. Lathrop explained the encapsulated-cell testing 
approach being used at Clemson University. 
unencapsulated cells and differences being pursued in the testing of 
encapsulated cells were sumparized. 
cells involving more ;‘Ian 25 different metallization-encapsulation 
combir.ac:i ;nc will be tested. 

Findings from earlier tests on 

A total of more than 367 encapsulated 

7. 3 Ccch !JPL) and G. R. Mon (JPL) described in a joint presentation 
the eeht FrcTra,s, data reduction methods and initial results of long-duration 
module :estini, SC Wyle Laboratories (Huntsville, Alab8ma). 
c?ncaps.~lst.t degradation occurred on several Block I1 and I11 PVB modules from 
temperature-?iumidity environments, the loss in peak power was on the order of 
5% after 112 days of 85oC/85% RH exposure. 
identified the need to increaae JPL quality test durations to verify module 
20-year field-site capability for U.S. environments were reviewed. 
for an intermediate test condition, between the current 4OoC/93% RH and 
850C/85% RH temperature-humidity levels, was also discussed. 
together with the 85OC/85% temperature soak tests, would support accurate 
definition of generic module degradation rates. 

Although visual 

Other failure mechanisms that 

The need 

The new test, 
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PV ARRAY/POWER-CONDITIONER INTERFACE UPDATE 
JET PROPULSION LABORATORY 

C.C. Gonzalez 

0 bjective 

TO CHARACTERIZE F U T S U T E  ARRAYS BV MTERYINING Sl6NIFlCANT 
A R M Y  OPERATING PARAMETERS: 

OPTIMUM OPEM'TING VOLTAGE 

OPERATING VOLTAGE RANGE REOWRED TO OBTAIN A GIVEN 
AMOUNT OF EWER6Y ANNUALLY 

0 MAXIMUM POWER AND CURRENT LIMITS REQUIRED TO OBTAIN A 
61VEN AMOUNT OF ENERGY ANNUALLY 

0 MAXIMUM OPEN-CIRCUIT VOLTAGE 

0 CHANGES IN VALUES OF OPTIMUM AND MAXIMUM OPERATING 

0 ANNUAL ENERGY OUTPUT VS POWER LEVEL 

PARAMETERS WITH A R M Y  DEGRADATION 

(USED TO CALCULATE POWER CONDmONER EFFICIENCY) 



ENGINEERING SCIENCES AREA 
MODULE PERFORMANCE AND FAILURE ANALYSIS AREA 

Approach 

0 Calculate Effect of ArravPower Conditioner 
Operational Interface Parameters on System 
Annual Energy Production: 

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

0 26 Site Locations in U.S. 

0 Al l  Parameters Normalized to Array 
Maximum-Power Parameters at Standard 
Operating Conditions (SOC = NOCT, 100 mWlcm2) 

Status of Array/PC lnterface Studies 

WORK REPORTED LAST PIM 
0 OPTIMUM FIXED OPERATING VOLTAGE AND VOLTAGE TRACKING 

0 MAXIMUM POWER AND CURREHT LIMITS 
RANGE 

0 MAXIMUM OPEN-CIRCUIT VOLTAGE 

RECENTLY COMPLETED ACTIVITIES 
0 CORRELATION OF COMPUTER SIMULATION RESULTS WITH WEATHER 

0 COMPARISON OF ANALYSIS RESULTS WITH VARIATIONS IN ARRAY 

e DEVELOPMENT OF TECHNIQUE FOR USlHG ARRAY SIMULATION 

0 REPORT FOR SANDIA PCS SPEClFlCATlOH 

0 COORDINATION OF JPLlMlT PCS STUDIES 

ATLAS DATA 

TILT ANGLE 

RESULTS TO OBTAIN POWER CONDITIONER EFFICIENCY 

PAPER FOR ASllSES MEETING (HOUSTON, TX, JULY 1-4, 1982) 

0 FUTURE ACTIVITIES 
0 FINAL REPORT IN PREPARATION 
0 PROVIDE SUPPORT FOR CONCENTRATOR ANALYSIS 
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MODULE PERFORMANCE AND FAILURE ANALYSIS AREA- t 

ORIGINAL FAG€ IS i 
OF POOR QlJALm i 

Correlation of Computer Simulation Results 
With Weather Atlas Data 

PR 36LEM: 
o LACK O f  HOURLY DATA LIMITS USEFULNESS OF COMPUTER 

SIMULATION RESULTS 
0 OPTIMUM OPERATING VOLTAGE 
0 ENERGY LOSS WITH FIXED VOLTAGE OPERATION 
0 EFFECT OF FILL FACTOR ON OPTIMUM OPERATING 

0 EFFECT OF FILL FACTOR ON ENERGY LOSS 
VOLTAGE 

0 MAXIMUM OPEN-CIRCUIT VOLTAGE 

SOLUTION: 
0 OBTAIN CORRELATIONS WITH VARIOUS WEATHER ATUS DATA 

0 ANNUAL AVERAGE DAILY MAXIMUM TEMPERATURE 
0 STANDARD DEVIATION OF DAILY MAXIMUM 

TEMPERATURE 
= DIFFUSE FRACTION OF 9 E TRATERRESTRIAL SOUR IRRADIANCE 

"$"T = DIFFUSE FRACTION OF SURFACE 
S U R  IRRADIANCE 

0 COLDEST RECORDED TEMPERATURE 

Array Optimum Operating Voltage vs Average 
Daily Maximum Temperature 

u 
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t a 
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0 =COMPUTER SIMUIATION RESULT FOR 26 S O W  SITES 
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Array Annual Energy Loss With Fixed -Voltage Operation 
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OF POOR QUALITY 

Percentage of Energy Loss vs Fill Factor 
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ENGINEERING SCIENCES AREA 
MODULE PERFORMANCE AN@ FAILURE ANALYSIS AREA 

Rate of Change of Optimum Voltage With Fill Factor vs 6 
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ENGINEERING SCIENCES AREA 
MODULE PERFORMANCE AND FAILURE ANALYSIS AREA OF P0C.i L. A,i- 

Rate of Change of Energy Loss With Fill Factor vs G/G 
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Maximum Open-circuit Voltage (From SOLMET TMY) 
vs Atlas Lowest Recorded Temperature 
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1 d < G E  
TRACKING 

