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FOREWORD

The following final report describes work performed on Air Force Contract
F33615-T0-C-1546, "High Temperature Advanced Composites", by the McDonnell
Aircrart Company (MCAIR), St, Louis, Missouri. The work accomplished and re-
rorted herein was performed by MCAIR, St. Louis, Missouri, in conjunction with
Whittaker Research and Development Corporation (WRD), San Diego, California.
The program was administered under the direction of the Air Force Materials
Laboratdry, Advanced Composites Division, by Mr. R. M. Neff, Project Engineer.

The program was conducted by the Structural Research Department at MCAIR,
St. Louis, and was managed by J. M, Finn, with E. B, Birchfield and
R. Kollmansberger as principgl investigators.

The primary contributors to the program include:

Materials and Process Department R. O. Ahrens and K. L. Kremer
Materials Laboratory o - J. F. Harrell

Advanced Fabrication K. R. Kreder and H. D. Rex

Strength T. 0. Glenn

Design C. W, Oster

WRD, San Diego V. A; Chase, R. Van Auren, D. Beeler

This report covers the entire program contract reriod from June 1970 to

July 1972. The first draft of this revort was released by the authors in lay
1972,

This technical revort has been reviewed and is aporoved,

-

-~ -
) .

‘/<’- ‘, \ /CMM‘ -
R. C. Tomashot
Acting Chie®
Advanced Compes

ites Division
Air Force lMaterial

s Laboratcery

S
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ABSTRACT
The objectives of this program were to place polyimide matrix advanced
composite processing technology on a production basis, and to demonstrate
its acceptability for structural applications by fabrication and test of

representative structure. Under this program polyimide matrix advanced

composites were cured in a one shift autoclave operations (~8 hours) at

350°F and 200 psi maximum while meintaining epoxy matrix-type properties.
These process parameters were confirmed by the successful fabrication u

and tést of an F-L polyimide rudder, which demonstrated the flight worthi-

ness of thin gauge boron and graphite/polyimide in this type structure. .
Design allowable data for tension, compression, and inplane shear were a

developed at both room temperature and 550°F,
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1. INTRODUCTION AND SUMMARY

This is the final report on the High Temperature Advanced Composites
program, Contract F33615-70-C-1546. The High Temperature Advanced Composites
(HITAC) Project was a program to develop boron and graphite polyimide composite
materials and fabrication techniques required to successfully apply these
materials to primary aircraft structure. Fabrication methods were developed
for use with conventional production equipment. Original plans were to design,
enalyze, fabricate, and test, both at room temperature and 550°F, an F-15
horizontal stabilator torque box. Because of problems with fabricating thick
laminates a revised program was undertaken, directed toward fabrication and
test of the polyimide F-lU rudder, establishment of boron and graphite/
polyimide design allowables, and febrication and test of an F-15 composite
wing compression panel utilizing polyimide materials. The work performed as
described in this report, and summarized in this section, was divided into
the following tasks.

1.1 Materials Development

The objective of this task was to evaluate and select (a) the boron and
graphite/polyimide prepregs, (b) the polyimide adhesives, and (¢) the high
temperature honeycomb core materials to be used in the program. Prepreg
processing objectives were a cure cycle compatible with current production
schedules, autoclave pressure not to exceed 100 psi, and cure termperature
not to exceed LS0°F., In addition, matrix properties similar to those
obtained for epoxy matrix composites were necessarv for the structural
components. Adhesive and honeycomdb core requirements were basically that
the selectéd materials perform satisfactorily in the F-U rudder and F-15
horizontal stabilator torque box originally planned.

Eight candidate polyimide resins were evaluated with boron and graphite
fivers, for mechanical and physical properties and prepregging capability.
Based on the results obtained, Monsanto's Skybond 703 (SB703) and E.I. du
Pont's (PIVTOT) polyimide resins were selected for final evaluation. The
SBTO3 resin demonstrated higher mechanical properties with less scatter and
exhibited more consistent fabrication results with both boron and graphite
fivers, and was selected for use in the program.

Several candidate polyimide adhesives were evaluated for structural

verding applications. Bloomingdale's FM-34 and FM-29 adhesives were selected
for zzin-to-honeycomb core and edgemember-to-honeyccmb core applications,

1




respectively. Narmco Metlbond 840 was picked for all primary and secondary .

netal-to~metal type applications. .
The following honeycomb core materials were evaluated: HRH-327 fiberglass/

polyimide, 301 stainless steel, PH15-7 Mo stainless steel, and Ti-T5A titanium.

Based on mechanical properties, cost, and machinability the HRH-327 fiber-

glass/polyimide honeycomb core was selected for all program applications.

1.2 Fabrication Scale-Up and Evaluation _

The obJective of this task was to perform the following scale-up efforts
prior to structural component fabrication: (a) boron/SB703-titanium splice
Joint fabrication, (b) graphite/SB703 substructural shape demonstration,

(c) large area polyimide composite processing development, (d) large area
polyimide composite honeycomb sandwich panel fabrication, and (e) polyimide
composite sandwich beam fabrication and evaluation.

Initial fabrication of L40-Ll ply boron/SB703 laminates (simulating the

F-15 Stabilator Torque Box skin) was unsuccessful. Processing changes that

affected "B" stage, cure and post cure cycles were instituted after cxtensive
analysis and ﬁrocess development efforts. The resultant modified fabrication
techniques were demonstrated for 15 through LO ply laminates with satisfactory
interlaminar shear strengths of 12-16 ksi at R.T. and 6.5 - 8.5 ksi at 550°F.
The cure cycle used was acceptable for production considerations.

Due to the extensive effort required to solve the thick laminate abri-
cation problem and the redirection of the program, items a, ¢, andé ¢
above, associated with the major structural demonstration component - the
F-15 Stabilator Torque Box, were deleted. However, the fabrication and test
of the F=4 rudder wereretained in the program as originally planned. The
major structural component selected for fabrication and evaluation was
changed from the F-15 Stabilator Torque Box to an F=15 Wing Compression
Panel using thinner boron/SB703 skins with 18 and 17 plies for the panel and
stif'f'eners, respectively.

Graphite/SB703 substructural shape scale-up was demonstrated by the {abri-
cation and evaluation of several "C" channel sections. Tensile specimens
nachined from one "C" channel failed at 190-208 ksi when tested at R.7T.
waximum thickness required for graphite/SBTO3 development was 17 plies and no
mualor preblems were encountered.

‘his task was concluded by the fabrication of a twc fodt by three froot

r.cneyecmb sandwich panel consisting of 6 ply boron/SBT03 skins, HRH-32T

ro
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I'iterglass, polyimide honeycomb core and FM-34 polyimide adhesive. DT and
dissection ol the panel revealed a satisfactory bonding process,

1.3 Structural Analysis/Design

The purpose of this task was to perform a design and analysis on the F-h
rudder, an F-15 compression wing panel, and the stabilator toraque box. The
detailed design and analysis of these items are discussed in Section 4.0 of
this report.

1.4 Design Mechanicai Properties

The purpese of this task was to establish design allowable strengths
and elastic constants for design and analysis of polyimide structures. In-
cluded were room temperature and 550°F tesls of boron and graphite/polyimide
specimens in tension, compression, and in-lane shear. '"B" basis design
allowables have been calculated and are reported in Section 5.0 of this
report.

1.5 Compcnent iabrication/Test

he purpose of the component fabrication/test task was to demonstrate
the adeguacy ¢f polyimide materials for use in aircraft structures. sn Feu
polyimide rudder was successfully fabricated and tested. The fabrication
of the *-15 horizontuel stabilator torgque box had to be discontinued because
of difficulties encountered in fabricating thick section boron/pclyimide
laminates, as uiscussed in Section 1.2 above. In place of the stabilatlor
torgue bvox, an -1 composite wing compression panel was fabricated and

static tested to railure,

2
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2. MATERIALS DEVELOPMENT

J.1 Introduction

The objective of the Materials Development task was to: (1) select and
develop an acceptable prepreg for both boron/polyimide and graphite/polyimide,
(2) select polyimide adhesives for high temperature honeycomb sandwich struc-—
ture, and (3) select a high temperature honeycomb core material., Prepreg to
be developed was to require a cure not to exceed US50°F, g cure pressure not
to exceed 100 psi, and a cure-time cycle compatible with heating and cooling
rates attainable in conventional autoclaves, This task was a joint effort
between McDonnell Aircraft Company (MCAIR) and Whittaker Research and Develop-
ment Company (WRD), with MCAIR concerned primerily with adhesive and honey-
comb core selection and WRD involved in polyimide prepreg development, wunder
I1CAIR direction,
2.2 Boron/Polyimide and Graphite/Polyimide Preprep Levelopment

2.2.1 Literature/Information Survey - A literature/information survery

was performed by MCAIR and WRD for candidate polyimide resins. Governmernt
reports, vendor litcerature, and in-housc information rcovewlel that Bruncwicw
BPI-373, General Electric Gemon resin, Monsanto Skybond T03 and Jkytond 709,
TRW P13, and DuPont PI4T70T and PISOTT were potential cundidates for this
prograr.

The Brunswick BP1-373 prepreg, although exhibiting good flexure and shear
properties (Reference (1)), was elimiraled because it was avallable only in
the form of fabricated hardware, The General Flectric Geron polyinmide resin
did not have sufficient thermal stability and had nol been surticiently
developed for autoclave operations. The PL3N resin was selected ior compariscl
purposes ounly with the autoclave grade resins, 1t is a compression mwolding
rcsin that was used extensively for advanced composite engine applications,

lonsanto Company, Plastic Products and Resins Division, was approacihed
tc determine if resins osher than Skyoond 703 and TO9 were available for tLhis
rrogram., Intormation was forwarded on three additional resins that offerad
retential processing and/or temperature improvements over the Skybond T03:
luedh, 136270, and K56271.

ImPont felt that P]h707, 12 controlled flow version ot the I'1 hYO], was
i Lest polyimide resin they had available. It was cxpected to result

lroonn lpproved cure cycle, with thermal stability essentially Lhe same as
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ihatl exhibited by the PILT01. The PIS0TT7 was also included because of success-—

Tul prepreg experience with it at WRD.
~ A

2.0.2 Candidale Resin Evaluation/Selection - MCAIR and WRD jointly
selected the Skybond 703, Skybond 709, RS 626L, RS 6270, RS 6271, PIATOT,

P15077, and P13N for evaluation based on the literature survey, resin supplier
survey, and in-house experience, The P13N, while not considered a candidate
because of its high cure temperature and pressure reguirements, was included
for comparison purposes using cure pressures of 100 psi and cure temperatures
of G00°F, PIS0TT was added because it showed promise of developing into an
acceptable prepreg resin for graphite filament and also becausec of the
experience WRD had with this resin,

WRD evaluated all the above, except PIHOTT, with boron filament, and the
same group plus PLSOTT with graphite filament. The data obtained arc pre-
sented in Tables 1 and 1i. 1In addition, MCAIR also cvaluated boron/Ckyvond
T03 prepreg, with the duta presented in Table 111, The praphite tilament

’

utilized throughout the program was Morganite Wype 2 meter length, The boron
filament was standard 4 mils in diameter from lamilton Ctandard. Lach data
point shown in Tables 1 and 11 was an average of six individual specirens.

The new lionsanto resins (RS 026L4, RS 6270, and K5 0271) aid not perrorm
willi consistency. The K3 6270 and RS 6271 did not wet the graphite t'ilamen:
well enough 1o make an acceptable laminate. In most property comparisons
they were 25% lower than Skybond T03 although they had much lower void
contents, Furtlicr work,beyond the scope of Lhis program, would be reguired o
muke these three resinsg more acceptable {for boron and graphite prepregs.

Skybond 709 wnd F1 5077 were rejected because thelr matrix depenceunt
properties (90° rlexure and interlaminar shear) were poor. The Skybond
709 properties were generally 25.50% lower than those for Skybond 703, The
PI50TT had very low 90° flexure properties when prepregged with graphite
filameut, In addition, both Skybound T09 and Pl 5077 composites using graphite
T'ilament had low 0° flexurc properties,

A numerical rating system used in the evaluation demonstrated the super-
jority of the Skybond 703, P13d, and PILTO7 resin systems. The rating systenm
is applied to the 0° flexure, 90° flexurae, and interlaminar shear values at ///
75°F and 550°F. The boron/polyimide systems are rated 1 to 7 and the graphite/

1olyimide systems are rated 1 to 8, where the lowest number reflects the poor-




TABLEI
EVALUATION OF BORON/POLYIMIDE LAMINATES AT WRD

B Aniut g

T Resin System
Property | (o0 Rs RS RS sB sB P1aN PI
6264 6270 6271 703 709 4707
Resin Content 27.60 19.30 18.50 19.10 17,20 34.30 29.30
(% by Weight)
Specific 1.72 2.02 2.01 1,80 1.91 1.80 2.01
Gravity
Void Content 14.70 6.10 7.20 11.80 12,70 6.20 0
(% by Vol.)
0° Flexure RT 111.40 223.00 225.80 220.60 192.40 159.10 206.90
(ksi) 550 89.90 136.60 180.60 134,10 148.00 135.80 196.80
909 Flexure RT 7.90 4.70 5.70 8.40 6,10 8.30 6.80
{ksi) 550 5.90 2,70 3.60 510 5.80 5.10 4.20
Short Beam RT 6.60 €.70 6.30 8.30 3.80 5.60 9.80
Shear 5607 9.60 9.00 4.90 10.60 4.20 5.30 7.80
(ksi)
%  Thermoplastic Behavior GP72.0328-79
TABLEII
EVALUATION OF GRAPHITE/POLYIMIDE LAMINATES AT WRD
Resin System
Temp
Property (©F) RS RS RS SB sB P13N Pl Pl
6264 6270 6271 703 709 4707 5077

Resin Content 32.10 21.10 33.10 36.40 28.20 38.50 33.90 32.10
{% by Weight)
Specific 1.47 1.49 1.46 1.43 1.43 1.49 1.60 1.47
Gravity
Void Content 6.40 5.20 6.80 7.70 10.00 3.20 4.00 6.40
(% by Vol.)
0° Flexure RT 118.10 24.70 - 158.10 86,70 212.40 177.90 115.50
{ksi) 550 88.30 34.30 29.70 81.80 72.00 146.70 125.20 76.90
90° Flexure RT 4.10 5.10 3.40 5.70 210 5.80 1.70 0.90
(ksi) 550 4.60 3.30 3.30 4.30 2.50 4.30 3.40 0.90
Short Beam RT 6.80 9.60 9.50 12.50 540 10.70 5.80 6.60
Shear 550 8.70 5.30 5.10 5.80 5.90 5.70 5.10 4.60
{ks1)

GP72-0328-80




est performance and the highest number indicates superior performance. Using

this system, the candidate resins are rated in Table IV. Skybond 703 and PI
4707 were selected for further development and evaluation under this task.
2.2.3 Skybond 703 and PI 4707 Prepreg Development - Prepreg development

consisted of the following detailed efforts for each resin system.

(a) Use of analytical techniques for selection of cure cycles.
(b) Evaluation of prepregging method (hot melt vs. solvent coat resin
‘application).

(c) Fabrication of boron and graphite reinforced laminates using

selected processing methods.,: |

(d) Ewvaluation of each material system for mechanical and physical

properties. ' | , |
Material evaluation was to be performed at both WRD and MCAIR.

Initial prepreg developﬁent for Skybond 703 and PI L4707 involved the
application of infrared spectroscopy (IR), thermogravimetric analysis (TGA)
and gas chromatography (GC) to determine the extent of polyimide resin imidi-
zation, and volatile release and identification during cure cycle. The
analytical data was correlated with prepreg handling characteristics and the
resultant laﬁigate properties (using boron or graphite fibers) to help select
the optimum prepreg fabrication methods.

The infrared spectrums showed increases in imidization with higher "B"
staging temperatures and resultant decréases in the polyamic acid content.
However, these spectrums were of minimal assistance since reactions that
occur during "B" staging could be masked bf spectrums of the resin solvents
when using the Beckman IR-7. The TGA plot of weight loss versus increasing
temperature (see Figure 1) is helpful in-identifying temperatures at which
large amounts of volatiles are released. In addition, the outgassing products
given off at various temperatures were then identified by gas chromatography.
. As a result of the above infrared spectrums, TGA plots, and gas chromatography
studies "A" and "B" stagings and a cure cycle were selected. The "A" staging
is at 195°F for 10-14 hours. The "B" staging is at 200°F for 2 hours. The
cure cycle contains a "stop" at 200-225°F for 2 hours followed by heating
slowly through 250°F to the cure temperature of 350°F for another 2 hours
curing. ,

The hot melt process was successfully used with both PI L4707 and

Skybond 703 resins, with application temperatures on the drum ranging from

STE L
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TABLE IO
MCAIR EVALUATION OF BORON/SKYBOND 703
Property Test Temperatura Strength (PSi)
(°F) Post Cure “C*'| Post Cure A"
90° Flexure RT 10,000 9,600
Shear 650 6,200 7,040
Interlaminar RT 12,800 10,700
550 9,300 9,300

Notes:
Post Cure "C" - 2 hours at 400°F, 2 hours at 500°F, and 2 hours at 600°F,

Post Cure “'A’’ - Heat to 600°F at 1/4 - 1°F/min slow constant rate, Hold at 600°F for 2 hours.

GP72-0328-81

TABLEIM
RATING OF CANDIDATE POLYIMIDE RESINS

Resin Numerical Rating Total
ota

System Boron/PI Graphite/P!
Skybond 703 25 33 58
P13N 17 37 54
P14707 25 23 48
FS6264 18 28 46
RS 6270 17 20 37
RS 6271 20 14 34
Skybond 709 18 12 30
P15077 - 13 13

GP72.0328-82
8
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FIGURE 1

TGA CURVES ON SKYBOND 703 POLYIMIDE RESIN
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Z80°F to 210°F, The hot melt application method is necessary because of the
iow solvent content remaining in both resins after the "A" staging process.

he hendling characteristics of the prepregs were satisfactory since tack
was apparent when prepreg was pressed against itself. T.e draping cparac-
teristics were also satisfactory so that contoured configurations could
ve rabricated without difficulty. WRD established boron/SB703 and graphite
SBT03 laminate cure cycles that resulted in acceptable mechanical properties.
The void content was typically 3-5 percent and resin content was 27-35 welight
percent.

WRD experience with the PILT0T7 polyimide resin was less successful.
The reproducibility of mechanical properties was a continual problem for
both boron and graphite reinforced laminates, and resin precipitation during

the cure c¢ycle could not be controlled,

3

WRD supplied MCAIR with boron/PI 4707 and lModmor II graphite/PI L7C
prepregs for evaluation, and 15 ply laminates were made with each pregpreg
using the WRD recommended cure cycles. The boron/PL 4707 laminate was
excessively thick (.008 in/ply) as a result of very little resin bleed durirg
cure. It also exhibited resin precipitation. The graphite/PI L707 laminate
averaged .0095 - L0103 in./ply (also too thick) and the resin dld not wel
corppletely through the graphite tow, with delamination as the result,
neither of the laminates was considered satisfactory zor machanical property
te3Ling.

Ti.c better performance of the S3703 resin with el beron and grapnlite
resw.ted in more effort expended on its development than on i
rent. Table V shows a comparison of SB703 and FI 47C7 rrepreg/laminate
provertices developed at WRD.

boron/SB703 - LCAIR and WRD, however, werce not obtaining consisteu:

laminate results with boron/SBT03. Whereas WRD reported acceptable mechanilos.

rroperties and consistent fabrication resulis, MCAIR did not succeed in Tabri-

(9]
s

alirg acceptable laminates using material from the identical batch an

3
(9]
(¢
|
)

255 cycle, It was suspected that the prepreg was changing with irncrease

‘3

r.astic bags. To resolve these problems two approaches were investigated.
First, an optimum "B" stage had to be establisnhed that would sufficiently

Would be

he prepreg i
r

Ztorage time at MCAIK even though it was packaged with dessicant in heat sealcu
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TABLEX
WRD POLYIMIDE COMPOSITE DATA
0° Flexure 90° Flexure Shear
. . Ksi
Material (Kksi) (ksi) {ksi)
RT 550°F RT §5C°F RT 550°F
Boron/Skybond 145.6 4.4
703 237.1 5.1 7.5
188.2 5.6 7.3
245.4 7.5 10.2
164.8 4.9 8.4
204.6 9.6 111
216.5 8.6 13.0
172.6 7.1 12.8
204.¢ 6.9 11.3
161.7 138.1 8.0 4.9 13.5 3.6
2481 13.4
225.4 14.3
Boron/Pi 4707 6.1 8.1 I
122.7 6.9 8.8
271.0 7.7 10.6
6.6 6.0
204.2 9.9 7.3
1.6 3.5
190.0 4.9 9.1
166.6 8.7
0° Flexure 90° Flexure tnterlaminar
(ksi) (ksi) Shear (ksi)
@ RT @RT @ RT
Graphite/Skybond 173.0 5.0 10.3
703 151.3 6.7 10.1
172.1 6.8 1.3
162.4 6.7 12.7
160.4 7.2 1.7
200.0 10.0 11.2
Graphite/P1 4707 34 6.9
165.2 3.2 7.4
1568.0 5.8
/

1

Yl
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Water analysis of the boron/SBT03 prepreg by the Karl Fisher method
rovealed that prepreg "B" steged 1 hour at 200°F (or less) had variable water
content vs., time. However, prepreg "B" staged 2 hours or more at 200°F
exhibited considerable water content stability. Figure 2 shows a comparison of
Frepreg water content vs, time. The 2 hour at 200°F "B" stage stabilized the

prepreg, but did so at the expense of prepreg handleability. It was decided

however, to proceed with Boron/SBT703 prepreg "B" staged 2 hours at 200°F at
some sacrifice of prepreg tack to obtain the desired reproducibility.
To investigate a mini-flow system, prepreg was manufacturcd by WRD

with 30 percent instead of the normal 38 to 40 percent of total resin

e e ——

solids, and "B" staged 2 hours at 200°F instead of 1 hour ai 200°F., 1t was
intended that this prepreg would flow very little, and tne resin content

would be approximately correct since 28 to 30 percent is required in the

cured laminate to obtain a thickness of 5.0 to 4.5 mils/plyv. Pronres "=
/ staged 1.5 nours at 200°F with 30% resin solids content was also manuiacturcd.

Laminates fabricated with prepreg "B" staged 1.9 hours al 200°%F did not appcar i
any better than prepreg "B" staged 1 hour at 200°F. Laminates tauiicatel :

eam with prepreg "B" staged 2 hours at 200°F cousistently gsave socopialio reo.in, L
There wus no evidence of resin precipitation or voius, ana there woao ndninoa.
resin vleed into the bleeder cloth.,  Tubie VI sunsnarizes Lo pooccl2al
mechanical properties of lwsinuabes rsbricated irom prep e V" cvagcea @ hours
at 200°%,

Phe results with the mini-ilov boron/UhTO3 prepres verc cneourging wid
it was seloected for further uce on this program. The nioi-=rlow prerrog
sclected was "B staged P hours at 20091 aftlor Lol meit §orogregcing woth
30 percent of total weight resin solido, 'Whe cure cycle gelected wad:
apply Tull vacuwn and heat to 200°F, hola ror 1 nour heat to 235°%F, Lola
1 ior 1 hour and apply 100 psi, heat Lo 350°F and hold 2 hours,  Tosteur wis
@ siepped heal up to G00°E with a4 U hour hola ot GOO®F,  TU beve Ui oot
aroeptavle mechunical propertics in addition to consistency o fubrication,
Geraypidte/UCkybond 703 —- [MCUCATR evalualed several batchies ol dlodmor 11
iropnile/orybord 703 prepregs with the WRD recommendod cure cycle.  Laminatos oo
-

Sarl Lo an aceeptable thicknens ot 00T inch/ply. Mechanicul property .
Suth woao goncratod al room btomperaturec and S50°F for 0 flomare, 90° Plexdie “

sid duneer gaenlnar shear,  The cure cycelo selected was:

)
13
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TABLE XTI
MCAIR/WRD DATA FOR BORON/SKYBOND 703 LAMINATES

Average
Prepreg Resin Rl-e‘:'i':/':;:d Test Test Values |
Solids Content and Remarks Content Temp | 0° Flex |90° Flex | Shear |
(ki) (ksi) (ksi) ]
30% Made with 2 hr at 28.3/2.1 RT 242.1 10.0 12.4 *I
200°F "B’ stage 550 r
prepreg. No resin
precipitation,.
103.0 6.1 10.7
38% Made with 2 hr at 37.6/2.4 RT 258.1 9.4 12.7
200°F 8" stage 550 109.5 6.1 8.9
prepreg. No resin |
precipitation. |
38% Macie with 2 hr at 39.5/2.6 RT - - 13.2
QOOOF g Stage e e e
prepreg. No resin
precipitation.
32% Made with 2 hr at 36.3/3.5 640 - - 8.8
200°F ““B*’ stage
prepreg. No resin
precipitation.
30% RT - - 13.9
6850 - - 4.0°
*Thermoplastic Behavior GP 72 0593 2 - ‘
1h
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SO0 under full vacuum and hold 1 hour,

soal o

tieat to 25071 and apply 100 psi.,

Continue heating to 350°F and hold 2 hours.

Post cure by heating slowly to 600°F and holding for 6 hours. ;

Table VI

TABLE YII

summarizes data generated at MCAIR ror graphite/Sui03.

GRAPHITE/SKYBOND 703 MECHANICAL PROPERTY DATA

Test
Temp
{°F)

Panel No.

0° Flexure
(ksi)

90° Flexure
(ksi)

Interlaminar
Shear (ksi)

1023 RT

1116 RT
550
117 RT
550

—— 550

105.0
25.8

189.0
103.¢

10.4
1.8
16.3
2.1
£.3
1.8
7.1
6.7

1M

»

73
9.6
4.0*
9.7
5.7 ——

" Thermoplastic behavior

o Adhiedive Jeveloprmont

A FCATE suvey
o opropran evaluation., ALl

Sdhecive, were off

2H0%F ror metal-to-metal , skin-to-Lioncycemb core,

comb core bonuding applications,

A . 134
cuveral

Lo evadusie adheslives under Lhe sane conditions.

sty in plven o

o3 Floomingande -l waa FLI-00,

Cince

ulont 'l
Lhese aihesives, oxeept

the cupported ilm type.

[

TThese

wil averuyge of at least b cpecimeus,

ror

GP72-0328 94

O nigh Lemperature adhoesives recultea in the selecuion
HOUH L and lrmeo Fetlbonan

Lo Pli=09 Foawing
adhesives were evaluated to
und/or cdgemenber—-to-hotey -
it wos dinitially planned Lo evaluate
' vwnawich bewss after a $00 hour souk at H509F, it was necessary

ALL subscguent adhesive

ihe commercially availlable supported film adhesives gave sallstfactory

o tingg for metal-to-metal (or metal-to~composite) type applications, but /

cnatial shin=to-honeycomb core results showed poor rilleting. As a hedge
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sgainst continued poor performance of the commercially svailable polyimide
Tian adihwesives, MCAIR and WRD initiated development ot a polyimide film
adlicaive based on the SB703 resin used in the prepreg studies.

2.3.1 Honeycomb Core Bonding - FM-34, Metlbond 840, PI5505 and the

.

PCAIR 5B703 were evaluated for honeycomb core bonding capability., Figure 3
shows the lack of filleting of the commercial adhesives, and the improved
tilleting obtained with the SBT703 adhesive developed at MCALR. The commercial
adhesives were cured per the vendor's recommended cure cycle and with the
aprropriate vendor recommended primer. The FM-3U evidenced slightly better
rilleting Metlbond 840 or PI5505, but still, when used to bond HREH-32T
polyimide core plate shear specimens, it resulted in premature failures in
the adhesive rather than in the core as expected., Tlow studies were performed
with both the commercial adhesives and MCALR developed SBT03 adhesive to duoier-
mine when optimum flow ocecurs. Utilizing this information, the cure cycles
for the candidate adhesives were modified and an attempt was made tc bond
aluminum sheet to aluminum honeycomb to investigate flow and filleting. Tuc
MCAIR €BT703 polyimide adhesive and FM-34 were then selected for honeycomb sunz-
wich panel bounding studies., The HCAIR 3B703 adhesive had the best filleting
characteristics but its volid content was excessively high and resulted in
lower properties. At this stape, development of the U703 adhesive was
transtrerred to WhD from MCAIR where more adhesive manufucturing techrology
was avallable, 1t was then designated WRD SB703 and was used in comjunstion
with elther BR-3L4 or an SBT703 resin primer. Additional ciudies of the =34
adhesive resulted in improved flow properties through cure cycle moliitication
and changing the Bk-34% primer application method.

The BEk-3L4 primer was sclected based on lower apparent void countent
and betier honeycomb core wetlting characteristics. IMlatwisc tension specimens
were rubricated with F=3L and WKD SBT03 (specimens are shown in Figures U
and 9) and tested at room temperature and st 550°F with either no exposurc
or ziier a 500 hour sosk at 550°F, fable V11I shows the values obtuincd.
Tus Flie3h/BR-3L system was sclected for use in the program because 1t exhibitea

adrjuate bond strengths and is a readily available commercial product.

16
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FIGURE 2
SANDWICH BONDING COMPARISON OF POLYIMIDE ADHESIVES
(Before Improvements)
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FIGURE 4
SB703 POLYIMIDE ADHESIVE FLATWISE TENSION SPECIMEN

FIGURE 5
FM-34 FLATWISE TENSION SPECIMEN
(After Improvements)
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TABLE VIII
POLYIMIDE ADHESIVE HONEYCOCMB FLATWISE TENSION DATA
7 Flatwise Tension (psi)
Adhesive System Exposure Condition
) RT 550°F
: ]
WRD SB703/SB703 Nore 745 401
Primer 500 hrs @ 550°F 318 287 1
WRD SB703/8R-34 None 797 386 '
Primer 500 hrs @ 550°F 427 328
FM-34/BR-34 None 568 308
Primer 500 hrs @ 550°F 174 275
GP72-0328-83

‘ S

2.3.2 Metal-to=lMetal Adhecive - Primary and secondary bonded btoron/
polyimide - tits Jw.a double lap shear specimens illustrated in Fipure 6
were evaluatrd "o 550°F for selection of an (metal-to-metal type skin to
edpemember) adhiesive bonding., FM-3kL, Metlbond 840, PISS505 and the MCATF

SBT03 wore all selected as candidates for evaluation, The primary bonded

specimens consisted of the test adhesive sandwiched between boron/polvimide

prepreg and 6A1-b4V titanium sheet, and cured per the boron/pulyimide pre-
preg, cure cycle, The secondary bonded specimens had the test adhesives
bond boron/polyimide laminates co GAl-LV titanium using the adhesive cure
1 cycle., All specimens were post cured to GO0°F using the boron/polyimide
cycle or the commercially recommended adhesive cycle, depending on whether
the specimens were primary or secondary bonded, ,
Initial scieening consisted of tests at room temperature and 550°F, {

Adhesives that successfully passed these tests were tested further by exposing s

=
specimens to 100 hours or 500 hours at 550°F prior to test at 550°F, Table IX d

19




DOUBLE LAP SHEAR SPECIMEN

20

TABLEIX
DOUBLE LAP SHEAR STRENGTH OF CANDIDATE POLYIMIDE ADHESIVES
550F §50°F 650°F
Adhesive Type of Bond RT (30 min) After 100 hrs After 500 hrs
@ 550°F @ 550°F
Metibond 840 Secondary 4325 2135 2750 2580
Primary 3820 2055 2015 1975
FM-34 Secon. 4910 1525 2370 2380
Primary 15086 870 - -
P! 5505 Secondary 2750 1930 - -
MCAIR SB 703 Secondary 3450 1675 - ~
Primary 2320 1205 - -
GP72.0328-96
—6.0in. (Typ) le—0.20 in.
-8 Ply Boron/Polyimide
050in. (Typ) ‘———
- - [ I
L 1 r Width = 0.60 in.
0.063 in. (Typ}
Titanium
GP720328 113
FIGURE 6
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Sists the data developed for all the adhesives. The Metlbond 840 adhesive was
auperior Lo the other candidates and was selected for further use on the
rrogram. The FM-3h4, although not quite as effective, was considered the
back-up adhseive for secondary bonding applications.

T-Peel. specimens per Federal Specification MMM-A-132 were fabricated and
tested using the three commercial adhesives plus the SB703 polyimide adhesive.
The adhesive was sandwiched between two 0.010 inch thick by 1,0 irnch wide
by 12.0 inch long sheets of 6A1-4V titanium. FM-3L and Metlbond 840 both
resulted in low values at 7S°F and 550°F when compared to currently used
high temperature epoxy adhecsives. Values at 75°F were 2.0-4,2 1lbs/in. (peCl
initiation) and 1.5-1.7 1lbs/in. (peel continuation). At $50°F typical values
were 1.8-3,0 1bs/in, (pcel initiation) and 0.5-1}2 1bs/in. (peel continuation).
Three specimens were tested for each adhesive for each conaition.

<.5.3 Jore Splice Adhesive - The foaming adhesive candidate for o .iw

spilee gapplicalions was Bloomingdale TM-29, A potential back-up was mulllip.e
layers of -3k or Metlboud &0 supported tilm adhesives. & beam shear

gpecimen, shown in Figure T, was used to evaluate the FM=29 roamiug aduesive,

=
1 oy Aty ~ - - 3 T ™ TN = Ao e B A S e TR
he first bear shear ttests were pertormed ot R.7. and SLCYI witn 2.0 1t/

1
titanium honeycomb core (spliced as shown in Fipure 7), titanium skins,

40
i
.
.,

-

and Bloomingdale FHM-29 polyimiuae core splice adhesive. iiali of th
specimens had an 0.010 ineh thiex titanium shim in the bondline,
were includen Lo simulate the nore difficult edgemember boud cof honeyconmt
core to tilanium spar/ribs. The vendor's recommended cure oyel? was ollows
and adbesive expansion (v 100 percent) was sutisfactory. The skius were thern
bonded to the spliced honeycomb with =3k, In all cases the honeycomb core
railed ratber tlhian the MH=09.,  Another series ol tests were pertformed using
the higher strengln HRE=32T .5 lb/ft3 honeyconv core,  These Lests alzo causud
failure of the honeycomb core rather than the Mi=29 as desired, Finally,

a0 lb/ft3 stainiess steel honeycomb core was used so that tihe shear

slrength of the FUI-P9 could be established., Table X summarizes the data

gencratoed tor FU-29 eovaluation,

21
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Titanium Skins

‘-———3.0 in.——-—-—i (Tye)

A

Stainless Steel
/ HRH-327 or
Titanium
Honeycomb

!
|
|
|
| {
1 \ } |
| i 6.0 in. . l
-FM-29 Core Splice Adhesive A 4
With or Without Titanium Shim
FIGURE 7
CORE SPLICE ADHESIVE BEAM SHEAR SPECIMEN

GP72-0328.67

TABLE X
FM-29 SHEAR STRENGTH DATA

H Exposure Beam Shear (PS!)
oneycomb Core Conditions BT 550°F

*Titanium w/Shim None 126 82

*Titanium w/o Shim None 126 81

*HRH-3" ' Polyimide None 296 240 ;
100 hr @ 550°F 300 228 I
500 hr @ 550°F 263 220 '

Stainless Steel None 377 291 '//

(12 Ib/t3)

*All failures in honeycomb - not FM-29,

GP72-0328-68
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S BEoneveonb Core bvaluation

Four types of high temperature core werc evaluated in this program:
1. 301 stainless steel honeycomb core (4.2 lb/ft3)

. Pli 15=7 bo stainless steel honeycomb core (3.5 lb/ft3)

3. Ti-7T5A titanium honeycomb core (3.5 lb/ftB).

4, HRil-327 polyimide honeycomb core (4.5 lb/ft3). ]

Flatwise compression tests were performed at room temperature and at 550°F

a’ter AC min,, 100 hour and 500 hour soaks at 550°F as shown in Table XI, i
I'late shear tests have been perforred for the same conditions., The long

term tests were performed only with honeycomb core matevials that looked

pronising after initial room temperature and 550°F tests. 1

The initial HRH-327 tests used a core that had not been post cured
yrior to testing, lowever, on subsequent tests all I'RH=22T7 honeycomb
curs was post cured to 600°F prior to testing. All honeycomb panels for this
cvizluation were bonded with FM-34/BR-3L4, Modifications to the aauczive
and primer application procedures (as previously discussed) provide adeguaie
honcycomb core bonding. There werce no adhesive failures while performing
Loneycomb core tests,

Tublc XI shows the test data generated for all the candidate honeycomb
core materials selected for the program. Figure 8 provides a structural
cificiency cumparison of the two leading candidate materials, liRH-327 and
FilS=THo (4HL0%0).,

These data indicale the structural advantages of HRH-327 honeycomb core
in both core shear wnd flatwise compression. The core shear data is the
nore significant for structural considerations, “The HRH-327 is also superior
Trom & machining viewpoint. 1t cap be machined with the same type equipment
s wluninum honcycomb core, while stainless steel and titanium honeycomb
g iire speciul tooling and/or machining procedures. For these reasons

Hlie307 fiberglass/polyimide honeycomb core has been selected for use in

PRODEIN WAl OTA ol 23 {110
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3. FABRICATION SCALE-UP AND EVALUATION

<

.2 Introduction

“he objective of this task was to demonstrate that large scale struc-
tural elements and panels could be fabricated for evaluation. Fabrication
scale-up and evaluation were planned for the following items:

(1) Optimization of polyimide composite lay-up procedure and cure cycle.

(2) Boron/polyimide-titanium splice joint section fsbrication and test
to simulate both the stabilator and edgemember attachment areas,
the primary losd transfer area.

(3) Graphite/polyimide channel element for the demonstration of sub-
structure (spars and ribs) fabrication capability.

() Joint specimens utilizing titanium boron/polyimide and graphite/
polyimide to evaluate adhesive bonding, mechanical fastening, and
a combination thereof for verification of joint designs.,

(5) Large area polyimide composite laminates to demonstrate confidence
in fabricating large area panels and to provide design allcwable
specimens.

(6) Large area polyimide composite honeycomb sandwich panel to evaluate
size effects and process control for full depth honeycomb fabrica-
tion.

(7) Polyimide composite sandwich beams which encompass the technology
developments of items (1), (2), and (6).

