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FOREWARD

This quarterly technical report was prepared by the Space Systems
Group of Rockwell International, under contract NAS1-15371 for the Materials
Application Branch, Materials Division, NASA Langley Research Center,
Hampton, Virginia. Mr. Robert }. Baucom is the NASA Program Manager.

The following personnel have contributed to the work performed during
this reporting period:

J. D. Leahy Program Manager

R; K. Frost © Project Engincer

J. H. Bosler S Quality Control - NDI

R. J. Demonet Physical Testing

P. J. Dynes Materials Technology

C. L. Hamermesh Materials Technology

D. W. llouston Materials Tochnology

J. 8. Jones Process Development

R. L. Long " Speci[icutﬁons Devclopmenf
A. A. Stencersen Materials Technology

J. D. Leahy
Proiiram Manager

PRECEDING PAGE BLANK NOT FILMED

iii



% Rockwell
: 7 International

Space Systems Group
CONTENTS

SECTION PAGE
1.0 Introduction . . . ., . .. ... ; o o ; |
2.0 Program Plan e |
3.0 Program Progress e e o e s 4 t 6 o a4 6 s e 0 s o2
3.1 Task (a) - Quality Assurance frogram et e e e e s 2
3.2 Task (b) - Process Development « + « v « o o o o + 3
3.3 Task (c) -~ Fabrication and Test . . . .. . .. . 5
" 3.4 Task (e) -~ Skin/Stringer Panel Fabrication , , ., . 6
3.5 Task (g) - Chopped Fiber Molding Fabrication . . . 7
3.6 Task (h) - Technology Demonstrator Segment Y §

et R mg mEgrr Al (SR E I Ao
r‘ﬂ:‘:ESIE\:G 1""1GC DL~y l\OT L 1‘—{-1-—

W tae s T T



FIGURE

Space Systems Group

ILLUSTRATIONS

TITLE

———r—

Development of Celion/LARC-160 Structural
Elements - NASI~15371 Program Schedule

Improved Imidizing
Cycle

C~Scan of Laminate
60 Minutes

C-Scan of Laminate
90 Minutes

C-Scan of Laminate
120 Minutes

C-Scan of Laminate
150 Minutes

C-Sc¢-.. of Laminzce
180 Minutces

C-Scan of Laminate
60 Minutes

C-Scan of Laminate
90 Minutes

C-Scan of Laminate
120 Minutes

C-Scan of Laminate
150 Minutes

C-Scan of Laminate
180 linutes

C-Scan of Luaminate
30 Minutes

C-Scan of Laminate
60 Minutes

C-Scan of Laminate
90 Miunutes

Cycle ~ Improved Cure

Imidized

Imidized

Imidized

Imidized

Imidized

Imidized

Imidized

Imidized

Imidized

Imidized

Imidized

Imidized

Imidized

vi

at

at

at

at

at

at

at

at

at

at

at

at

at

163 C,

163 C,

163 ¢,

163 C,

163 C,

177¢,

177 C.

177

(@}
-

177 C,

177 €,

1=\ Rockwell

international

PACE

13

14

17

18

19

20

21

22




FIGURE

16
17
18
19
20
21
22
23
24
25
26
27
28

29

Space Systems Group

ILLUSTRATIONS

C~Scan of Laminate
120 Minutes

C-Scan of Laminate
150 Minutes

C-Scan of Laminate
30 Minutes

C-Scan of Laminate
60 Minutes

C~Scan of Laminate
90 Minutes

C-Scan of Laminate
120 Minutes

C-Scan of Laminate
150 Minutes

C-Scan of Laminate
30 Minutes

C~Scan of Laminate
50 M9nutes

C-Scan of Laminate
90 Minutes

C-Scan of Laminate
120 lMinutes

C-Scan of Laminate
150 Minutes

TITLE

Imidized

Imidized

Imidized

Imidized

Imidized

Imidized

Imidized

Imidized

Imidized

Imidized

Imidized

Imidized

at

at

at

at

at

at

at

at

at

at

at

at

C~Scan of Process Verification
Prepreg Batch U.S.P. 2W4612

C~Scan of Process Verification

Prepreg Batch Fiberite CO161

vii

191 ¢,
191 C,
199 C,
199 c,
199 C,
199 C,
199 C,
218 ¢,
218 ¢,
218 C,
218 ¢,
218 C,
Laminate,

