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1.0 INTRODUCTION

The objective of this program is to develop a material with the
following characteristics:

1. Ability to erect without an inflation.system or external aids.

2. Open mesh configuration, 90 per cent transparent to solar radiation.

3. Rigidity to withstand solar pressure with a safety factor of 5.0.

4. RF reflectivity (8-9 GHz) 95-98 per cent that of a similar solid

surface.

This report discusses work carried on during the March-May period.

The investigation of various sizing materials was begun and these results
are presented. An experiment was designed to determine the heat treatment
necessary for highest rigidity. This report includes the results of a pre-
liminary study of aluminum as the conductive coating. The aluminum was
deposited in NASA-owned vacuum chambers. (NAS5-3515).

A means of evaluating the rigidity after folding was developed. Results
of this testing are presented.

High speed motion pictures were taken of several cylinders in an attempt

to examine this material during deployment studies.
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2.0 SUMMARY

A production run was made in May. Hess Goldsmith Style No. 18601
was copper-plated using the equipment built under this contract. Two
4-ft by 6-ft panels were fabricated from this ﬁaterial and sent to Goddard
Space Flight Center.

During this quarter the effect of sizing agents on self-erecting
material was investigated. At this point, polyvinyl alcohol appears an
excellent size. |

A number of 7 1/2-inch diameter cylinders were made from the material
produced in May. These iZ—inch high cylinders were used in a series of
rather crude deployment experiments. High-speed motion pictures were taken
during these studies. Several frames of these are printed here to demon-
stfate the self-erecting properties.

A specification for evaluation of self-erecting materials is included

in this report.
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3.0 DISCUSSION

In April, a fiberglass scrim fabric was purchased from Hess Goldsmith.
The fabric has a style designation of 18601. This fabric was very similar
to the material processed in the past, style 18539. It is woven in a leno
pattern and has ten threads to the inch. The difference lies in the yarn
‘used. Style 18539 consisted of 900 ECB 1/0 1.0 Z thread whereas style
18601 was woven from 450 ECB 1/1 1.0 Z in the £ill direction, and 450
ECB 1/0 1.0 Z in the machine direction. .This results in a heavier
fabric weighing 1.82 mg/cm®, compared to 18539's weight of 0.69 mg/cm=.
The width of 18601 was received 39 inches wide with two trim edges 1/2-
inch wide.

This material was processed the same as past material in the following

manner:

1. Heat treatment,

3. Electroless plating,
4. Sheath layer coating.

These steps will be discussed in more detail below.

3.1 HEAT TREATING

The material was rerolled onto a 3-inch OD aluminum core and placed in

a forced air ovepn. Table I shows the temperature in the oven with respect

to time.

G. T. Schjeldahl Co. Report -3-
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TABLE I
Time (Min.) Temperature °r)
0 370
15 450
30 460
45 . 470
60 480

The weight after heat treating was 1.77 mg/cm?. This amounts to a
2.75 per cent weight loss. The rigidity was calculated of this heat treated
material and found to be 339 mg-cm on the inside of roll (end A). The
rigidity was 255 mg-cm on the outside of the roll (emd B). As in the case
of-the material heat treated in February, there is a permanent set in the
material.

The heat treating cycle described above for 18601 has been added to
Graph No. 1 as presented in the April progress report. It éan be seen
that the‘curve falls within the boundaries defined in the earlier heat
treatment study. The data for which the graph was drawn covers Hess Gold-

smith Style 18539; however, as the sizings are similar, this comparison is

pertinent.

3.2 GT-201 COATING

The material was then coated with GT-201 in the silicone rubber coating
section of the processing equipment. The solids content was controlled to

apply a 0.12 mg/cm?

coating, which appeared to be uniform throughout the roll.
Upon completion of the coating step, the material was inspected and judged
to have poor strength at the ' yarn intersections. The rigidity of end A was

611 mg-cm, and of End B, 346 mg-cm. The material weight was 1.89 mg/cm?®.

