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OREWORD

This quarterly report was Prepared and ia submitted by the Denver
Division of Martin Marfetta Corporation in accordance with the requiras-
ments of Exhibit "A", Report Requiremonts of Contract NAS8~29979. Thie
is an 18 month contract conaisting of a 6 month Phasa I and a 12 month
Phase 1I. Phase I work was reported in Interim Report No. MCR-74-92,
March, 1974. This auarterly report covers Phase II work performed during
the period from March 1, 1974 to May 31, 1974. The program is sponsored
by the National Aeronauti-s and Space Administration, George C. Marshall
Space Flight Center, Huntaville, Alabema, with Mr. Carl Loy, the Contract-
ing Officers' Representative (COR). The Program is being performed by the
Stress, Test, and Advanced Structures Section, Structures and Materials
Department, Martin Marietta Corporation--Denver Division, with Mr. John
R. Lager serving as Program Manager (PM).

The following Martin Marietta personnel have been prineipal contribu-
tors to the program: Joseph W. Maccalous and Bernard M. Buxke, Composite
Fabrication; Alan E. Muhl, Metal Fabrication; Arthur Feldman Materials;

Joseph M, Toth, Jr., Design and Analysis; and Major L. Sansam, Structural
Test.,
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1. INIRODUCTEON AND SUMMARE

During Phase L of Contract NASB~29979, Deaign, Fabrication, and

Pest of Lightweight Shall Structure, A4 cylindricul gheil skirt structure 1

4.57 m (180 in,) in diameter and 3.66 m (144 in.) high was suhjected to '

a deaign end analyais study using a wide variety of gtructural materials

and concepts. The dasign loading of 1225.8 N/em (700 1b/4n.) axial com

pression and 245.2 Nfem (140 1b/in.) torsion is representative of that

expectad on & typlcal Space Tug skirt section. Seructural concepts

evaluated included honeycomb gandwich, truss, isogrid, and akin/atringerl

grame., The materials considered included a wide variety of structural

metals as well as glass, graphite, and boron-reinforcad compoaites. The

most unique characteristic of the candidate designs {g that they involve

the use of very thin-gage material. Fabrication and structural test of

small panels and components representative of many of the candidate de-

signs served to demonstrate proposed fabrication techniques and to verify

design and analysis methods. Three of the designs avaluated, honeycomb

sandwich with aluminum faceskins , honeycomb gandwich with graphite/epoxy :
faceskins, and aluminum truss with fiberglass meteoroid protection layers !
were selected for further evaluation. These concepts result in overall i
cylinder gtructural weight in the range 2.59 to 3.08 kglm? (0.53 to 0.63

1b/££9) .

This quartexrly report covers the first three months effort under
Phase 1L, Fabrication and Test., During this phase, three structural
components of each of the three gelected structural concepts will be
fabricated. A development panel with approximately 1.83 m by 0.915 ®

(6 £t by 3 £t) overall dimeneions will be £abricated for each atructural
concept. These panels will serve to verify fabrication technlques and
will not be subjected to structural test. Successful fabrication of the
development panels will be followed by fabrication of 1.83 m by 0.915 m
(6 £t by 3 £t) compression panels whizh will be subjected to axial com
pression test loading. A 0.915m by 0.915 m (3 £t by 3 £t) panel of each
concept will also be fabricated and subjected to pure ghear test loading.
Progress during the f£irst quarter of Piiase L1 included, procurement of
all materials raquired for Phase LI, structural test plan jgsued, fabri-
cation drawings completed, fabrication plan completed, fabrication of
graphitelepoxy faceskins, chem mill of aluminum faceskins, chem mill of
some aluminum txuss components and fabrication of graphitelepoxy honey-
comb sandwich 1,83 m by 0.915 m (6 £t by 3 £t) development panel.’
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1T, PHASE II - FABRL ND_TES