% I WIDTH TO 

Array Energy Output vs Irradiance 

POWER LIMITS 
REOUIRED TO 

OBTAll 96 
ENERGY LOSS 

Fu FACTOll 

- - - .70 

- EmR6YRAm' 
E t.6OUE 1.70) 

SITE 

ALBUOUERQUE 

- 
MIAMI 

BISMARCK 

Comparison of Analysis Results With Variation in Array Tilt Angle 

TILT I OPTIMUM 
ANGLE ' OPERATING 

WGREESI VOLTAG€ 

35.05 0.96 
20.05 0.95 
50.05 0.96 

25.80' 0.93 

40.80 0.93 

46.7 7 ' 0.91 

.r___l__ 

10.80 I b.93 

I-- 

TILT M G L E  LQUALS SIX LATITUDE 
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OF POOH Q$,,X-Y 
MODULE PERFORMANCE AND FAILURE ANALYSIS AREA 0 , L L . n -  *L- 

Normalized Power vs Operating l ime 

l.Ok N 
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N 
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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 

ARRAY RELATIVE POWER INTERVAL 
SITE 
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0.1 275 
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u s 1  1 
a3749 
03184 
0.2721 

0.2723 
e309 1 
62524 

0.3027 

-- - 

0.2a40 

a44411 

_ _  - 

0.3619 

. ~. .. 

a9479 ibebo 

Summary and Conclusions 

0 EXCELLENT CORRELATIONS OBTAINED WITH RECORDED WEATHER DATA 
FOR FOLLOWIWG 

0 ARRAY OPTINUM OPERATING VOLTAGE 
0 AUIUAL ENERGY LOSS (%I 
0 VARlAl lON OF OPTIMUM OPERATING VOLTAGE A I D  ENERGY 

LOSS l%) WITH FUL FACTOR 
MAXIMUM OPEN-CIRCUIT VOLTAGE 

0 SENSlTlVlTY OF ANALYSIS RESULTS TO ARRAY TILT ANGLE IS MIUOR 

0 DETERMINED COMPOSITE ENERGY FRACTION PER GIVEU POWER 
INTERVAL FROM DATA FOR 26 SITES 
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ENGINEERING SCIENCES AREA 
MODULE PERFORMANCE AND FAILURE ANALYSIS AREA 

, -  Ll- t--,ch:i k.., 

ARRAY DEGRADATION 
AND VOLTAGE CONTROL STRATEGIES 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY LINCOLN LABORATORY 

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

Typical Single "Glitch-Point" Curves 

VOLTAGE 1 Voc 
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OF POOR GdULllY 

Shorts in a Series-Wired Array 
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ENGINEERING SCIENCES AREA 
MODULE PERFORMANCE AND FAILURE ANALYSIS AREA 

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 
-cximum power tracker and best fixed 

voltage 
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@.'.. - .. . . . - I'. i ,  - _  t t j  
OF CS&JTy 

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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Q C k L ! N  

BFV Losses Relative to Full-Range MPT 
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ORiGINAL PA2; IS 
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BFV Losses Relative to Limited-Range MPT 
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Percent of MPT Array Energy vs Glitch-Point Location 
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CYI!;" -*; 
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- ; *,, - *  

Shorts to Ground in a Series-Wired Array 
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Opens in a Parallel-Wired Array 
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Two Special Cases 

T 

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 

~ . I *~ . .  
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Large Difference 
o Short in parallel connected array 
o Glitch below maxium power radial 
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I-V CURVE DATA BASE AND APPLICATIONS 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY LINCOLN LABORATORY 

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

Data Base 

0 IVcuRvESD/ERY3tmJTES 
0 COLLAiERALOATA 

0 cEu.TEhERATuRE 
0 WEAMRCoNolTloNs 
0 PLOT CELL DATA 

Applications 

o I V C U R V E T R A N S L A N  
0 VOLTAGE CONTROL STRAKGIES 

0 MAX POWER TRACKING 
0 flXFP VOLTAGE 
0 PU-2- c;Li 
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Ltfscf of Insolation m d  Cell Temperature on I-V Curves 
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OF POOR QUAFm 

Measu-ed and Calculated Voltages for Abacus 
!nverter W:th "Searching" Maximum Power Ttacker 
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Energy Lost With fixed-Voltage Operation 
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CZiGSAL F X Z  Is 

Pilot Cells 

YK I 1 1 
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OF POOR Q U W  



ENGINEER!NG SCIENCES AREA 
MODULE PERFORMANCE AND FAILURE ANALYSIS AREA 

Energy Lost WRh Vokage-Mukiplying Pilot Cell 

1 0 0 .  

7 5 .  

2 5 .  

0 .  

3 1 5 .  4 0 0 .  4 2 5 .  4 5 0  

C O N S T A N T  V 3 L T A 6 E  ) I U L T I ? L I E I  l i D R  O N E  C E L L 1  
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OU/O1 16:3S CWJLT 1 

Y 4 2  . 

Pilot Cell Experiments 

6s8 220%Loss 
66.8 o.mLoss 
a 5  Ll7X LOSS 
62.5 7 . w  LOSS 
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IRRADIANCE DATA FOR JPL TEST SITE 
JET PROPULSION LABORATORY 

R.W. Weaver 

0 JPL TEST S l I E  HAS B E N  RESTRUCUCflRED TO OBTAIN DATA 

FOU THE W L Y  DETECTION OF PEUKIUMANCE PROBLMS 

; PERF&MANCE DATA MUST BE ADJUSTED TO REFEREICE CONDlTlONS 

;r IRRADIANCE VALUES ARE KEY TO ADJUSTMENT PROCESS 

0 A CWPREHMSIVE SETOF IRRADIANCEMEASUZING INSTRUMENTS 

HAVE BEEN INSTALLED 

Irradiance Instruments 

TRACKER MOUNTED: (* 0.25 DEG ACCURACY) 

0 EPPLM PRECISION SPECTRAL PYRANOMETR (PSP) 

0 EPPLEY NORMAL INCIDENCE PYRHOLI(MlEI€R (NIP) 

0 JPL FILTERED RADIOMETER 500,858 AND WO NANOMETERS 

FIXED: 

IW I ZONTAL: 