A second coat of GT-201 was applied to the material in an attempt to

G. T. Schjeldahl Co. Report 4=
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tie the yarn bundles together better. On this second application, the average

w2ight gain was 0.14% mg/cm?. The rigidity of end A after two coats was 823
mg-cm, and of end B, 1042 mg-cm. Strength of the mesh at the yara inter-
sections had increased afrtar -"his second coat. . The machine was slowed to

6 in/min for this operation, which allowed for a 20 min. drying time in the

3.3 PLATING STEP

Using the 6 inch/min. speed, the material described above was plated.
By running at half speed, only one plating fank and one-half the amount of
sensitizer and activator solutions were needed to maintain the proper resi-
dence times. The same techniques as those developed during February were
used on this run. The pH was controlled at 12.4 to 12.6 and the temperature
was held at 20 to 21 C. The resistivity of the plated material was taken at

the beginning and end. It was found to be 0.8 ohms per square and 0.7 ohms
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deposit. The weight of the material after the copper was deposited was 2.17

mg/cm?®, and the rigidity of end A was 701 mg-cm, while end B was 900 mg-cm.

3.4 SILICONE PRIME STEP

The silicone prime step was evaluated for the first time during this

run. The weight addition due to this step is 0.11 mg.

3.5 SILICONE RUBBER COATING STEP

As before, the final coating of silicone rubber was applied to the mesh.
Approximately 0.5 mg/cm® was added to the weight. This material was given a
laboratory notebook number 105-113-1 and is complete. End B had a rigidity
of 859 mg-cm. End A was not tested. Table II lists tensile strengths of

105-113-1.

G. T. Schjeldahl Co. Report ~6-




TABLE II
TENSILE STRENGTH 105-113-1

Machine Direction

1. 29.0
2. 26.0
3. 27.3
4. 27.3
3. 28.5

Average  27.6 1b/inch of width

Transverse Direction

1. 14.0
2. 26.5
3. 20.2
4. 20.3
S. i8.1

Average 16.8 1b/inch of width

45° Angle

1. 0.7
2. 0.8
3. 0.8
4. 0.5
5. 0.6

Average 0.68 1b/inch of width

G. T. Schjeldahl Co. Report

-7




3.5 DPANELS
Twe & by 6-foot panels were sent to Goddard Space Fiight Center.

Figure 1 shows the configuration. The seams are the same as those used on

earlier hardware.

3.7 DEPLOYMENT STUDY

A

A canister was designed to package cylinders of 105-113-1. The cylin-
ders are 7 1/2 inches in diameter and 12 inches in height, and the canister
was designed to hold the cylinder in a space 12 inches by 2 inches by

1/8 inch. These dimensions are based on a packing factor of 3.0. Figure 2

b
w

a descriptive drawing of this design. This canister was set up in front

O
rh
)

camera and slow motion pictures were taken during the cylinder erection.
Frames of these sequences were selected and are grouped in Figure 3. Figure 3a
shows the packed canister prior to the release, 3b the point where the canister

is falling away. In Figure 3c, the cylinder is well on its way to deployment,

Tests were also run on a cylinder with flat ends. Two sequences are
shown in part here. Figure &4 shows how a right cylinder erects under 1 g.
To evaluate this, the cylinder was merely flattened perpendicular to the
axis. When released, the cylinder popped up quickly and competely.

The cylinder was then folded to a size approximately 2 in by 2 in by
3/4 in, and tossed lightly into the air. Figure 5 shows the manner in which
the cylinder deployed. The elapsed time during these pictures was approxi-

mately 0.5 sec.

G. T. Schjeicdahl Co. Report -8-




9Y)0Y =P~ N LR Bl R

ol a
2 -5ll-go) re amsn |

P

| _7

SIVAG AV -1 00 LD

>

_ e O.V e it o]

|- 3B11-G0L me 9@ |
N TN e REIN | . -

., !