Laminate,

Rockwall
International

PAGE

23
24
25
26
27

28

30
31
32
33
34
35

36

2 b e n o e -



FIGURE

30

31

32

33

34

35

36

37

38

39

40

41

41A

42

Space Systems Group

ILLUSTRATIONS

TITLE

C-Scan of Process Verification
Prepreg Batch Fiberite C0261

C-Scan of Process Verification
Prepreg Batch Hexcel 22945

C-Scan of Process Verification
Prepreg Batch Hexcel 22946

C~Scan of Process Verification
Prepreg Batch Hexcel 22949

C-Scan of Process Verification
Prepreg Batch Hexcel 22950

C-Scan of Process Verification
Prepreg Batch Hexcel 22951

C-Scan of Process Verification
Prepreg Batch Hexcel 22952

C-Scan of Process Verification
Prepreg Batch Hexcel 22954

C~Scan of Process Verification
Prepreg Batch Hexcel 22955

C-Scan of Sandwich Panel Element Skin EX 242

(0,, #45, 0), Orientation

C-Scan of Sandwich Panel Element Skin EX 241

(02, +45, 0)t Orientation

Failure Modes of Sandwich Element EX 241-1,
Postcured Condition, Tested at -132C (-22G F)

TFailure Modes of Sandwich Element EX 241-1,
Postcured Condition, Tested at -132 C (-220 F)

Failure lodes of Sandwich Element EX 241-3A Aged
125 Hours at 316 C (600 F), Tested at ~132 C

(=170 F)

viii

Laminate,

Laminate,

Laminate,

Laminate,

Laminate,

Laminate,

Laminate,

Laminate,

Laminate,

Rockwell

J International

PAGE

37

38

39

40

41

42

43

44

45

46

47

48

49

50

B enin e



% Rockwell
i J International

Epace Systems Group
ILLUSTRATIONS
FIGURE TITLE PAGE

42A Failure Modes of Sandwich Element EX 241-3A 51
Aged 125 lours at 316 C (600 F), Tested at :
~132 ¢ (=270 )

43 Failure Modes of Sandwich Element EX 24 1-2A, 52
Aged 125 llours at 316 C (600 ¥), Tested at RT

43A Failure Modes of Sandwich Element EX 241-2A, ’ 53
Aged 125 Houra at 316 C (600 F), Tested at RT

44 Failure Modes of Sandwich Element EX 24 1-4A, 54
Aped 125 Hours at 316 C (600 F) Tested at
316 ¢ (600 T)

44A Failusre Modes of Sandwich Element EX 24 1-4A, 55
‘Aped 125 Hours at 316 C (600 I') Tested at
316 € (600 ¥)

45 Load/Strain Characteristics of Sandwich Element 56
EX 241-1, Pusteured Condition, Tested at -132 C
(=270 ¥)

46 Load/Strain Characreristics of Sandwich Element 57

EX 241-3A Aged 125 Hours at 316 C (600 F),
Tested at =132 ¢ (=270 T)

47 l.oad/Strain Characteristics of Sandwich Element 58
EX 241-2A Aged 125 Hours at 316 C (600 F)
Tested at R.T.

48 Load/Strain Characteristics of Saudwich Element 59
EX 241-4A Aped 125 Hours at 316 C (600 F),
Tested at 316 € (600 F)

49 Three - 122 X 26,0 Cm Bat Stringer/Skin Panels 60
Delivered at NASA-LaRC ;

50 End Views of Hat Stringer/Skin Pancls Delivered 61
to NASA-LaRC

50A Fod Views of Hat Stringer/Skin Panels Delivered 62
to NASA-LaRC

ix




FIGURE

51

erimmaon. GR

ILLUSTRATIONS
TITLE

C-Scans of Stringer to Skin Bond Joints, Pancls
EX249/248/245 and EX279/278/277

C-Scan of Stringer to Skin Bond Joints, Pancl
EX270/278/277

Rockwell
International

PAGE

63

64



TABLE

‘ ‘ Rockwell
Space Systems Group International

" TABLES
TITLE PACE
Imidizing and Cure Cyele Process Improvement 65

Study Observations - Celion J000/LARC jou
Composites

Test Matrix - LARC 1ev Imidizing and Core 66
Cycle Process Improvement Study

Prepreg and Composite Physical Properties, o7
Celion/LARC 160 Standard lmidizing and
Cure Process Verification

Results of Compression Tests on "Hlat" and "% 68
Stiffencd Skin and Sandwich Panel Structural
Assembly

X1

-— e A i e i By s gt 2 N NLEATY S Ry o St S
PURCTET-AURNIE R P SR NP RSOSSN SIS N

-



e e e e e b a4 e ) o A A I BT S VI g ARSI BTSN MUVES PR 4 e s B et i an <o

: % Rockwell
Space Systems Group  © International

1.0 INTRODUCTION

Contract NASI-15371 is the chird NASA/LaRC program of Project CASTS,
Composites for Advanced Space Transportation Systems. The first program
utilized NRI50-B2 polyimide resin and was conducted by General Dynamics,
San Diego. PMR-15 polyimide resin was the subject of the second program
conducted by Boeing Aerospace Company. The third program, NAS1-15371, uti-
lizing LARC-160 polyimide resin, was awarded to the Space Systems Group of
Rockwell International.