Considerably more effort was required to scale-up the boron/SBT03 pre-
preg for fabrication of thick (40 ply) laminates, item (1), than vas origi-
nally planned. As a result of this delay plus the lead time reguired for
component fabrication, the Stabilator Torque Box component {wnich requires
LO ply fabrication technolegy) was replaced with ar F-15 VWing Compression
Panel requiring, at most, 20 ply fabrication technology. TFabrication Scale-
Up and Evaluation items (2), (4), (5) and (7) were deleted as they were no
longer necessary. Development of 40 ply boron/SB703 fabricatior technology
continued along with items (3) and (6) above to complete the requirements of
this task necessary to support the fabrication of both the F-l rudder and
ving couwpression panel,

bifficulties were encountered with "B" stage t?mpcrature control when the
Luctl cize was increased from 12 in. x 4O in, used in Task I to 15 in, x 02 in,

resr prepreg variability as evidenced by pcor thicliness/ply control and

26
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delamination of L0 plyv laminates was encountered. Changing the "B" stage,
autccliave cure and post cure aycles resolved these prchlems after con=-
siderabtle effort, 3Results showed that small 40 ply laminates can be made
with the selected process that have shear strengths of 12,3 ksi at room
temperature and 6,5 ksi at 550°F. Roron/SBT703 15 ply laminates give

shear strengths of 13 - 16 ksi at room temperature and &.6 - 10.2 ksi

at 550°F using the same processing cycle. Scale-up to large panel sizes
has not been demonstrated.

The graphite/SBT03 rrepreg system scalea up with minimum difficulty.
Prepreg formability was imprcved with a light coat of solvert applied imme-
diately prior to lay-up of spar/rib configurations. Graphite/SBT03 mechanical
properties were satisfactory with 0° tension strength of over 200 ksi, and
90° tension strain well above 4,000 microinches/inch.

4L boron/SBT03 skin - HRH-327 polyimide fiberglass honeycomb core sand-
vich panel was bonded with Fi-3L4 to demonstrate sandwich panel tcnding capa-—
bility. The boron/SB703 skins used were very porous resulting in premature
failure of the test specimens. However, the adhesive bonding passed NDT and
visual inspection after dissection, and the bond line did not fail in any of
the tests. As a result, the adhesive bonding procedures were deemed ac:ept-
able,

3.2 Boron/SBT703 Scale-Up and Evaluation

Bfforts in this area were directed at resolution of problems that cccur-
red during scale-vl of prepregging operations and processing difficulties ex-
perienced with 40 ply laminates. The cffort is broken down into the follow-
ing areas:

o Prepreg scale-up

o Materiaul/process optimizaticn
(a) Analytical techniques for material/process control
(b) Optimum prepreg resin content
(e¢) TIrocessing cycle modifications,

o Fabrication scale-up.
wo overall considerations in this effort were to: (1) establish Tabrication

al ave productlion oriented (cycle time, temperature, pressure,
cte,), and (2) obtain mechanical properties comparable to those of boron/epoxy

at room tempersture, with a high retention at 550°F,

27
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3.2.1 Prepreg Scale-Up - Boron/SBT03 was used initially for fabrication
of a 3 in. x 6 in. x 15 ply and a 6 in. x 12 in. x Lk ply stepped splice plate

specimen similar in cross-section to the stabilator torque box skin root

splice. These panels were cured with the following cure cycle:
o Apply full vacuum and heat to 200°F
o Hold at 200°F and then heat to 235°F ‘
o Hold at 235°F, apply 100 psi and then heat to 350°F for a 2 hour
hold
o Cool down under pressure
o Post cure 2 hours at LOO°F, 2 hours at 450°F, 2 hours at S500°F,
2 hours at 550°F, and 6 hours at 600°F.
The prepreg was from batch 12157OB~1. The L4 ply panel was delaminated, and
both the 15 ply and 44 ply panels were badly precipitated. The prepreg was
analyzed for resin, volatile, and water content for comparison with a previously

successfully used batch (112970B). That comparison is given in Table XII.

TABLE XIT
MCAIR PREPREG BATCH ANALYSIS
? Total Resin Resin Volatiles Water-PHR
B.lteh (Solids + Resin Solids {Parts per
Designation Volatiles) —%of Prepreg | % of %ot | Hundred of
—% of Prepreg Prepreg | Total Resin | poin Solids)
1120708 38.0 28.3 9.7 245 42
1215708-1 346 238 108 31.2 6.4
121570B-2 34.6 25.6 9.0 29.6 5.5
12217081 | 39.6 288 10.8 220 | 50
1221708-2 396 21.9 1.7 295 5.4
1229708 345 23.8 10.7 31.2 6.5

GP72-0328-95

The volatile percent of total resin was much higher for the new buatches
(25.0 - 31.2%) compared to the 2L,5% of batch 112970B. Invesligation of the
prepreg manufacturing operation revealed a change in temperature control
cupability during the "B" stage operation. The "B" stage operation had

reviously been performed in a small laboratory oven (capable of holding

28
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in. x =0 in. sheets) at 200 + 2°F,  When the sheet size was increased Lo

Ihoin, x o0 in., a larger oven was required. ‘Uhe large oven operated al

-
2N

9h + 971 when set at 200°F. This change of "B" stage temperature resulted

fu Zess advancement of the resin and higher volatile retention in the prepreg.
A sories of 19 ply panels were fabricated at WRD to substantiate these

Tindings. "B" stage eyoles evaluated were: (1) 200 + 2°F for 2 hLours,

(2) 195 + 9°F ror 2 hours, and (3) 213 + 10°F for either 1, 2 or 3 hours.

The results are given in Table XIII which compares the wvisual appearance

and shear strenglh or several test panels. “he desirced thickness for these

panels was 5.0 - 5.0 mils/ply because of stabilator torgue box skin splice

vlate tolerances, since the plans were to utilize existing boron/epoxy tool-

ing.
TABLE XIIT
t COMPARISON OF LAMINATES FABRICATED AT WRD
4
b i Shear Strength (ksi) -
F o Laminate Pre;')r.eg Remarks 9
Number Conditions /T 550

b 010671D | 2 hrs @ 195 + 9°F | Proper thickness. 13.3 10.6
F Precipitated.
r 010671E | 2 hrs @ 200 £ 2°F | Yoo thick. Good 13.6 1.3
4 appearance.
A 010671F | Z hrs @ 195 1 9°F | Too thick. Motest | Notest
f Precipitated.
[ 010671G | 6 hrs @ 195 2 89F | Voids. Too thick. 12.9 11.6

0107718 | 2 hrs @ 213 2 10°F | Too thick. Good 14.6 10.6

appearance.

010771C | 3hrs @ 213 1 10°F | Too thick. Excel- 16.8 8.6
- lent appearance.
g
3 010771F | 6 hrs @ 195 29°F | Slightly thick. 15.0 6.7
F Mild precipitation.

GP72 0328 100




As a result of this study, it was determined that tight control of "B"
slage ienperature was necessary., The tightest temperature control (1_1-2°F)

was possible in a 12 ft. x 12 ft. oven at MCAIR, and it was decided to "B"

stage the prepregged material at MCAIR. Individual prepreg sheet packaging
(with dessicant) in seal plastic bags proved satisfactory for the "A" staged
prepreg during shipment and storage at MCAIR. It was then decided that all
future material would be "B" staged at MCAIR to maintain the required tem-
perature control,

3.2.2 Material/Process Optimization - After resolution of the "B"

stage difficulties, 28.0% resin solids content prepreg was used to fabricate
several 15 and 40 ply laminates. ‘Two additional problems were readily apparent,
First, the laminate thickness/ply range of .005T7 -~ .0072 inches encountered
was unacceptable ss previously mentioned for the planned stabilator skin sgplice
plate. Prepreg that started with 28% resin solids resulted in laminatecs or
32 - 34§ apparent resin solids content. First the thickness/ply problem was
the result of solvents (e.g., n-methyl pyrrolidone) retained after the cure/
post cure c¢ycle, The titanium splice plate reguired .0050 -~ ,0056 inches/ply
to meet tooling requirements., Second, the majority of 40 to LY ply specimens
delaminated after either the cure or post cure cycle.

Figure 9 shows a comparison of laminates fabricated during initial scale-
up of boron/SBT03 prepreg. "i" depicts a high void content laminate, "z"
shows a delaminsted leminate, "C" is a highly precipitated through low void
content laminate, and "D" is considered optimum for meeting the reguirements

cf this prog~am. As the data of Table XIII shows, there is no clear indication

Hy
-

that static properties are seriously affected by resin precipitation; however,
effzcts have not been thoroughly documented and the material suppliers
strongly recommended against a precipitated resin condition,
Three different approaches were considered to resolve tnese two problems:
o Analytically evaluale the polyimide resin and prepreg Lhroughoht the
manufacture cycle at WEBD and MCAIR to sclect approximate material
controls
o Vary the resin solids content of the prepreg so that ﬂhe ithickness/
piy of ihe cured laminate would be in the acceptable range of 0,0050 -

G, 0056 in.
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VISUAL COMPARISON OF VARIOUS TYPES OF LAMINATES
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COMPARISON CLOSE-UP OF PRECIPITATED AND VITREQOUS POLYIMIDE RESIN (Continued)
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o Alter the processing cycles ("B" stage, cure, and post cure) to
eliminate the delamination problem and establish satisfactory
rroperties tor 40 to 44 ply laminates.

3.2,2.1 Analytical Technigques for Material/Process Control - This effort

was directed at determining how the various ingredients in the polyimide pre-
Preg resin affected the laminate processing and which ingredients would sub-
seguently require improved controls.

Three different approaches were investigated:

¢ Gas chromatography

o Infrared spectroscopy

¢ Thermal-gravimetric analysis with mass spectrometry.
In general, the gas chromstography tests revealed that detailed knowledge of
prepreg constituents and their ratios was of little value in resolving the
processing problems, Only the total volatile content gave indications of a
value 1o control the prepreg. Infrared spectroscopy and thermogravimetric

analysis with mass spectrometry were helpful in identifying cegree of resin

(9}

ur

[}

vS. cure ¢ycle and volatile release patterns during critical portions

O

f the cure cycle (between 250°F and 350°F).

Gas Chromatography - Detailed gas analysis of the prepreg resin was per-

rormed throughout the processing cycle at WRD and MCAIR, Variables recorded
were resin solids, resin volatiles, and volatile constituents - water. ethanol
and n~-methyl, pyrolidone. Basically, the gas analysis revealed that the start-
ing resin, as supplied by Monsantc to WRD, was well controlled insofar as
resin solids, resin volatiles, and volatile constituent percentages were con-
cerncd, The material did change during the resultant processing, and these
changes were detected and recorded by the gas analysis. Variations occurred
in total resin volatile, water, ethanol, and n-methyl pvrrolidone contents., A
sampling of the data gathered is presented in Table XIV. The "A" stage cycle
used for all samples in Table XIV is 195°F for 10 to 14 hours at full vacuum.
The "B" stage cycle used was 2 hours at 200°F, This evaluation was performed
on 12 sepsrale WKD batches of boron/SBT0N3 prepreg. Attempts to correlate this
dalya with predictions of laminate acceptability were inconclusive. Other con-
ciusions possible from Lhe data asre:

¢ 'The only prepreg variable that appears 15 infiuence laminate process-—

ability is total resin volatile content.
¢ "B" stage temperature cycles did not significantly alter the resin

voulatile content.

"?%&ﬁﬁ?ﬁ??é{f”fh

i OO



Mt

PO I T

PRSPt

TABLE X1

PREPREG ANALYTICAL TESTS
RESIN BATCH ANALYSIS

WRD Batch 115

WRD Anaiysis MCAIR Analysis
As Rec’d, |“A” Stage| A" Stage Prepreg | “’A” Stage Prepreg “B'" Stage Prepreg
atWRD | Resin | 269 28% 26% 28% 26% 28%
Resin Solids % sQO.1 57.0 25.6 29.4 24.2 26.6 24,0 26.3
Resin Volatiles % 49.9 43.0 40.0 39.6 40.3 43.0 324 32.8
NMP % of Volatiles 70.4 775 73.0 73.4 65.8 62.7 65.4 62.4
Ethanol % of Volatiles 25.5 26.0 21.2 20.9 221 21.4 2356 24.2
Water % of Volatiles - 24 5.8 9.7 4.9 5.7 3.2 2.8
WRD Batch 116
WRD Analysis MCAIR Analysis
As Rec’d. “A'" Stage “A" Stage [ “B'' Stage “B'* Stage
at WRD Resin Prepreg Prepreg (2 hr) | Prepreg (3 hr)
Total Resin 37.8 37.8 34.1 29.3
Resin Solids % 50.1 26.0 26.7 26.9 26.2
Resin Voiatiles % 49.9 42.2 40.5 30.1 33.9
NMP % of Volatiles 70.4 79.4 61.4 61.0 57.0
Ethanol % of Volatiles '26.5 17.3 221 26.3 23.7
Water % of Volatiles 4.9 3.3 5.0 3.2 3.6
Prepreg Volatiles % 15.3 10.3 10.0
GP72-0328-71
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o The water content of the prepreg was not a significant prepreg
control factor insofar as curing operations are concerned, although
it did affect prepreg handleability.

o The ratio between, and total amount of, ethanol and n-methyl pyroli-
done in the volatile content did not have a clear effect on laminate
processing.

o Volatile release from the laminate during cure was not significant
until temperatures over 2355F at full vacuum were feached.

Gas analysis at MCAIR was performed on the equipment shown in Figures

10 and 11.

Infrared Spectroscopy - Improved infrared spectroscopy analysis methods

were utilized for polyimide resins, resulting in definition of degree of
imidization from "A" stage through post cure (without interference from
n-methyl pyrrolidone peaks),and volatile content as a function of cure
cycle,

Figure‘le shows several of the spectrograms developed for boron/SRT03.
As can be seen, the relative quantity of volatiles (ethanol and n-methyl
pyrrolidone)does not decrease until the temperature is increased from 275°F
to 340°F under full vacuum. During the "B" stagé operation, infrared
spectrograms indicate that the prepreg is changing primarily in degree of
imidizaticn, not volatile content. The imide ring formation is indicated
by the arrow labeled No. 1, while the n-methyl pyrolidone is designated lo.

2 and ethanol is No. 3.

From this data, four conclusions are made, First, the volatile content
of the prepreg is controlled by the "A" stage operation. Second, the "B J
stage cycle advances the imidization cycle to control the resin flow during
cure. Third, volatile removal from the laminate occurs at temperatures above
250°F, probably in the range of 275°F to 320°F, Fourth, it is cont'irmed that
imidization is continuing into the post éure cycle at 600°F, This inrormetion
is useful in selecting a cure cycle for this material,

Imidization advancement data is presented in Figure 13, and it proveuls
that the bulk of polymerization occurred between 275°F and the end of the
2-1/2 hour hold at 340°F. 1In addition, it can be seen that polymerization
continued at a nearly constant rate during the post cure. The fact that a
constant absorbance value was never reached indicated that longer post cure

periods would be required to achieve maximum polymerization.
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FIGURE 10
PREPREG GAS VOLATILIZATION EQUIPMENT
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Solvent retention characteristics were monitored by mcasurement of

absorption bends assignable to the solvents in the resin system. The inten-

sity of the 9.4 micron band was used Lo measures the ethyl alcohol content, and
the intensity of the 7.l micron band was used to measure the n-methyl pyro-
lidone (NMP) content. Table XV shows the absorbance values of the 9.4 and
7.1 micron bands as a function of cure time., All traces of detectable solvents

were not removed until after the S500°F interval in the post cure cycle. The

most rapid rate of solvent removal occurred between the 275°F and 3LO°F por-
tion of the cure cycle., Figure 14 shows the infrared spectroscopy egquipment
used for this study.

Thermal-Gravimelric Analysis (TGA) with Mass Opectrometry - The gas

chromatography and infrared spectroscopy are excellent instruments for

Y

detecting the condition of a materia’ at a steady-state condition. However,
they are not readily adaptable to material analysis is a transient systen.
The TGA cen be used to plot weight loss at any time during the cure cycle

while the mass spectrometer identifies materials being released.

Figure 15 iz a plot of volatile constituents (ethanol, water, and NMP)
release vs., temperature for a constant heat-up rate of 1-3°F/min. The TGA
with mass spectrometry and infrared spectroscopy (1.K.) agres gquite well
4s to the maximum volatile release temperature range (270 ~ 310°F). Tne TGA

with mass spectrometry is,of course, used as a transient analysis system

while the I.R, analyzed the steady state conditions at various points in the

cure cycle, It should be pointed cut that ligure 15 does not represent quan-
tity ratios for various volatiles, but rather only a relative rate of
volatilization over the temperature range shown. 1In summary, lhe Tigurc 15

data confirms the volatile release information developed by T.R. and it also

Rt A n e -

indicates that ethanol. is a more critical product of reaction than is water, :

3.2,2.2 Optimum Prepreg Resin Contert -~ The 28.0% resin sclids content
D 21

£

prepreg resulted in laminate thickness of 0.0057 - 0.0070 in/ply after cure,

so it was decided to prepreg material with 22.0%, 24.,0%, and 26.0% resin solids

to get the desired 0,0090 - 0.0056 in/ply thickness. Laminates fabricated |
with various resin contents were then evaluated for thickness/ply, delamina-

tions and interlaminar shear strength., Table XVI summarizes the results of ///
22 - 28% resin solids content prepreg evaluation, The 22% and 2L% resin i
sulids prepreg consistently resulted in 1% and 40 ply laminates that were too I

tnin, approximately 0.00LL - 0.0049 in/ply. Although the 15 ply laminates
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INFRARED SPECTROSCOPY EQUIPMENT
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TABLEXY
SB 703 SOCLVENT RETENTION DATA
Absorbance at Absorbance at
ﬁgre Scriqul)e 7.1 Microns 9.4 Microns
umulative (N-Methy! Pyrrolidone) {Ethyl Alcohol)

As Received © 0.095 0.225
1 hr at 200°F 0.065 0.218
(No Vacuum - ‘8" Stage)
1 hr at 200°F 0.065 0.218
(Full Vacuum)
1 hr at 275°F 0.067 . 0.170
{Full Vacuum)
2-1/2 hr at 340°F Trace Trace
{Full Vacuum)
2 hr of Post Trace Trace
Cure at 400°F
2 hr of Post Cure at 500°F Not Detected Not Detected

GP72-0593-51
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TABLE XVI

RESIN SOLIDS CONTENT EFFECT ON LAMINATE PROPERTIES

Re"i“ Shear Strength
. Solids gy Thickness (ksi)
Laminate Contsnt B'* Stage Cycle Ply (mils) Remarks
(%) RT 550°F
011971 28 2 hr @ 200°F 5.9 - - Delaniinated After
Post Cure
012971 24 2hr @213 + 10°F 6.5 - - Delaminated After
Cure
24 2 hr @ 200°F 5.5 ~ - Delaminated After
Cure
020271 22 1 hr @ 200°F 4.7 - - Some Voids
1.5 hr @ 200°F 4.7 8.3 8.4 Apparent
2.0 hr @ 200°F 6.3 - -
021171 24 1.76 hr @ 200°F 45 8.5 7.9 Laminates All Too
28 2 hr @ 200°F 4.5 8.5 8.5 Thin (15 and 40
(Ply)
26 2 hr @ 200°F 4.8 11.4 9.8 15 Ply Data
4.8 9.5 4.0 40 Ply Data
021871 26 2 hr @ 200°F 5.4 - - Splice Plate
Good
Appearance
28 2.5 hr @ 200°F 6.0 - - Precipated w/Some
Voids
28 3 hr @ 200°F 6.0 - - Precipated w/Some
Voids
022571 26 2 hr @ 200°F 4.7 5.8 7.0 Resin Pocr
4.6 6.2 3.7 w/Polymer
28 2 hr @ 200°F 4.7 7.5 8.1 Precipitation
4.6 7.4 4.3
022871 26 2.5 hr @ 200°F 4.8 - -
28 2.5 hr @ 200°F 4.7 - -
GP72-0328-92
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appesared satisfactory, the resultant interlaminar shear strengths were quite
iow, particularly at room temperature. The 26% and 28% resin solids prepreg
gave more encouraging results., The thicknesses varied from 0.0050 - 0.0062
in/ply, which was an improvement over previous m2asurements.

In spite of the thickness/ply improvement, there was no marked improve-
ment in delamination resistance for 40 ply laminates. The resin content
veriation effort was conducted concurrently with the prepreg analysis and there
were indications of prepreg volatile content variability. This was demon-
strated most conclusively by 28% resin solids prepreg 40 ply laminates 021171
and 021871B, Laminate 021171 was 0.175-0.187 in. thick, while laminate
0218718 was 0,228 - 0,248 inch thick.,

The 26% resin solids prepreg was selected for the remainder of the
brogram based on experience with it during both this study and the process
cycle alteration study. It has generally exhibited thickness/ply in the range
of 0.0050 - 0.0056 inches.

3.2.2.3 Process Cycle Modifications ~ Laminates made during the prepreg

analysis and variable resin content studies were fabricated with essentially

the same processing cycle. Slight changes of "B" stage time at 200°F occurred

(2 to 3 hours), and post cure cycles varied between a stepped cycle (2 hours each
at L0Q, L50, 500, 550, and 6CG0°F) and continucus, slow heat—up to G00°F and

Lkold for 6 hours, However, these changes did not make signiricant ditfzrences

in 40 ply thick laminate acceptability and indications were that processing
cycles changes were necessary.

Initial effeort altered the "B" stage temperature and lncreas:d the auto-
clave pressure from 100 to 200 psi. "B" stage temperatures of 215°F, 235°F and
300°F in air and 200°F under vacuum were evaluated, A combination or 3
hours at 215°F "B" stage and 200 psi autoclave pressure gave Lhe best resulis,
but dida not completely eliminate the delamination ot b0 ply specimens. ‘hese
rrocessing changes did result in improved thickness/ply control as shown in
Table XVIL., The initial cycle refers to a "B" stage of 2 hours at 200°F;
curc cycle at 100 psi with temperature stops al 200°F, 2°35°F, and 350°1,
ana a post cure of 2 hours each at LOOYF, L50°F, 500°F and 550°F plus 6
Lours al U00°F,  The altered cycle changed the "B" stlage to 3 hours st 215°F

i e cycele pressure to 200 psi, Other factors remained constant,

g
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TABLE XVIT
COMPARISON OF REGULAR AND ALTERED CURE CYCLE
(Prepreg Batch 021171)

Regular Cycle Altered Cycle

24% 28% 24% 28%

Thickness/Ply —
40 Piy Laminate | 0.0045 | 0.0060 | 0.0054 | 0.0053

GP72-0328-99

"B" stage temperatures of 235°F and 300°f in an air circulating overn,

and 205°F at 26 - 27 in. Hg. vacuum were not as successful. The 235°F and

300°F "B" stage cycles imidized the SBT703 polyimide resin too far for ade-

o guate interply bonding during the cure cycle, Both laminates had per ply
thicknesses of 0.0065 - 0.0066 inches, which was unacceptable. The laminate
fabricated with the vacuum (26 - 27 in, Hg. vacuum) "BY staged prepreg
flowed excessively, was full of voids and thickness/ply was less than 0.005 in.,

Parallel studies were initiated to explore better methods of removing
the volatiles during the processing cycle. One approach was to add a cure
cycle hold at 3C09F since the volatile load was maximum at that temperature.
A second approach was to fabricate a 20 ply laminate and then dbond 10 plies
on either side in a scparate fabrication ecycle, The third approach was to
complete the entire cure/post cure cycle in the autoclave under 200 psi.
The fourth approach was to lengthen the pust cure cycle to 26 hours and evaluate
the influence of vacuum during post cure, ione of these approaches solved
the delamination of 40 ply laminates problem., Table XVIII summarizes the

3 resulls,
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TABLE XTI
PROCESS VARIATION EVALUATION
Shear Strangth (ksi)
Approach Remarks
RT 550°F
1. Cure Cycle Hold at 300°F 10.4 38 Slight delamination
2. Two Step Fabrication Cycle - - Delaminated
3. Cure and Post Cure in 48-6.4 | 2.6-3,2 | Slight delamination
Autociave at 200 psi
4, 26 Hour Post Cure Cycle 7.4-10.3 5.1 a) 1/2 delaminated
b) 1/2 did not delaminate

GP72.0328-98

The longer post cure cycle offered some encouragement, and, after
discussions with WRD and Monsanto the following new apprcaches were tried:

Cure cycle that eliminates all steps below 350°F with pressure

o
application at approximately 250°F.

o Post cure cycle from 350°F to conclusion of 600°F exposure in 5 to 6
days.

o Determine the maximum thickness laminate that can be f{abricated

without delamination and with acceptable shear properties,

Direct lleat-Up Cure Cycle - Two laminates were fabricated using the

direct heat-up to 35%0°F at 3 - L°F/min., with pressure application at 240 -
The first laminate was made with full vacuum (29 in. lg.) applied at
A second laminate

250°F,
room temperature and maintained throughout the cycle,
was processed with 5 in, Hg applied from room temperature to 230°F and full

vacuuws applied from 230°F to cure cycle completion. In both cases, the resin

flow during cure was excessgive and the thickness/ply was less than 0.009
incn,

bxtended Post Cure - A longer post cure cycle was evaluated with 15 and

with 200 psi au ave pressure,

40 ply laminates using the reguiar cure cycle
and G600°F. Both laminates

it cousisted of 24 hour holds at each of 40O, 500,

Were salisfacvory as evidenced by the Table XIX summary. “he 5 day post curc

L8
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ave 40 ply laminates with no delaminations.

cyvele is given in Paragraph 3.2.3 below.

)

3.2.3 Fabrication Scale-Up - The maximum thickness laminate that (a)

could be reliably fabricated with no delsmination, and (b) exhibit shear
strength at room temperature and S550°F comparable to 15 ply data was demon-
strated. The reliability aspect would be established by making 4 consecutive
autoclave runs with 15 through 40 ply panels using the sams process cycle
from "B" stage through post cure. Table XX shows the resultant duta.
Figure 16 is a visual comparison of a series of 15 through 40 ply
laminates fabricated with the extended post cure cycle,
quality of laminates up to 40 plies thick is visually demonstrated.
1s no significant difference between 15 and 40 ply lsminates, except for the
one instance of a 30 ply and one instance of a 40 ply panel that delaminated.
The scale-up of boron/SBT03 prepreg involved more effort than originally
anticipated, and the delay in obtaining satisfactory 40 ply laminates neces-

sitated a redirection of Structural Component Fabrication ané Test Task.

A thinner skinned wing compression panel was chosen to demonstrate the

technology developed.

in resolving delamination problems, but did provide information about char-
acteristics of the SBT03 cure cycle.
ful fabrication and test of 40 ply laminates indicates that the potential

exists to fabricate thicker boron/SBT03 structural lamirates and components.

The autoclave cure cycle finally selected met the original objective of a

production type cycle.

Rudder skin fabrication, design allowables generation, and the

The detailed ahalytical tests did not assist directly

The complete process cycle selected for the F-i4

Compression Panel skin fabrication is as follows:

1

'B" Stage
Cure Cycle

Tost Cure Cycle

3 hours at 215°F

Apply full vacuun

Heat to 215°F and hold 1 hour
Heat to 235°F and hold 1 hour
Apply 200 psi during hold

Heat to 350°F and hold 2 hours

Hold 24 hours each at LOO°F, LS0°F,
500°F, 550°F and GOO°F

La

This complete process

The excellent

The eventual almost completely success-

1 e
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— v ast———



< ———— e

TABLE XIX

EFFECT OF 5 DAY POST CURE CYCLE ON 15 AND 40 PLY LAMINATES

Property 15 Ply 40 Ply
0° Flexure Strength (ksi) 2490 @ RT -
163.0 @ 550°F -
0° Flexure Modulus (msi) | 26.1 @ RT -
Shear Strength {ski) 147 @ RT 13.5 @RT
8.2 @ 550°F 7.5 @ B50°F
Thickness/Ply 5.6 5.4
Delaminate No No
GP72-0328-97
TABLEXX
RESULTS OF MAXIMUM PANEL THICKNESS STUDY
Panel Thickness (Flies)
Property Set No
15 20 25 30 35 40
Delamination 1 No No No Yes No No
2 No No No No No Yes
3 No No No No No No
4 No No No No No No
Thickness/Ply 1 8.7 5.4 5.5 - 5.4 5.3
(mils) 2 6.0 5.6 5.5 5.5 5.5 -
3 5.7 5.5 5.5 5.7 5.4 5.5
4 5.5 5.7 5.7 5.5 6.7 5.5
Shear Strength 1 13.8 14.0 13.9 - 13.7 12.3
at BT (ksi) 2 14,7 14.4 14.4 12.6 14.9 -
3 12.8 14.0 16.2 14.6 13.3 12.2
4 12.9 13.3 13.2 12.9 12.0 12.2
Shear Strength 1 8.5 8.6 6.6 - 4.4 4.0
at 650°F (ksi) 2 8.6 7.6 7.7 6.9 7.3 -
3 8.6 8.4 7.8 7.4 7.1 6.5
4 8.3 7.9 8.2 7.8 7.0 7.0

GP72-0328-76
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3.3 grarhite/SB703 Scale-Up

Graphite/SBT03 was considered for spar/rib and stiffener type structure.

initially only spar/rib structure with a "C" channel configuration was
tisnned, and, as a result, fabrication scale-up was performed with that con-
figuraﬁf%n'only. Both mele and female tooling concepts were evaluated as

the r-4 Rudder spar/rib required mele tooling (prepreg leid over outside
contour of tool) and the F-15 Stabilator spar required female tooling
(prepreg laid inside tool cavity) for proper dimensional control. The

rale tooled parts did not present any problems whether they were uni-~
directional, 0° #45°, or all +45° orientation. Female tooled parts evidenced
unacceptable voids in the radii.

The graphite/SBT03 prepreg was not sufficiently tacky for easy fabrica-
tion of "C" channels, The typical "C" channel had flanges 1.5 in. wide and
a web 1.5 in. high with .06 in., radii. Prepreg formability was then aided
by spraying with a light, mist coat of solvent n-methyl pyrrolidone and
sandwiching it between two sheets of Mylar for 6 hours minimum. This made
the prepreg very pliable, but the cure cycle had to be modified for removal
of the solvent., The addition of a 4 hour hold at 175°F and 2 hours at 200°F
with 3 =~ 5 in. Hg. vacuum to the regular cure cycle resulted in lcow void,
31.2% by-weight resin content laminates,

"C" channel sections (both 0° and #45°) designed to simulate the F-k
ruddaer spar, were made with the modified cure cycle on male tooling. Tensile
specimens were cut from the 0° channel cap sections and tested at room
temperature.  The values of 210-236,000 psi for one channel and 190-208,000
pei for another channel indicated the acceptability ot the graphite/epoxy
spar fabrication procedures. Similar efforis with "C" channels made on
Temale tooling were not as successful because of voids in the radii resulting
from lack of pressure. When the Advanced Fighter Wing Compression Panel was
subztituted for the stabilator, the type of graphite/SB703 structure changed
sror female tool fabricated spars/rib to male tool produced hot stiffeners.
Tterefore, the scele-up efforts for the F-h Rudder spar was directly applica-
L. 1o the Wing Compression Panel stiffeners. The het stiffeners thickness of

seventeen 02, +45° plies had already been demonstrated with & "¢" channel. ;
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Thoe successiul Tabrication and test of a male tooled "C" channel plus
the sstiefmetery properties generated from flat laminates demonstrated the
socertavility of graphite/SBT703 for use on the F-4 Rudder, Wing Compression
Tanel, and for design allowables testing, Results of this effort are sum-
marized ir Table XXI with most of the data presented relevant to cure cycle
developmeut using the mist coat of solvent addition. Two separate cure
cyeles were developed for graphite/polyimide laminates. The first covers
laminates made without the addition of NMP fcr handleability:

¢ Apply full vacuum and heat to 200°F

o Hold at 200°F for 1 hour

o lieat to 350°F; however, when the temperature reaches 250°F

apply 100 psi

o Hold at 350°F for 2 hours

¢ Cool down under pressure.

The second covers laminates fabricated with the NP solvent coat:

o Aprly )} - 3 in. Hg. vacuum

o Heat to 175°F and hold 4 hours

0 Heat to 200°F and hold 2 hours

o A4pply full vacuum and heast to 350°F; bowever, when the temperature

reaches 250°F apply 100 pei

o licld at 350°F for 2 hours

o Cool down under pressure.

The poct cure cycle for all graphite/polyimide parts consisted of heating
rrom 350%F to G00°F ut less than 1°F/min. and holding for € hours. It should
Le pointed oul that this post cure cycle covers parts only up to 125 in,
tnick. Thicker parts would probably require a slower post cure, such as that
used with boron/polyimide,

- - A e P - . .
S0 doneycont Candwich Panel Scale~Up

s Wwo Yool by three foot polyimide sandwich panel was fabricated to
gocvesnines sultability of polyimdide bonding operations. Panel fabrication
consisted of vonding post cured 6 ply (+#45, =45, 0, 0, k5, +45) boron/SET703
polyinide chins to HEH 327 fibergless/polyimide core using Fli=34 polyimide

terozive.  Whe post cured sandwich panel, Figure 17, was DT inspected for

andfeata o uwrens and none were found, Then flatwise tension and edgewise com-
Lo specimens were machined from the panel, Figure 18, During the
23
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fabrication of the 2' x 3' boron/polyimide skins, vacuum was lost temporarily
when the cure temperature reached 240°F. The vacuum system was repaired and
then the skins continued their cure cycle. The skins appeared to have a high
void content. However, since the intent of fabricating the large sandwich
panel was to determine suitability of the bonding operation on large sandwich
panels, it was decided that the skins were satisfactory for that purpose.
Subsequent mechanical property tests did not confirm the bonding operation
since premature failures initiated in the skins for both flatwise tension

and edgewise compression at R,T. and 550°F. ‘

Dissection and visual inspection of the panel bond lines showed good
filleting and low void content of the FM-3L4/BR-3L adhesive system. This
inspection correlated quite well with the IDT. In addition, the skin flat-
wise tension values, although much lower than anticipated ( 100 psi at R.T.),
were still higher than the flatwise tension loads required for the F-4 Pudder.
The primary requirement for high flatwise tension loads had been the Stabi-
lator Torgue Box where values to 200 psi at R.T. were anticipated. Therefore,
the two foot by three foot panel was not repeated with more acceptable boron/
SB703 skins.
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TABLEXXT
GRAPHITE/SR 703 SCALE-UP LAMINATES/SHAPES

Laminate Configuration

Cure Cycle

Remarks

15" %x 15" x 15" x 7
ply “'C* channel -
male mold

3"x3"x 11 ply
laminate

15" x1.5"x15" x 7
ply

3" x 3" x12ply
laminate

15" x 156" x 15" x 17
to 11 (tapered) ply
“C'" channel - female
mold

Same as above except
light coat solvent added

3"x3"x10ply
iaminate (solvent added)

3" x 3" x 10ply
laminate (solvent added)

3" x 3" x12ply
taminate

16" x 18" x 16" x 17
to 10 (tapered} ply
"C’”" channel - female
mold (solvent added)

5" x 4" x 8 ply
laminate (solvent added)

2% 4" x 21" x B ply
“'C" channei - male
mold {solvent added)

Heat to 200°F under full vacuum
and hold. Heat to 250°F and
apply 100 psig. Heat to 350°F,

Same as above.

Same as above.

Same as above,

Same as above.

Same as above except added
1 hour hold at 125°F.

Same as above except heat
to 200°F under full vacuum.

Same as above except heat to
to 200°F under 2-3'" Hg
vacuum,

Same as above except heat
under 2" Hg vacuum to 175°F
and hold, then heat to 200°F
and hold, Apply full vacuum
and heat to 250°F, then apply
100 psig. Heat to 350°F.

Same as previous laminate

Heat to 200°F under 5 Hg and
hold. Heat to 250°F at 5" Hy
vacuum, apply full vacuum and
100 psig. Then continue heat

to 350YF.

Same as above.

0.059-0.063 in. thick, very little resin bleed
but cover plates slipped causing poor
pressure distribution.

0.075-0.077 in. thick, heavy resin bleed but
good appearance.

0.048-0.051 in. thick, resin content: 20.6%
Specific gravity: 1.26 . Results of beam
tension specimens machined from channet
are shown in Table

0.080-0.082 in. thick. Heavy bleed with
appearance good. Prepreg was sprayed
with solvent prior to tay-up. From this *

date all graphite/P| prepreg sprayed with y
solvent.

Prepreg was sprayed with solvent prior to
fay-up. Nylon vi.cuum bag broke when cure
cycle reached 300°F,’ solvent degraded
nylon bag.

Heavy resin bleed, delaminated in radius 1
during post-cure. '

Laminate started bleeding at 140°F; resin
bleed by 200°F was excessive.

——————————]

Resin hleed started when temperature
reached 125°F.

0.085-0.090 1. thick. Resin content: 31.2% J

—r

Resin bleed fair, Cross section of channel
showed voids and deliminations due to
poor pressure distribution in female tool.

Resin bleed farr. Resin content {(Postcured): i
27.9%. Mechanical properties accepiable.

Resin bleed tair. Cross section ot channel
good!. Beam tension specimens from cap:
{average 3 speci nens) 202,000 psi.

GP72.0328 7/
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4, STRUCTURAL ANALYSIS/DESIGN

+.1 Introduction

The purpose of this task was to design and analyze an F-b rudder, an
F-15 wing compression panel, and an F-15 horizontsl stabilator. All of the
above items had already been designed, analyzed, end tested utilizing epoxy
type materials. The analysis/design effort on these structural items utiliz-
ing polyimide materials is presented in the following paragraphs.
L,2 Pl Rudder

The F-L4 rudder gecmetry and skin lay-up are showm in Figure 19. The
rudder was designed with the same skin lay-up as used in the previous F-u
boron epoxy rudder. As in the boron/epoxy rudder, a structural analysis was
performed to determine the boron/polyimide skin thickness req:.ired to satisfy
the strength and stiffness requiremcnts. In order to determine the effects
of rudder stiffness on the load distribution the rudder was analyzed for the
combined rudder-fin loading condition using the stiffness for four plies at
jPS degrees, Similar to the boron epoxy rudder, the polyimide rudder is
approximetely two times as stiff in torsion as the conventional aluminum
rudder, As & result of the structural analysis e single ply was added along
the spar with the fibers perpendicular to the spar and two plies were added
along the drive rib. The single ply along the spar added to resct the hinge
and balance weight loads, and to reduce the tran<verse strains along the spar.
“he two plies along the drive rib were added to provide strain compatibility
between the skin and rib., The leading edge spar is graphite polyimide with
a iPS degree lay-up. This lay-up was chosen to provide adequate strength com-
tined with relatively iow bending stiffness so that fin bending will not
induce excessive rudder hinge loads. Spar size was estsblished primarily
Ly stiffness and geometrical compatibility considerations and, consequently,
the strength margins of safety are generally high.

