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PREFACE
This report was prepared bi the McDonnell Douglas Astronautics Company (MDAC)
for the National peronautics and Space A¢ninistration-Johnson Space Center
(NASA-JSC) in accordance uith contract NAS9-15678, DRL No. T-1522, DRD No.
HA-201 18, Line Item No. 3. It documents the results of Phase A of a threé '
phase-progéam entitled, "Development of a Composite Geodetic Structure for
Space Construction,” which has as its major objective the development of a
geodetic beam and beam fabrication machine, i.e., beam builder, for on-ovbit
construction of large truss-type space structures. The results of the Phase
1A program vere generated from 1 September 1979 through 31 January 1980. The
Phase 1A activities supplemented Phase 1 and provided required additional .
jnvestigations addressing local shell attactment concepts, high temperature
pu1tfﬁ3és rod materfal, and encapsulated Joints capable of high tenperature
service.

Overall project responsibility for the Development of a Composite Geodetic
structure for Space COnsgruction progrém «as assigned to the #DAC Engineering
pivision, Research aﬁd Development directorate, responsible for all engineering
studies and experimental activities. Supervisory authority for the project

was given to Dr. J. F. Garibotti. Chief Technology Engineer - Research and
Development - Structures and Materfals, who reported to R. F. Zemer, Director -
Structures and Materfals, on all study-related matiers. Mr. A. J. Cuiertny
was Program Manager and also provided technical support to the program.

¥r. R. Johnson was Principal Investigator, responsible for coordinating all
technical activities of the program. puring the Phase 1A program, subcontract
support was provided by the Compositek Engineering Corporation ICEC) of

Buena Park, Californfa. DOr. Brian Jones, President of Compositek, reported
directly to Mr. Cwiertny for coordinating Compositek activities.

The scope of this program was vevy troad and included many jndividuals who
provided technical suppert. MDAC and CEC per;onnel who significantly
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contributed to this program during Phase 1A include:
Structural Desisn: J. Sagata and J. F. Dubel
Structural Analysfs: M. H. Schneider and Dr. C. D. Babcock (Consultant)
Materfals and Processes: V. L. Freeman, D. Waldeaar (CEC), .
F. J. Schneider, P. J. Miller, and M. Vasca A /
Materials Testing: T. Sakurai i

The RASA-JSC COR for this program was M. Tom Dunn of the Stru/étures and
Mechanics Division, under Don Yade, Chief-Structures anrd ﬁechanics Divislon.
Any cquestions regarding this contract act tivity should be directed to

¥r. T. J. Dunn ’ Mr. A. J. Cufert

Structures and Mechanics Division, Dept. A3 220 nan{ Station 13-3
ES-2- Structures and HNater lals

National Aeronautics and Space or Ressarch and Bevelopment
Administration : McDonnell Douglas Astronautics

Lyndon B. Johnson Space Canter Company

Houston. Tenas 77058 5301 Bolsa Avenue

Telephone (713) 483-2276 Huntington Beach, CA 92647

Telephone (714) 896—3868
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Section 1

INTRODUCTION AND SUMMARY
1.1 INTRODUCTION !
Recent studies of future large space systems, such as space platforms, phased
arrays, antenras, and solar power satellites, have substantiated the require-
ment for technology developments which will lead to on-orbit fabrication and
assembly of large structural subsystems. In recognition of the need for an
on-orbit fabrication capability, the NASA Johnson Space Center initiated a
three-phase program in late 1978 with the overall objeciive of developing a
geodetic beam and beam fabrication machine, i.e., bzam builder for on-orbit

~ construction of large truss type space structures. The geodetic beam,

originall; proposed by T. J. Dunn of NASA in 1976, is a lightweight, open
lattice structure composed of an equilateral gridwork of criss-crossing reds.
This beam provides a high degree of stiffness and minimizes structural dis-
tortion, due to temperature gradients, through the incorprration of a new

. graphite and glass reinforced thermoplastic composite material with a low

coefficient of thermal expansion. A low power consuming, high production
rate, beam builder automatically fabricates the geodetic Leams in space using
rods preprocessed on earth (Figure 1-1).

Straight Load /
Carrying Longitudinal

Curved Helical ——e—
Nodal Joint —"

| Open Lattice

Figure [-1. Geodetic Beam and Beam Builder. C&Z‘



r- 1.2 SUMMARY
The overall objective of this program is to develop a structurally effi-
p . clent composite geodetic beam and a beam fabrication machine for on-orbit

'ccnstruction of large space structures. The program efforts are divided

) . into three phases with each phase scheduled for approximately one year in
) duration. Phase I, initiated on 24 August 1979, consisted of tasks to

' ' (1) develop structural design requirements, (2) develop analytical pro-
cedures ard select the best configuration for a geodetic beam, (3) develop
structural termination concepts for the geodetic beam, (4) accomplish beam
preliminary 5111ng, (5) develop pultruded composite rod stock for use fn -
joining tests and feasibility test articles, (6) select a reliable joining
technique, (7) design, fabricate, and test two geodetic test articles tc -
establish concept feasibility, and initiate the preliminary design of a
beam fabrication machine. Additional Phasc 1 efforts consisted of prepara-
tion of an Orbital Flight Test (OFT) plan and fabrication of a scale model
to demonstrate a key subsystem of the geodetic beam @achine. Phase I will
be devoted to detailed material characterization tests of the pultruded