The three programs have as a common objnctive, the development and
demonstration of technologies to implement structural application of graphite
polyimide for 316C (600F) service environment. Technologies cvolved from
these programs will be transferred to Space Shuttle structural flight hardware
according weight savings not attainable with conventional composite materials.

2.0 PROGRAM PLAN
The program is divided into two parts: process developmert and dem-
onstration components. Each consists of several tasks. The program schedule
is presented in Figure 1. The following briefly describes the objective of

each task:

Part 1. Process Development

Task (a) - Develop a nauality assurance program including specification
for Celion/LARC-160 polyimide materials, quality control of materials and
processes, including studies of the ecfects of monower and/or polymer var-
iables on the processibility of Celion/LARC-160 prepreg and on the mechanical
properties of test specimens fabricated from the prepreg, and NDI of fab-
ricated components.

Task (b) - Develop processes for fabricating laminates, hat and "I"
stiffeners, honeycomb core panels, and chopped fiber moldings.

Task (c) - Fabricate specimens and conduct tests to qualify the pro-
cesses for fabrication of demonstration components.

Part 2. Demonstration Components

Task (d) - Fabricate and NDI three (3) laminates 61x%122-cm (24x48-in.)
_with 0, + 45° lay up symmetrical about the neutral axis. Laminate thickness
will be 0.06 cm, U.15cm, and 0.32c¢m (0.030 in., 0.060 in., and 0.125 in.).

S N e
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Task (e) - Fabricate and NDI three (3) secondarily bonded hat-stiffened
skin-stringer panels 23cm (9 in.) wide x 122cm (48 in.) long with 3 length-
wise stiffeners.

Task (f) - Fabricate six (6) houneycomb core panels 2504x25 .4-cm (10x10-
in.) with 0.15cm (0.060 in.) thick face sheets with 0°, 90°, layup symmetrical ;
about the neutral axis of the panel. The honeycomb core w111 be 2.54cm (1 in.)
thick. :

Tatk (g) - Fabricate six (6) chopped fiber moldings according to a
specimen design mutually agreeable to Contractor and Contracting Officer's
technical representative. .

Task (h)- Fabricate a representative component of a Space Shuttle aft
body flap that is mutually agrecable to the Contractor and Contracting
Officer's technical representative.

3.0 PROGRAM PROGRESS
3.1 Task (a) - QUALITY ASSURANCE PROGRAY

3.1.1 Resin Variables Study Program

Three 4.5Kg (10 1b) batches of 30.4cm (12 inch) wide unidirectional tape
have been received. These were produced under production conditions with
separate batches of resin fornulated for each 4.5 Kg (10 1lbs.) of prepreg
and will be used to demonstrete formulation repeatability and material us-
ability over a six month period at -18C(0OF) storage and after ambient out-
time exposurc of seven days. '

The resin batches were formulated within limits established from evalua-
ting thirteen batches of prepreg, as noted in the 7tn Quarterly Reports,
which varied in stoichiometry and processing. Formulation and processing
limits for the three batches were as follows:

AP-22 + 2.57 by weight
NA 2.5% by weight
BTDA + 2.5 by weight

i+

Reflux time - not to exceed 90 minutes at 82 + 3C
(180 + 5F7 '

.Cook time - not to exceed 115 minutes at 82 + 3C
(180 + 5F)
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Prepreg material physical properties specificd vere:
Resin solids: 37 + 37

Volatiles: 12 + 3%

Fiber Arcal Yeight: 134 +3 grams/m2

Samples of the necat resin and internmediate ester were provided with each
batch of prepreg. These will be used for HPLC znilysis to determine repeat-
ability and establish a standard for compdariion of resin ertracted fron the
preprey during the storage period. The proposed test program was presented
in the 7th Quarterly Report,

3.2 Task (b) - PROCESS DEVELOPMENT

3.2,1 Ceclion/LARC=160 Process Improvement

Process improvement studies, initia‘ ~d under NASA/LaRC NA3I-' 133
(Task 14), were further developed under tnis contract to simplify the
imidizing and autoclave cure cycles. Target iuprovements were ac follows:

(1) Reduce the number of steps in the imidizing cycle.