TG AN Y 506 LD —




-

[

. ﬁ.v

-

[
s
i
H







o B s i,

§

i,
i
1
.

q




Figure 5




Thls zeriod. Table III shows the resulis. Various types of materials
are Inciuded in this work. The weight increase is listed for each sample

in per cent cover uncoated weight. A ratio of rigidities of the sized samples

’e

+

A rigidity factor is also presented which attempts co classify t

Dy the per cent weight increase.

Zlgures indicate that polyvinyl aicohol Is the wost efficient sizing

)

e

»

These

Further work will be done to determine the best sizing agent for this

Report
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3.9 FOLDING TEST

A simple test was developed to determine the rigidity after creasing
by merely placing a weight on a folded one inch wide sample. These
creased samples were then blaced on the rigidity tester (as per ASTM
D-1388). The overhanging portion was cut so that it deflected more than
41.5 degree. The sample was then trimmed until the overhanging portion
was at a 41.5 degree angie. This distance was recorded and a rigidity
was calculated from this. The sample was then trimmed further until the
overhang was at a twenty degree angle and rigidity calculated. The sample
was then further shortened until the overhanging portion paralleled the 10
degree mark on the tester. Table IV lists these results with the
calculated rigidity of the crease. The values reported in this table are
an average of the inside and outside of the fold. The data indicate that
the rigidity is affected by creasing and further work is planned to
determine how appropriate this test procedure is. Table V summarizes
these findings by comparing the average rigidity at each tiﬁe interval

with 105-113-1 that has not been folded.

G. T. Schjeldahl Co. Report 13-
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Material processed in February was evaluated during this period.
Table VI and VII show the results of tensile strength tests. The base
fabric for this run was Hess Goldsmith style No. 18539, which consisted
of 10 yarns in the fill direction and 20 yarns in the machine direction in
a lens pattern weave. ‘Each yarn had the description qf 900 ECD 1/0 1.0 Z.
From this material two spherical caps were fabricated. These will be tested
for RF Reflectance on a facility being constructed at Goddard Space Flight

Center.

G. T. Schjeldahl Co. Report . ~15..
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3.10 TESTING

In the evaluation of the self;erecting material five tests are being
used. The test methods are specifically explained in GTS Q-132. The
specification ouclines the manner in which--

(1) .Resistivity

(2) Rigidity

(3) Tensile Strength

(4) Bend Radius Tensile Strength, and

(5) PFolded Rigidity, are measured.
A copy of Q-132 jis included in this report.

When the proposed modifications to the mesh flex tester are completed

a specification will be written covering its use.

3.11 MODIFICATIONS TO THE MESH FLEX TESTER

It was found necessary to modify the mesh flex tester sent to
G. T. Schjeldahl by NASA. When the machine was used to mea;ure the
resistivity of the mesh during flexing it was noted that the direct
connection of motor to ;he sample made the ohmmeter inoperable. This
is being corrected by replacing the steel shaft with a nylon one.

The drive will also be altered so that the motor will run continuously
in one direction. It presently reverses itself for each cycle. Figure 6

shows the new drive assembly.

G. T. Schjeldahl Co. Report ' -18-
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4.0 FUTURE PLANS

A solution of polyvinyl alcohol will be applied to Style No. I8601.
This material will be subsequently coated with aluminum. Two 4 £t by
6 ft panels will be fabricated from this and sent to NASA Goddard.

The seam study will begin and the use of conductive seals will be

investigated.

G. T. Schjeldahl Co. Report -19~



A& G. T. SCHIJELDAHL COMPANY
NORTHFIELD, MIiNNESOTA
SPECIFICATION
CLASSIFICATION Page _1 of 7
mg&gtq U% MY Specificof'ion NO. __Q-132
iV ‘;'?L% 4 % Dote [ssued 6-28-66__
Revision —

TESTIRG OF SELF-ERECTING MATERIAL

Prepared By: Viae, g \\ C e
Approved By: |

Approved By: CL

Released By: _/’.w /zl[:jf'
1.0 SCOPE

This specification 4s applicable to the testing and
evaluation of self-erecting material made to deploy without |°
an inflatant or additional hardware.