4,3 F=15 Wing Compression Panel

The polyimide compression panel is similar to an F-15 composite wing
ranel. The size of this panel is 14.6 x 24 inches. The panel consists of
tv. 9-ply boron/polyimide skins (+45°, 02°, Q0°, 02°, :ﬁ5°)T separsted by an
£.127 ineh thick polyimlde honeycomb core, The two skins in Filgure 21 are
Tubeied "-2001" and "-~2003". The loaded edge of the panel is reinforced by
prodanlly increasing the face sheet plies from 9 to 13 starting at 5.50 in.

feor e end of the panel as shown in Section C-C of Figure 2). The HRH 327
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FIGURE 19
F-4 POLYIMIDE RUDDER SCALE-UP COMPONENT
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acnoyeort core is replaced by 10 plies (jPSO, Oqo, 9002, 020, jﬁ5o) of
graphite/polyimide on the loading edge of the panel as shown in Section C-C
o7 Figure 21 labeled "-2005"., The hat-section stiffeners are scarfed at L5
degrees and are bonded and bolted at the corners with radius blocks under
single fasteners. A design drawing for the three stiffeners is shown in
Figure 20, The hat stiffeners consist of a basic 8 ply +L5° lay-up that
extends across the entire cross-section. In addition, the cap area contains
9 plies of 0° graphite/SBT703 as shown in view C of Figure 20, The stiffeners
are constructed entirely of graphite/polyimide; whereas, the composite wing
design used a hybrid lay-up with a graphite/epoxy as the basic material and
additional boron/epoxy plies in the cap of the stiffener. The stiffness of
the graphite/polyimide stiffener is comparable to the stiffness of the hybrid
stiffener. Since the post cure cycles were different, the technolosy is not
advanced to the state of hybrid lay-ups of boron and graphite/polyimide.
Hybrid lay-ups of polyimide materials will require and additional development.

effoert which is beyond the scope of this program,

Referring to Section C-C of the design drawing of the ¥~15 wing compression

vanel shown in Figure 21, eighteen (18) plies of boron/polyimide {(two 9-ply
skins) are used in the skin panel instead of sixteen (16) plies of boron/
epoxy used in the composite wing ranel, The composite wing panel lay-up is
slightly unsymmetrical (+45°, -LS®, 0°, 90°, 0°, 0°, -L45°, +L5°), Because

of the long post cure times for boron/polyimide it was felt advisable to use
o syrmetrical lay-up (#45°, 020, Q0°, OQO, :FSO)T. A structural analysis was
performed on the wing compression panel indicating an overall increase of 1A
percent in bending stiffrness over that of the previous epoxy panel. Adequate
strength levels were established wilh margins of safety higher tuan the epoxy
panel., These exirs margins of safety were primarily due to the symmetrical
lav-up (one extra 0° ply in each skin) as opposed to the unsymmetrical lay-up
of the epoxy panel.

L. P=15 Otabilator Torque Fox

The purpose of this task was to:
(

~

) Fstublish desipn criteria, load environment, and structural

arrangement for the F-15 stabilator torque box.
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Lrograns, and failure criteria to account for difference encountercd

through the use of the polyimide resin system,
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(¢) Perform a detail design strength and deflection analysis of the
stabilator torque box. Prepare drawings suitable for release to

manufacturing.

The F-15 stabilator torque box geometry is shown in Figure 22. The polyi-

mide stabilator torque box assembly is shown in Figure 23,
areas where polyimide materials were to replace epoxy materials. Basically,
the epoxy stabilator titanium splice plate remained the same with boron/polyi-
nide replacing boron/epoxy in the skins and graphite/polyimide replacing
titanium in the outboard spars and closure member. Polyimide honeycomb
core also replaced the aluminum core.

A finite element internal loads and deflectiocn analysis was conducted
to determine the effect of usirg HRH 327 polyimide honeycomb core in place
of the aluminum core used in ine production torque box. PResults of this
analysis showed that, althiough the shear stiffness of the polyimide core
was less than that of the aluminum core, load distributions and deflections
of the polyimide torque box were within 3% of production torque box analv-
tical resulis,

Design drawings for the torgue box were initiated tut due to the
laminate fabrication problems, inability to fabricate the necessary thick
section laminates, continued work on the F-15 stabilator was terminated,.
Consideration was given to alternate structural comporents to fulfill the
objectives of the HITAC program. An F-19 copposite wing compression pancl
was ultimately selected. The fabrication and test effort on this panel is
discuused in Sechion 6.0 of this repcrt. The F-U boron and graphite/polyi-
mide rudder in fact was maintained and was successfully fabricated and tecsted,

as discussed in detail in Section 6.0 of this report.
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5. DESIGN MECHANICAL PROPERTIES

- -

~,. intreoduction

The purpose of this task was to establish design allowable strengths

and eclastic constants for design and analysis of polyimide structures by means
~< room temperature and 550°F tests of boron/polyimide (Boron/Skybond 703
Trerreg) and graphite/polyimide (Modmor II Graphite/Skybcnd 703 Prepreg)
srecimens in tension, compression, and in-plane shear. A summary of this data
is shown in Tables XXXV through XXXVIII for boron/polyimide and Tables LI
through LIV for graphite/polyimide. "B" basis strength allowables, as reported
in these tables, were calculated on the basis of ten test points. Elastic
moduli and Poisson's ratio data are mean values. Cure and post cure cycles

Tor voron and graphite/polyimide were performed as discussed in S

and 3.3, respectively, and represent a best effort for this program. It is
realized that the long post cure cycle for boron/polyimide adversely affects,
to a certain extent, transverse properties; however, in order to fabricsate
acceptable thick laminates the long post cure cycle was necessary. Under
this program it was not required to fabricate graphite/polyimide laminates
thicrer than 0,125 in,

5.2 Test Methods

5.2.1 Tensicn - Tension properties have been evaluated by two methods.
Sandwich beam specimens were used to establish room temperature properties
since this method gives high vroperties with less data scatter than the coupon
method, For 550°F testing tension coupons were used. Tension design allowable

data was also developed with tension coupons at room temperature to give a

¢

orrclation between the candwich beam and coupon test methods. The number of
specimens and contfigurations tezted ure presented in Figure 24, Ten specimens

were uscd to establish the 0 - S0 degree type properties hecause of statistical S

reguirements in establishing "B" vasis allowables. Approximately one third of
the cnecimens were instrumented o that representative ctress—strain curves
couLd Le established,

.oz Compression - Compression propertics were also evaluated by two
mizteoan,  The sandwich beam methed was used to establish room temperature
Loonerties, The honeyeomb stubllized edgewise compression method was selected e
. oeshublich 550YF data. Edgewlse compression tests were also conducted at e ‘

vemporatare o glve a correlaticn betweer this method and the sandwich

68
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bean test method., The number of specimens and configurations tested are
prrosented in Figure 25. The same rationale holds for the number of specimens
and instrumentation as for the tension specimens, as explained in Paragraph
5.2.1,

5.2.3 In-Plane Shear - Inplane shear properties were evaluated by both

the rail shear and picture frame test methods. Shear properties have been

successfully evaluated for both +45° and (0%, 90°) laminates by the rail shear

test method, but this method gives low results for iﬁ5° laminates. For this
reason, evaluation of shear properties for a :ﬁ5° lay-up was attempted by
the picture frame shear test, Two laminates were fabricated and tested by
this method. The shear failure stresses were very low due to stress concen—

B T T S L a a ). O
irations in lhe corners. As a resull, +4%5

= pnn

shear testing was accomplished by
the rail shear test method. The number of picture frame specimens and con-
figurations for the program are presented in Figure 26, Rail shear specimens

tested are presented in Figure 27.

e N
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Room Temperature Tests

Specimen Fil . No. of | Channels
c ;:.w ) flament| Fiber | No.of |, mented| Instrumentation*® Per Measured
onfiguration | Material | Pattern | Specimens Specimens Specimen Data
& | Boron | A 10 3 $t rain Gages 2 E, i
Coupon B 10 3 Double Axis Fiy. €
Coupon Graphite A 10 3 Strain Gages 2 E L
B 10 3 Double Axis Fiu €
i _
Boron A 10 3 Strain Gage 1 E, €
[} B 10 3 Single Axis Ftu
Sandwith C 1 1
Beam
Sandwich Graphite A 10 3 Strain Gage 1 E €
Beam B 10 3 Single Axis Feu
C 3 1
550°F Tests
: . . . . No. of Channels
cSpﬁc'me: Agu:g T;me FMIhme.n: PF'“' SNDZ of Instrumented | Instrumentation® Per Menas:ared
onfiguration ' ateria attern | Specimens | o pecimeits Specimen a
= 12 Boron | A 10 3 Strain Gages 2 E, 1
Coupon B 10 3 Double Axis Epy. €
Coupon 1/2 Graphite A 10 3 Strain Gages 2 E, 1
B 10 3 Double Axis Fiuo €
Coupon 100 Boron A 10 3 Strain Gages 2 E 1
B 10 3 Double Axis Fiu €
Coupon 100 Graphite A 10 3 Strain Gages 2 E u,
B 10 3 Double Axis Fryr €
Meztal skin —

~— Compusite
Laminated
Skin

*Fiber Patterns:

. . 5i /
Tuensile Coupon Specimen 15 m.]: " A oY
/ 8- 90°
Tension Sandwich Crtap0 on o
/4\/ Beam Specimen ©-1=45% 05, 507, .
2in.

FIGURE 24 GP72.0593 3
TESTS FOR DETERMINATION OF TENSION DESIGN ALLOWABLES
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Room Temperature Tests
. . . No. of Channels
*
Spe_cqmep F“ame.m Fiber Nu: of Instrumented | Instrumentation Per Measured
Configuration | Material | Pattarn | Specimens . . Data
Specimens Specimen
Sandwich
Beam Boron A 10 3 Strain Gages 1 €. ¢
&7 8 10 3 Single Axis Fey
c 3 1
K
Sandwich Graphite A 10 3 Strain Gages 1 E, e
Beam B 10 3 Single Axis Feu
c 3 1 ‘
Edgewise )
Boron A 10 3 Strain Gage 1 E, ¢
/ B 10 3 Single Axis Feu
Edgewise Gmaphite A 10 3 Strain Gage \ E.e
B 10 3 Single Axis Feu
| °
550™F Tests
|3 .
Specimen l.i\r;.;mg Filament | Fiber* | Mo, of ; ‘Nn' nft al , Cha';mels Measured
} Configuration "ME | Material | Pattern Specimens nstrumen ¢ nstrumenation er Data
b . (hrs) Specimens Specimen
’y
2 " Edgewise
g ' 1/2 Boron A 10 3 Strain Gage 1 E,c
, ' ] 10 3 Single Axis Feu
e
F Edgewise 12 Graphite A 10 3 Steain Gage 1 E €
' B 10 3 Single Axis Feu
F Edgewise 100 Boron A 10 3 Strain Gage 1 £ € .
B 10 3 Single Axis Feu
Edgewise 100 Graphite A 10 3 Strain Gages 1 E,.c
B 10 3 Single Axis Feu
Metal skin

~— Composite
Laminated
Skin

*Fiber Patterns:
-0° .
.gp? /

- 1%48°, 0%, 90°,

1.5in.
Edgewise Compression
Specimen
/%/ Beam Specimen
2in.

FIGURE 25 P72 0593 30
TESTS FOR DETERMINATION OF COMPRESSION DESIGN ALLOWABLES
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Room Temperature Tests
Specimen Filament Fite:* No. of 'nﬁ:‘:l;‘::“ 4 Instrumentation Ch;l;:ols Measured
Contiguration Material Pattern | Specimens Specimens Specimen Data
Picture Strain Gages G
Frame Boron D 3 1 Rosette 3 Fau
Picture . Strain Gages G
Frame Graphite D 3 1 Rosette 3 Fsu
550°F Tests
Soak |
Specimen T?t;e Filament | Fiber* No. of | No. oft 4 | instramentation Cha;:m Measured
Configuration Material | Pzttern | Specimens nstru!n ente nstruman or Data
(hrs) Specimens Specimen
Picture Strain Gages G
Frame Boron 0 3 ! Rosette 3 Fou
Picture . Strain Gages G
Frame Graphite ] 3 1 Rosette 3 Fo,
/Drill 0.50 Dia 5/8 Gia. Bolts
Dyill 0.80 Dia. — 1/4 Dia. Bolts Load
T ! ! A n 7 A
o - 4 Jd|I O s O
—\ /_——'
O O ] ) 0 e)
—-45 +45
Tin
Strain Rosette
O O § O 0]
' N, N
0 o -@® | o o
1O ¢ > @ 1O O
— ‘-—0,745 0.745 —-‘ — | L Lnad \—-Frame
in. in.
. 1/16 in.
2125 in. *Fiber Pattern:
r—"""4.875 in,—— D - 350
. £ -0°,90°
-~ 7in.

Picture Frame
Specimen

Picture Frame
Test Setup
GP72.0593.29

FIGURE 26

PICTURE FRAME TCST FOR DETERMINATION OF SHEAR DESIGN ALLOWABLES
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Room Temperature Tests
Specimen Filament | Fiber* | No.of | ‘No‘ Mt il i Ch";"e“ Measured
Configuration | Material | Pattern | Specimens | "Stumented | Instrumentation o Data
Specimens Specimen
Rail Shear Boron 10 10 Strain Gages 3 G,
10 10 Rosette Fsu
Rail Shear Graphite 10 1 Strain Gages 3 G
10 10 Rosette Fou
5500F Tests
Specimen i‘_’ak Filament | Fiber* No. of | No. of . Cha:nels Measured
Canfiguration ‘me Material | Pattern | Specimons nstru.mented Instrumentation f" Data
{hrs) Specimens Specimen
Raii Sheas Boran 1] 10 10 Strain Gage 3 G
E 10 10 Rosette 3 Fsu
Rail Shear Graphite ) 10 10 Strain Gage 3 G
E 10 10 Rosette 3 Fau
Compression
Load
9/8 . i/2 .
. 1/2m. R Tin. L4
= QX
/
=38, dia. 2in
Boltsin 1/2 in.
Rail Shear - 61
/ Test Setup
Rails T ‘ i
145 0 —a5 - | 2in.
|
Stramn +\
Rosette AT
Rail ~1/2w. R T T
Guides *
—_— L
1-1/8in.
— -,I__.'_”.. 5/8 | 116 in o] e
n. n.
"‘“"‘?‘—'— 3 Hy,
Compression “Fiber Pattern: D 1450
% tuad E - 0¥, 90°
GP 72 0593 an
FIGURE 27

RAIL SHEAR TEST FOR DETERMINATION OF SHEAR DESIGN ALLOWABLES




~.3 Roraon/felyimide Design Allowables (Boron/Skybond 703)

Taat
LOSY

results for tension, compression and in-plane shear tests for

toth room temperature and S550°F are presented in Tables XXII through XXXIV.
Typical stress-strain curves for all tests are presented in Figures 28 through
2. A summary of this date is shown in Tables XXXV through XXXVIII. "B
tasis strength allowables, as repcrted in these tables, were calculated

on the basis of ten test points. Elastic moduli and Poisson's ratio date

are mean values,

5.3.1 Tension Design Allowebles - Boron/polyimide longitudinal and
Tables XXII through XXXIV, Representa-

transverse tension data are presented in
tive stress-strain curves are given in Figurcs 28 thiough 428, Bacellent
iongitudinal tension properties were obtained for this material at room temper-
ature, with approximately 50 percent retention of strength properties at 550°F.
However, the transverse tension properties were not as impressive with strength
values of 5000 psi, and approximately 3000 microinches of stirain. These lower
transverse properties are attributed to the long post cure times for boron/
peiyimide; however in order lo fubricatve thick laminates the long post cure
cyclée was necessary.

5.3.2 Compressicn Design Allowables - Boron/polyimide lengitudinal and

transverse compression data is presented in Tables XXVIII through XaXII.
Typical stress-strain curves are given in Figures 3& through 38. Rcom temper-
ature mean longitudinal compression date obtained by the sandwich beam method,
Table XXVII, is similar to boron/epoxy data, However, because of data scatter
the "B" basis data is somewhat lower than beron/epoxy. This data scatter is
attributed to variations in interlaminar shear properties that were obtained
for the two batches of material used to fabricate thece specimens. Test data
was also obtained by the edgewise compression method at hoth room temperature
ani £50°F. This data is presented in Tables 2XIX, XXX, and XXXIT. Inspection

o
Ci

tnece test specimens indicated that there were mixed mode failures of shear
ard compression. As oa result of the evaluation, it ia felt thal edgewise
corprescion testing is nct sufficlent £or establishing longitudinal compression

orsign allowables, To obtaln longitudinal compression data at 550°F three

saniwich Lewm specimens were fabricated using high temperature honeycomb core,
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Theso test results are presented in Table XXX1 and Figure 36. The specimens
cxhitited good compression failures with approximately 30 percent retention

A

o properiies at 550°F, This is similar to boron/epoxy data at 350°F.
5.3.3 In-Plane Shear Design Allowables - The results of the (0°, 90°)

and (#45°) rail shear tests for both room temperature and 550°F are presented
in Tables XXXIII and XXXIV, respectively. Typicel stress-strain diagrams

are given in Figures 39 through 42, "B" basis allowables were established
for (0°, 90°) and mean data for the (+U45°) lay-ups.
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TABLE XXII
BORON POLYIMIDE LONGITUDINAL AND TRANSVERSE SANDWICH

BEAM TENSION PROPERTIES AT ROOM TEMPERATURE

Specimen OL:':"’;:":“ Failure Failure Elastic
Number (degrees) S(tre.s)s S‘tral.n Modulus
(Loading at 0°) psi {uin./in.) (Ms!)
7-138-1 o° 215000
-2 223000
-3 214000 7140 32.0
4 212000 7210 308
5 219000 7175 32.0
9-158-6 Q° 233000 7560 322
7 234000 7300 33.2
-8 229000 7740 325
-9 220000 7500 32.7
-10 229000 7630 32.6
iy Mean 222600 7420 32.2
“B" 203900
7-138-1 90° 5120 2370 2.48
-2 5120 2240 2.02
-3 5160 2165 2.27
-4 5115
5 6075
9.158-1 90° 5375 4050 2.06
-2 5636 4900 2.30
-3 5185 2025 3.32
-4 5271 3350 2.70
5 5261
Mean 5221 3014 2.45
W g 4884

Notes: (1) Type material — Boron/Skybond 703

(2) See Figures 28 and 29 for Stress-Strain Diagrams

76
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Sandwich Beam Test
(See Table XXII)

250

Failure
(mean)
200 7 /
/ N
150

10e /

e

Stress (psi x 1000)

50 //
0
0 0.002 0.004 0.006 0.008

3train (in./in,)

GP72.0593-64

'FIGURE 28
TYPICAL TENSION STRESS - STRAIN DIAGRAM FOR BORON POLYIMIDE

0° LAMINATE AT ROOM TEMPERATURE
{Boron/Skyband 703)

6.0 Sandwich Beam Test
(See Table XXII) Failure
/ (mean)
5.0 v
/ / lel
4.0 */

Stress (psi x 1000)

//
/

|
/

0
0 0.001 0.002 0.003
Strain (in./in.)

FIGURE 29 GP72.0503-65
TYPICAL TENSION STRESS - STRAIN DIAGRAM FOR BORON-POL YIMIDE

90° L AMINATE AT ROOM TEMPERATURE
(Baron/Skybond 703)
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TABLE XXIIiL
BORON POLYIMIDE LONGITUDINAL COUPON TENSION
MECHANICAL PROPERTY DATA AT ROOM TEMPERATURE

Specimen (;'r"’::"t';;‘z" Failure Faiture Elastic
Number (degrees) s("f.s)s S.tral.n M((;:;I:;IS
{Loading at 0°) ps u "“"'“"
7-138-1 o° 167700
2 174300
3 172400
4 166100
5 171300
7-158-6 ° 196670 6650 30.7
7 195150 33.1
8 180480 ,
9 171440 5460 32.4
-0 178890
. Mean 177440 6056 32.0
W 162336

Notes: {1) Type material — Boron/Skybond 703

{2) See Figures 30 and 31 for Stress-Strain Diagrams

GP72.0693 24




TABLE XXIV

BORON POLYIMIDE LONGITUDINAL AND TRANSVERSE TENSION
MECHANICAL PROPERTY DATA AT 550°F 30 MINUTE SOAK

. L?mina'te Failure Failure Elastic
Specimen Orientation .
Stress Strain Modulus
Number {degrees) (osi) (2 infin) (MS1)
{Loading at 09) e pinn.
7-138-21 o° 138300
-22 141800
-23 122000
-24 120700
-25 127300
7-158-26 o° 120400
-27 125000
-28 122200 4810 27.8
-29 118700 4810 27.2
-30 124000 4450 29.1
Mean 126000 4690 28.0
tu vigy it
8 107600
9.158-1 TRy 5600
-2 6030
-3 5545
-4 5680
-5 5410
9-158-6 90° 5440
-7 5460
9-163-8 5430 6425 1.90
-9 6790 8500 1.50
-10 5860 8275 1.63
Mean 5620 7400 1.68
tu
g 5130
Notes:

(1) Type material - Boron/Skybond 703
{2)  See Figures 30 and 31 for Stress - Strain Diagrams
(31 0. Coupon Test, 90° - Sandwich Beam Test

GP72.-0693 22




TABLE XXV

BORON POLYIMIDE LONGITUDINAL AND TRANSVERSE TENSION
MECHANICAL PROPERTY DATA AT 550°F 100 HOUR SOAK

Specimen olr?:::;:.t;n Failure Failure Elastic
Number (degrees) S(tre.ss S.tral'n Modulus
(Loading at 0°) psi) Wwin.fin.] (s
7-138-11 o° 117800
12 120800
-13 122800
14 123200
-15 123100
7-168-16 0° 127700
17 134900
-18 124200
-19 136700 5000 32.7
-20 143500
FwMean 127500 5000 32.7
“g" 108200
9-168-11 g0° 4950
12 4990
13 5140
-14 5276
15 4872
9-163-16 90° 5330
17 5410
-18 5760 8080 1.65
19 5750 7800 1.65
-20 5720 7950 1.52
Mean 5320 7940 1.56
Hoage 4520

Notes: (1) Type materiai —- Boron/Skybond 703
(2) See Figures 30 and 31 for Stress-Strain Diagrams
(3) 0° — Coupon Test, 90° — Sandwich Beam Test

GP72.0593 2/




Stress - PSI x 1000

Stress - PSI x 1000

200

150

100

50

T

Coupon Test
{See Tables XXM thru XXV )

Room
Temperature
Failure
{Mean)

§50°F 100 hr Soak
550°F 1/2 hr Soak

0.002

0.004

0.006

Strain - in./in.

FIGURE 30

0.008

0.010

GP72.0593-52

TYPICAL TENSION STRESS-STRAIN DIAGRAMS FOR BORON
POLYIMIDE 0° LAMINATE
(Boron/Skyband 703)

Sandwich Beam Test
(See Tahles XX11 , XX1IV , XXV )

660°F
1/2 hr Soak

, Room
/ Temperature

\

5500k

S V.’. 100 br Soak
L’ ' Failure (Mean)
7 g

A

0.002

0.004

Strain - in./in.

FIGURE 31

0.006

0.008

0.010

GP72-0583-63

TYPICAL TENSION STRESS-STRAIN DIAGRAMS FOR BORON
POLYIMIDE 90° LAMINATE
(Boron/Skybond 703)
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TABLE XX
BORON POLYIMIDE SANDWICH BEAM TENSION
PROPERTIES AT ROOM TEMPERATURE

Soecimen OL ?m't"‘:fe Failure Failure Efastic
P rientation Stress Strain Modutus
Number {degrees) . . MSi)

(Loading at 0% {psil (win.fin.) (
+45°, 0.2, 90°] .
o158.1  |(£457.027.8071g 129000 8470 17.0
-2 113000 7820 16.9
-3 116000 7980 156.3
F,, Mean 119000 8090 16.0

Notes: (1) Type material — Boron/Skybond 703
{2) Resin content of incoming material

GP72-0593-36

(3) See Figures 32 and 33 for Stress-Strain Diagrams

TABLE XXVIT

G BORON POLYIMIDE SANDWICH BEAM COMPRESSION
3 PROPERTIES AT ROOM TEMPERATURE
|
‘ . LéminaFe Failure Failure Elastic
Specimen Orientation Stress Strain Modulus
Number (degrees) (si) (win/in.) (MSH)
{Loading at 0°) P pn./in.
9-158-4 {145° 05,900 ¢ 194000 13030 16.0
5 176000 10650 17.5
-6 191000 12650 16.2
Fo, Mean 187000 12080 16.5

Notes: (1) Type material - Boron/Skybond 703
{2) See Figures 32 and 33 for Stress-Strain Diagrams

GP72 0593-37




120

Sandwich Beam ‘Test
(See Table XXVI)

Fail
e |

90
g s o
3 s 8
: -
_ L Z 60
3 30 _
%
g -
| L
- s 0 0.002 0.004 0.006 (.008 2,010
" Strain - in,/in, GP72-0593-62
p / FIGURE 32

TYPICAL TENSION STRESS-STRAIN DIAGRAM FOR BORON POLYIMIDE
(+45°, 08, 90°) g LAMINATE AT ROOM TEMPERATURE
{Boron/Skybond 703)

- e
200 .
Sandwich Beam Test )
U
{See Table XXVTI) 7 F(:‘lggrnfj
e
Ve
150 1

o py

8 ~

% Y,

= 100 e
,-,- : /
g g
; &
50

'Y
0

= 0 0003 0006 0009 0.012 00135
; Strain - in./in.

GP72-0593-63

FIGURE 33
TYPICAL COMPRESSION STRESS-STRAIN DIAGRAM FOR BORON POLYIMIDE
[+45°, 02?, 90°] g LAMINATE AT ROOM TEMPERATURE
{Boron/Skybond 703)
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TABLE XXVIIT

BORON POLYIMIDE LONGITUDINAL AND TRANSVERSE SANDWICH
B&EAM COMPRESSION PROPERTIES AT ROOM TEMPERATURE

Specimen OL:::;:::" Failure Failure Elastic
Number (degrees) S(tre;s S.tral'n Modulus
(Loading at 0°} psi (M in./in.) {MSl1)
7-138-11 0o° 334000 10220 32.7
-12 313000
13 306000 9250 32.0
-14 304000 9450 32.7
15 310000
9-168-14 0° 422000 13000 33.0
-15 435000 14250 33.0
-16 455000 14100 32.7
17 404000 12600 325
-18 374000 11625 33.0
f, Mean 365700 11845 32.7
"B 226200
7-138-6 90° 26200 11536 2.22
-7 26250 13580 3.06
-8 24000 14420 2.16
-9 23700
-10 22400
9-158-9 90° 15140
-10 21650
-11 17450 11270 253
-12 16290 7300 2,07
13 16820 11126 2.61
'r}u Mean 20790 11539 2.44
g 10280

Notes: (1) Type material -- Boron/Skybond 703

(2) See Figures 34 and 35 for Stress-Strain Diagrams

84
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400 .
Sandwich Beam Test .
(See Table XXVITI) /
Failure
/ {mean)
300
=) /
. S
. p iy
ﬁ- 200
100 / .
v k
/ ’
/‘/ 00 0.002 0.004 0.006 0.008 0.010 0.012
s Strain {in./in.)
! GP72.0593-60
) FIGURE 34
TYPICAL COMPRESSION STRESS - STRAIN DIAGRAM FOR
BORON POLYIMIDE 0° LAMINATE AT ROOM TEMPERATURE —_
(BORON/SKYS3OND 703)
40 S
Sandwich Beam Test
(See Table XXVII)
30
o
o
S
— Fmlure
’_( {(Meanl
&
7]
0 0.004 0.008 0.012 0.016 /

Strain {in./in.)
GP72-0593-61

FIGURE 35
TYPICAL COMPRESSION STRESS-STRAIN DIAGRAM FOR
BORON POLYIMIDE 90° LAMINATE AT ROOM TEMPERATURE
(BORON/SKYBOND 703)




T

e - Yot

TABLE XXIX

BORON POLYIMIDE LONGITUDINAL AND TRANSVERSE EDGEWISE COMPRESSION
MECHANICAL PROPERTY DATA AT ROOM TEMPERATURE

Snecimen (;f:r‘"t';:":n Failure Failure Elastic
Number (degrees) S(tre's)s ?tra'm Modutus
{l.oading at 0°) pst fwinfin) (M)
9-162-1 o° 134677
-2 134409
-3 133333
-4 132796
-6 132268
9-162:6 0° 138172
-7 123656
-8 116398 1950 37.8
-9 127554 3085 37.0
-10 96774 2700 a5
£, Mean 127000 2575 38.8
“B" 97930
9-168-1 90° 32640
-2 32060
3 34860
-4 31180
-5 33090
9-158-6 90° 33680
-7 33820
-8 34560 9216 473
-9 33820 9258 450
-10 38090 8470 5.37
£ Mean 33780 8981 4.86
g 29350

Notes: (1) Type material — Boron/Skybond 703
(2) See Figures 37 and 38 for Stress - Strain Diagrams

GP72-0593-88
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TABLE XXX

BORON POLYIMIDE LONGITUDINAL AND TRANSVERSE EDGEWISE CGMPRESSION
MECHANICAL PROPERTY DATA AT 550°F 30 MINUTE SOAK

. Laminate Failure Failure Elastic
Specimen Orientation .
Stress Strain Modulus
Number (degrees] (psi) ( infin.) MS1)
{Loading at 0°) o
9-162-11 0°
12 48790
-13 63978
14 48062
15 48450
9-162-16 o° 39478
-17 46124
-18 £3100 680 43.2
19 55600 1650 415
.20 52000 920 285
. Mean 50520 1083 37.7
Cu [z Xl
8 33930
7-158-11 ag” 16350
12 17320
-13 16800
14 16060
-15 16000
7-158-16 90° 15880
17 16650
18 15500 10360 2.24
19 12059 12740 0.946
-20 13295 13160 1.26
Mean 15590 12087 1.50
FCU
g 11724

(1)  Type material - Boron/Skybond 703
(2} See Figures 37 and 38 for Stress - Strain Diagrams
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TABLE XXXI
BORON POLYIMIDE LONGITUDINAL SANDWICH BEAM
COMPRESSION MECHANICAL PROPERTY DATA AT §50°F 30 MINUTE SOAK

Laminate . . .
Specimen Orientation Failure Failure Ela=tic
Stress Strain Modulus

Mumber {Deg) {osi) w ini (il

{Loading at 0°) psi Win./in,) ms

8-163-1 0o° 110,100 3350 30.0

-2 118,900 4130 30.0

-3 91,800 4000 280

F ., Mean 107,000 3830 29.3

Note: (1) Type Material - Boron/Skybond 703 GP72 0593 89

200 ]
Sandwich Beam Test
150
550°F
o 30 min Soak
S
9 Failure
f {Mean)
Z 100 /)
g
&
50 //
0 /
0 0.0010 0.0020 0.0030 0.0040 0.0050 0.0060 0.0070
Strain - in./in,
F'GURE 36 GP72 0593-84

TYPICAL COMPRESSION STRESS-STRAIN DIAGRAM FOR BORON POLYIMIDE
0° LAMINATE
(Boron/Skybond 703)

88

s isie.

e o

[ |



-~y

EREES T S

BORON POLYIMIDE LONGITUDINAL AND TRANSVERSE EDGEWISE COMPRESSION

TABLE XXXIL

POV S VSR VL

MECHANICAL PROPERTY DATA 550°F 100 HOUR SOAK

Specimen OL'_?::::::“ Failure Failu're Elastic
Number {degrees) S(tre‘s)s ( s;';':) M(::::‘)’s
(Loading at 0°) pst # A
9-162-21 0° £3495
-22 47984
-23 40457
-24 44355
25 56586
9.162-26 0° 54167
.27 —
-28 (3) 19.6
-29 (3) 18.1
-30 (3) 18.9
Mean 49510 (3 18.9
FCu
“g 30670
7-168-21 90° 15910
-22 16740
-23 16530
-24 15940
-26 16820
7-158-26 90° 15180
-27 14880
-28 13941 8120 1.35
-29 12235 9370 0.932
-30 14235 10290 0.913
. Mean 15140 9427 1.07
g 11860

(1)  Type material - Boron/Skybbnd 703
(2)  See Figures 37 and 38 for Stress - Strain Diagrams
{3}  Honeycomb core buckled invalidating failure points
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200

|
Edgewise Test
(See Tables XXIX, XXX)
Room
Temperature
150
Failure
o (Mean)
o
=]
- e
.z 100 ]
a
a
550°F
1/2 hr Soak
0 /
0 0.005 0.0010 0.0015 0.0002 0.0025
Strain - in./in.
FIGURE 37 GP72.0593-82
TYPICAL COMPRESSION STRESS-STRAIN DIAGRAMS FOR BORON POLYIMIDE
0° LAMINATE
(Boron/Skyhond 703)
40 T . e
Edgewise Test Raom
(See Tables XXIX thru XXXH) Temperature
/7
/ //Fadure
30 4 {Mean}
///g'r
8 /
- Z
»
3 20 65007
a 100 hr Soak
g ,——/4/ —
) g /"7 550°F
30 min Soak
10
g
/’
0
0 0.002 0.004 0.006 0.008 0.010 0.012
Strain - in./in. -
FlGURE 38 GP72-0593-83 ' 7
TYPICAL COMPRESSION STRESS-STRAIN DIAGRAMS FOR BORON POLYIMIDE -~

90° LAMINATE
(Boron/Skybond 703)
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TABLE XXXIII
BORON POLYIMIDE RAIL SHEAR MECHANICAL PROPERTY DATA
FOR 0° — 90° LAMINATE

Speci T Failure Failure Elastic ¥
lsemr':en T estﬁ Stress Strain Modulus
umber emperzture (psi) (w in.fin.) (Mst)
; 9-1568-1 Room 9972 54000 0.810 -
3 -2 Temperature 10072 78000 0.700 -
e 10530 62200 1.020
-4 10050 37300 0.850
-5 10169 47000 0.810
9-158-6 Roorn 10390 88000 0892 + °
-7 Temperature 11036 57700 0.892
-8 10193 46700 0.810
-9 10072 41000 1,020
-10 10580 60000 1.140
Fsu iviean 10310 67190 0.894 e s
g 9346
9-158-1 550°F 6490 41400 0.430
-2 7060 34800 0.285
-3 5180 24800 0.350
-4 5790 35200 0.350
-5 6310 40800 0.430
9-168-6 650°F 5220 35600 0.430
-7 6940 37500 0.430
-8 6120 33000 0.420
-9 5530 36200 0.340
-10 6000 (3) {3)
Mean 6060 247400 0.385
F
U age 4520 ya
- - //‘ -
Notes: (1) Type material — Boron/Skybond 703 GP72.0593-32 7
{2} See Figures 39 and 40 for Stress - Strain Diagrams
(3) Strain Gauge Failed in Run
91
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Rail Shear Test Fatlure
(See Table XXXIIT) {Mean)
:lBlI —i
/
/ L
- / /
S
'°‘ /
o 7
7 6 /
%
£ /
3
0 .012 024 036 048 .060
Strain - in./in.
GP72 0593 58
FIGURE 39

TYPICAL SHEAR STRESS-STRAIN DIAGRAM FOR BORON POLYIMIDE
0° — 90° LAMINATE AT ROOM TEMPERATURE
{Boron/Skybond 703)

8 T
Rail Shear Test
(See Table XXXIII)
/ Failure
{Mean)
6 yi
8 7
9 / IIBI'
- /
z 4 »
g
n
. 2 —_—
3
3
0
0 0.012 0.024 0.036 0.048 0.060
Strain - in./in, GP/.Z 0593 59
FIGURE 40

TYPICAL SHIEAR STRESS-STRAIN DIAGRAM FfOR BORON POLYIMIDE
02 — 90° LAMINATE AT 550°F
(Boron/Skybnnd 703)
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TABLE XXXV
BORON POLYIMIDE RAIL SHEAR MECHANICAL PROPERTY DATA
_ FOR 1450 LAMINATE
Soec Test Failure Failure Elastic
h‘:ec”:en Stress Strain Modulus
umber Temperature (psi) (1 in.in.) (MS1)
9.163-1 Room 60,600 10,900 7.30
-2 Temperature 57,900 10,600 8.60
-3 46,990" 7,980" 7.93
- F, Mean 59,250 10,750 7.94
'y
¢ 0.163-4 550°F 44,420 (3) (3)
, -5 41,120 10,550 8.8
1 -6 43,260 9,600 6.2
k
F-
9 F,,, Mean 42,930 10,080 7.6

Notes: (1) Type material — Boron/Skybond 703
(2) See Figures 41 and 42 for Stress - Strain Diagrams

{3) Strain gauge failed at start of run
GP72 0593 47

*Specimen hole delaminations invalidated failure points.
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| Failure
Rail Shear Test
(See Table XXXTW)

o e

e

Stress - psi x 1000

Q -
0 0.003 0.006 0.009 0.0120 0.0150
Strain . in./in. GP72.0593-78
FIGURE 41

TYPICAL SHEAR STRESS-STRAIN DIAGRAM FOR BORON POLYIMIDE
*45° LAMINATE AT ROOM TEMPERATURE
(Boron/Skybond 703)

Stress - psi x 1000

60 l
Rail Shear Test
(See Table XXXIN)
30
. ,/
0 . .
0 0.002 0.004 0.006 0.008 0.010

Strain - in./in,

GP72-0593.79

FIGURE 42

S-STRAiIN DIAGRAM FOR BORON POLYIMIDE
45° LAMINATE AT 550°F
{Boron/Skybond 703)

TYPICAL SHEAR STRLS
+

e MR
3 E S R N

i




RV Y

TABLE XXXV

BORON POLYIMIDE/SKYBOND 703

it e A S 15 o

LONGITUDINAL “B8” BASIS DESIGN ALLOWABLES

I
550°F §50°0F
Room .