(2) Increase the prepreg preform imidizing temperature and/or time
at temperature, thereby increasing the LARC-160 resin viscosity
when hot melt occurs during the cure cycle. This weuld allo.
applicarion of 1378 KN/m? (200 psi) pressure at the initiation
of cure st room temperature and, in turn, climinate the chance
of error of pressure application in the tuasperature range of
274C to 287C (525F to 359F) with the existing cure cycle.
Allowing the resin to scek its normal flow point while under ]
constant pressure, also climinates problems related to tempera-
ture non-uniformity due to varyin; part thickness or tooling
mase.

(3) Eliminate the intermediate i63C (325F) s*eps in the autoclave
cure cycle by raising the temperature from room temperature to
final cure temperature within the estublished heat rise rate
band.

3.2.2 Process Inprovement Procedures and Results

One laminate panel 30.5x203-cm (12x80-inchies) was laid yp 26 plics
thick using U.S. Polymeric batch 2W4612 nominal 67 + 3 proms/m® fiber weight
prepres.  Physical properties are given in Table §. Celion fi%crs employed
standard Celanesc epoxy resin sizing. The stacked lominnte vas vacuum hayg
debulked per the detailed procedures described in the 7th Quarterly Report.
Blecder materials, comprised of one ply 120 fiberglass top surfece and two
plies bottom surface, wer: installed as an intepral part of the preform
during the debulking operation. The debulked and consolidated preform was
cut into individual panels, 15.2x15.2-cm (6x6-inches), for the imidizing
study defined in the process development matrix, Table 2.

3
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The debulked laminates wore imidized in proups of five per Table 2
and the eycle per Fipgure 2 on standard perforated tooting detined in the 7th
Quarterly Report. After imidizing, cach laminate was carcfully sectioned thru
the center parellel to (0),  direction to provide a 1.27 em (050 inch) wide
strip for materials properfics testing., HResin content and volatile samples
were extracted from sections of cach strip and tests pertormed.  Results of
these tests are presented in Table 1o Significant results showed residual
volatiles to be < 27 on all staped pancls indicating complete imidization
occurs at 163C (325F) within 60 minute:, Panels exposed for longer tises and
hipher temperatures showed no sipgnificant deercase in volatile content rrom
those exposed for lesser times and lower temperatures,

The sectioned pancls were carefully reassembled at the center line
with bleeders in place and prepared for curing on standard (lat laminate
tooliny described in the 7th Quarteriy Report. The moditicd panel size
was 15.2x13.9=-cm (6x5.5-iuches).

Twenty-five imidized panels were autoclave cured under the same bag
pee the cure cycle shown in Fipgure 2. Autoclave pressure of 1378 KN /m*
(200 psi) was applicd at the start of cure at room Lewperature.  Actual
anal rise rate tor the cure cyele averaged 1.3 C209F)Y minute. Panels were
sybminted for NPl C=scan testing and specimens vemoved tor physical propertices
estn.

Panels were pasteured 4 hours at 3166 (000F), in an aitr circulating
oven using standard procedures deseribed in the 7th Quarterly Report,  During
this process the oven controls maltunctioned and speeimens were destroyed when
the temperature reached approximately 4820C(900F),

The rollowing observations were made on panels cured using the iw-
proved cycle.

(1) High resin flow was noted on all panels dmidized at 102 and
177¢ (325 and 350F) as indicated by saturation ot surrounding
fiberplass breather tayers. Paaels imidiced at 191 and 199C
(375 and 390¢) showed excellent cowpact fon charactevistics
and good résin beading at baminate edpes. The panels imidizoed
at 218 (429F) had winiwal cevidenee of resin tlow.  The panels
fmidizoed ror 30 and 60 minutes bad overall excellent ceosmetic
appearance while those imidized tor Tonper periods at 218G
(425F) showed surtace rouphness diserepancies indicating
inadequate resin flow,

(2)  NDI C=sean testing results showed all panels imidized at 1620
(3251) ror time periods ot @), 90, 120, 150 aad 189 minutes
had void arca discrepancies ranging bhetween S0 and 807, Void
arcaq inercascd with tesser time at imidiziog temperature. Panels
imidized at 177¢ (3501) showed ultra sound penctration improve-
ment starting at 190 minuvtes with approximately 77 void arca
showing. Panels imidized at 193¢ (37591 starting at 6d minutes
thru 150 minutes showed 100% ultra sound transmission except
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for some cellulose acetate f{iber splice volds, All panels imi-
dized at 199 and 218C (390 and 425F) had 100% ultra sound trans-
mission. As previously noted, pancls imidizing at 218C (425F) for
time periods exceeding 60 minutes showed surface roughness irreg=
ularities due to resin flow reduction.