0 EPPLEYPSP 

LI-COR PYRANOMEER 

TILTED AT M DEG. ; 

e EPPLEY PSP 

0 LI-COR PYRANDMEER 

0 11 REFERENCE CELLS 

46 7 
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Instrument Calibration 

PYRANOMETERS: 

0 ONE EPPLEV PSP WAS CALIBRATED BY NOM 

0 ALL WERE MOUFmD HIM IZONTALLY 

0 DATA WERE TAKEN FOR A U  

0 T I S  CALIBRATED PSP WAS USED AS A STANDARD FOR A U  OTHRS 

0 USED EPPLEY CALI BRATION VALUES 

0 USED SUPPLIED CALIBRATION VALUES 

NIP: 

FILTERED RADICMETW: 

(JPL SOLAR ENWGY CONVERSION SYSTEMS SECTION, 31; 

Irradiance Data 

MEASURED: EVERY 5 MINUTIS FROM SUN UP TO SUN DMN) 

0 DIRECTNORMAL 4 DN) 

0 TOTALNORMAL (TN) 

0 TOTAL HORIZONTAL (TH) 

0 TOTAL TILTED m 
0 TILTED TOTALS FOR EACH REF. CELL 

0 RADIOMETER 

COMPUTED: 

0 TUIBIDlTY COEFFICIENT 

0 WATERVAWR 

0 AIR MASS (FROM 3ARoMElRIC PRESSURD 

1 

I 

i 
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OR:Cf!NAt PAGE fS 
OF POOR QUALITY 

Results: Total Tilt (IT) and Total 
Horizontal (TH) Fractions 

1. 

0. 

$ 0  
E 
8 
E 
EO 

0 

I I I I I I I 
10 o900 loa, 1100 1200 1300 1400 1500 

TIME OF DAY 

Results: Total Horizontal to Total 
Tilted Ration vs Time of Day 

0 2112 
o 2113 
A 2/17 

0 

E A I1 0 A MAA 
E a 

0 
n 

0 
0 

A 
0 

0 
00 

0. s i  I I I 1 I 1 

OBa) m loa, 1100 1200 1300 1400 
TIME OF DAY 
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1.00- 

0.15 

0.50- 
2 

Q 
5 

0.25 

Results: Direct Normal to Total Normal vs Turbidity 
Coefficient; Total Horizontal to - * I Tilted 

vs Turbidity Coefficient 

- 

- 

I I I 1 1 1 
0 0.4 0.8 1.2 1.6 2.0 

TURBIDITY COEFFICIENT 

Summary 

0 TURBIDITY COEFFICIENT I S  A GOOD INDICATOR OF THE 

DIFFUSE IRRADIANCE FRACTION IN THE NORMAL PLANE 

0 POOR CORRELATION B E M E N  TURBIDITY AND THERATIO 

OF TOTAL WR IZONTAL TO TOTAL TILTED 

0 1RANSFORMATIONS BETWEEN THE NORMAL. HORIZONTAL 

AND TILTED PLANES MAY REQUIRE DIFFUSE SOURCE DATE 

e THE REFERENCE IRRADIANCE SHO!&D BEMEASWED IN 

THE TILT PLANE 
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ORIGINAL PAGE 1s 
OF POOR QuALin 

AMf.5 FILTERING SYSTEM FOR L A P S  
JET PROPULSION LABORATORY 

C.H. Seaman 

Spectral Irradiance, Unfiltered LAPSS and AM 1 .5 

1.4 

1.2 

E 1.0 
VI 

E - IL8 s 

t2 0.6 

- 
3 

0.4 

Q 2  
400 500 60 700 800 900 1000 1100 

WAVELENGTH (NANOMETERS) 
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OF POOR QUALITY 

Spectral Response Comparisons of Reference and Test Cells 

4 

/ 
/ ------ 4- 45- + * \  

\ 
\ 

0 
\ 

- MS431 RIB 1.81 I L& 
-0- Y B 4 1  RIB 1.70 

U P S S  ERROR +a01 \ . 
\ 
\ 

I \ I 

I 
I 
I 
I 

\ 

400 500 6al 700 800 900 loo0 1100 
\YAMLENGTH 1NANMETERS) 

4, 
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OF fwCR p!ALITy 

1.0 

(L5 . 
. 
U 
E - 
6 0.2 5 

-I a 1  d 
G 
8 

n 
v) 
W w 

VI 

0.05 

0.02 

1.0 

0.5 
3 
E 
a 
E 
\ 

- : Oo2 
n 
v) 
W w 
-I 0.1 
8 

- 0.05 

t- g 

0.02 

- 

\ \ \  
\ 
\ 

- MS431 RIB - 1.81 I 1. --- RS425 RIB = 1.70 
LAPSS ERROR I -3.7% 

400 500 600 700 800 900 loo0 1100 
WAVELENGTH (NANWETERS) 
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ORIGINAL PAGE 1s 
OF POGR  QUAL^^ 

L A P S  ERROR = -8.3% 
4-- 

- 

I 

600 700 800 1100 
WAVELENGTH (NANMFCERS)  

1.0 

0.5 

5' 

w 0.2 

E 

E 
- 
Y - 
v) 

0.1 

0.02 

I I I 
- 1- 

WAVELENGTH (NANMElEf 5 )  

4 74 
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OR!G'?!?: P," . < IS 
The Mismatch Factor M OF POGR QtlALITY 

= LAPSS SPECTRAL IRRADIANCE 

= A M  1.5 SPECTRAL IRRADIANCE 

TEST CEU SPECTRAL RESPONSE 
= REFERENCE CELL SPECTRAL R€SP(rJsE 

E si 

'Ai 

RCi 

ERROR M-1 

Measured Error Using Unfiltered LAPSS 

c I !VIS 43: 

Y B 451 

MS 431 

MS 431 

RS 425 

U R  458 

Y B 451 

YE 451 

RS 425 

UR 458 

U S  4zs 

-- 

RIB 

1. a1 

1. I @  

2.28 

1.81 

1.81 

1.70 

2.28 

1.70 

1.70 

1.70 

2.28 

1.10 

I- 

l R I B l R  

1.06 

1.26 

1.06 

1. 34 

I .  00 

1.34 

ERROR EX R C T A T  I ON VALUE 
I- 
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5 IRROQ 
NO 

F l l T l R  

'2.0 

-3.9 

-3. 7 

-1.0 

-6.6 

-a. 3 

4.3 
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Required Correction Filter 