' composite rods and encapsulated joints, parameter tests of a geodatic test
cylinder and a cylinder/conical closeert test article, and an improved
geodetic beam analysis based on the paraseter tests. Tns tasks (Tasks 11
and 12) of Phase II have been deferred. Task 11 is the verification tests
of full scale test articles and Task 12 s the completion of the beam
machine design. Completion of Tasks 11 and 12, especially Task 12, will
provide a sound basis for the work to be condicted in Phase III. It is
therefore recommended that Tasks 11 and 12 be conducted prior to the start
of ground demonstrations of beam fabrication in Phase III. In Phase I1I,
the ground demonstration of automatic fabrication of geodetic beams will be
accomplished using pilot-plant equipment capable of automatically fabri-
cating demonstration articles.

To assure a highly qualified source for development materfal, MDAC sub-
contracted puliruded rcd stock material fabrication to the Composi tek
Engineering Cnrporation {CEC) of Buena Park, California, a subsidiary of
the Kelsey-Hayes Company which has extensive experience in pultruding

3
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graphite-thermoplastic composite shapes. Pultruded rod stock fabricated
by CEC from HMS/P1700 orepreg material was used in a mejority of Jjoining
trials and in fabricating test cylinders during Phase I. High temperature
graphite/polyimide rod stock was also produced by CEC during Phase JA.

As indicated previously, each phase of the program was {aitially p?anned

as a 12-morth effort. However, as Phase I neared completion it became
apparent that additional effort in three areas would be beneficial before
starting Phase II. Those three areas are (1) geodetic beam designs for local
attachment of equipment or beam-to-beam Juining in parallzl or crossing

~ configurations, (2) evaluation of Tong-life pultruded rods capable of service

temperatures higher than possible with the KMS/P1700 rod material, and (3)
evaluation of high temperature joint encapsulant naterials. Thus, Phase IA
was initiated to supplement Phase ! investigations in the three identified
task areas. The extended Phase I tasks are Tasks 2, 5, and 6. The additional
work under those tasks (designated Tasks 2a, 5a, and 6a) is summarized as
follows: : _

@ Task 2a addressed local shell attachment designs. The objective of
this task was to develop design concepts for attachment of secondary
structure or equipment and to develop concepts for geodetic beam-to-
geodetic beam joining without use of termination concepts. In
addition, large truss assembly configurations using side-by-side
Joining methods were investigated.

® Under Task 5a, the objective was. to pultrude a high temperature
graphite thermoplastic rod material using a resin system such as
NR150A2 polyimide, and to evaluate coatings or additive materials

. that are capable of minimizing the effects of space environment.
After completion of Task 5a, notification was received from duPont
that the NRISO series resin systems would no longar be available due
to the slow development of a market for those resins.

o In Task 6a, the objective was to evaluate encapsulated jcints capable
of high temperature service vor use with the rod stock produced in
Task 5a.

The results of Phase IA, covering the pericd from 1 September 1979 to

31 January 1980, are reported herein.
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Section 2

GEODETIC BEAM LOCAL ATTACHNMENTS
The 1nitial design of the geodetic beam focused on use of the beam as truss
nembers in a tetra?edral truss or similar truss type configuration in which

_ the beams were Joined atvthgif'ends. Thus, early dzsign efforts emphasized

comparison of closeout designs at beam ends and node fittings where the

members 1ntersectedi Add{tional attachment requirements will be needed in
orbital structures, such as platforms and antennas, to attach equipment, cables,
electrical harnesses, propulsion units, and scientific experiments, Also,
structural arrzngements other than tetrahedral trusses will regiire the

joining of beans in parallel arrangements or overlapping arrangsmants where
beams cross each other. Design arrangements for making local attachments and
for joining beans without usfng end closeouts (normally uysed in fntersecting
configurations) were therefore studied in Phase IA, and design concepts Qere
generated to satiéfy local attachment requirements.

Structural arrangements and design problems that were considered in deriving

attachment configurations are 1isted below:

1. Bear- to-beam parallel attachments.

Beam end-to-node point fitting.

Beam-to-beam tee intersections (overlap and butt).
Cable attachments to beam.

Propulsfon module interface.

Electrica’ harness and equipment attachment.

N oewon

2.1 BEAM-TO-BEAM CONFIGURATIONS

In the basic tetrahedral space structure, the beams are Joined at the node
points through the conical termination (closeout) structures arg joint -
fittings. However, when two beams Intersect at midspan or require joining in
a parallel arrangement, special provisions must be made to join them. The
principal design considerations for the attaching structures are their load -
transfer,characteristics, 2ase of assembly, and transportability. The loads
to which the joints are subjected are the axial loads alang each of the

- principal axes of the beams and the moments abuut each of these axes.

!
i
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A primary example of a structqral configuration requiring attachments of

crossing beams or "Tee" intersections s found tn the tri-beam Structure, a
study concept being developed under Contract NAS9-15718 (Reference 1). The
tri-beam concept is a 136 m long'structure for the study of an engineering and
technology verification platform having 2 self contained solar power array

and a propulsion module for orbit transfer. One concept_evéluated geod#tlc A
beams for the primaryzstructural members and beam Joining was a part of the
structural studies. The overall structural concept (Figure 2-1) uses three
parallel beams about 120 m long in a triangular ariangement with short
transverse connecting beams. Figure 2-2 shows detat,; of 1n7i1al design
concepts developed in Contract NAS9-15718 for Joining the geodetic beams.