Work during Phasc 11 of contract NAS8~29979 involves verification

of the pradicted potential of threc tightweight shell atructural conceapts
; designed and selected during Phase I. The aluminum honeycomb sandwich
% coneept utilizes 0,025 cm (0.010 inch) thick 2014«T6 aluminum faceskins
! : bonded to 1.51 ¢m (0.595 inch) thick 1/8-5052+0,0007~3.1 aluminum hexcel
i : core using 0.0035 inch thick FM-24 £ilm adhesive. The graphite/epoxy
honeycomb sandwich concept uses identical core and adhesive but has
0.041 cm (0.016 inch) thick, six layer graphite/epoxy facesking, The
aluminum truss concept uses basic 3.81 ¢m by 2.86 cm (1 1/2 inch by
1 1/8 inch) 2024-T3 aluminum tubing with 0.125 cm (0.049 inch) wall
thickness. These basic tubes are chem milled to different web and
flange thicknesses for the individual truss components, The joint
attachment is made using doubler plates mechanically fastened with
CR-2251 6-2 bulbed cherrylock rivets, A 0,010 cm (0.004 inch) thick
fiberglass sheet is bonded to the inmer and outer surfaces of the truss
to provide meteoroid protection,

ToR T AT TR L T e e ety &

, Three panels, a 1.83 m by 0.915 m (6 £t by 3 ft) development

' panel, a 1,83 m by 0,915 m (6 £t by 3 ft) compression test panel, and
) 8 0.715 m by 0,915 m (3 ft by -3 ft) shear test panel will be fabrica-
' ted for each of the three structural concepts. Successful test of

these panels will help to verify the predicted potential of these
lightweight shell concepts,

; Design drawings of the panels to be fabricated during Phase II
3 are included in Appendix A, These drawings will be updated in the

event design changes are required due to unforseen manu facturing
difficulties.

Phase II panel fabrication plans, listed in Appendix B, were
developed based on experience gained during Phase I fabrication develop-
ment work., The only expected added difficulty is related to the
significantly larger size of Phase II panels,
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A, OCpaphlite/Rpoxy Hopeyeomb Sandwich Fabricatica

ALl of the graphi.te/epoxy faceskins required fox the three
sandwleh pancls have been fabricated. The basic layup of these face-
aiting 18 shevn gchematically and in a typieal photomicrngruph in
figure 1., layup of one of the akins during application of the f£ifth
layer is shown in figure 2, Care must be tal 7 during layup to make

good splices botween adjaceni strips of prepreg in A particular layer.
voidable, however, 2

Some degree of overlapplng or gapplng 48 una
o compaction was developed during vhase TT which
{n the curcd facoskin,

method of precur

oliminates perceivable seams or ridges

= =&~ ., Jhin Layup
[us' T300/5208 Graphite ¢ = 0.0013 in.

4.5
e

'} et —&%* 130073208 Graphite t = 0.0015 in.
fo* Tyes 1/3200 Graphice & = 0.00% in,
[0° tyee 145208 Graphita t » 0.905 in.

t&?gg,c:“ ) [-u' T100/5209 Graphite t = 0.0015 in.
' +45* TI00/5208 Graphita t = 0.001% in.
Fr-24 Adhesive 0,025 Lu/ie?
Alualnum Honsyconb Cord
o sy e e o e 1/8-3032-0,0007-3.1 1b/te?
T \- L Dirsction, 0°

__,___[ Sama an Above.

(h) iunaycomb Sandwich o Uraphite/Bpuny Face Ekine

Figure 1

Graphite/Epoxy Panel Configuration

tem used for all graphite/epoxy faceskins is

The vacuum bag 8Y8
Again, this pystem was ghown to be

ghown schematically in Figure 3.
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L Vacuum Bag System for Graphite/Epexy Faceskins

Vacuum Rag

Style 120 Glasa Cloth (2 plys)