600 m 800 goo law, 
WAMLENGTH (NANWElERS) 

Schott GG-4 Filter 

1.0 

0.8 
0 z 
2 

5 
5 a6 
v) 

0.4 I- 

a2 
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Spectrai Irradiance, Filtared LABS and AM1.5 

1.4 

1.2 

1.0 

c - 
v) 

2 - Q8 
ii 0.6 

s 

0.4 

Q 2  
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*-.I-- - - * . -  . AREA u%,u*;.l. L \ . .. !? 
AND FAILURE ANALYSIS AREA OF POD!? QUALITY 

Calculated Errors Using Filtered LAPSS 

MS 431 
YB 6 1  

UR 458 
85.125 

MS 431 
_- -- 

+o. 1 R S 4 B  I 
UR458 I +0.2 I YB 451 

I 

YB 451 
RS425 1 

Measwed Errors Before and After Filtering 

ye 45; 

UR 4% 

MS 431 

R S  0 1  

US 425 

UR 458 

YB 451 

YB 451 

RS 425 

UR 458 

R S  425 

ERROR EXPECTATION VALUE I 43 I 0.4 I 
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RESIDENTIAL ARRAY RESEARCH 
JET PROPlJC*3ON LABORATORY 

$ H. Wilson 

Residentfa: p,rray Technology Gaps 

0 Module Sapport S. ‘ucture 
0 2 vs 4 S i b  Modrk Support 
0 Edge P stsctioi of Glatt 
0 Mathob to Mdmite field Labor 

0 Installation of Frame Structurs on Reo? 
0 Insta!lttion and Roprmment of Modules 

0 Electrical Safety 
0 Allowable Wiring and Connectors 
0 Concern With Conductive Structures 

I 

I 

i .  
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E N G I N E E R I N G  S C I E N C E S  AREA 
MODULE P E R F O R M A N C E  AND F A I L U R E  ANALYSIS A R E A  

UV-Stabilized Extrudable Thermoplastics Properties 

I'IATER I A L  DE FLEC - 
TlON 

TEMP OF 

:\C E TAL 225 

~ Y L O N  36s 
?dE N Y  L E NE 

lM I U E  265 

+OLYCARBONATE 220 

?OLY SULFUNE 439 

CHLOR I I ~ A T E D  PVC I l : ,  

PVC ( t \ E F .  

POINT) 13-236 

TENSILE 
103 PSI 

13,o 

3 . 6  

7 .G 

7 .5  

6.0 

CDMPRESSIVE 
103 PSI 

1 G e G  

13.0 

16.4 

i 1 , O  

9,o 

8.0. 

FLEXURAL 
103 PSI 

13.0 

1 4 3  

13.5 

1340 

12.4 

14.5 

1 r ) b O  

FLEXURF~L ~ J P P L  I ER 
f ? O C ~ ! L U I  

103 PSI 

375 D~JPONT 

390 ~ J F O N T ,  LFiP 

360 GEN.ELEC. 

300 %PAY 

330 IC1 AIYERICA 

380 GOODR I CH 

LNP 

300 GDODR I CH, 
KOH I NOR 

Summary 

0 Array Concepts Have Been Developed and Discussed 

Future Work 

0 Continue Experiments Using Research Model 

0 Report on Resi%ntial Array Research Model Work 
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VOLTAGE BREAKDO'WN OF PV INSULATING MATERIALS 
JET PROPULSION LABOR 4 I 3 R Y  

G.R. Mon 

Program Objsctives 

I Characterize Statistical Voltage Breakdown 
Behavior of Electrical I n d a t i o n  Materials and 
Composites Use.! in Photovoltaic Modules 

H Develop Algorithms to Predict Module 
Field-Failure Probabilities at  System 
Operating Voltage,; 

rn Develop Algorithms for Selecting Insulation 
Systems With Least Life-Cycle Energy Cost 

Approach 

Break Down Many Test Areas (AT = 0.785-in2) of 
Candidate Insulation Systems 

H Develop Statistical Break2wm Curves for 
Each System Tested 

Selectively Age Cendidata Systems in an 
Environmentai Aging Chambar 

H Conduct Additional Breekdown Tests at Reasonable 
Intervals During the Aging Process to Ascertain the 
Effects of Aging on the Voltage Breakdown Characteristics 
of the Candidate Insulation Systems 

' 8  

487 



ENGINEERING SCIENCES AREA 
MODULE PERFORMANCE AND FAILURE ANALYSIS AREA 

NO. OF 
LAYERS 

1 
1 
1 

1 
1 
4 

1 

Materials Tested to Date 

THICKNESS NO. OF 
PER LAYER TEST 

bild POINTS 

0.48 4272 
0.92 4808 
1.42 4608 

1 .no 1034 
2.00 968 
0.48 385 

507 

- 
3.09 4608 

I' 
MATERIAL 

Myhr 
Mylar 
Mylir 
MVh 
Scotchprr: 10 CP 3110 
Scotchpar: 20 C' 3110 
Mylar . Unrged 

Awd'  
M y l ~  
Mylar 
MVl8r 

0.48 
0.92 
1.42 
3.00 
1 .oo 
2.00 
2.50 

4.50 
5.00 
6.00 

- EVA I 
EMA 24.00 24.00 

- 
Tsdlrr: 100Bli?OTR 
Tedlar: lOOBG30UT 

Tedlar: 100SC307R 
Tedlrr: 150BL30WH 
Tadlrr: 200BS30WH 

18 Tedlrr: ~OLISMOTR 
Tedlrr: Milhy 

20 Tedlar: Expaimental WH 

68040 Primer 

68040 Prinnr 

. Unrpsd 

22 TsdlrrlAluminumlPo~rstarl 
Tedlrr 8.0 

TAPT 
TPAT 

'Aged 1600 h at 40oC1939b RH, T b n  Dehumidifird 

488 

1 1 .o 116 
1 1 .o 1056 

1 1 .o 176 
1.5 1880 

2575 

2.0 
4.0 
i . 0  

264 
1959 

381 

1.510.714.011.5 
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a.  