NDI C-scan recordings of cach panel evaluated are presented in
Figures 3 thru 27.

(3) Puysical properties testing results verificd imidizing time/
temperature relation as obscerved in panel cosmetic appearance
and NDI C-scan tests. All pancls imidized at 163 and 177 €
(325 and 350 F) had high fiber and void volumes. Panels imidized
at 199 and 202C (395 and 390F) for time periods between 30 and
150 minutes achicved target fiber volume of 60 + 27 void volume
< 27. Those panels imidized at 218C (425F) for 30 and 60 min-
utes also achieved target requirements.  Panels imidized at 218C
(4251) for longer time periods had low fiber volumes; void vol-
umes were <€ 27, Detailed physical properties are presented in
Table 1.

3.2.2.7 Results of this phase of the process improvement study indicate the
best imidizing time/temperature bands to be in the ranpes of 191C (375 1) for
60 to 150 minutes, 199¢ (390F) for 30 to 150 minutes and 218 € (425 F) for
30 to 60 minutes. It is planned to fabricate pancls by imidizing at the
extreme cnds of cach of the above time/temperature cyeles. Panels 30.5x
30.5x0.20-cm (12x12x0.08-inch) will have a (0, + 45, 90)s {iber orientation
and panels 15,2x15.2x0.165-cm (6.0x6.0x0.065-1nch), a (0),) oricntation. All
panels will be cured under the same vacuum bap using the cure cycle shown

in Figure 2. Criteria for cvaluation will be based oni

(1) HMaximum C-scan penetration at "A" sensitivity

(2) Fiber volume control to a target 60 + 23
(3) Measured voild volume: «< 17,

(4)  (0),, flexure and short beam shear propertics equivalent to
lamtnates fabricated using the standard procoess,

Based on these tests, a specific imidizing cycle will be scelected.
The selected process will be verified by fabricating "hat' stringers and
“pi" joiat colements,

3.3 TASK (¢) =FABRICATION AND TEST

3.3.1 standard Celion/LARC=160 Cure Process Verification

The standard procedures for layup, debulking, imidizing, and auto=-
clave curing Celion/LARC-160 flat laminates described in the 7th Quarterly
Report were verified during this reporting period,

[®4]

:
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Materials were supplied by Hexcel, U.S. Polymeric & Fiberite: eight
batches of prepreg from the resin stoichiometry variable and processing pro-
gram, Task (a) and three batches of standard prepreg materials with nominal
ply thicknesses of 0.0635, 0.127, and 0.145mm (0.0025, 0.0005, and 0.0057
inch) per ply. Detailed prepreg physical properties and bleeder arrangement
details are presented in Table 3. Eleven laminates, one for cach material
batch, measuring 30.5x30.5-cm (12x12-inches), and nominally .23-cm (.09

inches) thick were prepared in a (0, + 45, 90)s orientation using the standard

processing procedurcs. All panels were imidized at the same time under one
bag and autoclave cured, again under the same bag.

Results of the process verification tests demonstrated:

(1) 1007 C-scan "A" sensitivity ultra sound transmission through all
laminates. C-scan test results arc shown in Figures 28 thru 38.

(2) Conformance of 60 + 27 fiber volume tarpet with prepreg materials
meeting resin content specification requirements. Laminate phys-
ical properties are given in Table 3.

(3) lMeasured void volumes <17,

(4) A large latitude exists in LARC-160 resin stoichiometry and
processing conditions where laminates can be successfully pro-

o
duced.

3.3.2 Honeycemb Sandwich Panel Elements

The last four sandwich clements required on the program were fabricated
in accordance with processes described in the 5th Quarterly Report and pre-
pared for test as described in the 7th Quarterly Report. NDI C-scan "A"
sensitivity tests performed on (0, + 45, 0)t 5 ply, 0.145 mm/ply (5.7 mil/ply)
skins verified high quality and a¥re shown in Figures 39 and 40.

One panel, in the post cured (4 hours @ 316C (600F) condition, was
tested in compression at -168 (-270F). The thrce remaining panels were aged
for 125 hours at 316C (600F) before compression tested at =168 (-270F), RT
and 316C (600F). All panels tested exceeded the room temperature design
ultimate requirement of 120 KN (27,000 1bs) or 52.5 KN/(3000 1lbs/inch).
Failure modes were by skin compression in both face sheets usually near a base
doubler. Structural elements are shown aftes test in Figures 41 thru 44,
Axial load/strain curves were very linear thru failure and are presented in
Figures 45 thru 48. Detailed compression test data are presented in table
4.