80lid Teflon Film

3 Layers - Style 120 Glass Bleed Cloth

Perforated Teflon Film

_rT .. e T "

Pink Release Cloth

LTl ed  Graphite/Epoxy Faceskin Laminate

Perforated Teflon Fllm

e T AT T vy e

Style 108 Glass Bleed Cloth

Solid Teflon Film

Bl L i A S

Aluminum Tgol

e s Y e i e A

Process

1. Compaction Cycle
a., Vacuum bag system shown above
b. Full vacuum pressure
¢. Heat to 180°F in 45 min,
: d. Hold at 1B0°F for 10 min,
. e, Remove from autoclave and hand roll
(Note: Do not remove bag system)

2. Cure Cycle
a, After compaction, with same bag system, place in autoclave
b, Cure per NARMCO 5208 cure cycle

Figure 3
Graphite/Epoxy Faceskins
Vacuvm Bag System
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natisfactary during Phase 1 development work, Priar to eure, the fully
bagged part was heated Ln the auteelave to 180°F in 45 minutes, held
for 10 minutes and immediately removed fvom the sutoelave. The hested
layup wan then compacted with teflon paddles as shown in Figure & to
remove cidges and irregularities cauaed during layup, The compacted
part was then placed back in the autoclave and cured using the Narmeco _ |
3208 cure cyele. The deaired and actunl cure hiatory of one of tha i
graphite/epoxy faceskins is shown in Figure 5, A fully eured face-
skin i1s shown in Figure 6, Pertinent data about the. five fabricated
graphite/epoxy faceskins are listed in Table 1. The avarage thickness
of the five shects Ls slightly higher than hopad for due to proportion-
ally smaller edge resin bleed for the larger laminates. :
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F
t Pable 1
E Sraphfre/Epoxy Faceskins
[
J
: Faceskin laminate | Length Width Wolght,
f‘ Dasignation Inches Iuchos Lb,
[ (Cw,) (Cm.,) (Kg.)
{
DP-Type L-Gr-16a | 73.88 36.37 -
(187.50) | (v2.30)
] DP-Type T-Gr-168 | 73.88 36.37 —
. (187.50) | (92.30)
CP-Type 1-Cr-l6a | 73.88 36.97 2.70
; (187.50 (92.30) (1.226)
CP-Type 1-Gr-ibb 73.88 36.37 2,78
f (187.50 (92.30) (1.260)
; sp-Type 1-Gr-16 73.77 36 .34 2,26
‘ (187.40) | (92.40) (1.025)

Avuerage
Thickness
Inches

L) ]

0,018
(6.0 +¢)

he 0 U
WL LU46)

0.018
(0.046)

0.018
(0.046)

0.015
(0.038)

10
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L. Aluminum Honeycowh gandwleh Fahrieatlon

The basle panel eonfiguration for the almaloum honeycomb coneept
and a typileal photomterograph of A L0248 em {0,011 ineh) thiek faceskin
ponded to alumipum hexeel core {s shown In Flgure 7, All of the fneoc-
aking for the aluminum honeycomb randwlel panels were fabrientod
duxing this quaxter by chembenlly milling 0,101 cm (0,040 fneh) thiek
2019-16 aluminum sheet down Lo 0,025 em (0,010 inchea)wlth a tolerance
of ~0,000 ewm, and 0,005 cm, (10,002 inchen) on the fintahed thleknens,
hickneas datn and comments on the neven 1.83 m hy 0,915 m (6 fit. by
3 £t,) aluninum sheeta which wore chemfenlly willed are 1iated in Qable
2, TFacoskine nubered 2 and 3 will be used to fabricate the 1.83 m by
0.915 wm (6 ft. by 3 f£t.) devolopment panel, These sheoets are sliphtly

= i 2o SN

e

2014 T Alunlnus
v = 0,010 in.

B 1 [ #4264 Adheatve 0033 wiee?