Property Temperature 30 minutes 100 hours

pe SOAK SOAK
tu 203900 psi 107600 psi 108200 psi
u 226200 psi 33930° psi 30570 psi
32.3  msi 28.0 msi 32.7 msi

v 0.31 0.30 0.19

Notes: (1) Elastic Constants are Mean Values

*Mean value = 106950 from sandwich beam test (Rey. Tahle XXX1)

TABLE XXXVT

BORON POLYIMIDE/SKYBOND 703

GP72 059345

TRANSVERSE “B” BASIS DESIGN ALLOWABLES

550°F 5509F
Room .
Property Temperature 30 minutes 100 hours
perature SOAK SOAK
Ftu 4880 psi 5130 psi 4520 psi
cu . 29350 psi 11720 psi 11860 psi
2.45 msi 1.68 msi 1.56 msi

Notes: (1) Elastic Constant is Mean Value

GP 72 0493 46
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TABLE XXXVII

PP SV USRS S

BORON POLYIMIDE/SKYBOND 703 0°-90° IN PLANE
SHEAR ‘B BASIS DESIGN ALLOWABLES

Room
Property Temperature 550°F
Fsu 9346 psi 452Q psi
0.894 mis 0.385 msi

Notes: (1) Elastic Constant is Mean Value

TABLE XXXVTIT

GP72-0593-43

BORON POLYIMIDE/SKYBOND 703 +45°
IN PLANE SHEAR MEAN TEST RESULTS

Room °
650
Property Temperature F
Fsu 59250 psi 42190 psi
G 7.94 msi 7.5 msi

RSP . = AT e, TRy
e T T

GP72-0693-44
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5.4 Graphite/Polyimide Design Allowables (Modmor II Graphite/Skybond 703) |
Tension, compression, and in-plane shear properties for both room temper-
‘ature and 550°F are presented in Tables XXXIX through L. Stress-strain curves
are also presented in Figures 43 through 55. A summary of this data is shown

in Tables LI through LIV. "B" basis strength allowables, as reported in these

tables, were calculated on the basis of ten test points. Elastic modulus and

Poisson's ratio data are mean values.
S.4.1 Tension Design Allowables - Graphite/polyimide longitudinal and
transverse tension data are presented in Tables XXXIX through XIYI. Representa-

tive stress-strain curves are given in Figures 43 through 47. The sandwich
beam average ultimate longitudinal tensile strengtli at roon temperature,
presented in Table XXXIX, is 21 percent greater than the corresvnonding coupon
value, presented in Table XL, The sandwich bean "BE" basis ultimate lonritudinal
tensile strenpth at room temperature is 32.5 percent preater than the corrven-
ponding coupon value as presented in Tables XXXIX and ¥L. The walue calculated
for coupen "B" basis ultimate longitudinal tensile strenpth at room temreras

ture (see Table XL) is low because of the scatter present in the test datn,
The sandwich beam average ultimate transverse tensile strenginh value,

- presented in Table XXXIX is 390 percent greater than the corresgcnding coupon
value, presented in Table XL. These coupcns did nct exhibit good tension failures,
For this reason all 550°F iransverse tension data was develcped by the sandwich
beam method as presented in Tables XLI and XLII,

5.4.2 Compression Design Allowables - The sandwich beam average ultimat

o

longitudinal compressive strength presented in Table XLV is 795 percent greater
than the longitudinal edgewise average ultimate compressive siren
at room temperature, Test data ottained from longitudinal ed
test presented in Tables YLVI through XLVIII were much lower than expected,

Representative stress-strain curves are presented in Figures S1 and 52, TInspect=~

o ion of the test specimens indicated that there were mixed mcde Tailures c7 shear

e

and compression. As a result of this evaluation, it is felt that edgewise com-
pression testing is not sufficient for establishing longitudinal comgression
design allowables. The room temperature longitudinal sandwich beam "2" basis
ultimate compressive strength is 65 percent greater than the longitudinal edge-
wise "B" basis ultimate compressive strength (Table XLV and Table XLVI. Typical
stress-strain curves are shown in Figures L9 and 50.

~he sandwich beam averare ultimate transverse compressive z*rensth ig € nenr-

cent less thatn the edgewise average ultimate transverse compressive strencsth at

e Rag
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room temperature, The sandwich beam "B" basis ultimate transverse compressive
strength is approximately the same as the edgewise "B" basis ultimate transverse
sompressive strength at room temperature, Table XLV and XLVI. Therefore, good
sgreenent was obtained between the two test methods for transverse compression.
Sumnary design allowables are presented in Table LI and typical stress-strain
curves are shown in Figure 52,

5.4.3 In-Plane Shear Design Allowables - The results of the (0°, 90°)

ani ($45°) rail shear tests for both room temperature and S550°F are presented

in Table XLIX and L, respectively. Representative stress-strain curves are
given in Figures 53 through 55, These values for graphite/polyimide are approx-
imately 30 percent lower than graphite/epoxy in plane shear values (15000 psi)
at room temperature. In-plane shear allowables are presented in the summary

tables (Table LIII and LIV).

98
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TABLE XXXIX

GRAPHITE POLYIMIDE i.ONGITUDINAL AND TRANSVERSE SANDWICH BEAM
TENSION PROPERTIES AT ROOM TEMPERATURE

Specimen OL::;';:‘E" Failure Failure Elastic
Number (degroes) S(trgs)s ( S.trall.n ) Modulus

(Loading at 0°) psi minin, {MS1)
61311 o° 216000 9466 214
-2 205000 8560 23.1

3 201000

-4 218000
6-132-6 0° 210000 8050 25.2

7 218000

-8 218000

-9 204000

-10 213000
Mean 213000 8692 23.2

W g 193800
6-134-1 90° 9250 4430 1.88
-2 9475 4655 2.22

-3 10350

-4 9075

5 9350
6-135-6 90° 10148 4520 1.98

7 10620

8 10500

9 10150

10 10000
Ftu Mean 9890 4535 2,02

g 8580

iNotes: (1) Type material - MODMOR 11 Graphite/Skybond 703

(2) See Figures 43 and 44 for Stress - Strain Diagrams

GP72-0593 48




F
2560 T
Sandwich Beam Test '
{Sen Table ZXXIX) ’
Failure
200 {Mean)
IlB”
é 150 /Z
x
a
g’ 100
7]
50
0
0 0.002 0.004 0.006 0.008 0.010 0.012
Strain - m./in,
GP72-0593-76
FIGURE 43
L TYPICAL TENSION STRESS-STRAIN DIAGRAM FOR GRAPHITE
: POLYIMIDE 0° LAMINATE AT ROOM TEMPERATURE
b e {(MODMOR II/Skybond 703) )
16 T
Sandwich Beam Test
(Ser Table XXXIX)
1 12
8 Fail
8 allure
- -2 {Mean)
g 8r

Stress

4 J/
/
0 |

0 0.001 0.002 0.003 0.004 0.005 0.006
Strain - in./in,

GP72.0593-77

FIGURE 44
TYPICAL TENSION STRESS-STRAIN DIAGRAM FOR GRAPHITE K
POLYIMIDE 90° LAMINATE AT ROOM TEMPERATUKE
(MODMOR II/Skybond 703)
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TABLE XL

o ekl - 1 T
.

GRAPHITE POLYIMIDE LONGITUDINAL AND TRANSVERSE

CGUPON TENSION MECHANICAL PROPERTY DATA

AT ROOM TEMPERATURE

Specimen ol':::""::::“ Failure Failure Elastic
Number {degrees) S(tre.s,s ( S.m;l‘n ) M(::‘hs‘:;‘s
(Loading at 0°) st pinin.
6-133-1 o° 176000
2 186000
-3 186000
-4 185000
-5 180000
6-134-6 o° 151000 9240 17.3
7 190000
-8 160000 9170 17.15
-9 179000 9700 18.7
-10 169000
Ftu Mean 176200 9370 17.7
“B" 146600
6-131.1 ao° 4570
2 4080
6-133-3 2530
4 2060
5 1660
6-133-6 a0° 1960 1950 1.06
7 2100 1980 1.14
8 3040 2890 0.98
g9 820 1210 0.58
-10 2480 1370 1.20
Mean 253G 1880 0.99
tu g

Notes: {1) Type material - MODMOR II Graphite/Skybond 703

(2) See Figures 45 and 46 for Stress - Strain Diagrams
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TABLE XLI

GRAPHITE POLYIMIDE LONGITUDINAL AND TRANSVERSE

TENSION MECHANICAL PROPERTY DATA

AT 550°F 30 MINUTE SOAK
Laminate | Failure Failur Elastic
Specimen Orientation u.e
Stress Strain Modulus
Number (degrees) (psi) (win.fin) (Ms1)
{Loading at 0°) P pan.an.
6-133-11 0° 167000
<12 180000
-13 166000
<14 164000
-15 167000
6-134-16 o° 167000 7950 20.1
-17 176000 8400 22.8
-18 1630006 5936 28.0
-19 174000
-20 167000
Mean 169100 7429 23.6
Fru
g 156000
6-131-1 90° 4190
2 4570
3 4280
-4 4500
-5 4140
6-131-6 aq° 4240
-7 4560
-8 4400 4800 1.16
-9 4280 5500 1.07
-10 4280 4700 1.23
Mean 4340 5000 1.15
Ftu
“g* 3980

Notes: (1) Type material - MODMOR II Graphite/Skybond 703
(2) See Figures 45 and 46 Stress-Strain Diagrams

{3) 0° — Coupon Test, 30° — Sandwich Beam Test

GP72-0583-23
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TABLE XL1I
GRAPHITE POLYIMIDE LONGITUDINAL AND TRANSVERSE
TENSION MECHANICAL PROPERTY DATA
AT 550°F 100 HR SOQAK
Sonc o"‘_’"’i“afe Failure Failure Elastic
pecimen fientation Stress Strain Modulus
Number {degrees) (psil (u infin.) (msh)
{Loading at 0°)
6-133-21 o° 157000 8470 204
-22 166000 8240 205
-23 153000 6890 21.2
24 171000
-25 159000
6-134-26 0° 166000
-27 170000
-28 152000
-29 167000
-30 169000
Mean 162000 7867 20.7
Ftu
g 144700
6-131-11 g0° 4360
12 4389
13 4770
.14 468C
-15 4280
6-131-16 90° 3940
17 4110
-18 4270 6800 1.13
19 4170 3825 1.27
-20 4230 4500 1.20
Mean 4340 4708 1.20
Fiy
IIBII 3981
Notes: (1) Type material - MODMOR I Graphite/Skybond 703

{2) See Figures 45 and 46 Stress-Strain Ciagrams
(3) 0% — Coupon Test, 90° — Sandwich Beam Test

103
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200

Room ]

0
5507F s50°F Temperature

30 min. Soak

(See Tables XL thru XLI1) 15?3(:?
/ Faiture
150 (Mean) J

o

Coupon Test

100

. Z

4

Stress - psi x 1000

/
4

00 0.002 0.004 0.006 0.008 0.010
Strain - in./in,
GP72:0593.80
FIGURE 45
TYPICAL TENSION STRESS-STRAIN DIAGRAMS FOR GRAPHITE POLYIMID: 0°
LAMINATE
(MODMOR II/Skybond 703)
12

Sandwich Beam Test
{See Tables XL thru XLII

Fatlure

/ (Mean)
9
g
o)
P RT.
P
8 s} —
é Failure
g (Mean)
@ / 560°0F %‘ Faiure
b
100 hr p {Mean)
3 /
660°F/1/2 hr
0
0 0.002 0.004 0.006 0.008 0.010
Strain - in./in. : ‘//
FIGURE 46 GP72-0593-81 '/"
TYPICAL TENSION STRESS-STRAIN DIAGRAMS FOR GRAPHITE POLYIMIDE 90° !
LAMINATE

(MODMOR [1/Skybond 703)
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TABLE XLl
GRAPHITE POLYIMIDE SANDWICH BEAM TENSION
PROPERTIES AT POOM TEMPERATURE

Soeci OLaimina'te Failure Failure Elastic
'\;l)e::::n :’;entatlo)n Stress Strain Modulus
u r egrees . i Ms|
(Loading at 0°) {psi) (winf ( ’
6-131-1 (£45%, 05, 90°)g 92500 8995 10.2
-2 101000
.3 89000
Flu Mean 97500
GP72-0595-39
TABLE XLIV

GRAPHITE POLYIMIDE SANDWICH BEAM COMPRESSION

PROPERTIES AT ROOM TEMPERATURE

o OLa.xml‘n:Fe Failure Failure Elastic
rgecn;\en (r;en a lc;n Stress Strain Modulus
s (Loadei?lrge:i 0%) {psi) (winfin.) Ms1)
61314 (+45%, 00,90} ¢ 72500 8750 8.45
5 68200
6 68400
F, Moan 69700

Notes: (1) Type material - MODMOR II Graphite/Skybond 703

{2) See Figures 47 and 48 for Stress-Strain Diagrams

GP72-0593 40
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Sandwich Beam Test Faiture (Mean)
(See Table X1LTII)
80
o
§ 60
x
@
a
"
¢ 40
]
20
0
0 0.002 0.004 0.006 G.008 0.010 0.012
Strain - in./in,
FIGURE 47 GP72.0593 72

TYPICAL TENSION STRESS-STRAIN DIAGRAM FOR GRAPHITE
POLYIMIDE[+45°, 05, 90°] g LAMINATE AT ROOM TEMPERATURE
L (MODMOR II/Skybond 703)

80
| R
Sandwich Beam Test /’/
F (See Table XI'TV; /7 Failure (Mean)
]
_ 60 7
o /
S
=
2 40 —
-r g
? 20 4
Q —_
0 0.002 0.004 0.006 0.008 0.010 0.012
Strain - in./in. e
FIGURE 48 GFP72 0093 73

TYPICAL COMPRISSION STRESS-STRAIN DIAGRAM FOR GRAPHITE
POLYIMIDE [+45°, 020, 90°] gLAMINATE AT ROOM TEMPERATURE
(MODMOR II/Skybond 703)
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TABLE XLV

8

W T T

GRAPHITE POLIMIDE LONGITUDINAL AND TRANSVERSE SANDWICH BEAM
COMPRESSION PROPERTIES AT ROOM TEMPERTURE

Spec men ()Lr?:r:it:iitzn Failure Failure Elastic
Number (degrees) S(tre.s)s ( S.trall.n | Modulus
(Loading at 0°) psi win.fin, (MS!1)
6-131-11 o° 178000 9015 21.6
-12 163000 7797 22.6
13 166000
-14 177000
-16 164000
6-132-1 o° 203000 10150 21.8
17 199000
18 173000
19 173000
20 188000
Mean 178300 9034 22.0
g 144900
6-134-11 90° 19900 11608 1.13
12 20200 11485 1.17
13 18000
14 19300
-15 18700
6-136-16 90° 19450 11515 1.18
17 17510
18 18250
19 19880
-20 18750
. Mean 18990 11536 1.16
Yo 16880

Notes: (1) Type material - MODMOR II Graphite/Skyhond 703

(2) See Figures 49 and 50 fur Siress-Girain Diagrams
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250
Sandwich Beam Test
(See Table XI'W7)
’
200 — 7
//
o édailure {Mean)
.8- 150 .
X
1‘7’ llBll
a
£ 100
50 - 4
0 - .
0 0.002 0.004 0.006 0.008 0.010 0.012
Stram  an/in. A
GP72 05937
FIGURE 49 7099

P I X 2 T L AT Y RS AT

TYPICAL COMPRESSION STRESS-STRAIN DIAGRAM FOH GRAPHITE
POL YIMIDE 0° LAMINATE AT ROOM TEMPERATURE
(MODMOR I1/Skybond 703)

25
Sandwich Beam Test
(See Table XI'V)
20 - - —
»
A Failure

- 7 {Mean)
g s A
8 15 a5
y ;/’r
a5 /
a
‘é‘; 10
s 4

5

0 e -

0 0.002 0.004 0.006 0.008 0.010 0.01?
Strain an/in.
GP /72 0543 715
FIGURE 50 2

TYPICAL COMPRESSION STRESS-STRAIN DIAGRAM FOR GRAPHITE
POLYIMIDE 90° LAMINATE AT ROOM TEMPERATURE
{(MODMOR II/Skybond 703)
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TABLE XLVI
GRAPHITE POLYIMIDE LONGITUDINAL AND TRANSVERSE
EDGEWISE COMPRESSION MECHANICAL PROPERTY DATA
AT ROOM TEMPERATURE
, Laminate Failure Failure Elastic
Specimen Orientation .
Stress Strain Modulus
Number {degrees) (psi) (w infin) (MS1)
(Loading at 0°) pe pn.fn.
6-1331 o° 101500
-2 97300
.3 97300
-4 114000 6030 18.7
-5 112000 7000 19.2
6-135-6 o° 101100
-7 99500 5680 19.4
-8 100000
9 97400
-10 98500
- Mean 101800 6237 19.1
Feu
g 87500
6-134-1 ao® 21000 16500 0.70
-2 21600 19040 0.650
-3 22300 21000 0.695
4 20600
-5 21000
6-135-6 90° 18300
-7 24700
-8 22800
-9 21100
-10 19000
Mean 21240 18850 0.681
Feu
llB’l 17000

Notes: (1) Type material - MODMOR 11 Graphite/Skybond 703

(2) See Figures 51 and 52 for Su ess - Strain Diagrams

GP72 0593 28
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TABLE XLVII

GRAPHITE POLYIMIDE LONGITUDINAL AND TRANSVERSE
EDGEWISE COMPRESSION MECHANICAL PROPERTY DATA
AT 550°F 30-MINUTE SOAK

Laminate

g
J
P
3

. R . Failure Failure Elastic
Specimen Orientation Stress Strain Modulus
Number {degrees) (osi) winfin) Ms!)

(Loading at 0°) P Kin.fin.

6-133-11 o° 61600
12 65300
113 64500

14 68500 2870 258

15 65000 2855 214
6-135-16 o° 59600
-17 61400
-18 70600
19 60300

.20 62500 2790 204

Mean 63880 2838 225

cu

g 55500
6-134-11 90° 11000
12 10600
-13 10400

14 96500 11300 0.875

-15 8800 16950 0.810
6-135-16 90° 10600
17 10500
-18 10500
-19 10300

20 9500 15630 0.820

Mean 10180 14630 0.835

Feu

g 6610

Notes: {1) Type material - MODMOR II Graphite/Skybond /U3

(2) See Figures 51 and 52 fur Stress - Strain Diagrams
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TABLE XLVIH

GRAPHITE POLIMIDE LONGITUDINAL AND TRANSVERSE
EDGEWISE COMPRESSION MECHANICAL PROPERTY DATA

AT 550°F 100-HOUR SOAK

R La.lmina.te Failure Failure Elastic
Specimen Orientation .
Stress Strain Modulus
Number {degrees) (psi) (win.fin) s
(Loading at 09) P Hn.fn.
6-133-21 ° 44400
-22 48600
-23 41700
24 §7200 2850 21.4
25 56500 2625 198
6-135.26 0° 47300
-27 50600
-28 51500
-29 50000
-30 51500 2500 18.7
Mean 49800 2458 200
fu
wgrr 38900
6-134-21 90° 10000
-22 10250
-23 9750
24 6450 165.0 0.835
-25 9650 14450 0.810
6-135-26 90° 10350
27 9350
-28 10800
-29 9250 22500
-30 9500
Mean 9835 17810 0.822
feu
“g" 8700

Notes: (i) Type maierial - MODMOR TI Graphite/Skybond 703

(2) See Figures 51 and 52 for Stress - Strain Diagrams

GP72 0593 24
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Edgewise Test Room Failure
(See Tables XTI thru XIVIII) Temperature (Mean)
80 — }
560°F
é €0 30 rr}in Soak ’
x
&
o °F
§ 40 100 hr Soak
&
20
o .
0 .001 .002 003 .004 .005 .006 .007
Strain - in./in. GP72-0593-54
FIGURE b1
TYPICAL COMPRESSION STRESS-STRAIN DIAGRAMS FOR GRAPHITE
POLYIMIDE 0° LAMINATE
(MODMOR T/Skybond 703)
24 —~— T Faiure
Edgewise Test {Mean) No.6:-134-2
See Tables h ) |
(See Tables XLVI thru XLVIII //R:om
Temperature
g
& 16
©
-; 5¢0°F
9. 30 min. Soak
g q
£ 8 | 650°F
» / 100 hr Soak
0
0 .004 008 012 .016 020 024

Strain - in./in,
GP72-0593 55

FIGURE 52

TYPICAL COMPRESSION STRESS-STRAIN DIAGRAMS FOR GRAPHITE
POLYIMIDE 90° LANINATE
(MODMOR 0/Skybord 703)
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TABLE XLIX
GRAPHITE POLYIMIDE RAIL SHEAR MECHANICAL
PRCPERTY DATA FOR 0° — 90° LAMINATE -
. Failure Failure Elastic
Specimen Test . {
Number Tem o Stress Strain Modulus
parature (psi) (u in.fin.) (Ms!)
6-131-A1 10780 43000 0.629
-A2 10780 46500 0.629 7
-A3 8430 20250 0.700
-A4 11020 45600 0.700
Room !
.AB Temperature 11130 32000 0.723 i
6-134-A6 10060 40800 0.795 !
-A7 10850 31000 0.795 ;
-A8 10790 36400 0.795
-A9 3300 22600 0.733
Room !
-A10 Temperature 10320 35800 0.636
—— £ Mean 10250 35400 0.713
U 7800
G-1311 550°F 6283 29570 0.354
-2 7094 34800 0.418
-3 5717 35600 0.357
-4 5680 27600 0.284
-H 6433 43200 0.284
61346 5600F 5570 35400° 0.568
-7 7320 44000° 0.568
-8 6510 46000° 0.460
-9 6320 40000 0.350
-10 5960 39000° 0.720
Mean 6290 37500 0.436
Fou
“gr 4910
S
Notes: (1) Type materiol - MODMGR I Graphite/Skybond 703 {
{2) See Figures 53 and 54 for Stress - Strain Diagrams
* Values are extrapolated due to instrumentation failure.
GP /2 05923 86
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Rail Shear Test
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GP72-0593-56

TYPICAL SHEAR STRESS - STRAIN DIAGRAM FOR GRAPHITE
POLYIMIDE 0° - 90° LAMINATE AT ROOM TEMPERATURE
(MODMOR II/SKYBOND 703)
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TYPICAL SHEAR STRESS - STRAIN DIAGRAM FOR GRAPHITE
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TABLE L
GRAPHITE POLYIMIDE RAIL SHEAR MECHANICAL
PROPERTY DATA FOR 145° LAMINATE

i
. Failure Failure Elastic :
Specimen Test .
Numbe Temperatur Stress Strain Modulus
' P ¢ {psi) (uin./in.) (MSH) i
q
6-131-1 Room 40,200 10,300 7.80
.2 Temperature 41,800 12,900 5.00
-3 33,600
F, Mean 38,500 11,600 6.40 '
6.131-4 550°F 21,500
-5 (3)
-6 (3)
Fy, Mean 21,500 (3) (3)

Notes: (1) Type material - MODMOR II Graphite/Skybond 703
(2) See Figure 65 for Stress - Strain Diagram
{3) Rails Detached During Test Invalidating Instrumented Specinens

GP72-0593-87




Stress - psi x 1000
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Rail Shear Test
{See Table L) Failure
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FIGURE 55

LAMINATE AT ROOM TEMPERATURE
{(MODMOR I/Skybond 703)

TABLE LI

GP72-0593-66

TYPICAL SHEAR STRESS STRAIN DIAGRAM FOR GRAPHITE POLYIMIDE ¥46°

GRAPHITE POLYIMIDE MODMOR (1/SKYBOND 703
LONGITUDINAL “B” BASIS DESIGN ALLOWARBLES

Room 550°F 550°F
Property Temperature 30 Minutes 100 Hour
SOAK SCAK
Ftu 193,800 psi 156,000 psi 144,700 psi
Fcu 145,000 psi 55,5600 psi 38,900 psi
£ 23.2 msi 23.6 msi 20.7 msi
v 0.33 0.21 0.20

Notes: (1)} Elastic Constants are Mean Values

U i T AR T

GF72-0693-49
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TABLE LU
GRAPHITE POLYIMIDE MODMOR 11 /SKYBOND 703
TRANSVERSE ‘B BASIS DESIGN ALLOWABLES
: Room 550°F 550°F
Property Temperature 30 minutes 100 hour
pe SOAK SOAK
Feu 8,600 psi 4000 psi 4000 psi
Fcu 17,000 psi 8600 psi 8700 psi
E 2.02 msi 1.15 msi 1.20 msi
E; 0.681 msi 0.8356 msi 0.822 msi
Notes: (1) Elastic Constants are Mean Values GP72-0593-91 ;
TABLE LIIt
. GRAPHITE POLYIMIDE MODMOR 11/SKYBOND 703 0°-90° o
' IN PLANE SHEAR “B” BASIS DESIGN ALLOWABLES ]
- Room ]
Property Temperature §50°F
Fou 7800 psi 4900 psi
G 0.713 msi 0.436 msi
Notes: {1) Elastic Constant is Mean Value GP7" ,593-92
TABLE LIV -
GRAPHITE POLYIMIDE MODMOR 11 /SKYBOND 703 t45° '
IN PLANE SHEAR MEAN TEST RESULTS
Room o :
Property Temperatura 550°°F l
Feu 38,500 psi 21,500 psi /
6.4 msi * msi ‘ 5
*Rails Detached During Rait Shear Test GP72-0593-93 1

invalidating Instrumented Specimens

1
!
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6. COMPONENT FABRICATION/TEST

N

¢.3 Introduction

Yhe purpose of the component fabrication/test task was to demonstrate the
adequacy of polyimide materials for use in aircraft structures. An F-b
rolyimide rudder was successfully fabricated and tested to failure. The
fabrication of the F-15 horizontal stabilator torque box had to be discon-
tinued because of difficulties encountered in fabricating thick boron/polyi-
mide leminates. 1In its place, an F-15 composite wing compression panel was
febricated and static tested to failure.

The F-L polyimide rudder is shown in Figure 56 indicating dimensions,
and material utilization. NDT techniques (ultrasonic "C" scan and radio-
graphy) were very helpful in defining acceptable rudder component/sssemblies.
The rationale for sclecting the F-l rudder was based on potential for scale-up
1o primary assembly structures, and the attractive opportuni'y Tor cempe:isor
between the polyimide rudder and the earlier F-b nmetal ar i voren/epczy rudders,

-

vee  ¥=h Ruidder rubrication/Test

The F-~4 polyimide composite rudder was fabricated with boren/3E703
skins, graphite/SR703 spar/rib, and HRH-37T fiberglasc polyimide ncneyaond
core., Polyimide adhesives were used for S50°F capability. Variabiliisr of
boron/8B703 prepreg required several skin fabrication crcles 1o ottain Tws
acceptable skins, IDI {ultrasonic "C" scan and radicpgraphy) was very hLelilul
in defining acceptable components/assemblies. fThe graphite/ZB703 cpar falriou-
tion and ruuder bonding coperations were performed without difriculties.

v.2.1 Graphite/SB703 Cpar Assembly - The graphite/IbT03 syar {sec

Figure 52) was successfully cured and post cured in the rirst atiemrs
s y :

ihe processing cycle as outlinea in Section 3. Thie prepreg lay-up used
boiling point pyrolidone solvent to improve handleability ani tack ror twa2 ''C
chiannel spar shape. Figures 5T and 58 show the spar/rib ready for curc wia
after curc respectively. The spar passcd all quality control tests, U7 and
aestructive testing of control specimens. Destruclive test results or conircl

specimens arc siven in Table LV,
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FIGURE 56
F-4 POLYIMIDE RUDDER SCALE-UP COMPONENT GP72-0543-1
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‘TABLE LV

GRAPHITE POLY{MIDE SPAR QUALITY ASSURANCE
MECHANICAL PROPERTIES

Process Control Test Temperature Reguired Minimum Test Rasult
Interlaminar Sheér R.T. ' 8,000 psi 12,950 psi
Interlaminar Shear 560°F 5,000 psi 7,670 psi
0° Fiexure R.T. 170,000 psi 199,000 psi
0° Flexure 550°F 110,000 psi 130,000 psi

GP72-0893-122

Following spar cure and post cure as established in Section 3, secondary bonds
of the titanium fittings and titeanium hinge fittings to the spar were performed,
followed by the bond of the titanium fairing to the spar (see Figure 56),.
tietlbond 8LO adhesive was used in all bonds. Quality assurance control speci-
men bopds,.performed with the spar bond, were acceptable per ‘Table LVI, A
photograph of the completed spar assembly is shown in Figure 539, The completeq
spar assembly was ulirascnically C-scan inspected and x-ray inspected and no

defects were found.

TABLE LVI
QUALITY ASSURANCE RESULTS OF GRAPHITE
POLYIMIDE SPAR ASSEMBLY BONDS

Condition Tost Temperature | SPocification | oo o esuit
Minimum
Ti Cleaning Coupon | Sirgle Lap Shear R.T. 2250 psi 2640 psi
650°F 1000 psi 1B40 psi
Ti Hinge & Riu Bond | Single Lap Shear R.T. 2254 psi 3150 psi
550°F 1000 psi 2173 psi
Ti Fairing Bond Single Lap Shear R.T. 2250 psi 3005 psi
550°F 1000 psi 2025 psi
Note: Metibond 840 adhesive used in all bonds. GP72-05%3-123
122
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©.,2,2 Boron Polyimide Skins - The first set of boron polyimide skins

was cured and found to be excessively porous, Following tests of the
yrocess control penel (see Table LVII) fabricated with the skins, the skins
were rejected because of failure to meet minimum specifications. The
principal cause was excessive "A" stage advancement of the prepreg used to
fabricate these skins. As a result of this experience, further controls
were established for the "A" stage operation such as time, temperature,
vacuun and agitation speed,

The fabrication of & second set of rudder skins appeared at first to
be successful, The completed skins (Figure 60) had acceptable resin dis-
tribution and no porosiﬁy wes visible. Fifteen ply quality assurance
specimens, fabricated with the L-to~T-ply skins, yielded acceptable test
results per Taeble LVIITI, Both sets of skins were fabricated per P.S. 1k22L
(Appendix).

TABLE LYII
BORON POLYIMIDE SKIN (FIRST SET)
QUALITY ASSURANCE PANEL TEST RESULTS

Process Control Temperature® Spacificiation | Individual
Test Minimum | Test Results
0° Flexure Allat R.T. | 190,000 psi | 68,000 psi
97,600 psi
202,000 psi
interlaminar Shear 11,000 psi 7,800 psi
6,400 psi
7,700 psi

*550°F tests not performed because of poor R.T. results.

GP72-0328-109
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TABLE LYIO
BORON POLYIMIDE SKIN (SECOND SET)

QUALITY ASSURANCE PANEL TEST RESULTS

. s Mini Average
Property Test Tel";\parature pac nflmum Test Results
F psi psi
0° Flexural Strength R.T. ) 190,000 226,000
550°F 155,000 200,000
Interlaminar Shear Strength R.T. 11,000 11,800
§50°F 6.000 8.080

GP72-0328-108

The skins were machined, Figure 61, and then ultrasonically Cescan
inspected for deleminations, C-scan of one of the skins, Figure 62, showed
it to be acceptable, while C-scan of the second skin, Figurc 63 showed that
the skin was delaminated. Plugs were machined out of the skin to confirm
the delaminations. Visual examination of the plugs showed that plugs taken
from areas which the C-scan showed delaminations were indeed delaminated,
and the plug teken from an area which C-scan showed no delaminations was
not delaminated. Figure 64 shows photomiercgraphs of two of the delaminated
plugs and of the undelaminated plug. Additional plugs were machined from
delaminated and undelaminated areas of the skins according to the C-scan,
Correlation between the rlatwise tension results with the plugs and C-scan

resulic was excellent, as shown in Table LIX.

TABLE LIX
FLATWISE TENSION RESULTS OF PLUGGED
BORON POLYIMIDE RUDDER SKIN

Percent Delaminated | Flatwise Tension Strength, psi

66 395
33 685
1385
1420
1040
1205
1460
1470

[ Iio B o I o= I oo B o

GP72-0328 106
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FIGURE 62 GP72.0503-116
C-SCAN OF UNDELAMINATED BORON POLYIMIDE RUDDER SKIN
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GP72-0593-115

FIGURE 63
C-SCAN OF DELAMINATEC BORGN POLYIMIDE RUDDER SKiN
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Plug No. 3 Delamination is Between Plug No. 1 Delamination is Between
—45° Ply and 0° Ply. +45° Ply and —45° Ply.

Piug No. 2 No Delamination

FIGURE 64

PHOTOMICROGRAPHS OF BORON POLYIMIDE PLUGS MACHINED
FROM DELAMINATED RUDDER SKIN GP72-0593-107
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A third skin (needed to complete the set of two required for a rudder)
was fabricated and it successfully passed NDI'. Fifteen ply quality assur-

ance specimens fatricated with the skin yielded acceptable test results,

Table IX.
TABLE LX
BORON POLYIMIDE SKIiN (THIRD SET)
QUALITY ASSURANCE PANEL TEST RESULTS

Test Specification Average

Property Temperature Minimum } Test
° psi Results

F psi
0° Flexural Strength R.T. 190,000 270,000
. 550°F 165,000 224,000
’ Interlaminar Shear Strength|  R.T. 11,000 11,800
550°F 6,000 7,380

T GP72.0328-107

6.2.3 Bonding of Rudder Assembly - The IEH-327 fibergluss polyimiac

core was cut into five pieces for bonding into Llhv rudder assernbly, and
Verifilm check was performed to determine uniform bonding pressure between
spar assembly, core and bottom skin bonding surfaces. “he same processing
was utilized as explained in Section 3 of this report. The fiberglass
polyimide core was ihen primed with BR-3k primer and dried at 400°F, Dlace-
ment of this core into the rudder assembly showed that the core had shrunk

2 inches in the spanwise direction, during the L00°F drying operation. It
was suspected that this honeycomb core had not been post cured to 600°F

by the supplier. Another possible explanation for the core shrinkage was the
low density and relaxation characteristics of the core material. The shrunken
fiberglass/polyimide core, Figure 65, was replaced with a larger piece of

core which was post cured, primed, dried, and cut to size.

131
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FIGURE 65
FIBER GLASS POLYIMIDE CORE ON RUDDER SUBASSEMBLY SHOWING AMOUNT
OF SHRINKAGE OF CORE DURING 400°F CORE PRIMER DRY OPERATION

GP72-0593-108
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The bottom boron polyimide skin bonding surface was lightly grit blasted,
and then the bottom skin, core and spare assembly were bonded in an auto-
clave. v« .1ity assurance bonds, performed with the rudder assembly bond,

yielded results shown in Table IXI.

TABLE LXI
QUALITY ASSURANCE RESULTS OF BOTTOM SKIN-CORE-SPAR ASSEMBLY BOND
Specification
Process Control Test Temperature Minimum Test Result
(psi}

Lap Shear, Ti-Ti R.T. 2250 2080

5650°F 1000 2145 .
Flatwise Tension, Skin-Core R.T. 400 345

550°F 75 165

GP72-0593-120

Metlbond 840 and FM-3L adhesives were used for skin to spar (lap shear)

and skin to core (flatwise tension), respectively. All three of the room
temperature flatwise tension specimens failed in the skin to flatwise tensicn
block bond line, and not in core to skin bond line. Of the three £50°F
flalvwise tension specimens, two failed in the skin to flatwise tension block
bond line and one specimen falled in core to skin bond line, The lap

shear specimens, as suown in Table LI, were machined into dog bones
inadvertently and fTallures occurred in metal and not in the adlhesive.

The trailing edge of the bonded subassembly was then £illed with Fi4-29
foam adhesive and cured, After post cure (8 hours total, including 2 hours
cycle at 600°F) of the subassembly, the fiberglass polyimide core on the
bonded subaccembly was muchinud Lo the correct height us shown in Figure 66,

i Verifilm check of the top skin 4o rudder assembly was then accomplished,
AUuer the top boron/polyimide skin was lightly grit blasted and the top of
Lhee core on the rudder subsssembly was primed and dried, the top skin was
Lornied to the rudder subasscomoly in an auloclave. The bonded rudder assembly
af~er post cure is shown in Figure 67.

G2 D7 Inspeciion of F-h Rudder fssembly - The F-b rudder
)2 o

wiceruly was ultrascnically "C" scan inspected, snd rediopgraphicuslly
cramined.  Vhe DUT devected several small unbonds in skin to cdgemembor

nrenn anfdl b TeW apparcnt yvolds o Lhe core to edgemember bonds,  Tu
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FIGURE 67
F-4 POLYIMIDE RUDDER

GP72-0593-110




addition, areas of either bondline voids or thick primer and/or adhesive
in the core to skin areas were detected. Three coupons were cut from
sclected areas of the rudder to determine what the NDT was indicating.
chown in Figure 68 are the three areas where three coupons were cut to
evaluate core to skin bonds. The selection of areas from which these
specimens were taken was based on NDT results and locations which would
have & minimum effect on the rudder load carrying capability. The
specimens were visually inspected and then tested in flatwise tension,
Visual inspection of these specimens showed a thick adhesive build-up.
Table LXII shows the results cof the flatwise tension tests. All specimens
failed in areas other than in the skin to core bond. Therefore, the skin
to core bonds were concluded to be adequate and NDT results were taken to be

indications of thick primer and/or adhesive rather than of unbonded areas.