" Those concepts were expanded and developed in greater detail in Phase IA

design studies of the Geodetic Beam program.

The oasic approach generated in NAS9-15718 for beam attactments for geodetic
beams used cradle or saddle type fittings with the beams connecting i{n an
overlap configuration. The structural and packaging complexities of the cradle
type fittings shown in Figure 2-2 are not established aé this time since
detailed designs of that concept have not been reported. The alternate
approach explored by MDAC for the tri-beam platform involved end closure fittings
for the short connecting beams intersecting the longftudinal beams along
ceterlines (Tee intersections) and attaching to elliptical stabiiizing frames
on the longftudinal beams. This arrangement minimizes fnduced bending in the
beams caused by tensioning the cables that provide bracing in each bay of the
tri-beam platform. The magnitude of such cable loads may increase if control
force loads, propulsion loads, and dynamic responses resulting from such loads
change significantly from early estimates. Also, the magnitude of dynamic
response loads of the lTong relatively high aspect ratio structure may not be

adequately predicted at this time. Thus Tee intersacting arrangements and

crossing configurations of the connecting beams are shown in Figures 2-3 threugh

- 2-6.

The cradle attachent concepts shown in Figure 2-3 were srudied to define
concepts that heve low weight and are easily transportable iy the Orbiter,
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tiliptical Externs! Frame

Figure 23. Peyload Station Configurction — Internally Locatod La-=gituding Beams

Vs
Circular Frame Alternato Attach

Cy! End Closure

Guy Wire Assy

x

o N ,'/- o \ .
-
\ \E I

Alter \ate Po:i!ioz\/\'/
for Lower Beamn

Figure 24. Pavload Staton Con™ .r3tion — Externally Located Longitudinzl Beams.
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/ Elliptical Externsl Frame
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Figure 2-6. Cross Beam Arrangement at Payload Attach Stations.
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helices in the geodetic beams, A '

The adapter §g designed to fold flat for compact packagfng/and automatica]ly
latch into the operational configuration when unfolded. For ease of assembly,
the adapter will be attached. to the beam frames by means/qf éxpandable shear

The frames and adapters are desighed to be fabricated on earth and tréns?erred
aboard the Orbiter into orbit for assembly. 7o minimijze packaging diffj~
culties the frames will pe made in 1z;° segments and assemb]eq into a ring by
Mmeans of quick release type clamps or fasteners at the three Joints. The
frames are designed to pe positioned externally on an existing bean as Figures
2-3 through 2-¢ indicate.

built into the interface can be designed. The logistics of providing the
right adapter for each joint can be greatly simplified by using a reliable,

10
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frame attach details at node positions are also shown in Figure 2-9. El1ip-
_'tica] external frames were also inveStigated for use in connectina beams at
' angles other than 90°. Layouts for the elliptical frames showed that a major-

ity of the Yongitudinal-helix node positions can be used for attaching the
frame. The detailed laycut (Figure 2-9) used a 36-Iongitud1nal arqﬁngement.
and 30 Tongitudinal-helix rode positions can be used for attachment points with
an elliptical frame with a 30° cant from a position rormal to the beam
centerline. The spiral pattiern of the helices prevents use of all 36 node
positions; however, load transfer was considered satisfaétory using

30 (>80%) of the nodes. , .
Figure 2-10 shows additional geodetic beam-to-beam attachment concepts. - An
alternate configuration for a tri-beam type of structure is shown in Figure
2-10, as well as a platform made from widely space geodetic beams in a parallel
arrangement. Attachment of thrust structures, saddle type fittings for beam-
to-beam attachments, cable attachment details, and/cable»tensioning fittings
are shown in Figure 2-10. :

The studies of geodetic beam attachments conducted during Phase IA show that
various connecting designs are viable for use in structural arrangements
requiring crossing beams, beams that intersect at various angles, parallel
4beams, and beams requiring cablie attachments. Also, fitting attachments for
introducing high thrust loads and external frames for introducing beam
conneéting loads were investigated. The design work conducted in this task
shows the versatility of the geodetic beam for use in a number of structural
arrangements that may be required for varicus large space syétens.

14
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Section 3
LONG LIFE MATERIAL

Phase 1 studies (Reference 2) of design reauirements for structural truss
members in large space structures, e.g., the solar power satellite (lPS),

showed the maximum temperatures for some elements to be approximately

235°C (455°F). This requirement was limited to certain portions. of micro-

wave power transmission antennas and is caused by heat reJected from v .ro-

wave transmitting units. To meet this Timited requw.emedt a portion of.

Phase IA was devoted to establishing feasibility of pultruding rod stock with

a resin system capable of service up to 235°C (435°F). A survey of potential
resins showed that the du Pont NR150AZ series of resins offered a good prob-
szbility of success in pultrusion operations, and their maximum service
temperature is approximately 260°C (500°F). Also, evaluations of coatings
capable of reducing temperatures were conducted to determine their compatibility
with the NR150A2 resin system used in the pultrusion trials.

