NOTICE

THIS DOCUMENT HAS BEEN REPRODUCED FROM
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED
IN THE INTEREST OF MAKING AVAILABLE AS MUCH
INFORMATION AS POSSIBLE



,,7 %_0 - (.,,zo

DRL 126 DOE/JPL~-955567-81/5
DRD Se 8 Distribution Category UC-63
TRIANNUAL REPORT
S on the
S a
‘t- .32 DESIGN, ANALYSIS, AND TEST VERIFICATION
A L@ OF ADVANCED ENCAPSULATION SYSTEMS
o a
= Do
3 For Period Ending
N
2 31 July 1981
B4 <
M om 2
& Contract 955567
a g 3
: B o yz
83 v
e Prepared by:
Ny ™ ;
2 D0~ Alec Garcia
- :2 d ~ Chuck Minning
- < @
Q-
L] .
-~y QQ
aab8 Approved L°r:
O wQ
@20 ‘
ny < o : ,
~ 39 William E. Taylor
S33¢% Assistant Manager
I O Advanced Programs Product Line
L2 R Ne
QO W~
‘l- g & -y
a3 v
Sona < SECCTROLAB, INC. )
LA A 12500 Gladstone Avenue A
AHH < Sylmar, California 91342 Y
=0y
X

November 1981

The JPL Low-Cost Solar Array Project is sponsored by the U.S.
Department of Energy and forms part of the Solar Photovoltaic
Conversion Program to initiate a major effort toward the develcn-
ment of low-cost solar arrays. This work was performed for the
Jet Prooulsion Laboratory, California Institute of Technology by

agreement between NASA and DOE.




Section

TABLE OF CONTENTS

Title Page
SUMMARY STATEMENT 1
INTRODUCTION 2
TECHNICAL DISCUSSION _ 3
Optical Testing 3
Electrical Testing 3
Thermal/Optical Model 11
CONCLUSIONS AND RECOMMENDATiONS 25
PLANNED ACTIVITIES 25

ol ilh,




Section 1.0

SUMMARY STATEMENT

The construction of optical and electrical verification test
coupons is detailed. Testing of these coupons was completed
and the results are presented. Additionally, a thermal simula-

tion of roof mounted array conditions was done and the results
documented.




Section 2.0

INTRODUCTION

The objective of this program is to develop analytical method-
ology for advanced encapsulation systems which will aid in the
determination of optimum systems for meeting the Low Cost Solar
Array Project goals. The program consists of three phases. 1In
Phase I, analytical models were developed to perform optical,
thermal, electrical, and structural analyses on candidate
encapsulation systems. From these analyses a candidate system
will be selected for qualification testing during Phase II.

Additionally, during Phase II, test specimens of various types
will be constructed and tested to determine the validity of the

analysis methodology developed in Phase I.

In Phase III, a finalized optimum design based on knowledge
gained in Phases I and II will be developed and delivered to
JPL.
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Section 3.0

TECHNICAL DISCUSSION

3.1 Optical Testing

The optical coupons were completed and all optical testing

done. Table 1 list:; tie construction elements of optical test
samples, Figure 1 shows a typical construction. Thicknesses
shown in Table 1 for the encapsulant are nominal. All samples
were measured after encapsulation to Jetermine the actual thick-
nesses. Table 2 shows the thickness of various layexs and the
determined encapsulant tnicknesses. Table 3 shows data from the
optical testing.

Cell #BC-11 in Sample 0OC-1 was severely cracked during encapsu-
lation and Cell #B-7 in sample OC-o had a residue on the surface
prior to encapsulation. Both these cells will not be included

for comparison with computer/model predicted results. This

data was passed on to Hughes for comparison to predicted results.

3.2 Electrical Testing

The electrical test coupons were prepared and electrical testing
completed. Table 4 shows the types of specimens that were made,
Figure 2 shows the construction of a typical coupon and Figure

3, the test setup.

Approximately twenty-five samples of each type were made.
Measurements of thicknesses were made on several coupons, and

there was agreement with the nominal values listed in Table 4.

v
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Table 4

SPECIMENS FOR ELECTRICAL VERIFICATION TESTS

Back Side

Type Front Side
A .004 Tedlar .018"
B .001 Tedlas .018"
c .001 Tedlar .018"
D .001 Tedlar .036"

*Duron (U. S. Gypsum Co.)