3.4 TASK (e) - SKIN/STRINGER PANEL FABRICATION

Three sccondarily bonded hat-stiffened skin-stringer panels were
fabricated per processes described in previous Quarterly Reports and deliver-
ed to NASA-LaRC durinyg this reporting period. Panel design and fabrication
processes were qualified in -132C, RT and 316C compression test of 23 x 30.5-
cm (9.0 x 12.0 inches), subelements as described in the 2nd and 7th Quarterly
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Reports.

The pancls delivercd measured 26x122-cm (10.2x48-inches) and incorporat-
ed three lengthwisce stiffeners. Photographs showing the skin-stringer panels
arc presented in Figures 49 and 50. NDI C-scan recordings of the FM 34B-18
adhesive bonded stringer to skin bond arcas arc presented in Figures 5| and
52. . -

3.5 TASK (g) - CHOPPED FIBER MOLDING FABRICATION

. Matched metal mold for fabricating individual flexure and tensile
specimens have been obtained. Process development will gtart during the
time period of the 17th lonthly Report.

3.6 TASK (h) - TECHNOLOGY DEMONSTRATOR SEGMENT

Materials purchased under this contract for fabricating sections of
the graphite polyimide tcchno%ogy demonstEator segments (TDS) include- 1)
27.9m2 (300 ft2) of .439 Kg/m* (.09 1b/ft*) FM34B-18 polyimide adhesive
from American Cyanimid and (2) 19 liters (5 gallons) of BR34B-18 primer,
also from American Cyanimid. The latter material will be used not only
as the adhesive primer but also as the basic ingredient for formulating
potting material for reinforcing core in local high load arcas such as
around mechanical fasteners. All the above materials are being stored at
-18C (0°F) and will be used with TDS fabrication status during the next
quarter. »



PO
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Space Teansportation System
Develcpment & Production Division

C-Scan of Stringer to Skin Bond Joints, Panel EX270/278/277

Figure 52.

% Rockwell
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Table 1. 1Imidizing and Cure Cycle Process Improvement Study Observations—Celion 3000/LARC 160 Composites(l)

1zid1z21n2 Cych(“ OLtservations Cure Cycle Observations
inidize Feolin panel ) C-Scan
Texp Iztdize Fesin Flow Resin Fi’ber Void Thickness . Barcol Ultrasound
[ Time Val [ Solldsn| Craracteviatfics [ Cont Yol Vel Hardress | Transzission

(42} {=tn) ) () in Cure glecc () (2) “ =1 (=11s) | (Cured) (2) Resarxs

163 6G 1.60 | 3407 aigh 1.530026.3 | 64.4 4.61 1..34—1.63 53-64 72-75 40 Corrugated depressicns top :’% :C_)

(325) and bottonm laminate surfaces =3 ;;

96 {1.52] 33.0 high 1530 ) 25,8 {ee.an | 420 1.27-1.91 {20-25 | 72-75 [0 P e e e e o i3

120 | 1.8 5.0 tigh 1.565 | 26.4 |64.98 | 3.64 [ 1.30-1.55 |51-61 | 72-76 {40 oa panel sides . S E;
156 | .68} 3.0 high 1.552726.8 [64.8 | 3.20]1.14-1.45 J4s-57 | 72-75 |e0 Surface depressions have O
189 | 1.63] 32,6 Ligh 1563 27,6 [ 649 | 2,20 1.14-1.52 f45-60 | 68-73 {50 } gecreased, fiber wash and resin ¢

177 £0 1.56 ] 35.4 high 1,336} 25.7 ]62.4 4.5711.22-1.65 | 48-65 72-74 50 Corrugated depressions top and i:‘: ;v;

(350) 30 |15 3.2 | high 1.521] 28,2 fes.2 | a2 fi.22-1.52 |es-60 | 72-75 |50 Tihers. Fioes ureh and reotn S

flash excessive on panel sides

129 1.45 1 344 high 1.540 | 27.1 | 64.2 3.7411.35-1.50 § 53-59% 73-76 75 Laminate surfaces smooth; same
150 | .06 | 346 high 1.565 [ 26.0 |64.4 | 1.91]1.22-1.55 Js8-61 | 74-78 |95 g;"::d‘e’:"“ and resin flashing
180 116 | 3402 high 1.561128.5 63.8 | 2.00)1.27-1.65 [50-65 [ 73-77 {95