3.1 HIGH TEMPERATURE PULTRUDED ROD MATERIAL

Experimental quantities of two variations in the NR150A2 series of du Pont
resins were procured for use with HMS fibers in making prepreg materials. The
NR1EVA2 type resin was chosen because of its high temperature service
capabiiities and its thermoplastic-type behavior which permits joining by
_heat fusion techniques if required.

The two variations of HMS/NR150A2:that were obtained for pultrusion testing
were HMS/NR150A2-S5X and HMS/NR150A2-060X. These resin systems are special
formulations of polyimides that were suggested hy the manufacturer (du Pont)
as being suitable for pultrusion. During the actual trials, the HMS/NR150A2-
S5X wa- dropped due to the high volatile content of the prepreg tape. Tests
of the prepreg material showed the -S5X prepreg to have 12.0% volatiles in one
sample and 16.9% in a second sample. The desired volatile content for achiev-
ing successful pultrusion of the tape is <5%. The HMS/NR150A2-060X material
met this criterion, having a volatile content of 4.5%. The resin content and

16




%

ib‘;;

S,

percent volatiles for the two types o~ Prepreg tape were as follows:

Material Wt. Percent of Resin Wt. Percent Volatiles
Sample 1 HMS/NR150A2-55X 3.6 - 12.¢ ’
Sample 2 HMS/NR150A2..55X 32.3. 16.9
Sample 3 HMS/NR150A2-060x 29.3 4.9

Approximately 80 linear feet of circular cross-section rod made frog HMS/
HR]SOAZ—OBOX polyimide was pultruded with a 2.36 mm (0.093 in) diameter v
Compositek Engineering Corporation (CEC) in two runs. As shown ianigure 341.
the bushing/die assembly cohsisted of five oversize circular bushings vpstream
from the 2.36 mm dismeter die. The die fiself is shown in closeup in Figure
3-2. In both photographs the pulling direction is from left to right. Pull-
ing speed was 3.8 oM per minute (1.5 in/min) and temperature of bushings and ,
die was 427°C (809°F), The five bushings, arranged with progressively smaller
apertures, had diameters of 5.08 mn (0.200 in), 3.175 m (0.125 1a), 2.870 mm
(0.113 in), 2.489 mm (0.098 in), and 2.362 rm (0.093 in.).

After completion of pultrusion, a check was made on the degree of cure of the
pultruded matérial because the relatively short time at high temperature in the
bushing/die system was judged insufficient for complete cure. Ip accordance
with conversations with du Pont representatives, samples were weighed, then
placed in an oven and post cured two hours at 315°¢ (600°F). These specimens
were cooled in a dessicator and reweighed. About 0.4% weight Toss occurred,
indicating incomplete cure. According to dy Pont this weight Yoss should not
have exceeded 0.2% if the material had been fully cured. Theréfore, to
complete the cure, all HMS/NR150A2-060x pultruded rod Material was processed
as follows per du Pont recommendation: .

1. Material was Placed in forced air circulating oven at room temperature.

2. Heat to 315°C {600°F) in about a 2-1/2 hour period.

3. Cure 8 hours at 315°C (6gpe°F). |

4. Cool to room temperature in about § hours,

Material éharacterization'tests were subsequently conducted with the follow-
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Figure 3 1. Pultrusion Bushing and Die * ssembly Arrangement
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ing results:
Density, gms/cc: .43 - 1.45
kesin Content, v %: 28.6 - 28.9
Fiber, vol %: 54.3 . 55.4
Void Content, Vol %: 11.2 - 12.3

!

1]

Photomicrographs Jere also made of transy
sample of the FMS/NR150A2-060X rod.
graphs are shown in Figure 3-3.

12.3%) can be seen in Figure 3-3.
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Typical samples of such photomicro-

The relativeiy high void content (11.2%7 -
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Samples_from the nost
properties.
round rod

-Cured rod stock were th
Tensile and flexural tests were

» and good properties were displayed
from those tests are given in Table 1.

Zi evaluated for mechanica) .
conducted with samples from tSe
in both types of tests. Resulis
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/

Table i
FLEXURAL AND TENSILE PROPERTIES oF HMS /NR150A2-060X ROD
Flexura? Flexural Tensile
Modulys Strength Modulus
Sample No. GN/m2 (psi) HN/mz (psi) GN/m2 (pst)
1 133.0 (19.3 x 10°) | 669.5 (97.120) ..
2| M8 (21.6x10% | ss72 (126,138) | -
3 - --- 184.8 (26.8 x 105)
4 - - 174.4 (25.3 x 105)

The fiber volume, discussed above, was re
‘and 55.4 percent. This high fiber volume
© slightly higher modulus values obtained wi
pared with modulus data obtained in Phase
AFiber volume of the latter samples ranged
tensile modulus was 158.6 GN/m2 (23 x 106

latively high, falling between 543
is judged to have contributed to the
th the HMS/NR150A2- 060X when com-

I with HMS/P1700 pultruded rods.
from 50% to 54%, and the maximum
psi).
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Figure 3-3. Photomicrographs of HMS/NR150A2-060X Pultruded Rod Stock
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Figure 3-2. Photomicrograpiss of HMS/NR150A2-050X Pultruded Rod Stock (Continued)
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Thermal control coatings were also evaluated for use witn the HMS/NR150A2-060X
. high temperature rods. The finished rod stock was subjected to processing