2.0 PURPOSE

The purpose of this specification is to describe the
apparatus and procedures for performing the following tests:

Registivity measurement
Dltimate tensile (MD, TD, 45°)
+ Bend radius tensile

. Rigidity

+ Folded rigidity

3.0 MATERIALS

The sample shall be properly identified with the roll
number and an arrow indicating machine direction.

4.0 APPARATUS )
4.1 Ohm meter

WP LN

4.2 Test jig for resistivity measurement (8T-21-1)

4.3 Instron tester with CT load cell and chart recordez
4.4 TFive (5) vpound weight accurate within 2.0 grams
4,5 Rigidity test fixture per ABTM-D-1388

4,6 Bend radius test fixture

GTS FORM 3003 REV A
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G. T. SCHJELDAHL COMPANY

NORTHFIELD, K MINNESOTA

SERVICES

SPECIFICATION
CLASSIFICATION | Page _2 of 7
Specification NO. _Q-132
Date lssued _ _6-28-66

Revision

REVIECO | CHANGED
4.7 Mettler gram-atic balance
5.0 BESISTIVITY MEASUREMENT

The resistivity measurement shall be made on a 1" x 8"
sample with brass bug bars contacting one square inch of arep
on each end of the sample. This leaves a 1" x 6" test area.

5.1 Connect the ohm meter to the resistivity jig
(ST-21-1) and zero ohm meter.

INBULATING

/ Brocx S \
R o
- G a-t ’

Brass Bus Bag PrAsS
’ Bus Bax

Lean 1o Lemo To

Quen Mgrtew O vmm MaTe
5.2 Cut sample of material (1" x 8") and place in
resistivity jig (jig has spring loaded clamps which
_exert constant pressure on the specimen) as shown in
sketch above,

5.3 Take reading on ohm meter and record on data sheet]
Remove specimen from resistivity jig.

5.4 Calculate ohms per square as follows and record on
data sheet. Ohms per square is calculated from the
resistance in ohms divided by 6.

6.0 ULTIMATE TENSILE

One inch wide samples shall be tested having the threadp
running in either the machine direction, transverse directiop,
or at a 45° angle,

67S FGRM 3003 REV A
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NORTHFIELD, MINNESOTA

SPECIFICATION
CLASSIFICATION Page __3 of U —
Spec ificotion NO. __Q-132
Date Issued 6-28-66

Revision

REV|ECO | CHANGED
6.1 Cut the required number of one inch samples (note
the direction which the threads run in the sample). The
threads in the samples shall be straight and continuous
from one end to the other.

6.2 The Instron shall be operated in accordance with
Q-101.

6.3 Balance, zero, and calibrate the load weighing and
recording system using the five pound calibrated weight.

6.4 Set crosshead speed at two (2) inches per minute,
chart speed at two (2) inches per minute, and jaw |
separation at two (2) inches. ‘

6.5 Set the "Full Scale Load" at a setting which will th
the breaking point between the lower one quarter (1/4) and
upper one quarter (1/4) portion of the graph.

6.6 Mount the specimen in the Instron jaws in such a manner
that the length of the specimen is parallel to the lines |of
force exerted on it.

6.7 Run test, record elongation and ultimate tensile on charg.
6.8 Record elongation and ultimate tensile on data sheef. .

7.0 BEND RADIUS TENSILE

One inch wide samples shall be tested having the threads
running in either the machine direction, transveree directiod,
or at a 45° angle,

TS FORM 3003 REV A
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7.1 Clamp the bend radfus fixture (see sketch below) | - CHANGED

in the upper jaw of the Iastren.

! »
0.008 N 2
RADIVS e.or:z\\
\ L
3 Y
o A |

7.2 Repeat steps 6.1 through 6.5.

7.3 Mount the specimen in the Instron so that the
material makes a 180° bend over the bend radius fixture
(.008 inch radius edge) and clamp both ends in the lowet
jew. The specimen should be mounted in such & manner
that the length of the specimen 1is parallel to the
lines of force exerted on it.