191 1 | 6.73 ] 34y 1 1.576 1 30.0 |63.0 | 0.56 [ 1.50-1.57 |59-62 | 72-77 |95 Very ainor top and bottom surface

(375) ' depressions and edge fiber wagning 9
62 1.22 34.6 med 1.575 1 31.5 61.% 0.1 | 1.52-1.63 { 6G-064 74-78 95 (2 splices'q Top a.jd botton surfaces very g'm
90 | i.2¢] 3.0 zed 1.570 | 33.3 |39.8 |-0.04 | 1.52-1.60 {6063 | 74-77 |95 (1 splice) ::::;:;“d uniform, ainor fiter '§'§
120 7] 338 | zed 1,574 336 [s9.7 |-0.0a§1.50-1.60 {59-63 | 73-79 |95 1 splice) 2e
130 | 9.92] 36,9 zed 1.565 ) 35.0 |s8.1 |-0.25)1.57-1.65 |62-65 | 72-77 100 J 58

199 30 1.0 35.0Q med 1.57% §32.3 61,0 [-0.19}1.50-1.60 [€5-63 75-77 160 Top and botton surfaces very §§

059 | g5 [o.e7 | 35.2 zed 1.563 [ 359 [sz.1 |-0.10 | 1.60-1.65 [63-65 | 74-76 | 100 Sepin ¢ untfors. Binor Liber 53
35 fiact s lou 1,577 ) 23.7 |353.8 |-9.76 | 1.57-2.63 be2-sa | 7375 fim 5
1297 Jo.urr | 352 lov 1.560 32,6 |58.3 | 0.i2{1.63-1.65 |64-65 | 73-76 |[108 2o
169 |o.s | 3.7 low 1.562 32,8 382 |-9.0:d 1.69-1.68 [63-66 | 70-76 | 100 §§

218 32 1.29 | 34.7 low 1.568 ] 33.1 }59.9 0.13 ] 1.55-1.63 | 61-64 74=-77 100 Top and botton surfaces very

(225 6o |15 ] 3.2 lou 1.560 | 33.8 |s3.0 | 0.43f1.55-1.63 [61-64 | 7276 | 100 ::’:::s‘"‘ unifera, ainor fiber
7 197 ] 3.2 lou 1.565 1321 3809 l-o0ud tis7-1.60 [e2-63 | 72-76  |iw
220 1.5 | 3<.% low 1.559 135.1 |56.8 1-G.04 1.60-1.68 |43-¢6 73-76 130 Top and betton surfaces sao0th
159 | f 32 | low 1.553 §35.5 Is7.2 | o.35}1.60-1.65 Jea-es | 72-77 |95 i:;“i;‘;;q:“;‘n:i‘;‘lgz: o

and resin flash

300 fiber {epexy Tesin sized) exploved by U.3. Polymeric Inc. {n making 30.4 ¢@ (12.0 inches) wide, nozminal 67 +3 grazs/al areal fider
repreg. Prepreg=—LARC 150 resin solids: 38 #3715 volatiles: 12 232, .
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123 fiterglass top ang 1 ply fottea surfaces usel in imilizing and cure cycles 15 absorb excess resir o target €9 42 cosposite fider voluae.
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Table 2. Test Matrix--LARC 160 Imidizing and
Cure Cycle Process Improvement Study

’ . Ihidizing
Tempefature Imtdizing Time (Mins)
163 (325 F) 60 90 120 150 180
177 (350 F) 60 90 120 150 180
191 (375 F) 30 60 90 120 150

) 199 (390 F) 30 60 90 120 150

' 218 (425 F) - 30 60 90 120 150

L Total: 25-6 X 6 - 26 ply 0° onidirectional laminates comprised of

; Celion 3000 (epoxy sized/LARC 160, U,S. Polymeric Inc batch
. 2W4612~2 prepreg.