- trials to check the compatibility and adherence chqracteristics of several

candidate coatings selected to reduce structural temperature variations and
thus permit longer structural life in the Space environment. Candifata
coatiigs evaluated were: .. ]

1. Aluminum platelets in polyurethane.

2. S13G/L0 (applied over a silicone primer).

3. A]umiﬁum platelets in a silicone base resin, /
4. S13G/LO (applied over a dual primer), /

_Tests conducted in Phase IA were preliminary and were made to determine the
coating adherence characteristics so as to eliminate coatings that tend. to
crack or chip when the rod is flexed for storage in canisters. In additior,
to determining adherence characteristics, the weight of each coating wes
determined to assess overall structural weight increzses caused by ceating
application. If required, selected thermal contrbl'coatings will be testcd
further in Phase II to assess their effectiveness in reducing material

degradation.

Four coating systems (Table 2) were obta‘ned and applied to 20.3 cm (8.0 in.)
lengths of rod stock. A1l test rods were cleaned with methyl ethyl ketone
(MEK) and then primed to improve the adhesion of the coéting. Tue primers
used for each type coating are noted in Table 2. The first type of coating
is a formulation made by the De Soto Company having aluminum platelets in an
aliphatic pulyurethane binder. ‘(he epoxy polyamide primer is also a De Soto
product. The second coating system is an improved version of the NASA
Sponsored 513G coating developed by‘the Ilinois Institute of Technology -
Research Institute (IITR1). This systen has beeh improved to provide lower
outgassing and is now designated S13G/L0. The basic S13¢/L0 system is a
silicone binder pigmented with highly purified zinc oxide, and the low out-
gassing characteristics are achieved by vacuum reduction of the RTV 602
silicon2 binder. The third system is an ALCAN aluminum platelet type using

22
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the General Electric RTV 602 silicone binder. The RTV 602 is the same binder
used for the S13G/-0 but without vacuum reduction to minimize outgassing.
This system was fornlilated in MDAC Laboratories and a 5 hour cure at 65°C
(150°F) was used to assure complete cure. A subsequent trial of this system
on an aluminum test panel indicated that cure could be achieved at rooz
temperature without difficulty. The fourth system was similar to system

_ No. 2 (Table 2j except for the use of an additional primer.

Table 2 :
SUMMARY OF PROTECTIVE COATINGS USE") ON HMS/NR150A2-060X RODS

.Note:- Al Rods Cleaned with MEK Prior to Application of Primer and Coating.

COATING HEIGHT
SYSTEM PRIMER COATING CURE INCREASE('l)
1 Epoxy Polyamide Aluminum Platelets Room +0.38¢
{De Soto); Base: in Polyurethane Temp. (+30.4%)
513X332; (De Soto); Base: :
Catalyst: 910X457 829X303, 37200,
: D3-8064; Latalyst:
910X376
2 Silicone SI136/L0 Room  +0.269
(SS4044 Silane (IITRI) Temp. (+33.6%)
IITRI) : o
3 Silicone ' Aluminum Platelets 5 Hr. +0.259
(554044 Silane) in RTV 602 Silicone; at (+20.0%)
ALCAN 4D 7100, 400 65°C
Mesh 179 powder in
100g resin
4 Epoxy Primer -S136/L0 Room +0.43g
Bostik Followed (IITRI) Temp. (+34.4%)

, by Silicone Primer
"~ (SS4044 Silane);
. tpoxy Base: 463-
i 12-8; Catalyst:
CA-116

(1) Eweight of basic 20.3 cm Rod = 1.25g (Avg.)

Weight increases showa are for 20.3 cm rod.

23



These coatings were selected to represent both low and high ratios of a e
" (solar absorptance to emittance). S13G can be considered the standard of
the industry with respect to a flexible thermal coating with a low a /c
ratio. SS4044 Silane primer is normally adequate for the promotion of i
adhesion, but one set of samples was prepared with epoxy primer on the
substrate. This choice was made because it was felt that an epoxy primer
might offer better adhesion to the substrate than the silane primer. Tests
showed approximately equal adhesion characteristics for either the single
u ~ primer or dual primer approach.

The second type of coatings evaluated offered a Tow acs like S13G, but a high
a /e ratio. Binders werc selected with respect to thelr potential for
successfully bonding to the substrate. Urethane binders lack the long-term
ultraviolet radiation resistance found in silicones such as RTV 6062. The
best ultraviolet radiation resistance would be obtatned with potassiun
silicate, but coatings formulated with this material would be too brittle for
this application.

et

Four samples are shown in Fioure 3-4 along with coated plates that can be

used to verify absorptivity and emittance characteristics of the coatings.

A1l four samples were tested to check for any tendency of the coatings to
crack or chip when the rods were flexed to simulate a 50.8 cm (20 in.) bend
radius to simulate rod storage in canisters or the flexing of helix members

in a geodetic beam. The radius chosen was based on not exceeding an outer
fiber strain in the rod of 50 percent of the strain to failure. This
criterion was chosen in initial design studies wivich are reported in

Reference 2. All protective coating systems maintained good adherence,
show1ng no 519ns of cracking when ‘the rods were flexed to the specified radius.