TABLE LXII
POLYIMIDE RUDDER FLATWISE TEMNSION TESTS
Flatwise
Spaci NDTA Failure Tension
pecimen | o esults Load Failure Remarks
No. : (Ib) Stress
(Ranking) (psi)
1 1 280 - Core Split; No Bond Failure
2 2 1450 462 Skin Delaminated; No Bond
Failure; Core Was Starting
to Spiit
3 3 1180 376 Skin Delaminated; No Bond
Failure
Zﬁk GP72.0593-121
1 best to 3 worst,

Repair of F-4 Rudder Assembly - The skin to edgemember unbonded areas

a5 indicated in Figure 62 were repaired using a hypodermic needle to
apply the aghesive, Areas of the rudder from which the flatwise tension
spcimens were taken were also repaired using boron/polyimide patches,

ro

.o repair procedures were similar to those used to repair boron/epoxy

136
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©.2.5 F-l Rudder Test - The polyimide rudder was subjected to 400§

design limit load (4640 pounds) without catastrophic failure, An inspection

°T the rudder at the end of the test indicated that a small area of the

axin was delaminated at the lower—for#ard corner of the rudder. Strain

gage data indicates <ut this delamination occurred at approximately 2L0%
design limit load. The F-k rudder is a torsional stiffness (GJ) critical
structure. Therefore, the skin gage required for stiffness considerations
results in an over strength structure, Consistently with these results, the
boron/epoxy rudder met stiffness requirements and was capable of sustainiug
loads of 380 - 410 percent of design limit load.

(a) Rudder Test Setup - An F-L static article aft-fusclage, including

the vertical fin, was mounted on a rigid backup structure at the fuselage
station 515.0 splice (Figure 69), The polyimide rudder was installed on

the vertical fin using production fittings as in a normal service installu-
tion., A fixed length simulated actuator was installed between the rudier

and the empennage assembly to hold the rudder in the neutral position
(aligned with the aircraft centerline). 1In addition, a linkage was iustalled
in itne location of the rudder damper. This linkage was adjustea so that it
would react approximately one half of the rudder hinge moment and the rixea
length simulated actuator would react the other half.

Neoprene rubber tension pads were bonded with k(1300 aihesive on Lhe
left hand surface of the rudder as shown in Figure 70, ‘The puds were
linked through a whiffletree loading system to a hydraulic eylinder,
Pressure was applied to the cylinder with a hydraulic hand pump. Loads
vere measured using a  -librated strain link. Otrain gages were bonded to
both the left and right-hand surfaces of the rudder at the locations shown
in Pigure Tl, Tension pads in the area of strain guges were trimmed to
nrovide a minimum of 1/U inch clearance with the strain gages. Derlection
Lransducers were attached to the right~hand surfaces of the fin and the
rudder at the locations shown in Figure 72,

(b) Test Procedure - The rudder was loaded to 400) design limit

dowa (LGWO pounds). “The loading was identical to that of the boron/cpoxy
raducrs, Lo loads were appliel to the fin, Loads were applicd in ine~
crements of 20% deslgn Iimit load up to 100% and in increments of 20

ol 300 above 100%, loads were applicd at a ratce not in excess of 209

Gosapn limit load per 30 seconds.,  The outputs from the deflection trawi-

G and strain gapes were recorded continuously throughout Lhe test Lo




FIGURE 69
F-4 POLYIMIDE RUDDER STATIC TEST SET-UP
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Hinge Line

| 50 |70

9.7

Notes:

I - 19.50

1
|
|

1. XX indicates tension pad and its loading,n !» @ 150%
2. All tension pads to be 5 inch x 5 inch except two pads with 90 Ib loads.

These pads to be 4 inch x 5 inch.

W.L.715

3. Uitimate load = 1740 b ultimate hinge moment = 13,500 in. Ib center of
pressure at 30% chord. Ultimate load = 150% design limit load.

FIGURE 70

RUDDER TENSION PAD LAYOUT AND ULTIMATE LOADS

1ko

GP72-0593-117
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Notes:

1. Gauges should be installed on both sides of rudder, at locations indicated.
2. Strain rosette; O

3. Strain gauge: @

GP72-0593-118

FIGURE 71
STRAIN GAUGE LLOCATIONS FOR RUDDER TEST
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FIGURE 72
RUDDER DEFLECTION POINT LOCATIONS

142

GP72-0593-119




] ke ] + . - - .
4Q00% design linmit load and back to zero load. Certain strain gages and
detflection transducers were monitored at the various load increments.

(¢) Test Results - The rudder sustained 400% design limit load (LG40

pounds ) without catastrophic failure. An inspection of the rudder at the
end of the test indicated that the skin had a small delamination at the
lower-forward corner of the rudder. Deflection versus load graphs are
presented in Figure 73 through T75. 5Strain versus load plots are presented
in Figures 76 through 79. The strain data presented in Figure 79 (strain
sages TA, 7B, and TC) indicates that the initial skin delamination occurred
at approximately 240% design limit load.

Photographs showing the rudder at no lvad, 150%, and 400% design limit

load are presented in Figures 80 through 82.

(d) Conclusions - Based on the results of this test, it is concluded
that the F-L polyimide rudder can satisfactorily react loads to 400%
design limit load without major failure, &s a matter of fact, this test result
is consistent with previous tests conducted on the MCAIR boron/epoxy rudaers.
For example, the A-32 boron/epoxy rudder had an initial failure at 2L5%

design limit lcad. The rib adjecent to the lower hinge buckled and partially

[PESSESSS——

;
|
?
e

separated from the skin, This failure did not prevent successful centinua-~

tion of the test to L00% design limit load.

!
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6.3 F-15 Polyimide Wing Compression Panel Facrication/Test

6.3.1 Introduction - The F~15 polyimide compression panel was

fabricated with boron/SBT03 skins, graphite/S3BT703 hat stiffeners asnd edge
members, and HRH-327 fiberglass polyimide honeycomb core. Polyimide

adhesives were used for 550°F capability.

The fabrication sequence for the compression panel was as follows: o
(a) Fabricate two boron/SBT703 skins
{b) Machine the HRH-327 honeycomb core to size - %
(c¢) Fabricate the graphite/SB703 edgemembers and hat stiffeners
(d) Bond the HRH-327 honeycomb core to the graphite/SBT703 edgemembers
(e) Bond the boron/SB703 skins to the edgemember~honeycomb core K
subassembly

(f) Bond the graphite/SBT03 hat stiffeners to the sandwich panel.

For each of these steps appropriate process control tests and NDT were

performed to verify process/component acceptability.
Two of the fabrication operations required several attempts before

parts acceptsble for the compression panel could be obtained. Two sets or

boron/SBT703 skins and four sets of graphite/SB703 hats were fabricated.

NDT revealed flaws (Section 6.3.L4) which were confirmed by photomicrographic

inspection.

6.3.2 Boron/SBT03 Skinsg - Two 1k.6 in., (0°) x 24 in, x 9 to 13 ply skins

vere fabricated with the process described in P.S. 1L22L4 (Appendix), the
same as was used for the F-U Polyimide Rudder skins. NDT of the first set
showed one of the skins to be unacceptable. NWDT (ultrasonic "C" scan throughn
transmission) results are shown in Figure 83. The principal causes for the
unacceptable skin were considered to be (1) slower cool-down rate than re-
quired for the "B" stage cycle, and (2) slower heat-up rate than required
for the cure cycle. These factors could have reduced the resin flow guffi-
ciently to create the voids shown in Figure 83.

Another skin was fabricated with proper heat-up and cool down rates
using the same cure/pcst cure cycle described above., It was satisfactory
as evidenced by the ultrasonic "C" scan shown in Figure 84, Process control yd

tests for the two sets of boron/SBT703 skins are shown in Table LXIII. i
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TABLE LXIH
BORON/SB703 SKIN PROCESS CONTRUL TESTS

Mechanical Test Minin‘mm Actual Value
Property Tem:::'r:a;ture R::;l)red - 2 Son
0° Flexural Strength RT 190,000 202000 | 241500
550 155,000 167000 | 185600
Interlaminar Shear RT 11,000 16300 16" 00
Strength 550 6,000 7100 7000

GP72-0593-15

6.3.3 HRH-32T Honeycomb Core Machining - The HRH-32T7 honeycomb core

was machined using a valve stem cutver in a manne- similar to the machining
of the F-L rudder honeycomb core, The size was "4 in. (ribbon direction)
¥ 24 in. x 0,117 in. high and no difficulties were encountered.

6.3.4 Graphite/SBT703 Components - The compression panel requires 3

rravhite/SRT02 het stiffeners and L graphite/SBT703 edgemembers. The hat
stiffeners consist of a basic 8 ply #k5° lay up that extends across the entire
cross-section. In addition, the cap area contains 9 plies of 0° graphite/
SHTO2,  This lay-up differs from that used for the praphite/epoxy hats of
tne =19 Composite Wing Program where the 0° plies are boron/epoxy, lowever,
tecuuse of a lack of development effort with hybrid laminates and the
STt veran in cure cycles between praphite/polyimide and boron/polvimide
drnided 1o maintain an sll pgraphite/SBT03 stiffener., The edgemenbers

coniisted of 8 16 ply [+b5, 05, 90]9 lay-up. Fabrication of both hat stiffcners
wer eoperephers required the use of lylar templates for flat pattern lay-

vl e, enllation on the tool. Hat stiffener fabrication also required
eomegie o of o mist coat of HIMP sclvent on the preprepg just prior to

cntr o Lhe 450) tr aid formability. Steel caul plates were used over
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the lay-up to assist in obtaining more uniform pressure. Perforations
(.06 in. dia.) on 0.5 in. centers permitted volatile removal. The fabrica=-
tion was performed per P.S. 14227 (Appendix) and was similar to the process

used for the F-l4 rudder spar fabrication.

Visual appearance of the first set of hat stiffeners was not totally
satisfactory. The caul plates left mark-off ridges in the cap and radii.
Figure 85 shows the stiffeners. Subsequent NDT (see Figure 86) indicated
the edgemenbers had some voids. NDT also indicated some voids in the hat

stiffeners (see Figure 87).

A second set of hat stiffeners was then fabricated. The caul plates
were discarded to eliminate the markoff ridges in the radii and cap (both
critical areas). Caul plates had been_éuccessfully'eliminated for graphite/
epoxy hats on the F-15 Composite Wing Program. A second set was laid up
without caul plates, but during the cure cyéle the bag broke at a part

* . temperature of approximately 250°F.: The part was under full vacuum and 100

psi pressure was being applied at the time of the bresk. This point of the
cure cycle is very critical as it is the point where resin flow starts and
the rate of imidization increases. The tcol was quickly removed from the
autoclave, a new bag installed and an'attémpt was made to complete the cure
of the parts. Howevé}, sufficient resin flow could not be generated fecr
adequate lamina bonding. NDT revealed the parts to have excessive voids
w14 Aisbonds, which was not unexpected.

A third set of hat stiffeners were then fabricated using the same
procedures as for the second set except that the tool was modified to
eliminate the bag brideing problem. The cure cycle was successful with
food vacuun (29+ in. Hg) being held throughout the critical parts of the
cure cvele, All heat up and cool down rates were within specification
limits., Rermoval of the hat stiffeners from the tool revealed 3 apparently

«creptable parts, HNDT of the hat stiffeners prior to post cure revealed

exnrnllernt bonds evervwhere, except in the cap area. Fipure 88 shows the ultrasonic
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"C" scans for the hat stiffeners and Figure 89 shows a photomicrograph of

a cross—-section through the hat where NDT indicated a disbond, It was con-
jectured that the problem could have been one of thermal or mechanical strain
where the nine 0° plies are sandwiched between four :ﬁso plies on both top

and bottom.

FIGURE 89 GP72-0593-11
HAT STIFFENER CROSS-SECTION (3RD RUN)

Sufficient graphite/SB703 prepreg remained for a fourth set of hat
stiffeners., The approach for this set was to maintain the same fabrication
procedures, but to redesipn the cap area of the hat stiffener. The
original and revised lay-up cross sections for the cap are shown in
4 Figure 90, It was felt that dispersing the 0° plies among the L5° plies
3 vould reduce the strain concentration where the nine 09 plies had interface
with the 45° plies.

The fabrication cycle vas w.thin specification requirements, but agsin
DT (after cure but prior to post cure) revenled disbonds in the cap area.

A D EVE m e m e
V1L ICNELS.

¥igure 91 shows a ecross-section of one of thesc hat 3
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FIGURE 91 GP72-0595-12
CROSS-SECTION OF HAT STIFFENER USING REVISED LAY-UP (4TH RUN)

SANDWICH PANEL NDT

After fabricating 4 sets of graphite/SBTu3 hat stiffeners, sufficient
time or material did not remain for a fifth attempt. Therefore, the first
g2t was selceted as the best all-around hat stiffeners available for the
compression panel, Process control tests for fabrication of this set of
nat stiffeners plus the graphile/SBT03 edgemembers pave the results shown in
“etle LYIV, These results coopare very favorably with those penerated for

e Fal Polyimide Hudder Spar and sre well above the minimum requirements.
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TABLE LXIV
PROCESS CONTROL TEST RESULTS FOR G/SB703 COMPONENTS

Test
Process Conirol Temperature Specification Result

Test (OF) (P!I) (pﬂ)
(nterlaminar Shear RT 8,000 13,400
Strength 559 5,000 6,700
0° Flexure Strength RT 170,000 192,300
5680 110,000 113,100

L

GP72.0593-14

5.3.5 Edgemember to Honaycomb Core Bond - The graphite/SBT703 16 ply

thick edgemembers were bonded to the premachined HRH327 honeycomb core
with the FM-29 Foaming Adhesive per P.3. 14225 (Appendix). Steel

shirms were used to underneath the edgemembers so that the honevcorb core
would be ,00L-,005 in, higher on both tor and bottom than the edgemembers.
The Fl-20 adhesive was cured by heating to 350°F in an air circulating
oven and tnen holding for one hour. The post cure cvcle wus then
completed by heating this subassembly to 600°TF slowly in & nitrogen
atmosphere, There was no danger of honeycomb core shrinkape, anch as

experienced with the F-U Polyimide Rudder, because the honeycomb core had

been post cured to 600°F before machining started. Visual inspection of

ti~ rart after post cure revealed = satisfactorily bonded subassendly. The

i1=29 adhesive process control test gave a core shear streungth of Lok psi

w1 rocm temperature compared to the 200 psi required by P.G. 1h225,
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Skin to Honeycomb Core Subassembly Bond - After selection of

0,23.0
wo satisfactory boron/3BT03 skins and completion of the edgemember to honey-
corb core bond, the next step was to bond the skins to the honeycomb core
subassembly with FM-3L adhesive, Preparations prior to bonding consisted
of (&) lightly grit blasting the boron/SB703 skin bonding surfaces, (b)
apply BR-34 polyimide adhesive primer to the honeycomb core and drying at
400°F, and (c) lightly hand sanding the bonding surface of the graphite/
SBT03 edgemembers, None of these operations created any difficulties., The
bond cycle itself was performed in autoclave at 50 psi with cure at 350°F
per P.S. 14225 (Appendix). Post cure was deleyed until after the graphite/
SB703 hat stiffeners were bonded onto the panel so that two post cure cycles
could be combined into one cycle. Panel appearance after bonding was satis-
factory, as evidenced by sufficient adhesive filleting at the edge of the
panel, NDT also revealed a satisfactory bond cycle as evidenced by the
ultrasonic "C" scan of the panel shown in Figure 92, The flatwise tension
and lap shear process control test values are shown in Table L¥XV, All of
the flatwise tension specimens failed in the specimen to loading block bond
line, end not in core to skin bond line, Because of past experience with
this adhesive on the F-L rudder (Table LXI) and the NDT results as

mentioned above, it was felt that the bond between the core and skin was

adequate,
3
TABLE LXV
] PROCESS CONTROL TESTS FOR SANDWICH PANEL BONDING
(FM-34 ADHESIVE)
T Mechanical Test Specification Test
; :c anica Temperature Minimum Result
: roperty (°F) (psi) (psi)
Flatwise Tension AT 400 ao*
550 75 2
Single Lap Shear RT 2250 3610
Strength 550 1500 1840 C
l ) /,-”
*Failures occured in the specimen to toading block
hond line, No specimen failure GP72:0593-13
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6.3.7 Hat Stiffener to Sandwich Panel Bond - The final assembly
operation involved bonding the three graphite/SBT03 hat stiffeners onto the
voron/SBT03 skin sendwich panel with Metlbond 840 adnesive. Hat stiffener
pXacement was dictated by the Engineering drawing,‘Figure 21, At the
conclusion of the adhesive cure eyele, the entire sandwich panel was then
post cured in a nitrogen filled retort.

The hat stiffeners were prepared for bonding by lightly sandlnp the
bottom of the flanges with 200 grit sandpaper to remove resin gloss. The
surfaces of the boron/SRT03 skins were prepared for bonding by lightly grit
blasting the areas A"“ere he stlf’e.c ar ¢ bonded tc the skins.  Metlbond
B0 was then placed between the skin and stlffener with an additional
fillet of adhesive placed on the 1ns1de radli of the stiffeners-skin inter-
section. Peel fastener location. holes were drilled -through the hat
stiffener flange and the sandwich panel skln/edgemember. The titanium
plates were located for bonding. The. panel assembly was then bagged,
(see Figure 93) cured and post cured per P.S. 14225 (Appendix) requirements.
The cure cvcle basically con51sts of heating directly to 350°F under 50
psig and full vacuum. The post cure cvcle is a stepped heat up from 350°F
to 600°F in a nitrogen atmosphere. Then the peel fasteners were installed.

The lap shear process control specimens were acceptable with the results
showvn in Table LXVI. These results are similar to those obtained for the

F-bL Polrimide Rudder bond cycle. Adhesive filleting was satisfactory. The

completed assembly is shown in Figure oh,

TABLE LXVI

'METLBOND 840 PROCESS CONTROL TEST RESULTS
Test Minimum Test
Property 1;:,':;’ Requirement Value
Single Lap RT 2250 2480
Shear Strength
{psi) 550 1600 2100

GP72-0593-90
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FIGURE 93
POLYIMIDE WING COMPRESSION PANEL PRIOR TO CURE

FIGURE 94
COMPLETED POLYIMIDE WING COMPRESSION PANEL
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v.3.8 Compression Panel Test - The polyimide compression panel design

drawings are shown in Scction 4 of this report (Figures 20 and 21). Loading

ALY
S

[

ocKs were bonded to the panel for load introduction and slotted pipes

were used on the edges to give a simple supported condition (Figure 95). The
srecimen was statically loaded in compression in 10% DLL increments, The
ranel failed prematurely at approximately T6% DLL with the hat stiffeners
debonding from the panel.

(a) Panel Test Setup and Procedure - The test setup utilized a L00,000

1b, universal test machine, Machined knife edges were utilized
to apply axial load to each panel. The test setup is shown in

Figure 96, Strain gauges and linear motion transducers were

.“ prrovey

bonded to each panel at the locations shown in Figure 97. Load
was applied in 10% DLL increments until failure occurred. Strain
and deflection date were recorded at each loading increment.

(b) Test Results - The panel was loaded in 10% DLL increments. While

going from the TO to 80 percent DLL increment, the panel failed . E
with the stiffeners debonding from the panel. Figure 98 shows the

compression panel after failure., At approximately 60 percent DLL SR —
visuel inspection indicated that the middle stiffener was starting
to debond and at T6 percent DLL all three stiffeners debonded.
Strain gauges data (Figures 99 and 100) verify the visual
observations. Specifically, strain gauge 17 on the stiffener cap
indicated a loss in strain at 60 percent DLL as the load being
applied to the panel was increasing. At the same time gauge 15 on
the panel (stiffener side) indicated & loss in strain while gauge 16
on the opposite side of the panel (moldline side) showed an

increase in strain. This indicates that the stiffeners were starting
to unbond (the stiffener side of the panel was loosing stiffness),
resulting in load being transfered to the moldline side of the

panel. Deflection data is presented in Figure 1G1.

{(¢) Conclusions - Until the stiffeners started to debond the poly=- {

N

imide compression panel load distribution was similar to

epoxy compression panels tested under the Composite Wing Program,

Although NDT results showed debonds in the caps of the stiffeners, -
instrumentation and visual inspection indicated that the problem

vas in tne polyimide adhesive bond line of the stiffener to panel,

kil
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Since NDT evelustion was not performed on the hat to panel bond
there could have been debonds in this area, NDT standards had
not been established previously for polyimide materials for this
type bond. Another possible explanation for the adhesive failure
is that because of the long post cure time the polyimide adhesives
became brittle; therefore, there was not strain compatibility
between the hat to adhesive to skin, Additional effort is needed
to further develop the polyimide adhesives and fabrication
techniques. Adhesive shear stress~strain curves are needed to
obtain the adhesive characteristics as a function of post cure and

appropriate fabrication techniques need to be established,
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POLYIMIDE WING COMPRESSION PANEL AFTER FAILURE
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T. CONCLUSIONS AND RECOMMENDATIONS

The "High Temperature Advanced Composites" program has demonstrated
that both boron/polyimide and graphite/polyimide structural parts can be
successfully fabricated. The fabrication cycles for the graphite/polyimide
matrix composites were shortened to near epoxy cycle times. The design
allowebles for tension, compression and shear properties are also very en-
couraging. NDT (ultransonics and radiogrephy) proved useful in
detecting defects and anomalies in polyimide structural elements.

The F-4 polyimide rudder test was successful as it attained loads of
L00 percent design limit load without major failure. This test was similar

to previous tests conducted on the MCAIR boron/epoxy rudders. For example,

the A-32 boron/epoxy rudder had an initial failure at 246 percent design limit

load. The rib adjacent to the lower hinge buckled and partially separated
from the skin, This failure did not prevent successful continuation of the
test to 40O percent design limit load., The successful fabrication and test
of the polyimide rudder substantiated c¢he structurael integrity of boron and
graphite polyimide composite materials for this type of structure.

However, problems still exist for fabricating complex highl: loaded
structures. The polyimide wing compression panel failed at 76 percent DLL

with the hat stiffeners debonding from the panel., The reasons for the early

failure were possible voids in the adhesive bond line, and strain incompatibil-

ity of the polyimide adhesive due to the post cure, Additional effort is

needed to further develop the polyimide adhesives and fabrication techniques.,

Adhesive shear stress strain curves are needed to obtain the adhesive char-
acteristics as a function of post cure and appropriate fabrication
techniques need to be established, The material specification controls

need to be further strengthened to insure the attainment of a reproducible
product, batch after batch. Prepreg manufacturing variables and non-similar
quality control tests are areas that must be closely controlled by the user,
The technology must be extended to fabricate reproducible thick section

(30 plies or greater) laminates and structure.
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APPINDIX
PRELIMINARY MATERIALS AND PROCESS SPECIFICATIONS
The Appendix contains the material and process specifications required
for the subject program. They consist of two MCAIR Material Specifications
(MMS) and three MCAIR Process Specifications (P,S.) documents, and are
listed below
o MMS-522, Boron/Polyimide Prepreg Material
o MMS-523, Graphite/Polyimide Prepreg Material
o P.S, 14224, Skins, Structural, Boron/Polyimide, Fabrication and
Acceptance of
¢ P.S. 14225, Bonded Structure, Polyimide Matrix Composite, Yabrica-
ticn and Inspection of
o P.S. 14227, Skins and Substructural Shapes, Structural, Graphite/
Polyimide, Fabrication and Acceptance of
These are preliminary specifications and do not necessarily represent the
f[ final approved form of these documents. They have not been approved by any

Gevernment agency in their present form.
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MMS -G 20

PRELIMINARY

BORON/FOLYIMIDE PRE-PREG MATERIAL

APPLICATION

This specification establishes the requirements for A" stuged
Polyimide resin imprepnated Boron filament brosadrood sheet
containing a glass 8crim cloth for ease of handling.

This pre-preg materisl is to be used for the fabrication of high
performance composite structures over the approximate tenperature
range of -659F to 550°F.

APPLICABLE DOCIMENTS

La)

.0

P.5. 14224 - Skins, Structural, Boron/Polyimide, Fabrication and
Acceptance Of

MIL-B-33353, Boron Morofilarent, Continuous, Vapor Deposited

REQUIRXMENTS

()
—

e

CONSTITUENT MATERIALS

Boron Filarent - The boron filarment shall meet the requirenents

N U RN T T . . :

of MIL-B-533%3 (USAF) Boron Moneofilament, Continuous, Vapar
Deposited,

Polyinide Pesin - The polyinide resin shall be capaltle of structural
application to $509F and peruit the pre-prep broadsonds and laminates

produced from the troadgoeds to meet the requirerents of this specification.

Serir Cloth - The glass scrin cloth shall consist of Type 10« and
shall be continuosus for the width of the pre-preg material.

Bateh - A batch is defined as a quantity of boron poiyiride btroad-
¢00ds nanufactured without interruption (normal work shift stoppares
excepted) using polyimide resin from a singcle batch, boron filament
from one or wore lots, and without chunge of production equip-ent,

PHYSICAL FROFFRTIFE QF FR&-PRMG MATHERIAL - The "A" staged pre-prej:
material shall reet the physical property requirerents of Tavie I.

L S R

ISSUED

o Junce

MMS - soo

1673 BORON/POLYIMID® PRE-FREG MATERIAL

REVISION A PAGE 1 OF

11

STANDARD  MATERIAL  SPECIFICATION [CODEIDENT.NO 7

6301

MAC 208
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PRE-PREGC BROADGOODS - The length, width, and number of individual sheets
of pre-preg shall be as specified on the purchase order.

FILAMENT SPACING - Spacing between adjacent filaments within the
broadgoods sheet shall be 0.0002-0.015 inch, with the exception that
twvo (2) gaps of 0.015-0.040 inch are permitted per 3.0 inch width
provided all other provisions are met. The nominal filament spacing
is 0.0008 inch.

BROKEN FILAMENTS - Broken filaments shall not be permitted within 1.0
inch of each other and no more than 5 per 10 feet of length.

l CERTIFICATION - The vendor shall certify that his product meets the

requirements of this specification or take speciflic exception in the
purchase order. The vendor, by his certification, guarantees that
the polyimide resin formulation is the same as that used {n the
initial qualification tests.

MECHANICAL PROPERTY OF CURED LAMINATES - The "A" steged pre-preg, when

"B staged and fabricated into a 6, H, and 15 ply undirectional laminate

per P.S. 1k224, ghall be capable of meeting the mechanical property require-
ments of Table II. Fallure to meet any of the values of Table II perrits
retest for that property only. After the second test, the provisions of
Paragraph 3.11 are in effect.

UNIFORMITY AND ORIENTATIQON - Filarents in the broadgoods sheet shall

be oriented parallel to each other with the following exceptions. S.ngle
filament crossovers are acceptable. The width of broadpoods affected bty
one or more filament crossover groups (one group is two or more adjacent
crossed filaments) shall be less than 0.4L0 inch. Single crossover groups
between 0.20 and 0.LO inch wide shall not exceed 3.0 lacres in length and
are to be separated fron each other by at least 5 feet,

PRE-PREG RELEASY SHEETS - The release sheet backing used on one side of
the "A" staged boron/polyinide pre-prem raterial shall be Teflon conted
rlass fabric (CHR3TLL or equivalent) and on the other side the release
material shall be a backing sheet which will easily separate fror the
pre-preg naterial without resin loss fron the pre-preg.

DEFECTS DURING USAGE - Defects as defined by this specification found in
the pre-prep material after acceptance has been conpleted are still cause
for rejection of tne unused portion of the baten. Defects caused by user
vishandling, improper storage, or expiration o! shell lire are not vendor
responsibility.

PRE-PREG FLATNESS - Boron/polyimide broadyoods shall not: (1) curl
over more than 5% of thefr width, (2) contain filarent bundles, and
(3) have separation of scrim cloth from the remainder of the pre-pre..

REJECTION - Boron/polyimide pre-preg broadgoods not conforting to the
requirements of this specification shall be rejected.

-
Py

MM3-5x2 BORON/POLYIMIDE PRE-PREG MATERIAL ISSUED
CODEIDENT.NO. 76301 sSTANDARD  MATERIAL  SPECIFICATION [

uAczsuorrzu‘onmn MCDONNELL DOUGLAS

ST. LOUIS
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Lo QUALITY ASSURANCE

4.1 YENDOR BATCH CERTIFICATION TESTS - The vendor shall supply certified
quantitative data for the follow!ag tests with each batch of broadgoods.
In addition, the vendor shall supply data on the ultimate tensile
strength, tensile modulus, and élameter of the boron filaments used in
the manufacture of the broadgoods. The vendor shall send three (3)
copies of the test data to the McDonnell Buyer. The Buyer in turn
shall send two of these copies to Quality Assurance and the remaining
eopy to Materiaml and Process Development Department. The test
methods are described in Paragraph 4.3. The required tests are;:

h,1.1 Resin Snlids content of “A“ staged resin prior to pre-prefging.

h.1.2 "A" stage pre-preg resin solids content.

4,1.3 Total volatile content of resin fn "A" staged pre-prey.

Lok Infrared spectrogram annlysis of "A" stased resin.

L.2 MCIDONNELL INCQMING TNSERCTION TESTS - The followin/ tests shall te
performed at McDonnell for each incoming batch ~° broadrsoods. Tue
test rethods are descxibed In Paragraph 4.3, rerforw. these tests for
each bateh or 2500 £t of preprex, whichever is smaller.

L,2,1 "A" stuge pre-prep; resin solids vontent.

u,2,2 Totml volatile content of resin in A" staged pre-pre..

h,0.3 Infrared spectropran analysis of "A" stared resin.

b2k Horizontal shear strength at R,T. ani 550°F.

4.2.5 Longitudinal Flexural Strength and Modulus at R.T. and 55C°F,

4.2.6 Longitudinal Tensile Strength at R.T.

4.2,7 Transverse Tensile Strength at R.T,

4.3 TEST_METHODS

4.3.1 Resin Solids Content of "A" Staged Resin (Prior to Fre-rreccin:)

4.3,1.1  Weiph a dried, tared (to nearest 0.000] x) !frittec cracible (W) and
place the resin sanile i1nto it.

4.5.1.2 Welplh the crucible Hnd resin to nearest 0.0001 (ws),

L.3.,1.3 Heat the crucitle and resin to ©007F at 1-3OF/min. ané hoid Yor L otour.

4.3.1.4 Allow the crucible and resin solids to cool to room temperature
in a desiccator and weigh the crucible and resin solids to nearest
0,0001 g (wj). )

4.3.1.5 Celeulate resin solids content as follows: ’

(W3 = Wy)(100%)
% Resin solids content = =—= L
W2 - wl
ISSUED MMS - 522
Py Jun60]97'/:\[ BORON/POLYIM.DE PRE-PREG MATERIAL PAGE 3 oF 11
REVISION
' STANDARD  MATERIAL SPECIFICATION [CODEIDENTNO. 7630

MAC 29892

E MCDONNELL DOUGLAS

ST. LOUIS
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ki

ey

4.3.1.6

k.3.2

k.3.2.1

4,3.2.2

k,3.2.3

L.3.2.L4

L.3.2.%

Report the arithmetic mean of at least two specimens,

"A" Stege Prepreg Resin Solids and Resin Volatile Contenﬁ

Take duplicatc samples of boron/polyimide prepreg from the same sheet.
Sample size is 2.0 in. x 2.0 in. Weigh one clemed and dried 150 wl.
Pyrex beaker to the nearest 0.0001 g and record weight as wl.

Place a sample of prepreg in the beaker and weigh to the neatest 0.0001 g.
Record as Wo.

Heat the sample to 60C°F at a rate of 1-2°F/min. and hold for 1 hour.
Cool to room temperature in a deslccutor. Weigh the sample to the
nearest 0.0001 g and record as W3.

Weigh a cleaned and dried 150 ml. Pyrex bLeaker to the nearest 0.0001 ¢ and
record as W,. Take the duplicate sample, place it in the beaker and weigh
to the nearest 0.0001 ;. Renord as Wg.

Extract the polyimide resin from the prepreg with N, methyl-pyrrolidone
(MMP) solvent at 100-130°F for 1 hour. Weigh another 150 rl. Pyrex
beaker to the nearest 0.0001 ¢ and record as Wpn. Transfer the resin~idF
solution to this beaker, weijht to the nearest 0.0001 & and record as Wy.
Weiph the beaker with fibers remaining to the nearest N.0001 g and record
as Wao.

J

Boil the NMP off the resin-NVP colution by heating to %00°F at 1-2°F/ain.
and holdine for 1 hour. Cool to roon termperature in a desiccator. Weigh
the remaining solids and record as Wy.

Calculate the preprer resin solids as foliows:

Prepre; Resin Solids (%) _ Wq - ., (100)

Content w; - W,

Wo - Wy (100)
(Wp - Wy) - (W - w5)

Resin Total (%)
Volatile Content

Report the arithmetic nean of at least 3 specimens.

M
A

T

M
GE

§ -522
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Lo scan in direct transmission.

.33 Filament Count - The filement count shall be established by
photographing a 1.0-2,0 inch wide section of broadgoods,
enlarging to 100X and counting the filaments/inch. The
photograph method way involve radiography.

W
=

Infrared Analysis

)
—

cell plate.

Place the "A" staged pra-preg resin on a potassium bromide

h.3.h.2 Place the pctassium bromide plate in & Becxman IR9 Infrared
’ Spectrophotoueter or equivalent instrument and conduct the spectrum

' follows:
(=) Scanning Rate - 80 cm~l/min.
(%) Fine gain control setting - 3
(c, Coarse gain control setting - 10
(d) Routine slit control
{(e) Perioa setting - 2
{(f) Resolution -~ 25 el

L,3.% Horizontal Shear Strength

Set the Beckman IR9 instrument as

L.3.5.1 The specimen configuration and load support method shall be as
specified in Figure I.

1.3.5.2 The specimen shall be loaded with 0.125 inch radius supports at
0.05 inch/min.

4,3,5.3 Calculate the horizontal shear strength as follows:

Fg = 3(t) vwhere Fg

0.75P

Load, 1b.
Speciren Width, in.

= H
P
B
t Laminate thickness,

mon o

orizontal Shear Strength,1b/in®

in.

4.3.5.4 Report the arithmetic mean of at least three values.

4.3.6 Longitudinal Flexural Strength and Modulus

4.3.6,1 The specimen configuration and load support method shall be as
shown in Figure II.

4.3.6.2 1The specimen shall be loaded with 0.125 in. radius supports at a
rate of 0.05 in,/min.

4.3.6.3 Place a deflectrometer capable of measuring deflection to 0.001 inch
under the span midpoint.

4.3.6.4 While the specimen is loaded record the deflection and load

continuously,

the load at failure.

Remove the deflectometer prior to failure. Record

iSSUED
v June 1971
REVISION A

BORCN/POLYIMIDE PRE-PREG MATERIAL

MMS5_ o
PAGE 5  OF 1

STANDARD  MATERIAL _ SPECIFICATION [CODEIDENT.NO. 76301

MAC £UBYL 2 g g TO)
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A s e

4.3.6.5

h.3.6.6

4.3.6.7

Calculate the longitudinal flexural strength as follows:

1,

Fe =308

FL where F, = Flexural Strength, 1b/in2
P* = Load, 1b.

L = Test Span, in.
B = Specimen Width, in.
t = Specimen Thickness, in.

Calculate the longitudinal flexural modulus as follows:

E = (Pl - Pz)(L)3

4LB(t SBEYJ_-Y2 )

Deflection data (Y;, Y,) are taken at the respective load (P}, P,) data
points, Subscript 1l data is numerically larger than subscript 2 data.
Do not take P or Y data near either end of the curve,
arithmetic mean of at least 3 values.

, where E = Modulus, 1b/in?
Y = Deflection, in.

Report the

L.3.7 Longitudinal and Transverse Tension Properties

4.3.7.1 The specimen configuration shall be as shown in Figure III.

4.3.7.2 Filaments shall be parsllel to the beam length for longitudinal tests and

perpendicular to the beam length for transverse tests. The tolerance on
alignment is % 1°,

4.3.7.4 Calculete the tensile strength as follows:

Fe = FA , where Fy = Tensile Strength, lb/in?
2Bt[C + T—tl-] P = Load, lb.
< B = Specimen Width, in,
T = Opposite Skin Thickness, in.
C = Honeycomb Core Thickness, in,
A = Homent Arm, in.

4.3.7.5 Report the arithmetic mean of at least 3 values.

5.0 PREPARATION FOR DELIVERY

5.1 MARKING OF CONTAINER - Fach container shall be permanently marked with the

following information:

5.1.1 Title, number and revision letter of this specification.

5.1.2 Vendor's name and address.

5.1.3 Date of impregnation,

5.1.4 Size and number of sheets of broadgoods material. f
MMS - 522 1SSUED 7
PAGE € oF 11 BORON/POLYIMIDE PRE~PREG MATERIAL > Jug?olg,,l //

KEVISION A “
CODE IDENTNO. 76301 sTANDARD MATERIAL SPECIFICATION

MAC 2989D 12 yuL 70} )
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EED S Resin manufacturer's bateh number and trade name.

2. 1.0 Vendor's pre-prey lot/batch number and trade nane.

5.1.7 CAUTION: Ship and store at or below O°F.

5.2 MARKING OF PLASTIC SHEET CONTAINERS - Each plastic bag shall be permanently
murked with the vendor's lot/batch number, sheet number and trade nare.

5.3 PACKAGING OF CONTAINER

5.3.1 Package eamch shieet of pre-preg material in individual sealed moisture
proot' plastic bags.

5.3.2 Place silica el {or equivalent desiccant) .nside each sealed plastic bag.

5¢3.3 The sealed plastic bggs are to be packed in an Insulated shipping
container that will be accepted for safe transportation by common
carriers. Construct the containers so that sufficient room is
availaeble Tor the dry ice necessary to malntaln the temperature
inside the contminer at or below O°F for a winimum of three days.

£.5 SHIPPING - The container containing the pre-preg boron/polyimide
broadgoods shall be shipped bty nir express from the vendor to
McDonnell. Upon recelpt of the container at McDonnell, it shall
be opened to ascertain that solid dry ice remains in the containcr.

5.6 STORAGE AT MCDONNELL

5.6.1 Tumediately upon rcccipt of the material at MeDonnell, the preo-preg

e . raterial shall be forwarded to the using, departrent, renoved from the
shipping container, and pluced in 0F storsge.

5.6.2 The wmaterial information on the shipping container (sce Paragraph $.1)
shall be recorded with the date of arrival includec.

6.0 NOTES

Not applicable.