' 1 : .  
< .LTL JF - , 

Voltage Breakdown Characteristics of Single-Layer 
and Multilayer Polyethylene Terephthalate 

Insulation Films (per Unit Test Area: AT = 9.785 in2) 

1 .o 

0.1 

0.0 1 2.00-d Smtcbpar (1 Layer) 

0.001 
MOTE: 5.00-mil Mylar (4 layers at 0.92 mils Each) 

6.0O.mil Mylar (2 Layers at 3.00 mils Each) 
Exhibited No Flaw-Cantralled 
Breakdowns Below 25 kV 

0.0001~ I I 1 i I I 1 I I I I 
0 1 2  3 4 5 8 7 8 9 1 0 1 1 1 2  1 3 1 4 1 5  

APPLIED VOLTAGE, kV 
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01- d.- :i c.:,+c!i.Y 

Theoretical Film and Module Failure Probabilities 

m 

1 

The Breakdown Probability 
of a Single T t Ar 

mined by Morsunment Is o. 

The Breahown Probebility 
of a Test Area of a 

[AT = 0.785-in 3- 1, 0efi)r- 

Multihy6t Film i~ Pm = pi 
i= 1 

Where 
pi = Breakdown ProbcbiliQ of a s 

Test Area of Layer i 
m = Humber ef Layers 

If A11 of the Layers Are Identiial, 
Then pm = pm 

The Breakdown ProbabiliQ of a Module Using 
Multilayer Insulating Films is PMOD = 1 - (l-p,l" 

5 8 6 1 ,  



I 
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i 

'. 

C&,< . - -  _ _  

Theoretical vs Measured Voltage Breakdown Characteristics 
of Multilayer Mylar Insulation Films: Single Layer, 0.48 mils 

ENGINEERING SCIENCES AREA 
MODULE PERFORMANCE AND FAILURE ANALYSIS AREA - I  

OF L-:, ,  <-% , . -  . 

1 .!I - 1 1 1 I I I -  I 1 
- O A O d  Wlrr (1 layer1 

- 
- 

- - 
T L n n t i a l  Pnlictim - 

- 

- 
- - - 
- 
- 

I 
0 1 2 3 4 5 6 7 

APPLIED VOLTAGE, LV 

0.0001 

t I 
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Theoretical vs bmsursd Voltage Breakdown Characteristics 
of Multilayer Mylar Insulation Films: Single Layer, 1.42 mils 

-I._I . 
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d ,  i \. 
Failure Probability of Modules Using Indicated 

Number of Layers of 0.48-mil Mylar Insulating Film 
t 

APPLIED VOLTAGE, kV 

4 9 3  
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MODULE PERFORMANCE AND FAILURE ANALYSIS AREA aF- FCUR Q[* \ I  : y  

Failure Probability of Modules Using Indicated 
Number of Layers of 1.42-mil Mylar Insula?ing Film 

r- 
t 
=! 
Qo 
U m 
0 a 
Q 
L u  a 
3 
d 
a n 
P 

- 
w 
9J 

0 

90.0 

99.0 * 
0 = 4 * 
y1 
A s 
0 

99.9 

5 Q.OUO? 
0 1 2 3 4 

APPLIED YOLThGE, kV 
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I Multilayer Mylar Films Perform Better Than Theoretically E-d, Parhaps 
Because of the Prewnw of Bonding Layen 

I Minimum Life-Cycle Costing, in Conjunction With the Modale Failure ProbabilQ 
Curves, Can Be Used to Determine the Least Number of Film Layers That Will 
Ensure Acceptable Hi-Pot Yields 

0 Referencd: 6. Mon, "Defect Design of Insulation 
Systems for Photovoltaic Modules," 1 5th IEEE 
Photovoltaic Specialists Conferenm, pp. 984.971, 1981 

m With Knowledge of How Encrironmental Exposure (Aging) Changes a Materials 
Voltage Breakdown Characteristics, These Same Design Tools Can Determine 
Dielectric Design to Yield Acceptable Module Performance Over the Life of 
the Array Field 

Aging Studies 

I Purpose: 
To Ascertain Changes in Dielectric Voltage 
Breakdown Charbcteristics Resulting From 
Environmental Exposure 

0 To Enable Realistic Prediction of 20-Year 
Failure Probabilities 

1 Aging Apparatus 
0 HIVEC 

Associated Humidity Chambers and Ovens 

8 Procedure 
@ Break Down Selected Films Both Before 

and After Aging 

49 5 
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MODULE PERFORMANCE AND FAILURE ANALYSIS AREA OF PC:' < . t -  I I. 

Voltage B r e a k d o w n  C h a r a c t e r i s t i c s  of 4.00-mil E x p e r i m e n t a l  
White T e d l a r :  Unaged vs Aged ( 1  704 h at 4OoC/93% RH) 

APPLIED VOLTAGE. kV 

Conclusions Based Upon Aging Studies 

Preliminary Results Indicate That Environmental Exposure 
Can Significantly Alter Single-Layer, and Heme Module, 
Failure Probabilities 

m Much Additional Testing Is Wncessary Before Final 
Conclusions Can Be Marie 
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Additional Test Results .- - .. . . . .- .a 
W Encapsulants 

0 EVA 
0 EMA 

i'i .I : 7 ,  <:-:-<y 

m Back-Cover Films 
0 Tedlar 
0 Polyester 
0 TedlarlPolyesterlAluminum~edlrr 

Voltage Breakdown Characteristics of Single-Lay r Tedlar 
Films (per Unit Test Area: AT = a/4 in 3 ) 

- 
- 

- 
- - - 
- 

._ 

- 1  
0 2 4 6 9 10 12 14 16 18 20 22 24 26 28 30 

0.000 1 - 
APPLIED VOLTAGE, LY 
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MQDULE PERFORMANCE AND FAILURE ANALYSIS AREA OF p;:~ ;; QLi,;LIP’r’ 

Comparison of Vdtage Breakdown Characteristics of EVA and EMA 

I I i I I I 1 
8 12 16 20 24 KV 

o.oorl 
VOLTAGE V- 

I I I 1 I I i 1 
1 .o 1.2 KVlMll STRESS E-0.2 0.4 0.6 0.8 
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MODULE PERFORMANCE AND FAILURE ANALYSIS AREA 
Q f i  :. .. 
0)' P a l 2  ;;'JApTy 

Voltage Breakdown Characteristics of 
Tedlar/Polyester/AluminumiTedlar ( 1 .50/4.O/0.7/ 1 5 mils) 