L.Ag5 co [Mumlnum Moneycums Core

{0,385 in. 1/8-3052-0,0007-).1 wied
L Direction, 0

[ same aw Above.
| LI

(&} Humaycumb Sandwich « Alunfnun Face Sking

—
v
—

Vigure 7
Aluminum Panel Configuration
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TABLE 2
ALUMINUM FACESKINS

; _
i Sheet Minimum Max imum Average Comment
E ' Number Thickness, Thickness, Thickness,
E Inches Inches Inches
(em,) (em,) {(~m.,)
; 1 0.0105 0.0119 0.0112 Good
i (0.0267) (0.0302) (0.0284)
E 2 0.0115 . 0.0134 0.0121 Slightly
i (0.0292) (0.0340) (0.0307) Thick
3 3 0.0112 0.0132 0.0121 Slightly ;
: (0.0284) (0.0335) (0.0307) Thick !
: 4 0.0106 0.0118 0.0114 Good |
: (0.0269) (0.0300) (0.0290) ;
: f
2 (0.0277 (0.0307) (0.0290) ;
6 0.0093 0.0115 0.0110 One small 15
(0.0249) (0.0302) (0.0279) Wrinkle i
7 0.,0101 0.0120 0.0111 Two small .-
(0.0256) {0.0305) {0.0282) Wrinkles !

12
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thicker than oxiginally desived, Experience gained in chemically
mllling these aheets resulted in the development of techniquer o~
quixed to be able to meot thickness tolerances, Faceskinsg numbered
4 and 5 with average thicknesa of 0,0290 em (0,014 4n) will be used
to fabrieate the (6 £t by 3 f£) pancl for compression tusting and
unmber 1, with average thickness of 0.0284 cm (0,0112 fnches) will
be uwsed to make the 0,915 m by 0,915 m (3 ft by 3 ft) shear taat
panel .

The sﬁep by step fabrication process used to chemically mill the
aluminum sheets §s listed in Appendix B - Manufucturing Processes, A
typlcal panel just prior to being immersed in the etchant solution is

shown in Figure 8 and same pancl immediately after removal is shown in
Figure 9,

Chemically milling large aluminum sheets to thin (0.010 inch)
gage with reasinable finished thickness tolerance and surface quality
requires that the starting blank be free of surface ivregulaxities and
have uniform thickness, The thickness tolerance on the 0.101 cm (0.040
inch) 2014-1T6 aluminum sheets used was approximately *0,.0013 c¢m (*0,0005)
incheg) and the chem milled sheets hal a tolerance of % (.02 em
(£0.001 inches). Thickness variation caused by chem milling is aeso-
clated with etchant being in contact with the bottom portion longer
than the top pcrtion during dipping and removal operations. This

effect 13 ninimized by rotating the part after each .aterial removal
operation.

The thin aluminum sheets are very flexibie and, therefure, were
attached to a plywood board during the chem mill operation, The sheet
Ls chem milled from one side with the side adjacent to the plywood
board masked off fo prevent etchant attack, Removing materlal from
one rather than both sfides results in better thickness control, how-
ever, lt does cause some curvature of the fir‘shed skin due to releuse
of residue stress. 'This curvature is not structurally degrading since
it requires very little force to flatten the sheets,

13
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o Alwiknun Trugy Confinuration

The aluminum truss configuration shown in Figure 10 contains tubular
aluninum truss memhers mochanieally fastened at the joints uring doubler
plates and blind cherry rivet Fastenars, The innep and outer surfaces
of the truss will be covered with thin (0,010 cm) fibaerglass cloth sheets
to provide meteorold protecetion., The flanges and webs of the truss hori-
zontal and diagonul mombers will be chemically milled to final dimensions.