T.0 APPROVED PRODUCTS

B Products which have teen gualified under the requirerents of tiis
r specification are listed below. Revision of the list will Ve made

as necersary. The listing of a product does not release the
¥ supplier from corpliance with the specification requirercnts
3 Reprodvctinn or reference to the list Tor advertising purposcs

is exprecsly forbidien.
3
] .
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SUPPLIERS | BROAD- SUPPLIERS NAME
MCAIR DESIGNATION DESIGNATION TAPE GOODS & ADDRESS
MMS-522 Boron/Skybond X Whittaker Research
T03 Polyimide and Development
Resin 3540 Aero Court
San Diego, California
NOTE: The accuracy of this method depends upon the care in handling the sample
and the equipment. It is also suggested that the micro traps be connected
with glass tubling and vinyl tubing prior to weighing in order to use
them as a single unit. The traps shonld be connected with the first trap
approximately 1 inch higher than the second.
P
3
vt 0.28" - -wel = 0,11"
P/2 P/2
FIGURE I - HORIZONTAL SHEAR TEST
)1' 'f)" ______4—________'_‘,_}
‘ J 1 e o.0750
Y |
e - S, S .
FIDAM ST ORTSIENTLOqN ‘1 O_r)-" U
-l ——- -—
0,50/ -] -5"‘—"
FIGURE I1 -~ LONGITUDINAL FLEXURE TEST
MMS- s22 ISSUED
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(1) For 0° tension and compression tests metal skin is 1 x 22 x
0.090 inch thick (minimum) 6Al-4V annealed titanium, Aluminum
honeycomb is 1.5 inch thick 5052-H39 non-perforated, 1/8 inch
cell - 0.003 inch foil gage (minimum). ‘

(2) For 8 ply taick 90° tension tests: Metal skin is 1 x 22 x
0.063 inch thick 2024-T62 aluminum. Aluminum honeycomb is 1.5
inch thick 5052-H39 non-perforated, 3/16 igch cell -~ 0,0015 inch
foll gage (minimum).

(3) Boron/Polyimide skin is approximately 1 inch wide x 22 inch x
6 ply thick for the 0° tension specimens and 1.00 inch wide x
22 inch x 8 ply thick for the 90° tension test specimens.

(4) The hcaeycomb core width shall be a minimum of one cell size
(3/16" or 1/8" as applicable) wider on each side than the
boron/polyimide skin and the ribbon direction parallel to the
22 jinch direction.

(5) Bond specimens with FM~400 per P.S5. 14081 except curing pressure
may be 85 ¥ 5 psig.

(6) Measure and record the metal skin thickmess, honeycomb core
height, and the boron/polyimide skin width., Make measurements
in the 4.0 inch center span.

(7) The steel load pads must have length sufficient to overhang the
specimen edges, a minimum width of 0.75 inch, and a minimum radius
of 0,125 inch at edges where they contact the specimen surface.

FIGURE III

LONGITUDINAL (0°) AND TRANSVERSE (90°) TENSION TESTS
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TEST METHOD
PROPERTY PARAGRAPH REQUIREMENT
Resin Solids Content of "A" Staged 4e3.1 For Information Only
Resin
Pre-Preg Resin Solids Content h.3.2 25-2%% by weight
Total Volatile Content of Resin in “A" |

l Staged Pre-Preg 4.3
i Filament Count 4.3
| Infrared Analysis 4.3

- A,

o2 ¢ LO-43p by weight
3 | 208-216 filaments/inch
4 For Information Only

v
'

TABLE I - PHYSICAL PROPERTIES OF

BORON/POLYIMIDE "A" STAGED PRE-PREG

MECHANICAL TEMPERATURE MINIMUM TEST METHOD
PROPERTY (°F) AVERAGE (PSI) PARAGRAPH
Longitudinal Flexural R.T. 190,000 4.3.6
. Strength, psi 550 155,000
' 15 Plies Thick
Longitudinal Flexural R.T. 26 x 102 4.3.6
Modulus, psi 550 21 x 10 ‘
- 15 Plies Thick
Horizontal Shear R.T. 11,000 i L.3.5
Strength, psi 550 6,000

15 Plies Thick

Longitudinal Tensile R.T. .. * 4.5.7
Strength, psi i
6 Plies Thick

i Transverse Tensile R.T, * 4.5.7
| Strength, psi
| 8 Plies Thick )

L * Yalyes to be pegotigted '
"TABLE II - MECHANICAL PROPERTY REQUIREMENTS OF CURED LAMINATES

MM3-522 ' | ISSUED
PAGE 10 of 11 BORON/PULYIMIDE PRE-PREG MATERIAL 2 June 1971
- REVISION A
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PRELIMINARY
3
MS-523
1
1 GRAPHITE/POLYIMIDE PRE-PREG MATERIAL
1.0 APPLICATION
I 1.1 This gpecification establishes the requirements for "B" staged
; Polyimide resin impregnated Type II graphite fiber broasdgeod sheet.
L
' 1.2 This pre-preg material is to be used tor the fabrication of high
- performance composite structures over the approximate temperature
range of -65°F to 550°F.
2.0 APFLICABLE DOCUMENTS
P.S. 14227 - skins and Substructural Shapes, Structural, Craprite/Polyinide, o .
Falrication and Acceptance of o P
3.0 REQUIRRMENTS
3.1 CONSTITUENT MATERIALS
3 3.1.1 Graphite Fiber - The graphite fiber shall be a high strength, intermediate
] moiulus type and shall have a minimu% tensile strengtn of 350{000 psi,
3 a minimum tensile modulus of 35 x 10° psi, no fiber twist, and a nominal
] fiber/tow count of 10,000. Tow splices are not permltted. Any sizing
or surface Tinlsh used shall not be changed without written approval
from MCAIR. -
3.1.2 Polyiride Resin - The polyiuide resin stall te capable of structural
application t9 5500F and permit the pre-preg Lroadioods and laminates
produced from the broadproods to meet the requirements of this speci-
flcation. L
3.1.3 Batch -~ A batch is defined as a quantity of craphite/polyimide
broadinods manufactured without interruption (normal work shife
stoppares excepted) using polylmide resin fron a single hatceh,
rraphite fiber/tow from one or more lots, ant without change of
production equipment.
3.2 PHYSICAL PROPERTIES OF PRE-PREG MATERIAL - The uncured pre-pres material
shall meet the physical property requirements of Tablc I.
(SSUED -52 -
11 June 1971 CRAPHITE/POLYIMIDE PRE-PREG MATERIAL MMS-523 d
REVISION A PAGE 1  OF 13 e
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.3 BROADGOODS - Tie length, width, and numter of fndividual pieces of
pre-preg shall be as specified on the purchase order. Defect areas
in any individual plece of broadgoods shall be identified by the
vendor,

Cas

. GAPS - The raximum allowable gap or distance between adjacent tows
shal’ be 0.10 inches, as determined with a non-contact measurement
apparatiis. MNore than onc gap of 0.075 - 0.10 inches per linear foot,
in any one sheet, shall not be acceptable.

SPLICES - Tow splices are not permitted.

(D]

(93]
(o3

ALIGNMENT - The pre-pre; shall meet both of the followin: ali;nnent
requirements:

M The lay of the tow within the shect shall not deviatc Irom a straight
line by more than 1732 inch ir a linear foot.

(X
-
N

The edre of the sheet shal® not deviate from a straigit line by more
than 0.010 inch per foot o1 lenztt.

)
>
I

7 TRE-TRTC RELEAST PAPTR - The releace paper backin: used on the nre-pres
troairoods shall be nade of o material that permitvs separation of the
broadreods fro: the paper without resin loss from the pre-pres, and
cnall not rernit the ltoalrosds to silft or change position during
shiprment or storage.

(W3]

PRU-PREG FLATU™AS - The pre-pres broadgoots chall not cavl over rore
“han 5 of [ts width,

! MECHANICAL PROPFRTIES OF CURMD LAMINATES - The rechanical ypreperty require-
menls of Tabde 11 shall be met when testing 4, # and 11 ply unidire-ticnal

“o

laminates fabri-ated per F.S. 142<7.

L
‘.

.10 CRTIFICATION -~ The vendor shall certify that his prodect meets the
aniirctents of hic specification or tane specilic exception in the
purchiase order. Tue vensor, Ly his certilication, -narantees that the
polyimide recin formulation is the same as that used in the inftial
gualification tests.

3.11 DEFECTS DURING USAGY - Defects as defined ty this spezification found in
the pre-pra: material after acceptance has veen complceted are still eause
“or rejection off the unused portion of the bateh. Defeocts caused i wser
mishandlin:, improper storacse, or expiration of shelf 1ife are not vendor
resnonsibility,

3.12 WORKING LIFE - The prepre. broadypoods shall be capable of passing the resin
Tack test (Para. 4.4.0G) end weetin; the wechanical property requirerents of
Table 11 after 20 hours at 6% to TSCF.

MMS5--73 GRAVHI™T/POLYTHTDE PRE-PRFG MATERIAL ISSUED
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3.13 REJECTION - Graphite/polyimide broadgnods not conforming to the
requirements of this specification shall be rejected.

4,0 QUALITY ASSURANUE

L1 VEXDOR BATCH CERTIFICATION TESTS -~ The vendor shall supply certified
quantitative data for the following tests with each batch of bLroad-
goods. In addition, the vendor shall supply data on the ultimate
tensile strength, tensile modulus, and diameter of the graphite
filaments used in the manufacturec of the broadgoods. The vendor
shall send three (3) copies of the test data to the MeDonnell
Buyer. The Buyer in turn shall send two of these copies to Quality
Assurance and the remaining copy to Material and Process Development
Department. The test methods are described in Taragrapir h.lLi.  The
required tests are;

k1.1 Longituding) flexural strength and vodulus at R.7. and 550°0F,

L,1.2 Horizontal shear streneth at R.T. and 950°F.

%.1.3 Yre-preg resin solids content.

L I Total volatile content of resin in pre-sreg.

h.1.5 Infrared analysis,

5,1 Resin Tack

hoi.7 Drapability

L o MCDONNELL INCOMING INSPECTION TESTS - The following tests shall be

' perforied at McDonnell for each incoming shipment of broadgssds. This
includes different shipments of the same batch of bLroadgoods. The
test methods are described in Paragraph L., Perform these tests for
each batch or 2500 ft“ of prepres, whichever is smalier.

,2.1 Lon~iti 4inal flexural strength and modulus at R,T. and 550°F.

h,2.o Horizontal shear strenpgth at R.T. and 550°F,

oLz Longitudinal tensile strength at R,T.

L.2.4 Transverse tensile strength at R.T.

h,2.5 Pre-pregr resin solids content.

hool Total volatile content of resin in pre-preg.

L.2.7 Infrared ecnalyslc of "B" staged resin.,

ISSUED . ) MMS-.23
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Fo L.2.8 McDonnell reserves the right to perform any additional tests of
“ Paragraph 3.0 as a further means of determinin: the acceptability
of incoming material.
g L.3 RETEST PROVISIONS
| L.3. A bateh of broadgoods which fails two (2) or more of the specified tests

for vendor certification.or McDonnell incoming inspection shall be
rejected. The rejected hatch of broadgoods, however, ey be reworked,
retested and resubmitted. .

L.3.2 A bvateh of broadgoods which fails only one of the specified tests for
- vendor certification or McDonnell incoming inspection may be retested
for the failed test only. If the retest fails, then the provisions of
Paragraph 3.12 are in effect.  If the retest is acceptable, then the
broadgoods batch is acceptable.

L4 TEST METHODS - Specimens for destructive tests are to be machined using
diamond tools only. Diamond particule size shall be 120 grit or finer.
Cutting speed is 1800-4000 surface feet per minute at a feed rate of
4.0 {neh/min. The following nomenclature is to be used for cllcu-
lations of mechanical properties:

P = Load, 1lbs.

L = Test Span, inches

B = Specimen Width, 1ncbes

T = Metal Skin Thiclfnes inches

E = Modulus, 1bs/in.? :

O¢ = Ultimate Flexural Strength, 1bs/in.°

gy = Ultimate Tensile Strength 1bs/1n.2

7 = Shear Strength, 1bs/in.%

Y = Deflection, inches

W .= Veight, grams v

C = lioneycomb Core Height, inches

t = Graphite/Polyimlde Thickness, tnches
Lohoy longitudinal Flexural Strength and Modulus

L.L.1.1 The specimen configuratlion and load support method shall be as shown
. in Figure 1.

L.4.1.2 The specimen shall be loaded with 0.125 inch radius .,upports at a rate
of 0.05 in/min.

L.L.1.3 Place a deflectometer capable of measuring deflection to 0.001 inch under
the. span midpoint.

MMS -523 GRAPHITE/POLYIMIDE PRE-PREG MATERIAL ISSUED
o STANDARD MATERIAL SPECIFICATION
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cohtinuously.

Rebord the load at failure.

L.L1.4  While the lpecimeh {s loaded record the deflection 'and load
Remove the deflectometer prior to failure.

L.4.1.5 Calculate the longitudinal flexural strength as follows:

i

or = 1 .BEtPL

L.L,1.6 Calculate the longitudinel flexural modulus as follows:

4.4.1.7 Deflection data (Yj, Yp) are taken at the respective load (Py, Pp)

data points. Subsceript 1 data is numerically larger than subscript

2 data.

L.h.2.1 The specimen configuration and load support method chall be as shown

(P - Pp) (13)
¥ Bt3 (¥, - Yp)

Do not take P or Y data near clther end of the curve.
Report the arithmetic mean of at least 3 values.

L.h.2 Horizontal Shear Strength

in Figure 2.

L.4.2.2 The specimen shall be loaded with 0.0625 inch radius supports at
0.05 inch/min. Record the failure load.

4.4.2.3 Calculate the horizontal shear strength as follows:

7. 2l

h.kh,2.4  Report the arithmetic mean of at least three values.

4.k,

(Ps

Longitudinal and Transverse Tension Properties

L.4.3.1  The specimen configuration shall te as shown in Figure 3. This
specimen is used for longitudinal tensile strength and transverse
tensile strength.

%.4.3.2 Filaments shall be parallel to the beam length for longitudinal tests
and perpendicular to the beam length for transverse tests. The
tolerance on alignment is + 1°.

W.4.3.3 The 1oadiné rate shall be 0.05 inch/min. using knife edge supports.

L.h,3.4 Record the fallure load for all specimens.

of at least three values.

Report the arithmetic mean

ISSUED ' MMS-523
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L.h.3.5

bbb
L.h.b1

Bbb.2

b.4.5.3

L.b.bob

bbb 5

L.b.L.6

bbL.T

Calculate the longitudinal (0°) and transverse (90°) tensile strength
as follows!

WP
d't" BL {C + L +T)
T

"A" Stage Prepreg Resin Solids and Resin Volatile Content

Take duplicate samples of boron/polyimide prepreg from the same sheet.
Sample gize i 2.0 in. x 2.0 in. Weigh one cleaned and dried 150 ml.

Pyrex beaker to the nearest 0.0001 g and record weight as W;.

Place a sample of prepreg in the beaker and weigh to the nearest 0.0001 g.
Record as Ws.

Heat the samples to 600°F at a rate of 1-2°F/min. and hold for 1 hour.
Cool to room temperature in a desiccator. Weight the sample to the
nearest 0.0001 g and record as W3.

Weigh a cleaned and dried 150 ml Pyrex beaker to the nearest 0.0001 g
and record as Wy. Take the duplicate sample , place it in the beaker
and welgh to the nearest 0.0001 g. Record as Ws.

Extract the polyimide resin from the prepreg with N, methylpyrolidone
(NP) solvent at 100-130°F for 1 hour. Weigh another 150 ml. Pyrex beaker
to the nearest 0.0001 g and record as Wg. Transfer the resin-NMP solution
to this beaker weigh to the nearest 0.0001 g and record as Wy. Weigh the
beaker with fibers remaining to the nearest 0.0001 g and record as Wg.

Boil the NMP off the resin-NMP solution by heating to S00°F at 1-2°F/min.
and holding for 1 hour. Cool to room temperature in a desiccator. Weigh
the remaining solids and record as Wg.

Calculate the prepreg resin solids as follows:
Prepreg Resin Solids (%) _ w2 = W (100)
Content Wo - W),

Resin Total (%) = "2 - %3 (100)
Volatile Content (Wa - W) - (Wg - w87

'Report the arithmetic mean of at least 3 specimens.

MMS -523
PAGE ¢
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Lh4.5 Infrared Analysis
b.4.5.1 Place the proe-preg resin ©on a potassium bromide cell plate.
h.4.5.2 Place the potassium bromide plate in a Beckman IR Infrared
Spectrophotoweter or equivalent instrument and conduct the spectrum
scan in direct transmission. €et the Beckman IR9 instrument as
Tollows: "
(ag Scanning Rate - 80 cm~l/min.
(b) Fine zain control setting - 3
§c) Coarse galn control setting - 10
@) Routine slit control
(e) Period setting - 2
(f) Resolution - 25 o=l
h.h.8 Resin Tack
h.h;6;1 Preparec a steel test tool %.0 in. x 4.0 in. with Mold Wiz F-57, Axel
Plastics Research thoratnries.
hb,6.2 Cut two (2) pleces of test material three (3) x four (k) inches long.
h.4,56,3 Condition the toosl and pre-prer at room temperature for 30 rinutes.
L.h.6.% TPlace the test tool on end in a vertical position and place one ply
ol pre-preg on the tool with a squeegee. Remove the separator paper
from the first ply.
4.L,6.5 Place the sccond ply against the first ply and squeegec for intimate
contact between the two plies.
L.L.6.6 Dctermine whether the pre-preg raterial adheres to itsel? and the tool.
L.k.7 Drapability M
h.h.7.1  Cut sufficient material to obtain a sample 2 inches long by 3 1nches
wide maximum.
4.,.7.2 Bend specimen in the fiber (0°) direction over a 1/16 inch radius mandrel.
h.4.7.3 Repeat test for at least threc separate camples.
L.L.7.h  Report results as "pass” or "fail". All three tests must pass or material
tas falled to meet the drapability requirement.
ISSUED MMS -523
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L.4.8 Tow Count
S —

"4.8.1 Back light a 3 inch wide section of broadgoods and: count the number of
tows in that 3 inch width.

L.4.8.2 Divide that number by 3 and report the tow count as the number of tows
per ineh,

4.4.9 Thickness Per Ply - Measure the thickness of the cured laminate in at
least 5 locations, spaced to represent the laminate, with a flat-nosed
micrometer, to the nearest 0.001 inch. Average the readings and divide
by the number of plies. Report as “"thickness per ply".

L.4.10 Reports and Specimen Disposition - One copy of all test results shall
be sent to the Material and Process Development Department. Retain
all specimens a minimum of two (2) weeks after issuance of the test
report. Disposal at that time is at the discretion of the Test Labora-
tory Supervisor,

5.0 PREPARATION FOR DELIVERY

S.1 MARKING OF CONTAINER - Each container shall be permanently marked with
the following information:

5.1.1 Title, number and revision letter of this specification.

g.1.2 Vendor's name and address.

5.1.3 Date of impregnation.

S.1.4 Size and number of sheets of broadgoods material.

5.1.5 Resin manufacturer's batch number and trade name.

5.1.6 Vendor's pre-preg lot/batch number and trade name.

5.1.7 CAUTION: Ship and store at or below 0°F.

.2 MARKING OF PLASTIC SHEET CONTAINERS - Each plastic bag shall be permanently
marked with the vendor's lot/batch number, sheet number and trade name.

5.3 - PACKAGING OF CONTAINER

5.3.1 Package each sheet of _pre-preg material in individual sealed moisture
proof plastic bags. s e B

£,3,2 Place silica gel (or equivalent disiccant) inside each sealed plastic bag.

MMS-523 ISSUED
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$.3.3 The sealed plastic bags are to be packed in an insulated shipping

container  that will be accepted for safe transportation by cormon
carriers. Construct the containers so that sufficlent room is
avallable for the dry ice necessary to maintaln the temperature
inslde the container at or below OPF for a minimum of three days.

5.5 SHIPPING - The container containing the pre-preg graphite/polyimide

roadgoods shall be shipped by air express from the vendor to
McDonnell. Upon receipt of the container at McDonnell, it shall
Ye opened to ascertain that solid dry ice remains in the container.

5.6 STORAGE AT MCDONNELL

S.

\n

6.1 Immediately upon receipt of the material at McDonnell, the pre-preg
material shall be forwarded to the using department, removed from
the shipping container, and placed in O°F storage.

6.2 The material information on the shipping container (see Paragraph 5.1)

shall be recorded . with the date of arrival included.

5.0 NOTES

-3
(]

Not applicable.

APPROVED PRODUCTS

Products which have been qualified under the requirements of this
specification are listed below. Revision of the list will be made
as necessary. The listing of a product does not release the
supplier from compliance with the specification requirements.
Reproduction or reference to the list for advertising purposes

1s expressly forbidden.

MCAIR "SUPPLIERS BROAD SUPPLIERS NAME
DESICNATION DESICNATION TAPE | GOODE ADDRESS
Mig-523 Modmor II X Whittaker Research
Graphite/Skybond 703 and Developrent
Polyimide Resin 540 Aero Court
San Diego, California

ISSUED MMS -523
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FIGURE 2 - HORJ zONTAL SHEAR TEST
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3.0 | o °T:'FL LOAD PADE (TYP)
~ METAL SKIN
| _’5’ et pa

. T = ALUMINU HONEYCOMB

" | I . H o
2 @"‘Ll-l——! (T .i'/— GRAPHITE/POLYIMIIE SKIN
‘T_ ‘ ' J’ n <.
¥ 20.0" ! }-—1.0 _
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NOTES: (1) For 0° tension test, the metal skin ix 1 x 22 x 0.09C inch
thick (minimum) 6A1-LV annealed titanium. Aluminum honeycomb
is 1.5 inch thick 5052-H32 non-perforated, 1/8 Inch cell - 0.003
inch foil gage (minimum).

(2) For 90° tension test, the metal skin is 1 x 22 x 0.063 inch
thick 2024-T€2 aluminum. Aluminum honeycomb is 1.5 inch thick
5052-H39 non-perforated, 3/16 inch cell - 0.0015 inch foil
gage (mininum).

(3) Graphite/Polyimide skin iz approximately 1 ineh wide x 22 inch
x 4 ply thick for the 0° tension sgecimens and 1.00 inch wide
x 22 inch x 6 ply thick for the 90° tension test specimens.

(4) The honcycort core width shall be & minimua of on- cell size
(2/16" or 1/8" as applicable) wider on each side than the
qraphite/polyimide skin and the ribborn direction parallel
to the 22 inch direction.
(5) Bond specirmens with Ri-h00 per P.S. 14081 except cnring pressure
may be 85 + 5 psig.

(5) licasure and record the metal skin thizkness, honeycomb core
height, and the graphite/polyinide skin width. Make reasure-
ments in the 1,0 inch center span.

(7) The steel load pads rust have length sufficient to overhans the
specimen edpges, a winlium width of 0.7% inch, and a minimum
radius of 0.12% inch at edges wherce they contact the speciren
surface.

FIGURE 3

LONGITUDINAL (0°) AND TRANSVERSE (90°) TEN3ION TESTS

ISSUED w23
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TEST METHOD

F'ROPERTY PARAGRAPH REWUIREMENT

Aesin Solids Content bohL L 37 + 3% by weight

Tetal Volatile Content of Lohk 40O + 3% by weight

Resin in Pre-Preg

Infrared Analysis L, 4.5 For information only

Tack 4.4.6 Adhere to a vertical surface

Drapability L.y, 7 Shall bend on a 1/16 inech
radius mandrel with no
evidence of filament damage

Tow Count 4.%.8 As cpecified in Purchase Qrder

Working Life at 65-75°F

Storace Life at O°F

2L0 hours n.ininum

12 ronths rinfrun

TABLE I - PHYSICAL PROPERTY REQUIREMENTS OF UNCURED PRE-FPREG MATERIAL

MECHANICAL TEMFERATURE MINIFUM TEST METHOD
PROPERTY (°F) AVERAGE (PSl) PARAGRATI

Lonritudinal F)exural Rl 170,000 Wbl
ntrength, psi 550 110,000

Longitudinal Merural R.T. 15 x 106 Lol
Nodulug, psi 550 14 x 106

liorizontal Shear R.T. 9,000 Lea,2
Strenptly, poi ce0 £,000

L ncitudingl Tensile R.T, * ok, 2
Strength, poi

Trangverse Tensile R.T. * T
Strengtl, poi

Thickness Per Ply - Par Tuforration Lo

Only
#Values to be necotiated

TABLE 17 - MECHANICAL PROTERTY REGUIREMENTS OF CURED LAMIUATES

MMS 572
PAGE 1t of 13
CODE IDENTND. 76301
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PRELIMINARY

TS 23 . FABRICATION
PROCEDURES

SKINS, STRUCTURAL, BORON/POLYIMIDE, FABRICATION AND ACCEPTANCE OF

3:2  Metlbond B840 Adhesive Film per MMS-304
120 APPLICATION 0,135 £ 0,015 1b/ft2, Whittaker Corporation, Narmeo

1.1 This process specification defines the Materials Division, Costa Mesa, California,

procedures for fabricating boron/polyimide struc-
tural skins which lneorp:gne a bongd titanium ¢ 3'31 N‘;"‘“ 800 II Primer per MMS-304, Whittaker
splice skin around the periphery. This specifi- c:{ﬁ’:ﬂm’ armco Materials Division Costa Mesa,
cation also pertains to febrication of flat ornia,
composite laminates without splice bonded edge 3.4 Permacel No. 02C Double Sided Tape, 1.0
rerbers. inch wide, Permacel Tampe Co., or equal.
3.5 DK-153 cork dam-0.5 in. vide, thicknese
1.2 This specification is effective upon determined by laninate, Armstrong Cork Co.,
issue and when gpecified on an Englneering St. Louis, Mo.
Drawving.
3.6 ¥-9050 Lead Foil Tape, 3M Company, or equel.
2.0 _APPLICABLE DOCUMENTS " 3,7 9151 Vacuum Bag Sealant Tape per MMS=335,

2.1 The following specifications (or docu- pink, 3/32" thick, 1" wide, Schnee-Morehead Polymer

ments) form a part of this specification to the Corporation, Irving, Texas,
extent specified herein. : 3.8 Mylar Film, Type A, 0.0015 inch thick,
E. I. duPont Film Division, Wilmington, Delaware.

P.S8, 12030 - Alkaline Cleaning
3.9 Nylon Film, Copran Type 512-H or 30 Gage

P.8. 12045 - Cleaning, Liquid Hone ‘ 2, Allled Chemical Corporation, or equal.

P.S. 14081 - Sondwich Material, Aluminum 3.0 Teflon Squeegee, 3.0 inch x 5.0 inch.
Honeycomb - Boron/Epoxy Skin, Fabrication and .
Acceptance Procedure for 3.11  Acrylic Plastic Sheet, minimum of 0.125

inch thick, Commercial.
P.S, 14225 ~ Rudder Assemdbly, Boron/Polyimide

Skin - Flber Glass/Polyimide Honeycomb Sandwich, J.12 Silicone Rubber Sheet, 1/32 inch thick,
Fabrication and Inspection of per ZZ=R=765 Class 11, Grade 50,

P.S. 20002 - Safety Standards and Intormation 3.13 Glass Cloth, Style 181 and 1000,
on the Use and Handling of lazardous Materials Commercial.

P.5. 20503 - Calibration Laboratories, Facility ' 3.14 Teflon Ccated Class Fabric per MNS-528,
and Operational Requirements for Cennecticut Kard Rubber Co.; 3TLL Teflon Coated

Fabric, Paliflex Products Company, cr equal.

P.S. 20502 - Requirements for Class 2 Clean

Room 3.15 Mold Wiz F-5T7 Mold Release, or equal.
F.S. 21233 - Nondestructive Testing of

Adhesive Bonds 3.16 Ram 225 and Plastilease 33b Mold Relense,

P.S. #1230 - Coating Thickness Measurement Ram Cherical Company, Los Angeles, California.

F.S, 2301 - Certii..atlion of Furnaces and 3.17 %3%0-10 TFE Conted Glass Fatric, 50-S4
Tetperature antrol Systems for Heat Treating amd ) inches wide, Dodge Industries; CHR &TB TFE Coated
Therral Processing Glass Fabric, 35 inches wide (minirun), Connectlcut

Hard Rubber Company, or equal.
MM5-304 - High Temperature Resistant Structural

Adhesives B 3'13“__".1"_3}3,5?’::&‘19,._59? rubber xloves.
MM5-335 = Sealant Material, Vacuum Bag
125-522 ~ Boron/Polyimide Pre-Preg Material
1¥5~528 ~ GClass Fabric, Teflon Coated
o] TERIALS AND/OR TONS
3.1 "Av Staged Boron/Polyimide Pre~Preg

¥aterial per MM5-522, whittaker Research and
development, San Diego, California.

75, Tl -
P8, 122 SKINS, STRUCTURAL, BORON/POLYIMIDE, FABRICATION & ACCEPTANCE of | ISSUED
CODE IDPIT, 10.7630 PROCESS SPECIFICATION
MCDONNELL DOUGLAS
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(cory ) PROCEDURES
3.12  Solutlons L,10 Intermediate lay-up fixture.
{a) Pasa-Jell 107-C7, Semco Sales and 4.11  Final lay-up and curing fixture.
Service Inc.
4.12 Diamond cutting wheels and routers with

(b) Nitric Acid k2° Be' (0-N-350), Technical,
(2) Chromic Actd (0-C-303), Flake.
(3) Methyl Ethyl Ketone (TT-M-261),

(c) Detionized water,

3.20 Untreated Kraft Wrapping Paper per
U-p-268.
3.21 0.050 inch thick GAl-hV apnnealed titanium

sheet per MIL-T-90LE, Type II1, Composition C
(required for fabrication of finser pancls).

L.o EQUITMENT

L.1 Autoclave capable of 400°F (minimum)
and 200 psir (minimum) nitrogen and/or air pressur-
{zed with pressure control capability of + 5 psip
and a minimum heat up rate of 3°F/m£n. A continuous
terperature recording system and a S50 CFM vacuum
purping system capable of maintaining 200 microne or
less of vacuum are required. The autoclave must be
certified to P.S. 23401, Class 2C, except as noted
in Paragraph 7.1.1.

4.2  Cold trap, capable of condensing all
volatiles removed by the vacuum pumping system.

L.3 Ultrasonic NDT equipuent per
P.S5, 21211.4,

L.l Atr clrculating oven with 2509F capa-
bility certified per P.S. 23L01 Class 3A for dryling
both cleaned and primed parts. Also, air clrcu-
lating oven with €00°F capability certified per
F.S. 23401 Class 3C for post curing oomposite parts.

L.5 O.en, air circulating type, capable of
550°F (rintmum), certified per P.S, 23401, Class 1B,
Tor performing elevated temperature tests on procesc
control specimens.

4,6 Test equipment for testing process control
specimens at room temperature and 5500!-‘.

4,7 Refriperation facilities for storing
pre-preg material, adhesive, and primer at O # 10°F.

4.8 1iquid honing equipment per P.S, 12045,

4.9 Alkaline vleaning equipment per P,5, 12030.

200 grit or finer diamond particles.

4.13 X-acto knives, "pizze" cutters or
equivalent.
4,14 Thermostatically controlled heat iron

(150°F maxtmum).

4.15 Equipment per P.S., 21239 for measuring dry
primer thickness.

5.0  REQUIREMENTS
5.1  GENERAL

5.1.1 The initial rabrication of any comporite
part shall be witneased by the Material and Process
Developrment Department. Faorication as witnessed ty
Material and Process Development shall not be changed
without notifying Materia) and Process Developrent
Department.

5.1.2 Personnel who fabricate composite parts
shall be qualified. They muat demonstrate, by
passing applicable written and/or practical proficiency
tests, that they possess the skills and knowledJe
necessary to ensure acceptatle workmanship on the
part to be fabricated. A list of qualified peraonnel
shall be maintained.

5.1.3 The lay-up area shall meet the require-
ments of P.S. 20500 except the temperature shall te
65 to 7S°F and the relative humidity shall not exceed
the following values.

73 -{-
8 RTLATIVE
MIDITY 20
L3}
A —-\
I} v
(3 il k)
TEMPERATURE (°F)
5.4 Thermocouples

(a) Production Part - A minimum of L thermo-
couples s e used for each productinn part.
They shall be located at opposite mnds and sldes
of the part, and on the tonded titanium splice
components or trim area of the laminate as appli-
cable. For production parts of varying thickness,
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F.S, 14224 (CONTINUED)

the necessary nunber of additional thermoccuples
ahall be used to insure uniform heating in all
sections of the part.

()} Proceas Control Specimens - A single
thermoeoupfe shall e lecis Eaﬁlcent to the
rrocess control laminate lay-up. A single thermo-
couple shall be attached to the center of the
Joudble lap shear process control panel.

NOTE: Under no circurmstances shall thermocouples
Te placed directly on the surface of the pre-preg
lay -up.

5.1.5 The leakace rate shall not exceed 0.5
inches of mercury per minute when leak checking the
bazced lay-up both in the lay-up room and in the
autoclave. :

5.2  LAY-UP AND CURING FIXTURES

5.2.1 An intermediate lay-up fixture shall
be used to lay-up the initial half of a composite
larinate when the laminate incorporates e bonded
titanium splice skin around the periphery.

5.2.2 The top surface of the final 1ay-ub
and curing fixture shall have & finish of 80 RHR
or less.

5.2.3 The final lay-up and curing fixture
stall be a minimum of 3.0 inches larger in all
edce directions than tlhe dams or joined peripheral
~erbers of the structural part, plus ampie area
for the A.0 inch x 4 inch process control laminate.
For parts with splice bonded retal components, the
Tixture shall also have ample area for the 9 inch
x 10 inch doutle lap shear process control panel.

5.3  ADHESIVE AND BONDING

5.3.1 Titanium components of the couposite
laminate shall be cleaned and primed prior to splice
bondins. TFriming shall be accomplished within 8
haurs after cleaning and bonding within 21 daoys
after priming.

5.3.2 Ench batch or shipment of Metlltond 840
adhesive and Nnrmco 500 II primer shall be quali-
fied upon receipt at MCAIR per 1245-304, These
~aterials shall also be requalified prior to their
usa;e nceording to the criteria established in
125=304,

FABRICATION
PROCEDURES

5.3.3 Qualified Metlbond 840 edhesive and
Nermco BOO II primer shall be stored at O + 10
upon receipt and when not in use. Each shall be
packaged in a manner similar to the supplier's
packaging technique. They shall not be removed
from their sealed psckege or.container until
moisture ceases to condense on the package or
contalner surface.

5.3.4L A record shall be kept of the batch and
roll number of the adhesive and primer batch and
container number used in the composite assembly.

S.3.5 . Adhesive splice joints shall not overlap
or have a gap greater than 1/32 inch.

©.3.6 All personnel shell wear clean white
cotton gloves when handling cleaned or primed
unwrapped parts, film adhesives or parts with
film adhesives applied.

5.4  PRE-PREG AND LAY-UP

5.4.1 The boron/polyimide pre-preg sheet materlal
shall be shipped in the "A" stage condition with
Teflon coated glass fabric on one side and plastic
release raterial on the other side. The btoron/
polyimide material shall be packaged in {ndividual
sealed moisture proof plastic bags with enough dry
ice to keep the pre-preg at O + 10°F.

5.4.2 The horon/polyinide pre-preg ("A" stage
ané "B" stage) materiaml shall be packaged in indi-
vidual sealed meoisture proof plastic bags and stored
at 0 + 10°F when not in use.

S.L.3 The boron/polyimide pre-pre; (A" stage
and "B" stage) rmaterial shall renaln inside the
sealed tolsture proof plastic bag a minimum of 30
minutes after reroval from O°F storage to room
temperature working area.

5.4.4 Butt ‘oints of the pre-preg material within
the composite (end to cnd type) are not allowed, unless
required bty the Englneering Drawing.

5.4L.5 The edge of any individual piece of
pre-pre;; material in one layer shall not be placed
directly over the edpe of another plece of pre-preg
in a previous leyer. Joints such as this shall be
overlapped a uinimum of 0.5 inch.

PG, 1h22h ISSUED
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P.8. 14224 (CONTINUED)

5.4.6 Cut edges of pre-preg terminating
inside the laminate shall be uniform and defect
free.

5.4.7 Where steel dams are used, cut edges
of the pre-preg shall be within 0.10 inch of the
inside edge of the dam.

5.4.8 Composite laminates without bonded
aplice members around the periphery shall be febri-
cated a minimum of 0.5 inches oversise on all
sides for trimming purposes.

5.4.9 Any individual piece of pre-preg
material in the composite lay-up shall not be
exposed to room temperature in excess of 2L0
cumulative hours prior to cure.

5.4.10 Tools, clamps, etc. shall not be
placed on top of the lay-up unless required by
the fabrication procedure.

5.4,11 Manufacturing and Quality Assurance
personnel working on or inspecting the lay-up at
any time prior to the start of the cure cycle
shall wear clean shop coats and caps.

.5 PROCESS CONTROL SPECIMENS
5.5.1 Cleaning control coupons per Figure 1

(lap shear specimens used to evaluate the effective-
ness of cleaning and etching solutions) shall be
fabricated and tested, with test results meeting
the lap shear requirements i{n Table II.

$.5.2 A boron/polyimide process control
laminate shall be fabricated and cured at the same
time and under the same vacuum bag as each pro-
duetion part. This laminate shall be evaluated
per Section 7.0 and conform to the mechanical
property requirements of Table II.

5.5.3 One doudble lap shear process control
panel of the construction illustrated in PFigure 2
shall be fabricated and cured with each production
part (under the same vacuum bag) which incorporates
splice bonded titanium components. This panel
shall be evaluated per Section 7.0 and coaforw to
the mechanical property requirements of Table II.

5.6 CURE CYCLE

5.6.1 The "A" staged pre-preg ahall be "B"
staged for 3 hours + 2 minutes at 215 + 2°F.

5.6.2 A minimum of 29" Hg vecuum is required
throughout the pre-preg cure cycle.

FABRICATION
PROCEDURES

6.0 PROCEDURES

6.1 "B" STAGING BORON/POLYIMIDE SHEETS
6.1.1 Remove the "A" staged boron/polyimide

pre-preg from 0° storage. Keep the pre-preg material
in the plastic bag a minimum of 30 minutes sfter
removal from the freezer.