EVA/CG
EVA/CG
EVA

EVA/CG

.018" EVA/CG .001 Al/Polyester
.036" EVA/CG .001 Al/Polyester

.018" EVA/CG  Wood*

.0358" EVA/CG Wood*
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[ue to technician error 10 of the D type samples had no Crane-
glas con the front side. This change breaks the test into 9
groups of data instead of 8; A front, A back, B front, B Back,
C front, C back, D front, D back, and D front no Craneglas.
Tables 5-123 report the data fro: the test. The voltage at
breakdown is reported in kV, breakdaown is defined as more than
50 microamps leakage. 1In all cases it was catastrophic. The
voltage at which 1 microamp» leakage occurred, and then leakage
just before breakdown is alio reccided. All voltages were
direct currcent with the positive electrode connected to the
copper sheet in the coupon which simulates the cell. Table 14
is a summaiy of the data. This data has becn given to Hughes
for comparison to the results of the electrical predictions.

3.3 Thermal/Optical Model

To approximate conditions in a roof mounted array the cell
temperature of both wood and steel substrate modules were deter-
mined when there is no convective heat transfer off the back
(anti sun) side of the modulc. These calculations were performed
for modules using single crystal silicon cells with AR coating.

The results are shown in Table 15.

-11-




Table 5

FRONT SIDE COUPON TYPE A

i
é
E Leakage kv

at at
\ Breakdown Breakdown 1A
) Coupon kV pA Leakage

g F-A-1 19 10.5 3

i F-A-2 18 14.5 5

F-A-3 17 32.0 3

F-A-9 14 7.5 5

, F-A-10 14 10.5 4

F-A-11 15 11.0 4

F-A-12 19 20.0 4

F-A-13 12 8.0 4

) F-A-14 15 19.0 4

l F-A-15 19 25.0 3

F-A-16 18 22.5 4

F-A-17 10 7.0 4

F-A-18 13 . 27.0 3

f T-A-19 17 24.0 3

} F-A-20 12 22.0 3

; F-A-21 10 7.0 3

F-A-22 17 23.0 g

k F-A-23 16 20.0 3

| F-A-24 18 31.0 4

; F-A-25 17 32.0 3

| F-A-26 15 23.0 3
j F-A-27 17 29.0 3 f
n = 22 X =15.6 kv s, =2.8 |

|

l -12- :
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Table 6

FRONT SIDE COUPON TYPE B

Leakage kV
at at
Breakdown Breakdown 1A
Coupon kv pA Leakage
F-B-1 13 30.0 2
F-B-2 12 19.5 3
F-B-3 18 44.0 2
F-B-4 14 28.0 2
F-B-5 17 35.0 3
F-B-6 15 28.0 3
F-B-7 15 28.0 2
F-B-8 15 26.0 3
F-B-9 17 31.0 2
F-B-10 15 19.0 3
F-B-11 19 24.0 4
F-B-12 15 19.0 3
F-B-13 17 - 20.0 4
F-B-14 15 19.0 3
F~B-15 15 21.0 3
F-B-16 15 19.0 3
F-B-17 12 17.0 2
F-B-18 17 36.0 3
F-B-19 15 39.0 2
F-B-20 13 24.0 2
F-B-21 16 35.0 3
F-B-22 13 32.0 2
F-B-23 17 45.0 2
n = 23 X = 15.2 kv s, = 1.9
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Table 7

FRONT SIDE COUPON TYPE C

Leakage kv

at at

Breakdown Breakdown 1 pA

Lowpon kv = __ A = Leakage

F-C-1 14 27.0 3
F-C=2 11 21.0 3
F-C-4 15 29.0 3
F-C-5 18 40.0 3
F-C-7 16 45.0 3
F-C-8 14 37.5 3
F-C~9 15 31.0 3
F-C-10 16 35.0 3
F-C-11 17 41.0 3
F-C-12 17 43.0 3
F-C-13 12 23.0 3
F-C-14 21 43.0 3
F-C-15 16 42,0 3
F-C-16 15 29.0 4
F-C-17 15 39.0 3
F-C-18 15 41.0 3
F-C-19 6 6.0 3
F-C-20 9 17.0 3
F-C-21 9 7.8 3
F-C-22 9 9.0 3
F-C-23 11 27.0 3
F-C-24 7 6.5 3
F-C-25 12 15.0 3
F-C-26 16 27.0 3
F-C-27 5 3.8 3
F-C-28 13 23.2 3