The three pancls, development, compresaion and shear, shown 1in Appen-
dix A drawings are in the process of being fabricated., The general manu-
facturing workflow plan for these panels is ghown in Figure 11, The Proceas
plan to be used ig given in Appendix B, Two truss components, a horizontal
and a diagonal member, have been chem milled to verify the bproposed process
prior to initiation of large pane} fabrication, The tubes were plugged at
both ends, one end with g vent tube, and masked for the chem milling opera-
tion. The maskant wag firat pealed off of the opposing sides to be cham
milled to the smallegt thickness. Thesc sides were milled until the same

thickness of material remained te be chem milled off of all four sides.
The remaining two sides were stripped of n

thickness. Dimensional tolerance on this thickness was held within the
0.005 cm (0.002 in.) range desired,

All of the truss tube details and doubler plates for the three panels
have been cut to size, The tube details are being prepared for chem mil=
ling,

. The tool for assemb
tube members of each truss will be uge
members. Each vertical tube will be

(The tool 1g edsentlally a large flat
diagonul membexs will

into the tubes using t

steel tabla), Horizontal and
be fitted to the tool and then rivet holes drilled
he doubler sheets as guidesg.

The development and com

Pression test panels will yge 8pot welding at
the top and bottom jolnts a

8 indicated on the fabrication drawings of
Appendix A, To verify the propoged welding techniques, doubler plates
were welded to the top and bottom flanges of a tube section. A copper
mandrel was placed inside the tubing for current flow and the top and
bottom spot welds werc mde simultaneougly. This was also accomplished
using weld=bonding in which an adhesive is added at the interfaces prior
to spot welding,

To determine the strength of the 8pot welds, test samples were welded

and tested in axial tension, A single spot weld had an ultimate strengih
of 2920 N (650 1bs) Per spot while a weldebonded 8pot with one square
inch bond avea failed at g load of 9870 N (2200 pounds) .

16
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D, Stxuctural Tent Plan

1. Introduction

During Phase I of NASA Contract NASB-20979, "Design, Fabricatfon
and Teat of Lightweight Shell Structures,” a cylindrical shell reprasen-
tative of Space ‘fug body structure wag designed using a wide variety
of structural concepts and miterfals, Flaven (1)) of the designs were
gclected as being feasible candidates and of these, nine (1) were
subjected to further evaluation through fabrication and test of smull
development panels, Results of the Phase I study are given in an
Interim Report, numbur MCR-74-92. Three (3) of the designs evaluated,
honeycomb sandwich with aluminum faceskina, honeycomb sandwich with
graphite/epoxy faceskins and aluminum truss with fiberglass meteoroid
protection layers were selected for further evaluation, This test
plan defines atructural tests to be performed on development test
panels from each of the three structural concepts,

2, Purpose of Tests

The purpose of these tests is to verify predicted streagth and
stiffness of the selected Phase I structural concepts. Results of the

tests will be used in selecting the most feasible structural concept
for Space Tug body structure, -

3. Description of Test Specimens

The test specimens consist of three compression panels approxi-
mately 1.83 m by 0,915 m (6 £t by 3 ft) and three shear panels approx-
imately 0,915 m by 0,915 m (3 ft. by 3 ft.)
each of the three different structural concepts.

The honeycomb sandwich concept wich aluminum faceaskina, shown in
Appendix A,consists of 1,51 em (0.595 inches) thick lightweight 1/8-5052
0.0007-3,1 alumtnum hexcel core with 0.025 cm (0,010 inch) thick
2024-T6 aluminum faceskins., Load introduction capability is provided
by bonded on fiberglass end and edge tabs as shown,

The honeycomb sandwich concept with graphite/epoxy faceskins, shown
in Appendix A, has a sandwlich core identical to that used ifor the alu-
minum panels and all graphite/epoxy faceskins, These faceskins consigt
of four (4) 45° layers of thin (0,0038 cm thick) T-300 graphite/