66
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Table 4. Results of Compression Tests on "Hat" and "1" Stiffened
Skin and Sandwich Panel Structural Elcments(l)
Test Ultisate
Tenpersture Load
Elenent
Element Confgguration Condttion(?) ¥o. [ n [\ (188) Renaths
EX109/EXII0A 2% €73) | 120.8 | 127,150)  Achioved Jeadgn ultimate, compressive fallure of
hat caps with transfer thru vebs ocrurred Juring
strain gage resdout at 27,150 1bs. Skin and bond
fatlures were mecondary.
ZX109/£X1108 2e (18) | 1:20.8 ] (27,1503 | Achieved Jestrn ultimate - no fatlure. Speciwen vag
then fatigue tested 52 to 672 of Jdesipn ultimate,
(E) compression’compression load to 163,000 cvi les - no
failure,
EX109/2X1108 | 132 | (-270) [ 1406.8 | (26,250) | $xin compresston fatlure - losd dropped to 19,500
1bs,  Retest of EXID9/EXII0B spacimen teatlcd at NT
Fitled at 925 of Jesien uitt .
£X19%-1 r¢ 316 | (£20).] A2.8:1 (19,750) { Skin compresuion fatlure, bottom 2 corners folloved
STRAIN CAGES 1 AND 2 by buckliing through bottusecenter, Ninct boad
INSTALLED OK LOWENR failure, conter stringet wnder skin buckle, 1% ot
SKIN DIRLCTLY OPPOSITE AT desien ultidate,
3 AND &
FX193-2A i (75) 1320.8 [ (27,150) | Achieved destgn ultizate - no failure,
O) £X193-4A <232 | (-270) [ 120.8 | (27,330) | Achtaved destgn ultimate = ne fatlure.
£X193-3A 36 | (800) [12e,3 ] (22,950) | Skin compresston fatlure inboerd of 1 bdottem
cotner followed by dluponal skin buckling tovard
conter of panel. Miner debond undet Center stiinger.
Falled at 1017 of RT design ultimate,
EX111/EX11Y 24 €1%) 1325.6 [(28,1R7) [Achiwved Jestyin ultimate = no tatlute,
EXIII/EX1YD 1-132 [€e270) [129.4 ((28,187) [Achieved Jenign ultimste « no tatlute. Ketest of
EXIIL/EXLLY tooted at KT,
@  {ratman boae o [125.6 [128,2000 [achteved deatga uitteste - o fatlure,  Keteat ol
EXTII/EXLL) cented at K7 and =270 F,
X194-1 PC 314 | (600) {129.4 [(28,187) A~h;rvrd denign ultipate - minot skin «ompression
fatlure in | corner. D1d not cause Jrup in lusd
No debonds.
TAAIN SACES ) AND &
3USYALL(D SN 33‘1; EX104-2A b (79) 1I%.4 [(28,187) JAchiavad destgn ultlmate = ao tatlute,
Kiw OPPCYITE Y AN
$ oreesITL o 2 @ EX194-%A <132 [(-270) {32%.7 [(28,250) |Achieved design ultisste. Compteasion fatlure of
akin starting at 1 ypper corner entends Indoard |
tach,  Two stringer (aps and wets alay tatled in
compressiun vith caps splicting axtally, Mo Jebunds,
EX194-0A 316 1 (809) [125.4 [(28,1d7" [Achieved design uitimate = o fallute,
- —
r150-1 A 08) 158387 [ (28,00 4 | Achioved roquired 0.3) Mi/a (SCLO Jle/tnch)
compressica load. Shic vompressicn fellvres
occurred along edgen of bottom doublers. B0 debonds.
(:) [SIRBUND N SN (=270) 1 i80,1 | €36,000) | Achirved 3312 KT destgn ultsmate. tonpression falfure
both shine next to doubler,
IX150-2 e (500 | 97,80 | (22,030) | S¥in compresnion | stde only, tep cornet, 1.1 tnch
above doubler at sdge, extends 1.0 inihes frnboard.
Achieved 215 of KT requirenmcnt of 0.3) MN'm
. ‘
STRAIN GAGES &, 5, AND {3900 I1re‘dnch). No debonds.
"::5’:';'~§?,°‘|‘°'1"' roatenaly ]9 [196,3 [ (30,690 { Achivved 111 RT deatgn ultinate, Conpressicn fallurd]
::’ oreesite 1, 2, both skins neat to deutler; aleo vore shear fatlure
3 after shin faflure Jse to {natabllfty,
@ M1 WY Lz F e [1se § (15,100) [ achteved 105 RT dentin uitimate. compresstcn fatiure
toth skins 1.0 inch above doubles and neat to doubler
Fx2al-aa) 4 aie freem | rroor [ (22,0000 | Achieved 1008 KT destgn nltiaate. Compression fatlure
. 3 abin naxt te doubler and ) oehin 1,0 Inch atove
dout iar,

(1

(2]
[¢ 1]

threugh 19

New Jata

Conditton I: Toetcured & hours at MA C (600 F}; 2 aged 123 hours at 318 € (L0 T)

Spectloan Cesigne are given fa Jxd sel Ycd quarterly reports, Load/Strein curvee sre prevented fn Figures 65
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