-14-




Table 7 (continued)

Leakage kv |

at at ]
Breakdown Breakdown 1 A

Coupon kv HA Leakage
F-C-29 12 17.5 3
F-C-30 15 2.2 3
F-C-31 15 42.0 3
F-C-32 12 19.0 3
F-C-33 11 20.5 3
n = 31 X = 13.2 kV s, = 3.6

o L o . -
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Table 8

FRONT SIDE COUPON TYPE D WITH CRANEGLAS

Leakage kv
.; at at
. Breakdown Breakdown 1 A
_Coupon_ kv LI Leakage
F-D-13 10 1.8 7
F-D-14 18 7.5 6
F-D-15 22 18.0 7
F-D-16 21 17.0 7
F-D-17 19 19.0 6
F-D-18 17 18.0 6
F-D-19 18 10.5 6
F-D-20 15 7.0 6
F-D-21 18 11.0 6
F-D-22 23 24.0 6
F-D-23 16 9.5 6
F-D-26 22 10.2 8
F-D-27 16 . 3.8 10
F-D-28 21 12.5 8
F-D-29 12 3.5
F-D-30 21 11.0
n =16 x = 18,1 kV s, = 3.7
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Table 9

FRONT SIDE COUPON TYPE D WITHOUT CRANEGLAS

Leakage
at
Breakdown Breakdown
Coupon kV pA
F-D-1 14 6.0
F-D-2 25% 17.0
F-D-3 12 4.0
F-D-4 16 12,0
F-D-5 17 10.5
F-D-6 14 6.5
F-D-9 17 13.5
F-D-10 14 7.8
F-D-11 12 7.5
F-D-12 16 9.2
n = 10 X = 15.8 kV

*No Breakdown

-17-
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Table 10

RACK SIDE COUPON TYPE A

Leakage kv
at at
Breakdown Breakdown 1 wA
Coupon kV WA Leakage
B-A-1 9 8.0 5
B-A-2 8 1.3 7
B-A-3 7 1.0 6
B-A-9 9 1.2 7
. B-A-10 11 2.0 6
B-A-11 8 1.5 7
B-A-12 9 11.0 9
B~-A-13 5 1.0 5
B-A-14 9 2.5 5
B-A-15 10 3.0 6
B-A-16 9 1.0 8
B-A-17 1
B-A-18 3 2.0 3
B-A-19 6 1.5 6
B-A-20 1
B-A-21 6 1.0 5
B-A-22 2
B-A-23 8
B-A-24 8
B-A-25 7 .
B-A-26 2
B-A-27 10 2.2 5
n = 22 X = 6.8 kV s, = 3.1
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Table 11

BACK SIDE COUPON TYPE B

e

Leakage kv
at at
\ Breakdown Breakdown 1 HA
i . Coupon kv HA Leakage
B-B-1 8 1.2 6
| : B-B-2 5 .4
B-B-3 9 1.3 7
| B-B-4 6 .8
B-B-5 7 .5
| B-B-6 9 1.0 8
B-B-7 7 .7
B-B-8 9 1.0 8
} B-B-9 10 1.2 8
; B-B-10 9 1.0 8
| B-B-11 12 1.5 9
| B-B-12 .9
B-B-13 .6
B-B-14 .7
' B-B-15 .9
B-B-16 12 1.5 9
B-B-17 9 .8
B-B-18 13 1.2 10
B-B-19 7 .6
L B-B-20 10 1.2 9
B-B-21 .9
' B-B-22 .5
B-B-23 10 1.2 8
n = 23 X = 8.6 kv s, = 2.1
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Table 12