Narmeo 5208 epoxy material and 0,025 cm (0,010 inches ) of 0° HM
graphite/Narmco 5208 epoxy. Agailn, fiberglass tabs are provided for
load introduction. The faceskin/core bond on all of the honeycomb

sandwich panels is accomplished with thin (0.0089 cm thick) FM-24
adhesive film,

The aluminum truss concept shown in Appendix A, is built up of
2,86 cm by 3,21 cm (1 1/8 inch by 1 1/2 inch) thin 2024-T81 aluminum
tubes tastened together at the Joints with the aid of doubler plates
and CR-2251-6-2 aluminum blind cherry rivets. The inside and out-
side truss surfaces are covered with bonded on thin (0,010 cm thick)

19
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fiberglans/epoxy sheaca for meteorold proteetion, Lead introduetion
capahility ia provided at appropriate truss joints hy thickened alu-
minum xegions to recalve 0.95 em (3/8 fnch) diameter test bolts,

A, Xeat Loadn

The design ultimate loads the expec’ ed maxlmam test leoads and
asnocfated deflections for Ll tost panrsi are Listed In Table 3, load
application shall be in inerements of W percent of design ultimate
load until 90 percent of design ultimats 1s rouchad and In 5 por cent
increments therenftor until fatlure, Teat data shall be recorded at
the ond of ench additional incerement of \oading,

5. Meghod of Test
a, Compression Panels

A schematic dlagram of the test setup fur the two hioneycomb
sandwich comprcssion test panels is shown in "igure ll Uniformly
digtributed axlal compressive load shall be introduced into the test
panel through bolted on aluminum test angles., The test specimens have
bonded on fiberglavs end reinforcement for distribution of test loads,
The sides of the test panels shall be supportec during test as shown
in Figure 11, Side support angles shall prevent or resist motion nor-
mal to the panel surface and rotations at the sides, however, tha
panel shall he free to move vertically,

The test setup for the aluminum truss compression specimen,
shown schematically in Figurel2, shall provide for application of
equal axial compressive load at the ende of each axial stringer.
Doublers at the ends of each stringer provide meant for mechanically
attaching test load introduction angles, The sides of the test panel
shall be supported at truss joints such that motion normal to the
plane of the panel and jolnt rotation is resisted, The side support
shall, however, permit free vertical motion of the sl’de stringers.

b, Shear Panels

Uniformly distributed edge sheaxr load shall be apslied to the
honeycomb sandwich shear test panels through a rigid "plcture frame"
apparatus as shown in Figure 13, The test panels are provided with
fiberglass edge reinforcement for mechanical attachment »f the loading
frame, The unloaded corners of the test panels shall be supported
such that deflection normal to the surface of the test panel is resisted,

The test setup for test of the truss shear panel is shown sche-
matically in Figureld, Equal axial tengile loads shall be applied
at the truss jolnts as shown through a single 0.95 cm (3/8 inch)
diameter hole through the reinforced joint regions. The unloaded
truss corners shall he mupported in an manner similer to thet used
for the honeycomb sandwlch shear panels,

6. Instrumentation
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MCR~74-106/

Material atrains during test shall be monitorad using eighteen
(18) strain gagea per test panel located as shown in Figures 11-14
Strains ahall be recorded at the end of each added increment of load-
ing. Linear motion of .oints on the test panels shall be measured
uaing lincar motion tranaducers located as shown in Figurs 11-14, The
test panels use six (6) linear motion transducers each,

7. Test toring and Inspection

Photos shall be taken of the untested panels, the test setup
prior to test and the failed panels, Anomolies in the test panels

prior to test shall be fully documented photographically and in
writing.

8. Test Report Requirements

Copies of the raw test data shall be provided to the program
manager the day following complcticn of each test. A furmal test
repoxt including photos and plotted data shall be written by the test
engineer following completion of the total test program,




I11. Schedule and Plan for Future Work

The program master schedule indicating the pori:ion of work com-
pleted £s shown in Figure 13.