7.4 Run test, record elongation and ultimate temsile
on chart.

7.5 Record elongation and ultimate bend radius tensile
on data sheet.

8.0 RIGIDITY TEST

One inch wide samples shall be tested having the thread
running in efther the machine direction, transverse directi
or at a 45° angle.

8.1 The test shall be performed according ta the
procedures autlined in AS'I'H-D-1388. Moagurements will
be made at 10%, 20°, and 41.5°.

G7S FORM 3003 REV A
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8.2 Cut the necessary samples (1" x 8"), The threads |REVECC | CHANGED

should be straight and continuous from one end to the-
other. Also cut a sample 6" x 6", this will be weighed
later.

8.3 Place one specimen (1" x 8") on the smooth surface
of the test fixture. The end of the sample should be
even with the edge of the test fixture. Place the top
weight, with the rubber pad against the sample, on the
test fixture,

!
8.4 8lide the sample over the edge until the overhangiﬁg
edge of the sample meets the desired angle 10°, 20°, or(

41.5°, Note the length of overhang (in centimeters) and
record thisg value on the data sheet.

8.5 This should be repeated for the top and bottom and
each end of the sample (four measurements will be taken}.

8.6 Average the readings obtained in 8.4 and 8.5 for
each angle. This value will be used to calculate the
flexural rigidity.

8.7 Weigh the 6" x 6" sample cut in 8.2 on the Mettler
gram-atic balance,

Weight of 6" x 6" sample = weight OS sample in
232 grams/cnm

Record the weight of the sample and the weight in
grams/cm” on the data sheet.

8.8 The formula for calculating flexural rigidity, G,
1s as follows:

¢ =wcs

N

where W is the weight of the material expressed in mg/cx
and C is the bending length in cm. The bending length
1s determined as follows:

GTS FORM 3003 REV A
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SPECIFICATION

t

9.0 FORMEP RIGIDUIY IESIS

rigidity tast (vef. 8.0) only the sample will be folded and
creased prior to testiag,

CLASSIFICATION Page _6 of 7
Specification NO. Q-132 —
Date Issued ___ 6-~28-66 .
Revision >
N L
10 - multiply the length of overhang (iemgih ts meet IREVIECO | CHANGED

10° angle) (value from 8. 6) by 0.890
20° - multiply the length of overhang by 0.695
41.5° - multiply the lemgth of overhang by 0.500

Recoxrd the flexural rigid on the data sheet.

The folded rigidity test is similar to the standarxd

9.1 Cut the samples per 8.2.

9.2 Yold the sample to be tested in the center (app
at the 4 inch mark) 180° and press under a seven
waight for the desired swount of time (to be indicated
on the test data sheat).

9.3 After folding, place the sample on the test fixture
g0 that the fold is even with the edge. Place the top
weight, with the rubber pad against the sample, on the
test fixture to hold the speciman (n place.

9.4 Starting with the 41.5° angle, cut off the sample
(the overhanging end) until it meets 41.5°. Measure thd
remaining length of material overhanging (measured in
centimeters).

9.5 BRepeat step 9.4 for 202 and 10°. The came end of the

sample may be used for the three measurements. Record
the remaining overhang on the data sheet each time.

9.6 Steps 9.3 through 9.5 should be repeated for the
other end of the sample.

GTS FORM 3003 REV A
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Revision

T

Q.% and 9.6 |REV{ECO | CHANGED
o calculate ‘

9.7 Average the readings obtained
for each angle. This value will be
the flexural rigtdity.

g B
4

9.8 Weigh the 6 x 6" le cut in 9.1 and calculate
the weight (in grm/c-z;ugf the material (ref 8.7).
Record the weight of the sample and the weight in
greme/cm” em the data sheet.

9.9 Calculate the flexural rigidity as im 8.8. Record
the flexural rigidity (after folding) on the data sheet,

GTS FORM 3003 REV A