* 

- 

- 
Surface 
Discharges 

--. TAPT 

POTTANT 

- I  Surface 

I_- 
4 8 12 16 20 24 20 

APPLIED VOLTAGE, kV 

t': xt ions for Future Rasearch 

3 ::dnu;stion of Voltags Breakdown 
Li:mctsrizatior Program 

Test Composite Insulation Systems 

Based Upon Voltage-Probability Data 
0 Develop Cost-Optimal Module Design Algorithms 

Conduct Fundamental Degradaticn Studies of 
Photovoltaic lnsuletion Systems 
0 Partial Discharge (Corona) 
0 Pulse-Height Amlysis 
0 diddle acldc Test Equipment Can Measure Microscopic 

Erosion of Dielectric; May Eneble long-Term Prediction of Module 
Electrical Service l i f e  Without Extensive Testing 

499 
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LEAKAGE CURRENT IN ENCAPSULANTS 
JET PROPULSION LABORATOlSY 

A. Shumka 

0 bjectives 

CHARACTERIZE THE LEAKAGE CURRENT BETWEEN CEALS AND A MODULE GROUND 
PLANE A S  A FUNCTION OF VOLTAG€ AND TEMPERATURE FOR ONE PARTICULAR 
TYPE OF COMMERCIALLY USED ENCAPSULATION SYSTEM 

EVALUATE LEAKAGE CURRENT RESULTS IN TERMS OF CURRENT PROCUREMENT 
SPEC! F I CAT I ON REQU I REMENTS 

INDICATE WHERE AN UPGRADING OF THE5E SPECIFICATIONS MAY RESULT 
I N  MODULE DESIGNS WITH IMPROVEMENTS IN LONG LIFE AND SAm 

Module Procurement Specification for Leakage Current 

REQUIR€HENT OF SPECIFICATION 

ROOM TEMPERATURE LEAKAGE CURRENT NOT TO CXCEED 5Op.A C. 2oor3 Vdc 
(HI  -POT TEST 1 

LIMITATION 3r SPECIFICATION 

TYPICAL NOCl FOR BLOCK I V  M O D U K S  RANGES FROM 50 TO 60 C 

NO SPECIFICATION FOR LEAKAGE CURRENTS ABOVE ROOM TEMPERATURE 

NO SPECIFICATION FOR MAXrMUM ALLOWABLr TEMPERATURE COEFFICIENT 
FOR LEAKAGC CURRENT 

'. 
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ORIG!?,: &-I, 7 3 -  . - b L 7  

OF PL3C.z c,i,\!. [-,y Test Approach 

SELECTED THREE BLOCK IV MODULES Of SAME DESIGN A N D  MAfJUFACTURE - 
ONE OF WHICH H A D  A REPORTED TEMKRATURE SENSITIVE LEAKAGE CIJRRENT 

MEASUqE CAPACITANCE AND DISSIPATION FACTOR AT ROOM TEMPFRATURE 

MEASURE PARTIAL DISCHARGE (CORONA) BREAKDOWN VOLTAGE AT ROOM 
TEMPERATURE 

MEASURE AND CHARACTER,& MODULE LEAKAGE CURRENTS A I  SEVEN DIFFERENT 
VOLTAGES (100, 200, 500, lo00, lW, AND 2000 V d c )  AND AT SEVEN TEMPERATURES 
(24, 35, 45, 55 65, 75 AND 85C 1 

Exploded View of Module Structure 

C L E A R  G L A S S  

- C V B  0.015" x 12" x 48" -- 

I-- CELL 0.016" -<-\ 1-7 
P V B  0.015" x 12" x 48" - 

R E T U I N  BUS 0.2" x 0. W' 

P V B  0.015" v 4" Y 48" 

TEDLAR 0.004" x 12" x 48" 

.' \ STEEL 0.002" x 12" x 48" 

A B 

RCPRESENTATIVE STRUCTURE FOR 
W O  THIRD; OF M O D U L E  AREA 

REPRESENTATIVE STRUCTURE FOR 
ONE THIRD OF M O D U L E  AREA 
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_-.. 

MOFULE 
S I N  

1 

Capacitance Dissipation Factor at  Rcwn Ambient, 1 kHz 

-. 

CAPACITANCE 
VALUE IN 

(pF) 

0.02231 
RETURNED FROM 
HAWA I I 

I 0.02149 

0.01976 

- 

4.95 COM?ARISON MODULE 
IPL SPARE 

4.60 COMPARISON MODULE 
JPL SPARE 

Partial Discharge (Corona) at Room Ambient, 60 Hz 

~ 

PARTIAL DISCHARGE 
"INCEPTION" LEVEL 

(pC) 

20 

22 

23 

-- 

TEST VOLTS 
(kV FEAK) 

6.6 

5. a 

4.4 

--- 

~~ ~ ~ ~~~ 

PARTIAL DISCHARGE 
A1 1OOpC LEVEL 

- -  

(pCI 

124 

103 

105 

- 

TEST VOLTS 

7.9 
-- 

6.3 

5.1 

I_ 

- 

REMARKS 

MODULE RETURNED 
FROM HAWAI I 

COMPARISON MODULE - 
JPL SPARE 

COMPARISON MODULE - 
i PL SPARE 

NOTF: THE 100 pC LEVEL OF PARTIAL DISCHARGE IS EQUIVALENT TO 210 q A  
AVERAGE CURRENT. 

a, 
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QK:c.;L; -'.; p.-*:x is 
CF Pi=.,l? QL4LITY 

DC Leakage Current Test Results vs Temperature 
ard Voltage: Module No. 1 

lo4 I 1 I I 1 

500 Vdc 
200 Vdc 
100 Vdc 

TEMPERATURE !N DEGREES CENTIGRADE 

503 
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c I \  -,>- U.,  * n '  - p-': 1s 
@t POc-:R i-&ALIN 

GC Leakage Current Test Results vs Temperature 
and Voltage: Module No. 1 

1 1 1 ! 1 -I - - 

lo-' 1 I I I I I I 1 
0 20 40 60 8 0 1 0 0 1 2 0 1 4 0  

TEMPERATURE IN DEGREES CENTIGRADE 
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44 