The following work Ls planned for the sccond quarter of Phase II:

1. Complete fabrication of all panels,
2, Complete structural test of honeycomb sandwich panels,
3, Ultrasonic inspection of honeycomb sandwich development pane.s.
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APPENDIX B

MANUFACTURING PROCESSES
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L. FABRICATION PLAN GRAPHITE/EPOXY
HONEYCOMB_SANDWICH PANELS

Faceskin Fabrication

1.
2'
3.
b
5.
6.

7.
al
9.
10,

Prepare layup tool for fabrication of faceskin

Cut graphite/epoxy prepreg details,

Layup six layers of graphite/epoxy

Apply vacuum bag system and evacuate

Place in autoclave, heat to 180°F in 30 min and hold for 15 min
Remove heated part from autoclave and compact with teflon paddle
while hot

Place back in autoclave and cure per Narmco 5208 cure cycle
Remove cured faceskin from autoclave

Remove vacuum bag system and trim faceskin to desired dimensions
Repeat above steps for second faceskin

Honeycomb Sandwich Panel Fabrication

1.
2.
3.
4,

5.
6.
7.

8'

9I

10.
11.
12,
13.
14.

15,
16,
17.

Lightly sand rough side of two graphite/epoxy faceskins

Clean with MEK solvent and seal in clean bag

Cut aluminum honeycomb core to size

Clean core pieces by degrease, alkaline clean, rinse, deoxidizer
etch and rinse operation

Cut FM-24 adhesive film to required sizes

Cut Narmco Metlbond 6602 core splice adhesive to size

Layup faceskin, FM-24 adhesive, core and core splice, FM~24 adhesive,
faceskin and 0.025" aluminum caul plate on layup tool

Apply vacuum bag system and evaluate

Cure in autoclave using FM-24 cure cycle

Remove cured part from autoclave

Remove vacuum bag system and trim cured panel to desired dimensions
Prepare fiberglass end or edge reinforcement details for bonding
Prepare panel end or edge regiuns for bonding

Place fiberglas reinforcement pieces and FM-24 adhesive film on
sandwich panel

Place in holding tool

Cure in autoclave using FM=24 cure cycle

Remove from autoclave and trim to finish dimensions
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f I1. FAB ON PLAN HONEYCOMB SANDWICH PANELS
Faceskin Fabrication

%} 1, Mask one side of aluminum sheet to be chem milled

5 2. Attach masked aluminum to plywood sheet for support

: 3. Chemically mill to intermediate thickness to determine ctch rate
- 4. Chem mill to desired thickness in steps rotating part after each
: atep
= 5. Remove masking material from finished aluminum sheet !

. 6. Store in sealed bag .
i 7. Repeat above steps for second faceskin i

Honeycomb Sandwich Panel Fabrication

i,

Follow steps 3 through 17 of Table 1, Fabrication Plan, Graphite/
Epoxy Sandwich Panels
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TiT, FABRLCATION PLAN ALUMINUM TRUSS PANELS

Truss tube components

1. Cut aluminum tube components to desired lengths

2, Mask and trim apprepriate axcas prior to chem mill
3. Chemically mill to desired dimensions

4, Trim components te final dimensions

Joint doubler plates
1. Cut doubler plates to desired size
2. Drill guide holes in plates to be used on top surface of panel

Fiberglass meteorold protection sheets

1. Prepare layup tool for fabrication of fiberglass sheets
2. Cut single style 112 prepreg cloth sheet to size

3. Layup fiberglass sheet and vacuum bag system and evacuate
4., Cure in autoclave using Narmco 5208 cure cycle

5. Repeat above steps for second sheet

Panel Assembly

1. Place truss tube components and joint double plates in assembly
tool .

2. Drill holes using upper doubler plates with predrilled holes as
templete '

3. Attach using bulbed cherry lock rivets

4. Spotweld end doubler plates of compression pancl at appropriate
places :

5. Remove panel from holding fixture

6. Heat treat in oven to obtain -IBl temper
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