3.2 THERMALLY INERT PULTRUDED ROD

To achieve pultruded rods that exhibit minimum thermal distortion, E-glass
fibers were added to the basic HMS fibers to provide a near zero coefficient
of thermal expansion (CTE) in the finished rod material. In such a hybrid

W e
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material, the positive-CTE of the E-glass and resin matrix offset the negative
CTE of the HMS fibers and provides a near zero CTE material. The required hybrid
HMS/E-glass/P1700ematerial was obtained in prepreg form and subsequently pul-
truded into square cross-section rod with dimensions of 2.03 mm (0.080 n.)

on each side. Pultrusion and testing of the near zero CTE rod stock was

given high priorify because it is a key initial step in verifying the feasi-
bility of geodetic beams that can provide structures with minimum thermal
distortion. n
To obtain the required data, two 15.24 cm (6.0 in.) long samplesAwére tested
at Composite Optics Incorporated, San Diego, California. Each sample was
tested between -184°C (-300°F) and +149°C (+300°F) with an initial test to
determine thermal expansion without prior temperature excursions. The initial

. test was followed by ten cyvcles of temperature excursions between -184°C and

+149°C without recording expansions. The thermal cycling was conducted at an
average time rate of temperature change which resulted in a complete thermal
cycle every 1.2 hours. Following the ten exposure cycles, each sample was
again tested between -184°C and +149°C to determine expansion characteristics.
Data from the tests are shown in Figures 3-5 and 3-6. The remeasurements of
the thermal expahsions following the thermal cycling yielded data which were
in nominal agreement with the initial results. As shown in Figures 3-5 and
3-6, the coefficient of thermal expansion (CTE) between -46°C (-50°F) and 38°C
(100°F) is very ncarly zero, while a positive CTE occurs at temperaturés up to
149°C and a negative CTE is evident at temperatures from -46°C-to -184°C. An
average CTE of +0.198 x lo'ﬁln/m/°c (0.11-x 10'6 in/in/°F), occurs between
24°C (75°F) and 149°C (300°F) and an average CTE of -0.144 x 10'6 m/m/°C
(-0.08 x 10'6 in/in/°F) is seen for the temnerature range from 24°C to -184°C.
A small shift in the measured strain was seen after thermal cycling in each
sample. However, the slopes and shape characteristics of the strain curves
’showed good consistency. Also, during each measurement cycle the data
‘exhibited excellent repeatability at 24°C (75°F) which usually is indicative
Pf a material which is dimensionally stabie with respect to thermal cycling.
fThe results obtained from tests of the hybrid HMS/E-glass;P1700 rod stock showed
that the nhybridization apprcach to achieviﬁg near zero CTE characteristics is
highly feasible. The rod samples tested had lower E-glass content (12.7% to
16.7%) than indicated to be required for zero CTE from analysis (18.8%). " The
A 26 .
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near zero CTE values achieved with a lower than expected E-glass content is a
desirable trend since higher modulus values are avaflable with lower E-glass

content.

Photohicrograbhs $f a transverse section of the pultruded hybrid rod are shown . .

fi Figure 3-7. The light fiber ends seen in Figure 3-7 are the HMS fibers,

“while the dark fibers are the E-glass material. The nearly equal diameters

of both types of fibers made it difficult to distinguish the two fibers and

13
thus an acid etch that attacked only the E-glass fibers was used to define the
material distribution shown in Figure 3-7.

The resin content, fiber content, void content, and density of three samples
taken from the pultruded rod were as follows:

Volume Percent

Wt. Percent Void Content Density
Sample No. E-Glass HMS Resin Volume % g/cc
1 12.7 38.5 33.2 7 1.56
2 13.2 40.2 30.8 7.6 1.57
3 16.7 36.7 - 29.2 9.6 1.57

Tensile and flexure properties were also vbtained from test samples taken from -
the hybrid rod. Those properties are shown in Table 3. '

Table 3

TENSILE AND FLEXURAL PROPERTIES OF
HYBRID HMS/E-GLASS/P1700 ROD

Flexural

Tensile Tensile Flexural
4 Strgn th Modulus Strength Modulus
Sample No. | MN/m ?psi) GN/m (psi) | MN/m2 (psi) | GN/m2 {psi)
1 771.4 123.2 6 --- ---
(111,890) (18.6 x 107)
2 -—- 128.2 6
(18.6 x 107)| --- -
3 .- -—- 803.5 109.6 6.
) (116,550) (15.9 x 107)
, 4 --- --- 757.6 107.5 6
I (109,890) (15.6 x 197)

29
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3.3 SMALL DIAMETER PULTRUDED ROD

- Small diameter pultruded rods will be required for Iightly loaded geodetic

beams that have reiative1y small diameters, e.g., 45.7 cm (18 in.) to

101.6 cm (40 in.) in diameter. Thus, an experimental effort to pultrude
0.89 mm (0;03§ in.) diameter rod stock made from HMS/P1700 was undertaken and
successfully completed. Four steel bushings and a final sizing die with a
teflon insert were used in pultruding the small dizmeter rods. A1l four
bushings were held at 399°C (750°F) while the final sizing die was held at

. 232°C + 14°C (450°F + 25°F). A maximum pultrusion rate of 38.1 cm/min

(15 in/min) was used to produce satisfactory rod stock. Above that speed the
prepreg tape material would spiral in the bushings and die, thus causing
twisted stock to be produced. Bushing sizes were 2.36 mm (0.093 in.), 1.85 mm
(0.073 in.), 1.32 mn (0.052 in.), and 1.064 mm (0.041 in.) Approximately
30.5m (100 ft) of the small diameter HMS/P1700 rod tas produced by CEC.