52 

59.5 

65 

71 

VOLTAGE 
(VOLTS 1 

44.5 

49.5 

58 

71 

77.5 

2Ooo 

l500 

loo0 

500 

200 

100 

52.5 

59.5 

68 

Voltage as a Function of Temperature 
for a 50 PA Leakage Current 

55 

62.5 

12 

MODULE TEMPERAERE (DEG C) FOR A 50 p A  DC LEAKAGE CURRENT 

MODULE I.l WITH 
TERMINAL 
POLARITY 

MODULE 12 WITH 
TERMINAL 
POLARITY 

t 

40 

42.5 

47 

56 

62.5 

69 

- 

40 

42 

47 

59.5 

69.5 

76.5 
-- 

t POLARITY - MODULE FRAME CONNECTED TO GROUND 

- POLARITY - TERMINALS CONNECTED TO GROUNC 

MOOULE I3 WITH 
TERMINAL 
POLARITY 
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Insulation Resistance Test Results vs Temperature 
and Voltage: Module No. 1 

f 

In-1 
A U  

2 3 4 5 t 7 8 9 1 + L 5 2  3 4 56789104 

DC TEST VOLTAGE IN VOLTS 
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Conclusions 

LEAKAGE CURRENT IN M E  ENCAPSULATIOIJ SYSTEM TESTED - PVBlTEDLAR - 
EXHIBITED A VERY STROliG E P E N E N C E  ON 7CMPERATURE AND MAY REPRESENT 
POTENTIAL LONG TERM PdOBIEMS 

NEED TO SIMILARLY CH4RACTERIZE CTHER ENCAPSUUTiON SY STEhlS 

NEED TO UNDERSTANG CONDUCTION M C H A P ' S M  IN TERMS OF TIME AND 
TEMPERATURE. THIS P A Y  PROVIDf- INFORMATION IMPORTANT FOR QUALITY 
CONTROL 

NEED TO DETERMINE f.LFECT OF LEAKAGE CURRENT ON LONG TERM L I F E  

NEED TO REVIEW EFFICACY O!-' BLOCK I V  LEAKAGE CURRENT SPECIFICATION - 
<SOPA AT 2OOO V ~ C  AT ROOM TEMPERATURE 

NEED TO ESFABl lStJ  SPEC!FICATIONS FOR ACCEPTABLE LEVELS OF LEAKAGE 
CURRENT FOR LONC TERM R E L l A B l l l T Y  AND SAFEfY 
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OF POGi? Qskl l r /  

CELL RELIABILITY TESTING 
CLEMSON UNIVERSITY 

J W. Lathrop 

Accelerated Stress Tests 

FORM 

UNENCAPSULATED 

TEST LIMIT 

BIAS-TEMPERATURE 

PRESSURE COOKER SOLDER MELTING 

8SoC/85X RH T 4, 1 7 5 O C  

THERMAL CYCLE 

THEnlAL SHOCK 

as0cia5% ~ u 1  

THERMAL CYCLE 

ENVIRONMENTAL 

ORGANIC DECOMPOSITION 

T( 95'C 

ENCAP SUIA'i'ED 
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GT- .I . .- -. ! !I' 

Anticipated Failure Mechanisms 

PHYSICAL 
PHENOMENON 

OBSERVED 
EFFECT 

LOSS OF COLLECTION EFFICIENCY 

DIFFUSION EULK RZSISTIVITY INCREASE 

CONTACT RESISTANCE INCREASE 

METAL REMOVAL 

CORRO S I ON METAL PLATING 

AR COATING RFsllOVAL 

DIFFERENTIAL METAL PEELING 
EXPANS I O N  

CCLL FRACTURE 

ACCELERAT X NG 
TEST 

B-T 

PC 

8 5 / 8 5  

TC/TS 
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CELL METALLIZATION SYSTEMS 

\ 

G/ EVA/ G 

G/ EVA/ T 

G/EMA/T 

GIEVAIF 

T/EVA/S 

G/EVA 

G/SR/G 

N i- SOLDER 
7 TYPES 

S M 

12 50 

18 50 

18 50 

15 

15 

12  

78 162 

240 

- 

S = SPRXNGB0f;N FABRICATED 

M - MANUFACTUPSR FMXICATEC 

'. 

Cu PLATE 
2 TYPES 

S 11 

2 

2 24 

2 

5 50 

2 

25 

Ag SCREEN 
1 TYPE 

S M 

3 

3 

3 

3 

3 

13 99 

112 

15 

15 

106 261 

367 

5 1  1 

f 
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LONG-TERM MODULE TESTING AT WYLE LABORATORIES 
JET PROPULSION LABORATORY 

D.H. Otth 

Objectives 

0 Understand TemeeraturelHumidity-Bias Failure Mechanisms of Typical Photovoltaic 
Modules and Materials 

0 Cells, Encapsulants, Interconnects 
0 Back Covers, Edge Seals 

0 Establish Generic Functional Relationships Among Temperature, Humidity, Bias 
and Time for Observed failure Mechanisms 

0 Determine Relative lifetimes of Roof-Mounted vs Ground-Mounted Arrays 

0 Understand Relative Severity (Acceleration Factor) of Csndidate TIH-B Qualification 
Tests and Define Recommended levels 
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Long-Term Module Testing 

TEMPERATURE H U hl I D IT Y 
I 1  m 

85'C15%RH 100 

L A B O h T O R Y  TEST 
OUALIFICATION TES 

FIELD rESf  RESULT 

I I I I  1 I I I  I I I I I 1 I 

70 100 150 2QQ 
CELL TEMP. (OC) t RH (%I 

1440 v) 

720 
360 6 
180 5 
90 

r 

oc 

45 E 
20 ,E 

m 

10 
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PRELIMINAR . LONG-TERM TESTING RESULTS 
JET PROPULSION LABORATORY 

G.R. Mon 

Presentation Outline 

VISUAL OBSERVATIONS 

ROAD M A P S  
PHOTOGRAPHS 

ELECTRICAL MEASUREMENTS 

I-v CURVE 
INSULATION (DIELECTRIC) DATA 

DATA IWTLRPRETATION 

IDENTIFICATION OF DEGRADATION MECHANISMS 
(IUANTIFICATION OF DEGRADATION RATES 
COMPARISON OF RtSULTS W I T H  RESULTS FROM OTHER 
LABORATORV TESTS AND ilELD EXPERIEMCE 

'. 