6.1.2 Identify the orientation of each ply in
the composite laminate by marking Mylar templates.
Identify each template with progressive numbers
(1, 2, 3, b . . etc.) as shown on the Engineering
Draving. Do not use greese pencil.

6.1.3 Remove the "A" staged pre-preg from the
plastic bag and then orlent the "A" steged sheet,
sandviched between Teflon coated glass fabric on
one side and plastic release material on the other
side, in the designated direction and cut to the
dimensions of the Mylar templates. Identify each
cut pre-preg ply on the Teflon backing vith the
corresponding number from the Mylar template.

6.1.4  Place the numbered plies of boron/
polyimide pre-preg, with the plastic release
sheet removed from the pre-preg (Teflon coated
lass fabric remains on bottom surface of pre-preg),
n an oven certified to P.5. 23401, Class 3A. Tape
the pre-preg in place {f necessary.

6.1.5 Place a thermocouple near the pre-preg
(sandviched between CHR 3TLL and Mylar also). Heat
the pre-preg to 215 + 2°F in 10 to 30 minutes, hold
st that temperature for 150 + 5 minutes.

6.1.6 At the end of the "B" stege cycle, shut
off the oven blowers and heater and then open the
oven doors.

6.1.7 Remove the "B" staged sheets from the
oven, place in plastic bags and then reseal the bags.

6.1.8 Store the "B" staged sheets in sealed
plastic bags at O + 10°F if not used within S hours
on the lay-up.

6.2

NOTE: Fabricate and test cleaning control coupons
(Paragraph 5.5.1) before bonding parts.

6.2.1 Solvent wipe the part (titanium splice
skin, finger panels and cleaning control coupons)
with MEK to remove grease or oil contamination. Do
not vapor degrease.

6.2.2 Liquid hone the part per P.S. 1204s5. 1If
alkaline cleaning will not be performed within 2 hours
after liquid honing, protect the part by wraepping

5,6.3 Heat up rate shall be 3=4°F/min, with vax-free Kraft paper.
TSSUED SKINS, STRUCTURAL, BORON/POLYIMIDE, FABRICATION & ACCEPTANCE OF P.S. 1u22, - --}
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F.§. 1k224 (CONTINVED)

6.2.3 Alkaline clean the part per P.5. 12030,
Tvpe 1II. Immerse the part immediately in Pasa-Jell
solution or the part may be air dried for 20 minutes
maximum prior to immeraion in Pasa-Jell.

6.2.L Immerse the part in a room temperature
Pasa-Jell solution of the composition defined in
Table I for 15 to 20 minutes. Remove and rinse the
part thoroughly in room temperature deionized water.
Check for water-bresk free surface. If vater-break
occurs, reclean parts from Pars. 6.2.2 to 6.2.L.

[ VR ST YReN ] DOWE EATC ]

-————ﬂ
Pasa-Jell 107-C7 skl ml. 14.3 gal.
Concentrated Nitric 1,163 m1. 30.7 gal.
Acid (103)
Deionized Water 1 gal. | 100.0 gal.
Chromic Acid 165 grams

36.5 lbs.

TABLE I - PASA-JELL SOLUTION COMPOSITION

6.2,5 Dry the part at 100 to 150°F for 30
minutes in an oven certified per P.S. 23L01,

_ Class 3A. Protect the part by wrapping with wax-

{ree Kraft paper if priming {8 not to be performed
immediately after drying. If priming is not per-
formed within 8 hours after drying, reclean the
part per Paragraph 6.2, .

6.2.6  Apply Narmco BOO II Primer to the
cleaned metal bonding surfaces to a thickness of
1-2 rils and air dry 60 winutes and then force dry
at 200 + 25°F for 30 minutes 1= n .ell ventilated
oven certified per P,S, 23401, Class 3A. Attach
thermocouples to surfaces which will not be bonded.

6.3  PREPARATION FOR FABRICATION

6.3.1 Cut n sheet of CHR 6TB Teflon coated
class fabric (or equivalent) to a dimension which
eguals the area Tormed by the outer perimeter of
the dams or titanium splice skin assembly.

6.3.2 Cut a sheet of CHR 3TLL (or equivalent)
release fabric to the same dimensions as the
CHR 6TB raterial. Where necestary, splice the CHR
3TLL (or equivalent) with an FEP Teflon tape to
obtain sufficient area.

6.3.3 Cut one layer of 131 dry wlass cloth
to the same dimensions as the CHR 3TLL (or equiva-
lent) for every five plies of boron/polyimide
raterial. Use one extra layer of 181 dry glass
cloth when the iay-up has two to four extra plies
2f pre-prep over multiples of 5 (il.e., 5, 10, 15,
20, etc.). For tapered boron/polyinide parts, the
aurber of 191 plass cloth layers will vary with the
location on the part.

- the remainder is

FABRICATION
PROCEIURES

.3.4 Remove the "B" staged pre-preg from
o° ltgrzse and keep in the plastic bag & :ln::\{m
of 30 minutes, if necessary. Pre-preg mah:rH
may be stored at room temperature overnig
completely used the folloving .
day. However, do not allow the pre-preg materia
to be exposed to temperatures over 0+l
unnecessarily.

6.3.5 Remove the Metlbond 8L0 adhesive (if
required) from O° refrigeration and allow to warm
to room temperature. Verify that the adhesive hae
been qualified per MMS~304. Record the adhesive
batch and roll number.

6.3.6 Proceed vwith fabrication of the struc-
tural composite part per Paragraph 6.k.1 or 6.4.2
as applicable, but first make certain (if the
fabrication procedure is per Paramgraph €.4.1) that
the lap shear cleaning control coupons of Paragraph
6.2 have been tested and meet the requirements of
Table II. If they do not, reclean all titanium
components of the structural part and again evaluate
cleaning control coupons per Paragraph 6.2.

6.5  FABRICATION PROCEDURE

6.5.1  Structural Skins with a Bonded Titanium
Splice Skin Around the Periphery

(a) Clean the surface of the intermeiiate
lay-up fixture with an MEK dampened cheesecloth.
Then cover the surface with a sheet nf CHR TR
Teflon coated glass fabric (or equivalent).

(b) Posttion the primed titanium splice skin
assembly on the intermediate lay-up fixture.

(¢) Apply a single layer of Metlbond 840 rilm
adhesive to all exposed titanium surfaces which heve
been primed and will be bonded to pre-pres. Follow
the procedures described below using clean white
cotton gloves at all times.

(1) cut the adhesive to the approximate
shape of the surface to te Londed on & table which
has been previously cleaned with MEK or equivalent.
If splice Jjoints are required, they shall not overlap
or have a gap greater than 1/32 inch.

{(2) Remove the protective wrapping from
one side of the adhesive film and apply the film
smoothly to the primed surface. Tack the film
adhes{ive in place over 100% of its area using hand
pressure. If necessary use a thermostatically
controlled heat fron (150°F max.) to aid in tacking
the £1lm, but maintain the temperature of the adhesive
below 150°F. Trim the film adhesive flush with the
perimeter of the bond Joint surface and then remove
the remaining protective sheet from the adhesive.

P.5. 1L224
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PF.S. 14224  (CONTINUED)

(d) Lay-up the f{nitial half of the laminate
oy collating the plies of pres=preg on the lay-up
fixture. Use a warm (140-160°F) iron to momentarily
soften and amooth out each layer of the composite
laminate. Keep the varm iron moving at all times,
taking care not to degrade the pre-preg by over-
heating. Remove the top Teflon backing sheet from
the pre-preg sheet prior to adding the next ply
of pre-preg.

(e) Place the sheet of CHR 6TB (or equivalent)
cut per Paragraph 6.3.1 on top of the lay-up and
then placc a sheet of 1/32 tnch thick silicone
rubber on top of the bottom release material.

(f) Clean the surface of the final lay-up
and curing fixture with an MEX dampened cheese-
cloth.

(g) Locate the final lay-up and curing fixture
on the surface of the intermediate Iay-up fixture
by means of the positioning pins. Visually inepect
the lay-up for proper alignment and fit on the
final lay-up fixture. If acceptadble, turn over
the entire fixture package taking; extreme care not
to shift or alter the lay-up in any manner. Again
{nspect the lay-up for proper alignment and fit on
the final lay-up and curing fixture. If acceptable,
slowly remove the intermediate lay-up fixture from
the surface of the final lay-up fixture. Again
take extreme care not to damage the lay-up.

(h) Repeat procedure {c).

(1) lay-up the remaining half of the composite
laminate by collating the plies of pre-preg per the
instructions in Paragraph 6.L.1 (d).

(J) Attach steel dams to all required areas
of the titanium aplice skin assembly as illustrated
in Figure 3 using Permacel No. 02C double sided
tape. Make sure all joints are tightly sealed.
Make the dams the thicknees 888 of the expected
cured leminate thickness. ’

(x) Complete the lay-up per Paragraph 6.5 and
fabricate the required process control specimens per
Paragraphe 6.4:3 and 6.4.k,

6.4.,2 Structural Parts Without Splice Bonded
Edge Members - - [ ——— - _

(a) Clean the surface of the final lay-up and
curing fixture with an MEK dampened cheesecloth.

(b) Place the sheet of CHR 6TB (or equivalent),
cut per Paragraph 6.3.1 ,0n top of the fixture.

FABRICATION
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(c) Place the cork dams on top of the CHR 618
with the outside edge of the dam directly over the
outside edge of the CHR 6TB, Make sure all joints
ape Lightly sealed. Make the dams the thickness
‘_g of the expected cured laminate thickness.

(d) Lay-up the composite laminate by collating
the pre-preg plies on the fixture using the processing
procedures described in Pnragraph 6.4.1 (d).

(e) Complete the lay-up per Paragraph 6.5 and
fabricate the process control specimens per Paragraph
6.4.3,

6.4.3 Process Control Laminate

Lay-up a process control laminate on the
same Lucl ms the structural part using the processing
procedures described in Paragraph 6.4.2. Lay-up one
laminate 6.0" x 4.0" x 15 plies with fllaments
parallel to the 6" direction.

6.4.4  Double Lap Shear Process Control Panel

(a) Chem mill both sides of the 0.050 inch thick
annealed 6Al-LV titanium finger panels to provide a
panel thickness of 0.0Ls * .005 {nches and surface
finish of 125 RHR.

(b} Clean and prime the finger panels per
Paragraph 6.2 at the same time and in the same
manner as the titanium components of the struc-
tural part.

{(c) Fabricate the double lap shear panel per
Figure 2 and place on the same fixturec as the
atructural part.

6.5 COMPLETION OF LAY-UP

6.5.1 Attach thermocouples to the lay-up per
the requirements of Paragraph 5.1.h,

6.5.2 Place the top release material (CHR
3TLL or equivalent) cut per Paragraph 6.3.2 over
the completed lay-up and attach to the steel dams
and/or titanium splice skin ascembly with Permacel
#02C Double S{ded Tape. Naké sure the CHR 3TLL,
Permacel Tape and dam and/or splice skin are in
intimate contact.

6.5.3 Place the correct number of 181 glass
cloth layers over the CHR 3TLL {or equivalent) per
the requirements of Paragraph 6.3.3.

I8SUED
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d.8.L  P'ace a Nold Wis r-"‘r onated 0.,0L0"
alurinurn sheet perforated vith 1/16 ineh diameter
noles oa 1/2 inch centers on top of the production
assoultly %O act s & pressure plate. Place Mold
Mia P=57 coated 0.0L0" perforated aluminum sheets
over each of the process control panels. Tnpe the
pressure plates to the steel dams to insure that
the plates vill not ride on the dams during the
cure cycle. Place 2.3 layers of style 1000 dry
class cloth over the top of the lay=np and extend
teyonl the dam,

6.5.5 Place & aingle layer of Mylar Type A
on top of the entire lay-up (i.e., structural part
and process control specimens) and extend aeveral
inches beyond the dama and/or splice skin assembly.
The vacuum and static lines shall be located
adjacent to the lay-ups and ingide the sealed
edge of the vacuum bag. Seal the vacuum bag to
the fixture with 9151 Sealant Tape.

6.5.6 Run a leak check per Paragraph
6.6.1 (a).

6.5.7 Place a layer of style 1000 dry rlass
cloth over the top of the Mylar bdas, and then place
o single layer of nvlon film on top of the entire
lay-up. Flace & vacuum line between the bags and
seal the Nylon bag as described in Para. 6.5.5.

6.5.8 Sce Figure 3 and 4 for typical
laninate lay-up cross sections.

6.6 LEAK CHECKING

NOTE: When leak checking, apply vacuum to the
Interior of the vacuum bag slowly. As the alr is
evactuated, make the bag conform to the shape of
the lay-up and fixture. Make certain the bag
does not bridge any areas.

6.6.1 A leak check is required first in the
lay=-uz room and then {n the autoclave prior to
application of heat to the lay-up. Conduct these
checks with a mercury manometer or suitadble vacuum
race as follows:

{a) Pull 20 inches (minimum) mercury vacuum on
the bogged lay-up and close off the vacuum source.
Thke a pressure reading 2 minutes after isolation
of the syotem., The maximum allowable leakagc rate
{s 0.5 inches of mercury per minute.

(V) Maintain at least 29 inches. of mercury
vncuur on the bagced lay-up and place in the auto-
clave. Connect the required plumbing (thermo-
couples, vacuum and static lines and cold trap)
anl repeat the leak check of the previots parn-
rraph.

FABRICATION
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() At the conclusion of the second leak
eheok, close the autoelave door while mafntaining
20 inchea (minimum) of mercury vacuum on the bagged
1“‘“’0

(d4) Apply 200 psi autoclave pressure. Run &
leak check per Paragraph 6.6.1(e). A resding of 50
microns or less of vacuum and a minimum ranorater
reading of 29 inches of Ha {s required.

6.7 CURE SCHFDULE

6.7.1 Heat the lay-up to 215°F at rate of
3<4°F/min. under 20" (minimum) Hg vacuum, Hold at
215 + 10°F for 60-70 minutes,

6.7.2 Raise the tempersture to 235°F at rate
of 3-LOP/min. under 29" (minirmum) Hg vecuum. H>1d at
235 + 10°F for 60-70 minutes; after 15 minutes at
235°F, start pressurizing the autoclave to 200 ¢ 5
P8iR.

6.7.3 Raise the temperature to 350°F at rate
of 3=4°F/min, under 29" Hg (minimum) vacuum and
200 peig pressure.

£.7.h  Cool to 125°F or less at rate of 3-L°F/
min, under full vacuum and pressure.

6.7.5 Record the autoclave temperature and
pressure throughout the cure cycle. Also, record
the static vacuur bagr readinss every fifteen minutes.

6.8 POST CURING

6.8.1 Post Curing Laminates

6.8.1.1 Post cure the cured skin{s), process con-
trol laminate and double-lap shear control panel (1f

‘mulnd) {n an oven.

6.8.1.2 Heat the larinates to 350°F at
3-hF/min. Hold at 350 + 10°F for £0-T0 mirutes,
then heat to 600°F at rate of 1°F/min., witk
2k 4 1/2 hour holds at 400 » 109F, L50 » 10°F,
500"+ 10°F, 550 s 10°F and T00 s 10°F. ~

€.9.1.3 Cool down to 125°F or lcos at
2-3%/min.

PURNEN
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. TADUDN

«9.1 General « Trim the structural part
ani process control spocimens after removal from
the final lay-up and curing fixture.

m Oy

6.9.2 Structural Part
(a) Parts with a bonded titanium splice skin
aroum! the periphery do not require trimming.

(t) Trir boron/polyimide parts without edse
rerbers with a diamond impregnated cutoff wheel or
router to the dimensions of the Engineering Draving.
Use water or carbon dioxide for cooling the diamond
tool, but do not use any oil based compound. Use
200 £rit or finer diamond particle impregnated
teoling, and operate at a speed of 1800-L000 SPM
and 8 feed rate of 3.0 to 5.0 inch/min. depending on
thickneas. Shearing the edges of composites to 7
plies thick, in lieu of diamond tool cutting, is
acceptatle if allowed by the Engineering Draving.

6.9.3 Process Control Specimens

(n) Cut the process control laminate fabri-
cated per Parasraph 6.4.3 into six i,0" (filament
direction) x 0:5" x thickness flexural test specimens
and six 0.70" (f1lament direction) x 0.25" x thick-
ness horizontal shear fest specimens. Use 8 thin
(0.060 inch or less) diamond cut-off wheel at 4000
surface feet per minute (rinimum) and 0.5 inch/min.
maximum feed rate. Attach acrylic plastic back-up
to the btottom of the laminate with double sided tape.
Use a 200 crit or finer diamond tool.

7.0 _QUALTTY ASSURANCE

7.1  RAW MATERIAL ACCEPTANCE

T.1.1 Each batch of Metlbond SL0 adhesive
and Narmco 300 II primer shall be quali{fied upon
receipt at MCAIR per }S~304, The materials
shall be requalified pri{or to their usage according
to the criteria established in MMS=304,

7.1.2 . Each latch of boron/polyimide pre-pref
raterial shall meet the requirements of MMS-522,

”,

FABRICATION
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T.2 UIPMENT

7.2,1 Instrurentation used to control
procesues shall be calibrated per P.S. 20503.

T.2.2 Ovens, sutoclaves, furnaces and
temperature control systems shall be certified
to P.S. 23401.. The autoclave shall be certified
to P.S. 23401, Class 3C, process control specimen
testing oven to P,5, 23401, Class 1B, and the
oven to P,S, 23401, Class 3A.

7.3 PROCESS CONTROL - Quality Assurance
shall verify conformance to the following:

(n) Materials used have a current Quality
Assurance acceptance tar affixed which gshows date
for requalification.

(b) Metlbond 94O adhesive and Narmco 8500 IT
primer are stored in their original sealed shipping
contaliners at O + 10°F until ready for use.

(e} Applicable process equipment has a
current Qrality Assurance caltbration tag affixed.

(d) Adhestve {5 condi{tioned to amblent
temperature in closed contatners tefore use.

(e} All adhesive splices are butt splices
with a maxirum 1/32 lnch rap.

() The terperature {n the lay-up room is
held between G5-75°F and the relative humtdity
{n the lay-up room {s held within the limits shown
in Parapraph 5.1.3.

(g} During cure there was a ninimum of three
therrocouples functioning at all times.

(h) Tre top surface of the final lay-up and
curing fixture has a finish of 90 RHR or less.

(1) Titanium splice plete is properly prepared
for bondin; and then immediately wrapped in wax-free
Kraft paper.

188U¥D
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(J) Priming ls accomplished within 8 hours
after cleaning and bonding within 21 days after
rriming.

(k) ALl personnel handling cleaned, unwrapped
parts and/or adhesives through the lay-up operation,
and all support personnel coning in direct contact
with cleaned parts and/or edhesives vear clean, white
hats and coats, and clean white cotton gloves.

(1) The boron/polyimide material is packaged
in moisture proof plastic bags and stored at
0 + 10°F vhen not in use.

(m) The boron/polyimide pre-preg material
reralns inside the sealed moisture proof plastic
bag a minimum of 30 minutes after removal from
OPF storage to room temperature working area.

(n) The "A" staged boron/polyimide pre-preg
material with release sheets on both surfaces is
cut with templates in the orientation required.

(o) The "A" staged boron/polyimide pre-preg
mataris)l with the plartic releare sheet removed
«from the pre-preg (Teflon coated plass fabric
remains on bottom surface of pre-preg) is "B"
staged at 215 + 2°F for 3 hours + 2 minutes.

(p) lo end to end type butt Joints (perpen-
dicular to filament directlon) of boron/polyimide
pre-preg material are used within the composite
larminate unless required by the Engineering
Drawing.

(q4) The edgce of any individual piece of
pre-prer in one layer is not placed directly
over the edre of another piece of pre-preg in a
previous layer, but overlapped: a minimum of 0.5
inch.

(r) Cut edges of the pre-preg where steel
dams are used are withn 0.10 inch of the inside
edre of the dam.

(s) structural parts without splice bondled
renbers arsund the periphery are fabricated a mini-
~um af 0.5 {nches oversize on all sides for
crirming purposes.

(¢) Any individual piece of pre~preg material
i. ot expnsed to room temperature in excess of 240
2urulative hours prior to cure,

(v) anufacturing and Quality Assurance
rersonnel worrxing on or inspectins the lay-up at any
“i~e prior %o “he start of the cure cycle are wear-
{ra- rlewn chop coats and caps.

{v) A minimum of 29" Hg vacuum was kept during the

Fre=pref cure cycle,

FABRICATION
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7.4 STRUCTURAL ASSEMBLY ACCEPTANCE
7.4.1 Nondestructive Testing - Nondestructively

{nepect the structural composite part for foreign
material inclusions per P.S. 21233 and unbonded
areas and/or voids per P.S. 21233, Class 2A.

T.kb.2 Control Panel Testing

7.4.2.1 Cleaning Control Coupons - Cleaning
control coupons shall be fabricated per Paragraph
6.2 and tested per Figure 1 to meet the requirements
in Teble II.

T.4.2,2 Process Control lLaminate - Test six
longitudinal flexural specimens, three at room
temperature and three at SSOOF, in accordance with
Figure 5. Test six horizontal shear specigens,
three at room temperature and three at 550°F, in
accordance with Figure 6. The specimens shall meet
the requirements of Table II.

7.4.2.3 Double Lap Shear Specimens « Perform
double lap shear testing with three rnecimens at
room temperature and three specimens ac 550°F
per Figure 2. The specimens shall meet the require-
ments of Table II.

7.4.2.4  Perform all elevated temperature
tests in an air circulating oves. Specimens that
are tested at elevated temperatures shall be at

temperature 10 minutes prior to test. The test
specimen temperature shall be controlled to hd 5°F.

8.0 SAFETY

8.1 - ORGANIC SOLVENTS

8.1.1 Description - The following solvents
and/or solvent bearing materials are used in small

quantities per this specification.

{a) Methyl Ethyl Ketone: A colorless, thin
solvent. Flammable and toxic.

(b) Narmco 800 ITI primer: A brownish thin
liquid, flammable and toxic.

8,1.2 First Aid - In event of eye or skin
contamination:

(a) Flush the expoced area with large amounts
of water.

(h) Remove contaminated clothing.

() Seccure first aid.

Foue Ynidn
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%.1.3  Toxicology - Avoid prolonsed breathing
of solvent vapors.
8.1.1  Fire Hazard - Flammable solvents are

extrerely easy to ignite and shall not be used in
the vicinity of smoking, sparks or open flames.

8.1.5 Handling and Storage

(a) Wear Safety glasses {or gogglés) and
rutber rloves while working with solvents.

(v) Do not use solvents in confined areas
unless specifically authorized, since fumes are
generally toxic, flammable, and explosive.

(¢) B5tore and handle solvents in properly
labelled safety containers. )

() Dispose of all rags in flammable solvent
areas in speclal containers used only for this
purpose.

8.1.6 NOTE: The preceding are minimum
safety precautions. Fersonnel using these
materials stould be familiar with the more
detalled precautions provided in P.S. 20002,

8.2 NON-SOLVENT ORCANIC MATERIALS

8.2.1 Description - The followins non-solvent
organic materlals are used per thie specification.
(a) ketltond 840 Film Adhesive: A glass fabric

supported, grey film. Not a fire hazard, hbut {s
toxic.

8.2.2 Precautions - The safety precautions
specified in Parasrap .1 shall apply to this
material with the exception of those precautions
related to fire hazards.

1.3  ACIDS
%.3.1 General Precautions

{a) Aecid resistant gloves, aprons, cherical
rorgles and boots must be worn when handling hazard-
ous chemicals.,

(t) Use chemicals and solutions only as stated
in this specification.

(¢) Always add acid to water when diluting or
mixing chemicals or solutions.

(¢) Avoid inhaling vapors. Wear McDonnell
approved respirators when necessary.

FABRICATION
PROCEDURES

(e) Correctly label and maintain the identity
of all containers as to their contents.

(f) Incompatidle Materisls: Isnlate from
incompatible materials as specified per McDonnell
P.S. 20002 under both specific and general pre-
cautions.

8.3.2 First Ald - In the event of eye or skin
contaminations:

(a) Flush the exposed area with Jarge amounts
of water for 15 minutes.

(b) Remove contaminated clothing.

(c) Secure first ald.

8.3.3

(s) Deseription:

(v) Toxicology: Liquid contains acid and
dlchrorate which can irritate and turn eyes and

skin.

Pasa-Jell 107-C7 Solution

A thin, oranre liquid.

(c) Fire Hazard: lay cause ignition when in
cnntact with Tlammable or corbustible matertals.

(c) storage:

containers.

Store in original chippin:

CAUTION: Do not allow Fusa-Jcll 107-CT7 or rinse
water containing Pusa-Jell 107-CT to come in contact
with MEK or other solvents.

8.3.4

Fitric Acid - HNO3

(a) Description: Transparent, colorless or
yellowish fﬁming, suffocating, corrosive liquid.

(v) Toxicology: Nitric acld vapor is highly
irritating to the skin, eyes, and rucous membranes.

(¢) Fire-Hazard: Nitric acid 1s a powerful
oxldizing agent. Avoid contact with reduclings arents
such as alcohol or petroleur solvents, as the rixture
1s explosive.

8.3.5 Chromic Acid

{a) Description: Red erystals

(v) Toxjcoloay:
mucous rerbranes.

Chrorates attack the skin and

Ve T e
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{+) Handling and Stor e: Isolate chromates Information pertatning to the technical aspect of
frox flarmadble solvents, and other organic matter this specificatisn can be obtained from MCAIR
such as wood, pepar, alcchol and pstroleum corpounds Material and Process Developrent Department
as the mixlure is flarmable and explosive. (Dept. 372).
¢.0  NOTES 10.0  REFERENCE PUBLICATIONS
a,l Verdors or subesntractors needing this None applicable.

specification should direct their request for coples
to the attention of McDonnell Aircraft Company (MCAIR)
5t. Lonis, Purchasing or Subcontracting, as applicable.

MINIMUM AVERAGE SPECIMEN MINIMUM
MECHANICAL PROPI Y (ps1) (ps1)

R.T, S50PF R.T. 5500F
Lap Shear Strength (Cleaning Coupon) 2,250 1,000 2,000 750
Double Lap Shear Strength 3,000 2,000 2,750 1,750
G° Flexural Strength, Boron/Polyimide 190,000 g | 19%,000 ¢ 180,000 o | 140,000
0° Flexural Modulus, Boron/Polvimide 26.0 x 10 21.0 x 10 2h.0 x 107 | 20.0 x 107
Horizontal Shear Strength 11,000 €,000 10,000 5,000

TABLE II - PROCESS CONTROL MECHANICAL PROPERTY REQUIREMENTS
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GR1P AREAS AZ
LEAST 1.0" LONG

5.0" ACHESIVE

e Py 9.5"

THERMOCOUPLE ATTACHMENT POIINT

—’II.O"F_
NOTES: (1) Snecimens are 6A1-4Y annealed titanium 0,045 + .05 ® 1.0" % 6.,0",

Clean and prime per Section 6.0 of this specification with the
nroduction parts that will he bhonded with the specimens.

{2) Apply Metlbond 840 adhesive and cure per Section 6.0 of this
specification. -

(3) Use sclf-aligning grips and load at €nN-700 lhs/min.

(4) Six (6) specirons regquired. Test three (5) at roorm temperature
and three at §50 + S°F after holdina at te~perature for 10 min-
utes. Heat specimens in air circulating oven onlvy.

() Calculate lan shear strength as follows:

Where Ps = Lap Shear Strength (psi)
P = Failing Load (1b)
A = Bond Line Area (in2?) e

P
FS'K

FIGURE 1 ---LAP SHEAR-SPECIMEN AND TEST (CLEANING CONTROL COUPON)
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PHOCIDURFS
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F.S. 1h224  (CONTINUED) FABRICATION
PROCEDURES
0.5 1.5
FIFTEEN PLY LAY-UP
WO 5 AR Y 'L
BRI R aaeny
] o T
-
NOTES :
(1) Width of specinen is 0.5 inch,
(2) toad the specimen with 0.125 inch radius supports at a rate of 0.05 in./min.
(3) Place a deflectometer capable of measuring deflection to 0.001 inch under the span midpotint.
; (%) wWhile the specimen is loaded record the deflection and load continuously. Remove the
N deflectoreter prior to failure,
! (5) Run 550°T temperature test {n air circulating cven, holding at 550° for 10 minutes prior to test.
(6) Calculate the ultimete flexural strength as follows:
F = Flexural Strength, psi
F=loFL h P = Load at fallure, lb.
wt » Where L = Test span, 3 in.
W = Specimen width, in.
t = Specimen thickness, in.
(7) caleulate the flexural modulus ms follows:
3 E = Flexural modulus, pei
E = _ﬂ%L , where P = Load at fatlure, lb.
hw(t)Y L - Test span, 3 {n.
v = Specimen width, in.
L ¢t = Specimen thickness, in.
; Y « Deflection, in.
¥
3
L : FIGURE 5 - LONGITUDINAL FLEXURE SPECIMEN AND TEST
3
E ; P.5, 1422k ' IsSUED
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ROTES:

>24 (CONTINUED)

FIFTEEN PLY LAY-UP

0.15" |

(1) Width of specimen is 0.25 inches,

{2) Lomd the specimens with 0.1°5 fnch radius supports at a rate of 0.05 in./min.

() Run 550°F temperature test in air circulating oven, holdins at 5509F

(4) Calculate the interlaminar shear strength as Tollows:

Q,75p
P

y where

F = Interlaminar shear strensth, psi
P = Load at failure, 1b.

v = Specimen width, in.

t

b

Specimen thickness, in.

FIGURE 6 - INTFRLAMINAR SHHAR SPECIMEN AND TEST

FABRICATION
TROCEDURES

for 10 minutes prior to test.
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PRELIMINARY

T P.S. 14228

BONDED STRUCTURE, POLYINIDE MATRIX COMPOSITE,
FABRICATION AND INSPECTION OF

1.0 APPLICATION
1.1 This process specification provides

procedures for the fabrication and inspection
of both the P-4 Polyimide Composite Rudder and
the F-15 Wing Compreasion Panel.

1.2 This process specification is effective
upon issue and when specified on an Engineering
drawing.

2.0  APPLICABLE DOCUMENTS
2.1 The following documents, of the latest

revision, form a part of this lpcclficat;on:
P.S. 12030 - Alkaline Cleaning
P.8, 12045 - Cleaning, Liquid Hone

P.S. 14224 - skins, Structural, Boron/Polyimide,
Fabrication and Acceptance Of

P.8. 14227 - Skins and Substructural Shapes,
Structural, Graphite/Polyimide, Fabrication and
Acceptance .Of

P.§S. 20002 ~ Safety Standards and Information
on the Use and Handling of Hazardous Materials

P.S. 20503 - Calibration Laboratories, Facil-
ity and Operational Requirements for

r.S. 20509 -
Room

Requirements for Class 2 Clean

P.s. 21206.3
comb Assemblies

= Radiographic Inspection of Honey-
and Composite Structures

P.S. 21211.4
comb Assemblies

- tyltrasonic Inspection of Honey~
and Composite Structures

P.S. 2123) - Nondestructive Testing of Adhesive
Bonds
P.S. 21239 - Coating Thickness Measurement

P.S. 23401 - Certification of Furnaces and
Temperature Control Systems for Heat Treating and
Thermal Processing

MMS-304 - High Temperature Resistant Structural
Adhesives

MMS-335 - Sealant Material, Vacuum Bag
MMS~528 -~ Glass Fabric, Teflon Coated

MMS~705 - Core Material, Polyimide Honeycomb,
High Temperature, Glass Reinforced

Fedetal Specification TT-M-261, Methyl Ethyl
Ketone for Use in Organic Coating

FABRICATION
PROCEDURES

3,0 MATERIALS AND/OR SOLUTIONS
3.1 PRODUCTION MATERIALS
3.1.1 Boron/polyimide skins fabricated per

P.S. 14224 and the Engineering drawing.

3.1.2 Graphite/polyimide spar and upper closure
(for Sudder), and hat stiffeners (for Wing Compression
pPanel) fabricated per P.S, 14227.

[ ]

3.1.3 HRH-327 polyimide honeycomb core per MMS-
705, 3/16" cell, 3.0 lb/ft3, Hexcel, Grand Prairie,
Texas,

3.1.4 Titanium rib, hinges and fairing and steel
rib per the Engineering drawing.

3.1.5 Metlbond 840 lupgor:od film adhesive per
MMS=-304, 0.135 0.015 1b/ft3, whittaker Corporation,
Materials Divis¥on, Costa Mesa, California.

3.1.6 FM-34 supported film adhesive per MMS-304,
Bloomingdale Rubber Department, American Cyanamid
Company, Havre de Grace, Maryland.

3.1:7 FM-29 unsupported foaminy adhesive per
MMS-304, 0.1 inch thick, Bloomingdale Rubber Department,
American Cyanamid Company, Havre de Grace, Maryland,

3.1.8 Narmco 800 Il primer per MMS-104, Whittaker
Corporation, Narmco Materials Divisjon, Costa Mesa,
California.

3.1.9 BR-34 primer per MMS-304, B0V solids,
Bloomingdale Rubber Department, American Cyanamid
Company, Havre de Grace, Maryland.

3.2
3.2.1 Boron/polyimide 6 ply panels fabricated

per P.5. 14224 with ply orientation of 0, +45, -45, -45,
+45, 0*. Used for skins on control panels.

AUXILIARY MATERIALS

3.2.2 © HRH~327 polyimide honeycomb core, 3/16"
cell, 8 1b/ftd, Hexcel, Crand Prairfe, Texas.

3.2.3 Methyl ethyl Ketone (MEK), Federal Speci-
fication TT-M-261.

3.2.4 -Materials and solutions for alkaline
cleaning per P.S. 12030, Type III.

3.2.5 Materials for liquid honing per P.S. 12045.
3.2.6 Pasa-Jell 107-C7, Semco Sales and Service

Inc.
3.2.7 Nitric acid 42°¢ Be” (6~N-350), Technical,—— |
3.2.8 Chromic acid {0-C-303), Flake.
3.2.9 Aluminum sheet, 0.040" thick.
3.2.10 Deionized water, Commercial.
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P.S. 14228  (Continued)

3,2.11 2 FM 641, Verifilm, Glass Supported, .075+
+005 1b/ft%, green, American Cyanamid Company, Bloom-
ingdale Department, Havre de Grace, Maryland.

3,3.12 CHR JITLL Teflon Coated Glass Fabric
per MMS-528, Connecticut Hard Rubber Company: TX1050
Teflon Coated Glass Fabric, Pallflex Products
Company: or equal.

3.2.13 Mylar film, Type A, 0.0015 inch thick,
E. I. DuPont Film Division, Wilmington, Delaware,
or HS-6262 film, Noland Paper Co., Los Angeles,
California, or equivalent.

3.2.14 Wax-free Kraft paper, commercial.

3.2.15 White cotton gloves, commercial.

3.2.16 200 grit or finer laﬁdpapor. commercial.
3.2.17 Glass cloth, Style 1000, commercial.
3,2,18 9151 vacuum Bag Sealant Tape per MMS-~315,

pink, 3/32" thick, 1” wide, Schnse-Morehead Polymer
Corporation, !rvinq. Taxas,

3,2.19 P-211 tape, or equal, Permacel Tape
Corp., New Brunswick, New Jersey, or equivalent.

1.2.20 Nemnthyl pyrrolidone solvent.

3.2.21 ¥Y-9133 Mylar Tape, 3M Co., St. Paul,
Minnescota,
3.2.22 Lab coats and hats, DuPont Tyvek dis~

posables or Dacron cleanables,

4.0 EQUIPMENT

4.1 Autoclave certified to P.S., 23401, Class’3C
except the working zone of the autoclave shall ox-
tend to within 3 inches of the wall and 20 thermo-
couples which continue to function during the entire
certification procedure shall be the minimum number
required to certify the autoclave. The autoclave
shall also be capable of 600°F and 85 psig with
pressure control capability of + 5 psig with nitrogen
and/or air atmosphere, and a minimum heat up rate of
3°F/min. Pressure gages are required to monitor
autoclave pressure and pressure build-up in the
vacuum bag throughout the cure cycle.

4.2 Vacuum pumping system and vacuum gage to
perform leak checks inside and cutside the auto-
clave.

4.3 Air circulatina oven with 250°F capability
certified per P.S. 23401 Class 3A for drying both
cleaned and primed parts. Air circulating oven with
400°F capability certified per P.S. 23401 Class 1A
for bonding the spar assembly. Also, air circulating
oven with 600°F capability certified per P.S. 23401
Class 3C for post curing composite parts.

FABRICATION
PROCEDURES

4.4 oven, air circulating typo, capable of
$50°F (minimum), certified per P.S, 23401, Class 1B,
for performing elevated temperatrue tests on process

control specimens.

4.5 Mechanical property test equipment for
testing process control specimens at room temperaturc

and S50°F.

4.6 Refrigeration facilities for storing ad-
hesives and primers at 0 + 10°F.

4.7 Liquid honing equipment per P.S. 12045.

4.8 Alkaline cleaning equipment per P.S. 12030.

4.9 Bonding fixtures which permit direct fluid
pressure on at least one side of the assembly and
allows even heating of the assembly from both top
and bottom. The maximum thermal expansion allowed
for the bonding fixture is 7.0 x 10~6 in/in/°F over
a temperature range of 70 to 600°F.

4.10 Diamond cutting wheels and routers.

4.11 Thermostatically controlled heat iron
(150°F maximum).

5.0 REQUIREMENTS

5.1  GENERAL

5.1.1 The initial fabrication «f any composite
part shall be witnessed and approved in writing hy
the Material and Process Development Department.
Fabrication as approved by Material and.Process
Development shall not be changed without written
approval from Material and Process Development Depart-
ment.

5.1.2 Peorsonnel who fabricate composite parts
must demonstrate by passing applicable written and/
or practical proficiency tests, that they possess
the skills and know!ledqe necessary to ensure accep-
table workmanshin on the part to bhe fabricated. A
list of personnel qualified to the above recguirements
shall be maintained.

5.1.3

{a) Production part - A minimum of 4 ther-
mocouples shall be used 7or each production part.
They shall be located at opposite ends and sides of
the part. For production parts of varving thickness,
the necessarv number of additional thermocouples
shall be used to insure uniform heating in all sec-
tions of the part. When the number and location of
thermocouples has been established using the abave
criteria, a sketch shall be made and used for each
successive part.