Tensile and flexural properties were obtained from test samples taken from the
small diameter rods. Data from those tests are presented in Table 4,

Table 4

TENSILE AND FLEXURAL PROPERTIES OF
- SMALL DIAMETER HMS/P1700 ROD

o Tensile Modulus | Flexural Strength | Flexural Modulus
Sample No. f/me (psi) MN/m2 (psi) GN/m2 (psi)
1 198.2 6 .- —
(28.75 x 10°)
2 191.3 6 - -
(27.75 x 10°) . ‘
3 --- 1,413.3 190.3
. ' (205,050) (27.€1)
4 - 90.14 . 167.8
(130,700) (24.34)

Photomicrographs were also made of transverse sections taken‘from rod samples

* (Figure 3-8). Good uniformity of fiber distribution can be noted iy Figure 3-8.
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aphs of 0.89mm Diameter HMS/P1700 Pultruded Rod

P
¢
(‘k-
Figure 3-8. Photomic




The successful production of the 0.89 mm diameter pultruded rod stock demon-
strates the feasibility of producing rods small enough to fabricate smaller
diameter geodetic beams. Geodetic beams of smaller diameters (45 tc 100 cm)
will be required in certain space structures such as smal] platforms and in
"Tightly loaded truss members.

34
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ADVANCED JOINT ENCACSSULANT MATERIALS

The development of long life pultruded rod material with service temperature

“capability up to the range of 204°C (400°F) to 260°C (500°F) require similar

capability in jbinl encapsulant materials. Accordingly, evaluations of

" encapsulant materials with higher temperature capabilities than the Versimid

1200 were undertaken as an extension of the Phase I Joining investigations.
Versimid 1200, a polyamide inaterial used in Phase I test cylinders, has a

“service temperature of approximately 163°C (32:°F). To maintain comparative

test evaluations, Versimid 1200 was retained in the Phase IA testing of
encapsulant materials.

As a first step in encapsulant evaluations, a survey of candidate materials
""was made. This survey resulted in the selection of the materials shown in

Table 5.
Table 5
CANDIDATE ENCAPSULANT MATERIALS
Material Material Service Kold Injection
Designation Type Temperature ~Temperature
Versimid 1200 Polyamide 163°C (325°F) 260°C (500°F)
VAR 4032 Polyester 204°C (400°r) 329°C (625°F)
VAR 6019 Polyester 204°c (400°F) | 246% (475%F)
Upjohr 2080 Polyethersulfone 232°C (450°F) | 399°C (750°F)
JF-1008 Potyethersul fone 232°C (450°F) | 399°C (750°F}
OF-1008 Poiyphenylsulfide 232°C (450°F) | 399°C (750°7)

Encapsulant tests were initial]y conducted to define injection temperature

and pressure requirements for each material. Acquisition of such data was
considered an essential step since excessive temperature and pr2ssure requlre-
ments could cause excessive nower usage in orbital operatlons of the beam.
builder. Thus, material, requiring excessive power may be eliminated through

initial screenirg tests.
I
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A1l materials were received in cylindrical pellet form, pellat dimensions -
ranging from approximately 3.0 mm (0.12 in) in diameter by 6.4 mm (0.25 in)
ir. tength to 6.4 mm (0.25 in) in diameter by 12.8 mm (0.50 in) in Tength.
The pellets were first tested at atmospheric pressure to determine if heating
at relatively low pressure could be used to melt and then resolidify the
encapsulant material into cylindrical slugs sized to fit in the recepfac]e of a
hot-melt injection gun. Such initial tests were successful with Versimid
1200, VAR 4302 and VAR ©019. The successfully molded VAR 4302 and VAR 6019
slugs are shown in Figure 4-1. Further trials were conducted using a heated
mold which could be pressurized. The test equipment used,%or this phase of
testing is shown in Figure 4-2. The temperature used for Upjohn 2080, JF-1003,
and OF-1008 was 343°C (650°F) and the pressure was 17.2 HN/m2 (2,500 psi).
None of these three materials could be melted and resolidified at that
temperature/pressure combination. Figure 4-3 shows failure of the Upjohn
2080 material pellets to flow, the resulting slug retaining the original form
of compacted pellets that crumbled apart when handled.
: /
The VAR 4302 and VAR 6019 slugs were subsequently tested for use in the hct
melt injection gun. The current gun configuration has a temperature capability
of 246°C (475°F) for melting the resin slug. This temperature proved satis-
factory for the VAR 6019 and Versimid 1200 materials, but was not sufficient
to cause the VAR 4302 to flow. A test joint (Figure 4-4) was made using the
VAR 6019 material in the hot-melt injection gun to join three HMS/NR!50A2-J60X
pultruded rods. Chopped graphite fibers (1C% by weight) were mixed with the
VAR 601¢ and VAR 4302 pellets during the molding proceés, thus providing
finished slugs containing dispersed fibers.