520 
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MOOULE 

DISCOLORATION PVB 
GLASSiFYE,MYI i R  CORROSION CIRCUITRY 

GRID imts 
~ ~ 

Ag PABiL __ -_- 
0ISCOLI)RATION RTV 

RTV ALUMJllrM MlCROCRACkS R T V  

- -~ 
MI SOLDER _ _ _ _ _ _ _ _ -  - 1 -  

0ISCOLMIAT;ON RTV 
GLASSiRTV ALUMINUM OELAMINATION AT T E R W u , I I S  

NI SOLDER _- -- __--- 
OlSCOLOPkTlON PW 

GLISSIWRTEOLAR CORROSION CIRCUITn I  
Ag PASTE GRlC LINES 

GLASS FIBER 
RTW REINFORCED 

PDLYESTER 

-____ _ _ _ _ _ _  
DISCOLDR.PTION SUBsTRAlC 
CORROSION ClRCUlTRV 

_~ T1 w 4 1  ___- 
DISI.OIORATION SUBSTRATE 

RTV;GLASS FIEER SlniHT CORROSION ClRCUlTRl 
MI SOLDER 

Visual Observations From Long-Duration Module Tests ( 1 1 2 Daysi 

93f40 

SLIGHT O I S C O L O R A T I 4  -3 RTV 

- ~- . _ - ~  

--- 
SLIGHT ?iSCOLORATION R 1 V  

_- ___ _____ - - 
MSCDLORATKIN GRID LlWES 
MLAYINATION EOGE S A L  

- - 
WGHT CORROSION ClRCUll  RY 

_- - -___ 

Electrical Measurements 

I-V CURVE DATA 

voc 
Is, 
Pmp 
Vmp 
Imp 

a DIELECTRIC DATA 

RlWSUL 
*. CIWSUL 

tan 6 
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Example 1-V Curve Results (85/85 vs 93/40) 

MODULE: GLASSIPVBIMY LAR 

0.0 .S 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 
VOLTAGE (Volts) 

0.0 .5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
VJLTAGE (Volts) 

Sumfiiary of I-V Curve Findings ( 1  12 Days) 

M T E R  SUITRACTHG W E  COITWUTWZ DUE TO tw LOSS. THE POWER LOSS RATE IS 
fOWD TO BE I U G H l \  O M  TENTM TRE M T E  OF Ctlw€S RESISTARC€ IICREASE. 



>- ! ' 
ENGINEERING SCIENCES AREA 
MODULE PERFORMANCE AND FAILURE AhALYS!S AREA - .  

OF Fci,., kc' -.L,, 

Comparison Ovetview of Wyle and Clemson Tests 

TEST SPECIMENS. 

TESTS: 

- 

C 

t 

f 

8 

4 

WYLE 

MI#IMQOULES 

65185 - FB 
U5,'E5 - urn 
93/40 - FB 
93/40 - UB 

Oi85 . FB 
0185 - UB 
O l l O O  . FB 
oi ioo - ua 

CLEMSOP 

UNENCAPSULATED CELLS 

85/85 . FB 
95\85 - UB 

1 5 prig STLAMI12 1 - FB 
15 psig STEAM1121 - UB 

0175 - FB 
!N75 - UB 
01135 - FB 
01135 - UB 
0/150 - F8 
01150 - UB 
01165 - FB 
?I165 . UB 
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Mean Percentage Decrease in P, vs Stress Time 
(85OC/85% RH Test) 

- 1  

e 0 

A / 
-- I 1 

500 1000 
STRESS TIME, h 

-.- ._I 
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Behavior of Rs With B-T Stress Time: Typical Type A Cells 

500 
- 

400 - s 
i a 

z 
Z 300- 
2 
z 
oc 
0 

2 200- 

165°C 

I 
700 1400 2100 2800 

STRESS TIME, h 

RH 
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Acceleration of Humidity and Temperature 

WYLE 

OEGRAOATION RATE 
CURVE FROM RTC 

I 

i 
a FIELD TEST RESULTS 
oLABORATORY T E S T  RESULTS 
0 QUALIFICATION TEST LEVEL I 

130 (93140) 150 (85185) 200 
CELL TEMPERATURE "C + % RH 
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Wyle-Clemson Test Comparisons: Conclusions 

SERIES RESISTANCE INCREASES ARE COMPARABLE IN THE WYLE AN0 CLEMSON 
TESTS 

THE MAXIMUM POWER LOSSES DUE TO I, DECREASE ANI! A, INCREASE ARE 
SEPARATELY OETERMIWABLE 

IGNORING SHUNT, RESISTAICE EFFECTS, THE RATE OF A, INCREASE IS 
APPHOXIMATELY TEN TIMES THE R A i E  OF ASSOCIATED P, DECREASE 

ACCELERATION CURVES SUGGEST THAT, BASE0 UPON DEGRADATION OF SERIES 
RESISTANCE. THE FRENCH AN0 THE BLOCK V QUALIFICATION TESTS ARE 
EQUIVALENT 

85185 TEST CONDITIONS REQUIRE 40250 DAYS OF OP€RATION TO QUALITY 
MOOULES FOR 2O.YEAR FIELD SERVICE 

ALL RESULTS ARE PRELIMINARY. AOOlTlONAL TLSTINC AND ANALYSIS IS 
NECESSARY TO ESTABLISH: 

PRECISE DEGRADATION M€CHANISMS AND RATES 

RELIABLE HUllRlDlTYlTEMPERATURi-BIAS QUALIFICATION TEST PARAMETERS 
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I 

I 

R 
Research Plans 9 

r 

ADDITIONAL TESTING 

LONGER DURATION 93/40 

NEW INTERMEDIATE HUMIDITYITEMPERATURE TEST LEVELS 
POSSIBLE REVSTING WITH MEW GENERIC MODULE TYPES 

CONTINUE TEMPERATURE-ONLY TESTS 

* DETAILED FAILURE MECHANISM ANALYSIS kND DETERMINATION 
OF FUNCTIONAL DEPENDENCE 

CORRELATION OF LONG-DURATION TEST DATA WITH PAST 
AND FUTURE CLEMSON CELL TESTS 

REPORTING 

FAILURE-MECHANISM STUDY RESULTS 
RECOMMENDATIONS FOR IMPROVED QUAL TEST PROCEDURES 

BLOCK V I  
INTERNATIONAL STANDARDS (IEC) 