BACK SIDE COUPON TYPE C

Leakage kv
at at
Breakdown Breakdown 1 ¥A
Coupon kV HA Leakage
B-C-1 25 3.0 12
B-C-2 25¢* 6.0 15
B-C-4 25 11.0 14
B-C-5 25 10.0 13
B-C-7 23 4.0 11
B-C-8 21 4.8 12
B~-C-9 21 6.5 11
B-C-10 25% 8.0 13
B-C-11 19 1.0 17
B-C-12 22 9.0 11 :
B-C-13 25 7.5 9 ’
B-C-14 19 4.0 11
B-C-15 25 - 7.2 11
B-C-16 25 7.0 16
B-C-17 25 10.0 9
B-C-18 25 10.0 11
B-C-19 21 8.0 11 é
B-C-20 25 10.0 12 5
B-C-21 20 5.5 13
B-C-22 24 12,0 12
B-C-23 24 3.0 14
B-C~-24 20 2.0 14
B-C-25 23 8.0 12 !
B-C-26 23 7.0 12 B
B-C-27 25% 8.5 12 ;
B-C-28 25+ 10.5 11 :4
*No Breakdown (Samples with no breakdown were %
included at 25 kV for statistical !

purposes.)

0 A
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Table 12 (continued)

Leakage kv

at at

Breakdown Breakdown 1 pA

Coupon kV MA Leakage
B-C-29 9 6.2 4
B-C-30 8 3.0 4
B-C-31 20 4.0 13
B~C-32 25* 10.0 10
B-C-33 23 6.7 13
n = 32 X = 22.2kV S, = 4.2

*No Breakdown (Samples with no breakdown were
included at 25 kV for statistical
purposes.)
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Table 13

BACK SIDE COUPON TYPZ D

Leakage kv
at at
Breakdown Breakdown 1 ¥A
Coupon kv pA Leakage
B-D-1 25* 2.3 17
B-D-2 25% 2.3 18
B-D-3 25%* 2.3 14
B-C-4 25 10.0 10
B-D-5 25%* 4.0 15
B-D~6 25% 5.5 15
B-D-9 22 12.5 10
B-D-10 22 7.0 11
B-D-11 21 7.0
B-D-12 24 7.9
B-D-13 24 14.2
B-D-14 5% 7.5 10
B-D-15 23 1.5 10
B-D-16 25%* 10.5 9
B-D-17 25 13.0 9
B-D-18 24 15.0 7
B-D-19 22 5.5 10
B-D-20 25 8.0 11
B-D-21 25% 10.0 11
B-D-22 23 10.0 9
B~D-23 25 7.5 11
B-D-26 24 5.5 15
B-D-27 25% 7.5 10
B-D-28 25* 8.5 11
B-D-29 24 6.5 10
B-D-30 24 5.8 11
n = 25 X = 24 kV s, = 1.2

*No Breakdown (Samples with no breakdown were
included at 25 kV for statical
purposes.)
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Table 14

SUMMARY OF ELECTRICAL TEST

. Average
‘ Breakdown std.
Coupon Type Voltage Dev. High Low
A Front 15.6 kV 2.8 19 12
B Front 15.2 1.9 19 12
C Front 13.2 3.6 21 5
D Front w/C.G. 18.1 3.7 22 10
D Front no C.G. 15.8 4.0 25 12
A Back 6.8 3.1 11
B Back 8.6 2.1 13
C Back 22.2 4.2 25
D Back 24.0 1.2 25 21
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Table 15

THERMAL ANALYSIS OF ROOF MOUNTED ARRAY

Module Operating T o T o
Type Condition Power, W Cell, °C Power, W Cell, “C
Wood* Open Ckt 0 61l.1 0 69.2
Max Pwr 1.54 55.6 1.425 63.1
Steel** Open Ckt 0 57.7 0 67.3
Max Pwr 1.57 52.6 1.49 61.1
*Wood Substrate Data:

**Steel

Front Cover: 3 mil Tedlar

Pottant: 10 mil EVA/Craneglas

Substrate: Wood, 200 mil thick

Back Cover: 10 mil white EVA

Cell: Single crystal silicon, AR coated (coating
optimized for EVA/silicon interface)

Substrate Module Data:

Front Cover: 3 mil Tedlar

Pottant: 10 mil EVA/Craneglas

Substrate: Steel, 200 mil thick (no fins)

Back Cover: 10 mil white EVA

Cell: Single crvrtal silicon, AR coated (coating
optimized for EVA/silicon interface)
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Section 4.0

. CONCLUSIONS AND RECOMMENDATIONS

There are no conclusions and recommendations for this period.

Section 5.0

PLANNED ACTIVITIES

During the next period verification testing will be completed.
A design for the qualification modules will be finalized. The
predicted versus measured values willi be compared and the
validity of the models assessed.
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