The limited teiperature capability of the current hot-melt injection gun
restricied fabrication of test joints to those made with VAR 6019 and

Versimid 1200 naterials.

initial samples of both types of encapsulated joints were fabricated using
HMS/NR150A2-060X rods. The sample encapsuiated joints were then tested to
determine out-of-plane joint stifiness for each of the encapsulaat materials.
Results of those tests are shown in Figure 4-5. The local spring




Figure 4-3.

Figure 4-2. Heated and Pressurized Mold for Forming Cylindrica! Slugs of Encapsulated Material
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4. Removal of Resin Slug

b. Unsolidified Slug

~ Figure 4-3. Pressurized Mold:~g Trials with UpJohn 2080; Pressure = 17.2 MNlmz, Temperature = 343°C
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Figure 4-4. Encapsulated Joint Made with VAR 6019
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conséant, 2, obtained from the test data in Figure 4-5 are lower than
obtained earlier in Phase I with Versimid. 1200 egcapsulated Joints using
HMS/P?700 rods. However, fairly wide ranges of K determined in Phace I did
not significantly change the local buckling cqefficient; c (Refereggg 2)}
Results of the encapsulant evaluations showed that polyester systems (VAR 4302
and VAR 6019) were capable of being formed into slugs or rods that can be fed
through hot-melt injection equipment. -Satisfactory joints w3§e made from

- VAR 6019 material, as well as Versimid 1200. In contrast, Upjohn 2080,

JF-1008, and OF-1008 were not successfully consolidated from the as-received
pellet form to a slug or rod shape that can be used in hot-melt injection
equipment. Those materials would.require additional evaluations to fully
determine their suitability as encapsulant materials for high temperature
service conditions in geodetic beams.
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.- and advanced Joint ercapsulant materials are presunted p

2. The short time at elevated

3. High tensile and flexural medu

- Section 5
CONCLUSIONS AND RECOMMENDATIONS

This sectior presents the conclusirg reached ag

in Phase JA. Also, recommendations for Phase II
efforts, are made, )

a result of the work conducteq
» 35 affacted by phase 1A

5.1 CONCLUSIONS

reported in Sections 2, 3, and 4,

Gaodetic Beam Locai Attachments

structuraj drrangemahts'réquiring local beam-tg
will be requiped in near-tem large space Systems,

2. Use of external elliptizal frames provides a significant range of
angular intersections for the geodetic beam,

3. Feldable cradles offer ]ightweight. compact
for Joining crossing geodetic‘beams. B

4. Frames and fittings can be eaéi]y attache

geodetic bean for use in equipment attachment
beam-to-beam Joining.

Long Life Materia}l

1. High temperature HMS/NR150A2L06OX round

3.8 cm per minute (.5 in/min.).

temperature during pultrusion resulted ip
Pertial cyre, necéssitating Post-cure of the rods aftep pultrusion.

Tus values were exu’bited by the Post-cured
rods. Tensile modulys averaged 179.¢ GN/mZ(ZB.I x 108 psi) and flexura]
modulys averaged 141 GN/pml (20.4 x 106 psi).
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4, AN four protective coatings evaluated with the HHMS/NR150A2-0€0X rods

- Showed good adhesion with no tendency to chip or crack when the rods

were flexed to simulate canister storage or helix radif in geodetic
beams.

Hybrid pultiruded rod stock (HMS/E-gIass/PI?OO) was demonstrated to
have a Tow coeff1c1ent of thermal expansion (<0.20 x 10 m/m/°C or
<0.11 x 1076 in/in/°F) in the range of -184°C (-300°F) to +149°C

(+300°F).

Pultrusion of 0.89 mm (0.035 in.) diameter rod stock was successfully
demonstrated using HMS/P1700 prepreg material.

Advanced Joint Encapsulant Materials

1.

Encapsulated joints were successfully demonstrated with a high tempera-
ture polyester material (VAR 6019) having a service temperaiure capa-
bility of 204°C (400°F). ) _

Satisfactory strength and stiffness characteristics were exhibited in
tests of the joints made from VAR 6019.

5.2 RECOMMENDATIONS

The following recommendations for Phase II activities are based on results
of Phase 1A work.

The use of hybrid HMS/E-glass/P1700 rod material is recommended for
Phase II test articles because of its low CTE characteristics and
because of the large percentage of large space structures having ‘
temperatures in a range permitting use of the P1700 resin system. This
recommendation is reinforced by the necessity to postcure the HMS/
NR150A2-060X rod stock after pultrusion. Also, the notification by du
Pont that NR150 series resins are no lTonger available would necessitate
development of another high temperature pultruded rod mater:al.

In keaping with the use of HMS/E-glass/P1700 rod material, it is

recommended that Versimid 1200 polyamide be used for joint encapsdla- '
tion.

43

e s A e kit 4% an et B aier i orm 4 e e oo 2 —~



Section 6
REFERENCES '

1. Space Construction System Analysis. Part Il Mid-Term Briefing, Contract
NAS9-15718, 16 October 1979. -

2. Development of a Compbsite Geddetic Structure for Space Constrdétion.
Phase I Final Report. Contract NASS-15678, October 1979.

44




=
©




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65