Thermocouples

{(b) Process control specimens = A minimum
of one thermocouple shall be placed adjacent to each
process control panel. A single thermocouple shall
be attached to the center of the lap shear process
control panel.

P.a. 14225
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n

S.1.4 Cleaning control coupons (test spoeci-
mens used to evaluate the effectiveness of cleaning
and etching solutions) shall be fabricated per
Fiqure 1 to meet the R.T. requirements in Table I,
Parts cleaned at the same time as the cleaninq con-
trol coupons cannot be used in the assembly until
cleaning control coupons pass Table I requirements.

5.1.5 Extreme caution must be exercised through-
out the fabrication sequence to prevent damage or
contamination to any individual material used in
the assembly or the completed assembly.

5.2 MANUFACTURING ENVIRONMENTS

5.2.1 Cleaning, priming and oven drying opera-
tions shall be performed where there is no fume pro-
ducing machinery or combustion engines in the imme-~
diate arca. In addition, the presence of these
fumes shall be minimized in the cleaning, priming
and oven drying areas by performing these operations
in arcas which are completely enclosed or isolated
from the surrounding shop area. Sufficient make-up
air shall be introduced to maintain a slight posi-
tive pressure. Doors shall be kept closed whan not
in use.

§.2.2 The assembly arca shall meet the require-
ments of P,S. 20509 except the temperature shall be
65 to 75°F and the relative humidity shall not
exceed the following values.

7%

ARELATIVE 10 p

ntoITy : .
(1]
55

6 70 75

TEMPERATI'RE (°F)

5.3 ADHESIVES AND BONDING

5.3.1 Titanium components of the composite
laminate shall be cleaned and primed prior to splice
bonding. Priming shall be accomplished within 48
hours after cleaning and bonding within 21 days
after priming.

5.3.2 Boron polyimide skins shall be grit
blasted prior to bonding. The grit blasted surface
shall have a dull, matte surface but shall not re~
move all the resin and expose boron fibers.

5.3.3 Each bhatch or shipment of Metlbond 840,
FMz34 and FM-29 adhesives and Narmco 800 II and

BR-34 primers shall be qualified upon receipt at MCAIR

to meet the requirements of Table I. These materials
shall be requalified prior to their usage if more
than 90 days have elapsed since the materials were
qualified. This requalification shall be good for

90 days.

FABRICATION
PROCEDURFS

5.3.4 Qualificd Metlbond 840, FM-29 and FM-34
adhesives shall be stored at 0 + 10°F upon receipt
and when not in use. Each shall be packaged in a
manner similar to the supplier's packaging techniqua,
They shall not be removed from their soaled package,
after removal from refrigoration, until moisture
ceases to condense on the packaqe surface,

5.3.5 Qualified Narmco 800 II and BR-34 adhe-
sive primers shall be stored at 0 % 10“F upon re-
ceipt and when not in use. The primer container
shall not be opened or the primer mixed, after re-
moval from refrigeration, until moisture ceases to
condense on the container surface.

5.3.6 A record shall be kept of the batgh.and
roll number for cach adhesive used in any indivi-
dual composite part. A recor” shall also be kept of
the primer batch and container number.

5.3.7 Adhesive splice joints shall not overlap
or have a gap greater than 1/32 inch,

5.3.8 All personnel shall wear clean white
cotton gloves when handling cleaned or primed
unwrapped parts, film adhesives or parts with film
adhesive applied.

5.3.9 Manufacturing and Quality Assurance per-
sonnel working on or inspecting the assembly at any
time prior to the start of each cure cycle shall
wear clean shop coats and caps.

5.3.10 An acceptable verifilm check shall be
run prior to bonding the bottom and top skins to the
assemhly.

5.3.11 The thermal lag between the top and
bottom skins can be a maximum of 30°F.

5.3.12 The quality control specimens bonded
with the assembly shall meet the requirements of
Table I.

5.3.13  Qualification and quality control
testing at elevated temperature shall be accom-
plished in an air circulating oven.

6.0 PROCEDURES

6.1 PREPARATION FOR BONDING - Perform the oper=~
ations listed In this paragraph when specified in
Paraqraphs 6.2, 6.3 and 6.5,

6.1.1 Preparation of Titanium Parts for Bonding

NOTE: Fabricate and test cleaning control coupons
{(Paragraph S5.1.4) before bonding parts .

6.1.1.1 Solvent wipe the part with MEK to re-
move grease or oil contamination. Do not vapor
deqrease.

REVISION
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PR 148 (Continued)

6,1,1.2 Liquid hone the part per PM.8, 12048,
It alkaline cleaning will not be porformed within 2
hours after liquid honing, protect theo part by
wrapping with wax-free Kraft paper.

6,1.1.3 Alkaline clean the part per P.8. 12030,
Type III. Inmerse the part immediately in Pasa-lell
solution or the part may be air dried for 20 minutes
maximum prior to immersion in Pasa-Jell,

6.1.1,4 Immerse tho part in a room tomperature
Pasa-Jell solution of tho composition defined helow
for 13 to 20 minutoes., Remove and rinae the part
thoroughly in room temperature tap water. Follow
with a thorough room temperature deionized water
rinse, Check for water-break free surfaco. If
water-break occurs, reclean the part per Para, 6.1.1.

MATERIAL SMALL BATCH LARGE RATCH
Pasa-Jell 107-C? 544 ml, 14.3 aal.
Concentrated Nitrie 1,163 ml, 30.7 aal,
Acid N0
Deionized Water 1 gal. .100,0 aal,
Chromic Acid 165 arams 36.% lbs.

6.1.1.5 Dry the part at 100 to 150°F for 30 min-
utes in an oven certified par P.S5. 23401, Class JA.
Protect the part by wrapping in wax-free Xraft paper
if priming is not to be performed immediately after
drying. 1If priming is not performed within 48 hours
after dryina, reclean the part per Paragraph 6.1.1.

6.1.1.6 Make sure the Narmco RNO 1I primer is
At room temperature before opening the contalner
or mixina the primer., Record the primer batch and
container numher.

6.1.1.7 Aaitate or stir the Narmco 800 1II
adhesive primer by mechanical means to insure a
homoqeneous mixture. Do not use primer containing
lumps or indication of qelation,

6.1.1,8 PBrush apply a smooth uniform {ilm of
Narmco 800 I adhesive primer on all surfaces of
the part intended for bondina. A dried film thick-
ness of 0,001 to 0,002 inch 138 required. Check the
thickness by thickness measurements of the dried
f1lm per P.S. 21219,

hol.1.9 Rack the primed part in such a manner
48 to avoid contamination of any aurface intended
for bhonding. If saveral parts aro involved, also
provide tfor adequate ventilation hotwean the parts,
Air dry the primer a minimum of b0 minutes at room
tomporature,

PABRICATION
PROCEDURES

6.,1.1.10  Ovon dry the alr dried part at
200 + 25°F for 10 minutes in & well ventilated ovon
cortTfied per P.8. 21401, Clams JA, Attach thermo-
couples to surfacos which will not ho tonded, I1f
sovoral parts are involved, attach thermocouples to
parts at onposite‘snds of tho rack, B8tart dry time
after cooleat thermocouple roachas the required temn-
orature. Record timm varsus temperatura Aata for
the part. R

NOTE: §The une of thermocouplas may he waivad after
a ﬁnatlcycln has hoen astablished for tha particu-
lar ovén used,

6.1.1.11 Protact tho oven driod part from con-
tamination and bond within 21 days aftar comnlatinn
of the oven drying operation, If the part is not
bonded within 21 days consult Material and Procass
Dovelopmant.

6,1,2 Proparation of Boron/Polyimide Skin
for Ronding

6,1,2.1 Clean the becron/polyimide skins immedi- ¢
ately prior to bonding by qrit blasting with 220 arit
or finer particles at a line pressure of 15-20 ps:
holding the nozzle 8~12 inches from the part. UEE
SXTREM s _§0 iy R \ \ (RD LS  «
Use sand, qlass beads or aluminum oxide particles. Keep
the grit blasting nozzle (or the part) moving ronstantly
during this operation. Continue until the beron/polyt-
mide surface takes on a dull, gray, matte appearance,

6,.1,2.2 Remove from the grit blasting facility
and rinse with tap water.

6£.1.2.3  Force dry at 175 & 25°F for 10-45
minutes. After the drying operation, wrap the
boron/polyimide skin in clean, wax-free kraft panver
itandle only with clean cotton qloves from the star:
of cleanina throuah compiction o! all bonaina orer-
ations affecting that particular skin.

6.1.1 Proparation of Graphite’/Polyimide Jom-
ponents for Ponding

6.1.3.1 Sand the bonding aurface of the araphite’
polyimide componunts with 140 to 200 argt sandpaper.

6.1.3.2 Clean the sanded surface with a clean
rag dampencd with clean MEK. 7 cheeasecliownh 1s used
rinse cheoagecloth with MEK before use.

6.1.3.3  Allow the cleaned surface teo atr Jdry
for a minimum of 30 minutcs,

6.1.4 Preparation of Fiber Jdlags/folyimide
Cora_for Bondipg

6.1.4.1 Dilute the RR=34 primer as follown:

MR~ 14 primer
N=Methyl Pyrrolidone (NMPY

100 parta by volume
<% parta by volume

.o, 14225
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6.1.4.2 1y & heavy brush coay, 0,002 to
0,003 1ngh Mok Yol o3l primer to the Ciber glass/
polyimide core, brushing in four directions to

ascertain that a thore
to the core. ugh coat of primer is applied

8.1.4.3  Alr dry the primer a minimum of 130
minutes. Then oven dry as follows:

Reat to 210-210°F and hold for 30-40 minutoes.
Heat to 400-420°F at 3-10°F/min.
Hold at 400-420°F for 40-30 minutes,

6.1.4.4 Nrap the primed core in wax=-free Kraft
paper until ready for use.

6.1.5 Preparation of Steel Rib for Bonding

6.1.5.1 Liquid hone the banding surface of
the steel rib por Paragraphs 6.1.1.1 and 6.1.1.3.

6.1.5.2 DOry the part at 100 to 150°F for
30 winutes in an oven certified per P.S. 23401,
Class JA. '

6.2 BONDING OF SPAR SUB-ASSEMBLY

6.2.1 1Inatall the titanium drive rib and upper
balance weight skins, graphite/polyimide spar and
upper closure. steel rib, and the three titanium
hinge fittings on the bonding 210 per the Enginworing
drawing. TFasten the bonding jig clamps and rheck for
uniform and complete contact of the bonding surfaces,

6.2.2 Disassemble the sub-assembly, clean and
prime the titanium drive rib, upper balance weight
skins, three titanium hinge fittings and six lap
shear specimens (Figure 1) par Paragraph 6.1.1.

6.2.3 Clean the bonding surfaces of the
qraphite/polyimide spar and upper closure per Para-
qraph 6.1.3.

6.2.4 Clean the steel rib per Paragraph 6.1.5.

6.2.% Place one ply of Metlbond 840 adhesive
on the bonding surface of the drive rib, spar, skins,
upper closure, rib and three hinge fittings and then
assemble on the bonding jig per the Engineering
drawing. Fasten all bonding jig clamps and check for
complete and uniform contact of all bonding surfaces.

6.2.6 Assemble ¢ mingle lap shear specimens
per rigure 1. Insert the specimens in a bonding 3ia
and sat the pressure at 60 psi.

6,2.,7 Attach one thermocouple to the titanium
iHrive ridb, one thermocouple to the qraphite/polyimide
wpar and one thermocouple to one of the lap shear
apecimens.

4.2.8 Meat the assembly and lap shear speci-
mens in an oven as follows:

feat to 140-360°F at J1-4°P/min,
Hold at 140-180°r for 120-110 minutes
rool to 12%°F or less at J-4°F/min,

PABRICATION
PROCEDURES

6.2.9 Post=ocure thu lap shesr panels as follows:

Place in an autoclave or other suitable closed
contalner and purge with nitrogan.

Heat to 340-360°F at 1-40F/min,
flold at 140-360°) lour 10-40 minutes
lleat to 390-410°F at 3-4°F/min.
Hlold at 130-410°F for 6N-70 minutes
Hoat to 440-460°F at 1-4°F/min.
Hold at 440-4(0°F for 60-70 minutes
Noat to 490-310°F at J-4°F/min.
Hold at 490-310°F for $0-70 minutes
Hoat to 565-T"5°F at 1-4°F/min.
lold at 56%5-585°F for 110-120 minutes
Cool to 125°F or less at 3-4°F/min.

6.2.10 Test the lap shear pansls per Paragranh
7.4.2.

6.3 RONDING OF SPAR _ASSEMBLY

6.3.1 Install the spar sub-assembly on the bondina
jin and then fit the core insert and the titanium
fairing on the spar suh-asscmbly. Fasten the bonding
jiq clamps and check for uniform and complete con-
tact of all bonding surfaces. Disasscmble and clean
the detailn,

6.3.2 Clean and prime the titanium fairing
and six lap shear specimens [Figure 1) per Para-
araph 6,1.1.

6.13.1 Prime the polyimide core insert per
raragraph 6.1.4.

6.,3.4 Place one ply of FM-29 adhesive on the
bonding surface of the core insert and one ply of
Metlbond 840 adhesive on the bonding surface of the
titanium fairing and assemble on the spar sub-assembly
pnr tho Engineering drawing., Fasten all clamps on the
bonding jig and then check for complute and uniform
contact of all bonding surfaces,

6,3.5 Assamble 6 single lap shear specimens per
Figure 1. Insert the specimens in a bonding jia
and set the pressure at 60 psi. '

6.3,6 Attach one thermocouplo to the titanjium
fairina and one thermocouple to one of the lap
shear apecimens.

6.3.7 Heat tho assembly and lap shear speci-
mons in An oven per Paraqraph 6.2.8.

6,3.8 Post=cure the lap shear specimens per
Paraaraph 6,2,9.
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€.3.9 Test the lap shear spacimens par
Paragraph 7.4.2. :

6.4 BONDING OF BOTTOM SXIN AND CORE 10 SPAR
ASSEMBLY

. 6.4.1 Cut one plece ot Verifilm 641 to the
size of the bonded assembly., Place a sheat of
0.0015 in. thick Mylar on each side of the Verifilm
€41, and extend it 0.25 in. besyond the edge of the
Verifilm 641, The Mylar coated Verifilm is hereafter
referred to as Verifilm 641,

6.4.2 Put the Verifilm 641 film on top of the
bottom skin where the adhesive would normally be
placed and then place the skin on the bonding fixture.
Place the spar assembly and the honeycomb core over
the Verifilm 641 in the same position relative to the
bottom boron/polyimide skin ag required by the
Engineering drawing. Cover the honeycomb with per-
forated aluminum sheets and build up edgemember areas
so that autoclave pressure is evenly distributed on
the Verifilm 641, Bag the assembly with Mylar film
using fiberglass to prevent the Mylar from being
punctured by the asgsembly. Attach thermocouples to
the assembly prior to bagging.

6.4.3 Pull an §-10 in. Hg vacuum on the bag and
correct any leaks. Place the assembly in the auto-
clave at 8-10 in, Hg vacuum and check for any leaks.
Correct any leaks found, Pressurize the autoclave to
50 + 5 psig. Vent the bag to atmospheric pressure
when 5 psig autoclave pressure is reached. Heat the
autoclave to 290 + 10°F at 3.0-4.0°F/min, Hold at
temperature for 60 4+ 10 min. and cool down under
pressure to 125°F or less at 3-4°F/min.

6.4.4 Inspect the Verifilm 641 for imprint
of the core. Verify that the Verifilm 641 has not
left a residue on any assembly components. If there
is any residue, remove it with an MEK dampened
cheesecloth.

6.4.5 Clean the boron-polyimide skin per
Paraqraph 6.1.2.

6.4.6 prime the fiber glass/polyimide core
per Paragraoh 6.1.4. .

6.4.7 Clean the bonding surfaces of the
araphite/polyimide spar and upper closure per Para-
aqraph 6.1.3,

6€.4.8 Heat tack FM~34 adhesive on the bottom
skin bonding surface which will mate against the
core. Place the bottom skin on the tool and locate
pronerly. Place one ply of Metlbond 840 adhesive
on the edgemembar to skin bonding surface of the
goar assembly.

£.4.9 If the verifilm 641 check per Paraqraph
£.4.1 through 6.4.4 showed a need for one additional
layer of adhesive, place a layer of Metlbond 840
and/or FM-34 adhesive, as applicable, in the appro-
vriate place(s). Requirement for more than one
wxtra ply of adhesive is subject to Engineering
disposition, PRecord areas of more than one layer of
adhesive for later use in analysis of NDT results.

FABRICATION
PROCEDURES

6.4.10 Place one layer of FM-29 adhesive on
the edge member bonding surfaces of the core.

6.4.11 Locate the core on the assembly per the
Engineering drawing, splicing the core with FM~29
adhesive.

6.4,12 Place a 0.040 in. aluminum sheet (per-
forated with 1/16 in. diameter holes on 1/2 in.
centers) on top of the assembly to act as a pressure
plate. Assemble 6 single lap shear specimens per
Figure 1, a titanium skin~fiberglass/polyimide honey-
comb core splice test panel per Figure 2, and a
boron/polyimide skin - fiberglass {polyimide honey-
comb core flatwise tension panel per Figure 3 on
the surface of the bonding fixture., Place a minimum
of six thermocouples on the assembly. Place one
thermocouple on each quality control panel, one
thermocouple on the tool, and three thermocouples as
near the hond areas to the assembly as possible
without contaminating areas to be bonded and about
equally spaced from each other. Install style 1000
dry glass cloth over the lay-up, making it especially
heavy in areas where vacuum lines are located and
where metal parts may puncture the vacuum bag.
place a sheet of vacuum bag material, Paragraph
3.2.10, over the entire lay-up and seal to the
bonding fixture with 9151 Sealant Tape. Pull
27~29 in. Hg vacuum on the assembly to check for any
bag leaks. Correct any leaks found.

6.4.13 Place the bonding fixture in the auto-
clave and attach the thermocouples, vacuum lines and
static lines to the connections inside the autoclave.
Pull 27-29 in. Hg vacuum inside the bag and check
for any leaks. Correct any leaks found. Close the
autoclave and pressurize to 50 + 5 psig. Heat the
sub-assembly per Paragraph 6.2.8, maintaining full
vacuum plus 50 psig autoclave pressure until 125°F
is reached during the cool down. Record the auto-
clave pressure and all thermocouple readings every
15 minutes from the start of autoclave pressurization
to assembly removal from the autoclave.

6.4.14 Remove the sub-assembly and quality
control panels from the bonding fixture. Handle
only with clean cotton gloves until completion of
all bonding operations,

6.4.15 Prime the honeycomb core in the trailing
edge per Paragraphs 6.1.4.1 and 6.1.4.2.

6.4.16 Chop FM-29 adhesive into small pieces
and loosely fill into the core trailing edge as
specified on the Engineering drawing. .

6.4.17 Place a sheet of CHR 3TLL release cloth,
then one ply of 1000 dry glass cloth, a 0.040 in,
aluminum sheet {perforated with 1/16 inch diameter
holes on 1/2 inch centers), and finally metal weights
{to prevent the foaming adhesive from moving the
aluminum sheet) over the core surface filled with
FM-29 adhesive.

6.4.18 Cure the primed core and FM-29 adhesive
per Paragraph 6,1.4.3.

6.4.19 post-cure the quality control specimens
and the rudder assembly per Paraqraph 6.2.9.
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P.S. 14225 (Continued)

6.3 CORE MACHINING

6.5.1 Machine the honeycomb core to the correct
height and shape as designated by the Engineering
drawing. Be careful to prevent contamination,
especially with oil, of any area that still requires
bonding. Contaminated surfacea are subject to
Engineering disposition.

6.5.2 Vacuum clean the sub-assembly to remove
all loose chips and dust.

6.6 BONDING OF TOP SKIN TO SUB-ASSEMBLY

6.6.1 Assemble the verifilm 641 sheet per
Paragraph 6.4.1. Place over the top of the bonded
sub-assembly, and align it so that areas that are to
be bonded are covered with Verifilm 641.

6.6,2 Place the top boron/polyimide skin in
place, and bag the assembly using Style 1000 dry
glagss cloth bleeder and a Mylar bag. Seal the Mylar
bag to the tool with 9151 Sealant Tape.

6.6.3 Repeat Paragraph 6.4.3,
6.6.4 Repeat Paragraph 6.4.4.

6.6.5 Prime the honeycomb core per Paragraphs
6.1.4.1 thru 6.1.4.3.

6.6.6 Clean the graphite/polyimide bonding
surfaces of the sub-assembly per Paragraph 6.1.3.

6.6.7 Clean the top skin per Paragraph 6.1.2.

6.6.8 Place the bonded sub-assembly on the
bonding fixture in the proper location.

6.6.9 Place one ply of Metlbond B40 adhesive
on the edgemember to skin bonding surface of the
spar assembly. If the Verifilm 641 check per Para-
graph 6.6.1 through 6.6.4 showed a need of one
additional layer of adhesive, place a layer of Metl-
bond 840 in the appropriate place(s). Requirement
of more than one extra ply of adhesive is subject to
Engineering disposition. Record areas of more than
one layer of adhesive for later use in analysis of
NDT results.

6.6.10 Heat tack FM-34 adhesive on the core
bonding surface. If the Verifilm 641 check per
Paragraph 6.6.1 through 6.6.4 showed a need for
one additional layer of adhesive, place a layer of
FM-34 adhesive in the appropriate place{s). Require-
ment for more than one extra ply of adhesive is
subject td Engineering disposition. Record areas
of more than one layer of adhesive for later use in
analysis of NDT results.

6.6.11 Locate the top skin in its proper place
over the subassembly. Hold in place with Mylar tape,
or equal.

6.6.12 Repeat Paragraph '6.4.12 (no aluminum
sheet reguired).

6.6.13 Repeat Paragraphs 6.4.13 and 6.4.14,
and then post-cure the quality control panels and
the assembly per Paragraph 6.2.9.

FABRICATION
PROCEDURES

6.7 WING COMPRESSION PANEL

6.7.1 The Wing Compression Panel is fabricated
using the same fabrication and quality assurance
procedures as the F-4 Polyimide Composite Rudder.
The only difference occurs in the timing of several
of the fabrication procedures.

6.7.2 The fabrication sequence is as follows:

6.7.2.1 Machine the HRH-327 honeycomb core to
the dimensions of the Engineering drawing and per the
requirements of Para. 6.5, and prepare for bonding
per Para. 6.1.4.

6.7.2.2 Prepare the graphite/polyimide spacer
blocks for bonding per Para. 6.1.3.

6.7.2.3 Bond the graphite/polyimide spacer
blocks to the periphery of the HRH-327 honeycomb core
with FM-29 adhesive per Para. 6.3 and the Engineering

drawing.

6.7.2.4 Prepare both boron/polyimide skins
for bonding per Para. 6.1.2.

6.7.2.5 Bond both boron/polyimide skins to the
graphite/polyimide edgemember - HRH-327 honeycomb
core subassembly with FM-34 adhesive per Para. 6.4
and the Engineering drawing. Ultrasonic NDT per
P.S. 21211.4.

6.7.2.6 Prepare the outside surface of the
boron/polyimide skins and the bottom surface of the
graphite/polyimide hat flanges for bonding per Para.
6.1.2 and 6.1.3 respectively.

6.7.2.7 Bond the graphite/polyimide hats to the
boron/polyimide sandwich panel with Metlbond 840
adhesive per Para. 6.2 and the Engineering drawing.
Ultrasonic NDT per P.S. 21211.4,

6.7.8 Perform all pertinent process control
tests as reguired by Para. 6.1 through §.6.

7.0 QUALITY ASSURANCE PROVISIONS

7.1 RAW MATERIAL ACCEPTANCE

7.1.1 Each batch of Metlbond 840, FM-29 and
FM-34 adhesives and Narmco 800 II and BR-34 primers
shall be tested and accepted per Table I.

(a)} Acceptable material shall have a dated
Quality Assurance acceptance tag affixed which shows
date for requalification.

(b} The materials shall be requalified prior to
their usage if more than 90 days have elapsed since
the materials were qualified. This requalification

shall be good for 90 days. R

7.2 EQUIPMENT

7.2.1 Instrumentation used to control processes
shall be calibrated per P.S. 20503.

7.2.2 Ovens, autoclaves, furnaces and temper-~
ature control systems shall be certified to P.S.
23401. The bonding oven shall be certified to
P.S. 23401, Class lA, the autoclave to P,S. 23401,
Class 3C, the drying oven to P.S. 23401, Class 1A,
and the .testing oven to P.S. 23401, Class 1B.
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PROCESS CONTROL ~- Quality Assurance shall

7.3
verify conformance to the following:

(a) Materials used have a current Quality
Assurance acceptance tag affixed which shows date
for requalification.

(b) Matlbond 840, PM-29 and FM-34 adhesives
and Narmco 800 II and BR-34 primers are stored in
their original sealed shipping containers at 0 + 10°F
until ready for use. -

(c) Applicanle proceas equipment has a
current Quality Assurince calibration tag affixed.

(d) Adhesive is conditioned to ambient
temperature in closed containers before use.

(6) All adhesive splices are butt splices
with a maximum 1/32 inch gap.

(£) The Verifilm 641 does not leave a resi-
due that was improperly cleaned from the assembly.

(g) Deficiencies shown by the Verifilm 641
prefit check are corrected.

(h) All materials are properly prepared for
bonding and then immediately wrapped in wax-free
kraft paper.

(1) All personnel handling cleaned, un-
wrapped parts and/or adhesives through the layup
operation, and all support personnel coming in
direct contact with cleaned parts and/or adhesives
wear clean, white hats and coats, and clean white
cotton gloves,

(3J) The grit blast operation on the boron/
polyimide skins results in a dull, matte surface,
b?t does not remove all resin and expose boron
fibers.

. (k) Cure pressure was maintained at S0 + S
Psi autoclave pressure and 27-29 inches of Hg -
vacuum,

(1} Cure temperature was 350 + 10°F, and
the heat-up and cool down was at a rate of 3-4°F/min.

(m) During cure there was a minimum of three
thermocouples functioning at all times.

(n) Cure time didn’t start until all thermo-
couples reached minimum temperature and was a total
of 110-120 minutes long.

(o) Assembly was cooled to 125°F or less
under full pressure.

(p) Thickness of Narmco 860 I1 primer was
checked per P.S. 21239,

(g) All bonding operations were performed by
qualified personnel (Paragraph §5.1.2).

(r) The temperature in the bonding room is
held between 65-75°F and the relative humidity in
the bonding room is held within the limits shown
in Paragraph 5.2.2.

- FABRICATION
PROCEDURES

7.4 STRUCTURAL ASSEMBLY ACCEPTANCE

7.4.1 Nondestructive Testing

{a) X-ray inspect per P.S. 21296.3, quality
level per P.S. 21233, Class C, for node bond separa-

tion.

{b) X-ray inspect per P.S. 21206.3 and
ultrasonic inspect per P.S. 21211.4, quality level
per P.S. 21233, Class C, for voids between corw and
edge member and voids between the core-to-core bond.

(c) X-ray inspect per P.S. 21206.3 and
ultrasonic inspect per P.S. 21211.4, quality }evel
per P.S., 21233, Class C, for voids between skin to
edge member bond and voids between skin to core bond.

(d) Defects found by NDT are subject to
Engineering disposition.

7.4.2 Control Panel Testing

7.4.2.1 The spar sub-assembly bond and the spar
assembly bond each requires six (6} lap shear speci-
mens per Figure 1 to be fabricated at thc same time
as the production assembly. These specimens shall
be fabricated with the same adhesive batch and cured
at the same time as the production assembly. The
lap shear specimens shall be tested per Figure 1 to
meet the requirements of Table 1.

7.4.2.2 Each sandwich assembly bonding cpera-
tion requires process control test panels to be
fabricated at he same time. These panels are %o be
fabricated with the same adhesive batch and on the
same bonding fixture as the production assembly. The
following specimens are required for each sandwich
assembly bond:

{a) Six (6) lap shear specimens per Figure 1l
to meat the requirements of Table 1I.

(b} Six (6) flatwise tension specirens per
Figure 3 and Figure 4 to meet the requirements of
Table 1.

() Six (6) honeycomb core shear specimens
per Figure 2 to meet the requirements of Table 1.

7.4.2.3 Perform all elevated temperature tests
in an air circulating oven. Specimens that are
tested at elevated temperatures shall be at temper-
ature 10 minutes prior to test. The test specimen
temperature shall be controlled to + 5°F,

7.4.2.4 Failure to meet thc requirements of
Table I will require Engineering disposition of the
bonded assembly cured with the specimens. All use of
the adhesive batch shall cease until the adhesive ‘s
tested and requalified.

8.0 SAFETY

8.1 ORGANIC SOLVENTS
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FABRICATION

P.S. 14225 {(Continued) PROCEDURES
8.1.1 Description: The following solvents and/ 8.2.2 Precautions: The safety precautions
or solvert bearing materials are used in small quan- specified in Paragraph 8.1 shall apply to these

tities par this specification. materials with the exception of those precautions
related to fire hazards.

(a) Methyl Ethyl Xetone: A colorless, thin

solvent. Flammable and toxic. 8.3 ACIDS
(b} Narmco 800 II primer: A browmish thin 8.3.1 General Precautions

liquid, flammable and toxic. entcal
S {a) Acid resistant gloves, aprons, chemica
(c) BR-34 primer: A thick liquid, f1 - goggles and boots must be vogn vher.a handnr'ng hazard-

ble and toxic. ous chemicals.
{4) N-Methyl Pyrrolidone: A colorless
thin solvent. PImZbI:yand toslc.: ' {b) Use chemicals and solutions only as

stated in this specification.
8.1.2 Pirst Aid: 1In event of eye or skin
contamination: tc) Always add acid to water when diluting
or mixing chemicals or soclutions.
(a) FPlush the exposed area with large
amounts of water. {d) Avoid inhaling vapors. Wear Mchonnell
approved respirators when necessary.
{b} Remove contaminated clothing.
(e) Correctly label and maintain the iden-

(c) Secure first aid. ) ity of all containers as to their contents.
8.1.3 Toxicology: Avoid prolonged breathing . ) {f) Incompatible Materials - Isolate from
of solvent vapors. incompatible materials as specified per McDonnell
P.S\ 20002 urder both specific and general precau~
8.1.4 Fire Hazard: Flammable solvents are tions.
extremely easy to Ignite and shall not be used in
the vicinity of smoking, sparks or open flames. 8.3.2 First Aid: In the event of eye or skin
contaminations:

8.1.5 Handling and Storaqe:

{a) Flush the exposed area with large
(a) Wear safety glasses (or goggles) and amounts of water for 15 minutes.
rubber gloves while working with solvents.
{b) Remove contaminated clothing.
(b) Do not use solvents in confined areas
unless specifically authorized, since fumes are (c) Secure firse aid.
generally toxic, flammable, and explosive.
8.3.3 pasa-Jell 107-C7 Solution

{c) Store and handle solvents in properly

labelled safety containers. {a) Description: A thin, orange ligquid.

(d) Dispose of all vags in flammable {b) Toxicol : Liquid contains acid and
solvent areas in special containers used only for dichromate which can irritate and burn eyes and skin.
this purpose.

NOTE: The preceding are minimum safety precautions. (c) Fire Hazard: May cause ignition when in
Personnel using these materials should be familiar contact with ¥lammable or combustibel materials.
with the more detailed precautions provided in
P.S. 20002. (d) storage: Store in original shipping
containers.
8.2 NON-SOLVENT ORGANIC MATERIALS CAUTION: Do not allow Pasa-Jell 107-C7 or rinse

water containing Pasa-Jell 107-C7 to come in contact
8.2.1 Description: The following non-solvent with MEX or other solvents.

organic materials are used per this specification.

! 8.3.4 Nitric Acid - HNOj

{a) Metlbond 840 Film Adhesive: A glass

fabric supported, grey film. Not a fire hazard, (a) pescription - Transparent, colorless or
but is toxic. yellowish fuming, suffocating, corrosive liquid.

{b} FMT:M Film Aiil_sesive: A qlass fabric (b} Toxicol - Nitric acid vapor is
supported, greenish brown film. Not a fire hazard, highly irritating to t&e skin, eyes and mucous mem-
but is toxic. . branes.

) (c) FM-29 Adhesive: A non-supported, tan (c) Fire-Hazard - Nitric acid is a powerful
film. Not a fire hazard, but is toxic. oxidizing agent. Avoid contact with reducing agents

such as alcohol or petroleum solvents, as the mixture
is explosive.
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8.3.5 cChromic Acid

(a) Description - Red crystals

(b) Toxicol = Chromates attach the skin

and mucous m ranes,

(c) Handling and storage - Isolate
chromates from !Iamn%!o solvents, and other organic
matter such as wood, paper, alcohol and petroleum
compounds as the mixture is flammable and explosive.

FABRICATION
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9.0 wores

9.1 - Vendors or subcontractors needing this
specification should direct their request for copies
to the attention of McDonnell Aircraft Company (
(MCAIR), St. Louis. Purchasing or Subcontracting, as
applicable. Information pertaining to the technical
aspect of this specification can be obtained from
MCAIR Material ard Process Development Department

(Dent. 372). .

10.0 REPERENCE PUBLICATIONS

Xone applicable
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P.S. 1422% (CONTINUED) ' FABRICATION
PROCEDURES

GRIP AREAS AT
LEAST 1.0" LONG

ALHEGCIVE

0.5" 9.5 " THERMOCOUPLE ATTACHED
- WITH P-211 TAPE

—=|i.0"f—

NOTES: (1) Specimens are 6A1-4V annealed titanium 0.040" (min.) x 1.0" x 5,0%.
Clean and prime per Section 6.0 of this specification with the produc-
tion parts that will be bonded with the specimens.

(2) Apply Metlbond 840 adhesive and cure per Section 6.0 of this specification. ‘

{3) Use self-aligning grips and load at €00-700 1bs/min.

{4) Six (6) specimens required. Test three (3) at room temperature
and three at 550°F & S°F after holding at temperature for 10 min-
utes. Heat specimens in air circulating oven only.

{5) Calculate lap shear strenqth as follows:

Fg = P Whcre ¥y = Lao Shear Strength (psi)
A P = Failing Load (1lb)
A = Rond Line Area (in2)
FIGURE 1 -~ LAP SHEAR SPECIMEN AND TEST ’
r
_.I LD"’-_LO“—-
EEEEENEEEEEEENER
-—1.5"0-4 Core Snlice
NOTES: (1) Sandwich panel consists of 0.010" x 1.0" x 8.0" 6Al-4V annecaled
titanium skins cleaned per Section 6.0 of this specification,
.5" thick x 1" wide, 3/16" cell, 8.0 1b/ftJ, HRH-327 fiber
qlass/polyimide core cleaned and primed per Section 6.0 of
this specification, with FM-34 adhesive for core-to skin bond
and FM-29 adhesive for ceore splice bond. Sandwich to be cured
per Section 6.0 of this specificat:ion.
(2) Six (6) specimens required. Test three (3) at room temperature
and three (3) at 550°F after holdinag at temperature for 10
minutes. lleat specimens in air circulatina oven only.
(3) Calculate sandwich shear strenath as follows: N
P %
Fes = 3wh , where Fes = Sandwich shear strength, psi
P = Faiiing load, 1b.
w = Width, in.
h = Distance between skin centroids, in.
= C + T : where C = core thickness, in,
T = $kin thickness, in,
FIGURE 2 - SANDWICH SHEAR SPECIMEN AND TEST N
e
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PORON /POLYIMIDE
0* DIRECTION
el

5.0"

CORE RIBBON
DIRECTION
‘_—___—-——.

e 70" ———-

4_[//f"BORON/POLYIMXDE SKINS - BOTH SIDES

e
IATNARSASRRNAN el Vau bty ey iy it

NOTES: (1) Fabricate the boron/pulyimide skins per P.S. 14224 with orientatior of
0, +45, =45, =45, +45, 0.

(2) Clean and prime per Saction €.0 with the production parts that will be
bonded with the panel.

(3) Bond the skins to the honeycomb with FM-34 adhesive per Section 6.0.
(4) Cut out six (6) flatwise tension specimens 2.0" dia. with diamond
tooling and test per Figure 4,

FIGURE 3 - FLATWISE TENSION PANEL SPECIMEN

375 " DIA,
© 1oabmg HOLE

ALUMINUM PAD
4”/—-

SANDWICH SPECIMEN

FM=34 ADHESIVE

|—2-1/P" DIA,—&

NOTES: (1) Load the specimen through the two ({2) 0,375" dia. holes with a self
aligning clevice device.

{2) Load at a rate of 1000 - 1200 1b/min. to failure. Record the failure
load and the tvpe of failure.

(3} Calculate flatwise tension strenqgth as follows:
P
Fe = A, where F, = Flatwise tensile strenath, psi
P~ = Failure load, _1b.
A = Bond area, in2
(4) Use air circulating oven as heat source for 550°F tests.

FIAURE 4 - FLATWISE TENSTON SPFCIMEN AND TEST

Bo6. 14229 RONDED STRUCTURE, POLYIMIDE MATRIX COMPOSITE, 185UED
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T.S. 14228 (CONTINUED) P CDURES
FAILURE STRESS (SPI)
PROPERTY
ROOM TEMPERATURE S50°F
Metlbond 840 Adhesive and Narmco 800 II Primer 2250 1500
Single Lap Shear (Figure 1) (Minimum Average)
Matlbond 840 Adhesive and Narmco 800 II Primer, 2000 1250
Single Lap Shear (Minimum Strength any one
Specimen)
FM~34 Adhesive and BR-34 Primer, Flatwise Ten~ 400 75
sion (Fiqgure 4) (Minimum Averaqe)
FM-34 Adhesive and BR-34 Primar, Flatwise Ten- 300 S0
sion (Figure 4) (Minimum Strenqth any one
Specimen)
FM-29 Foaming Adhesive, Adhesive Core Splice 200 100
(Figure 2) (Minimum Average)
FM-29 Foaming Adhesive, Adhesive Core Splice 150 15
(Figure 2) (Minimum Strength any one
Specimen)
TABLE I - ADHESIVE INCOMING INSPECTION AND CONTROL SPECIMEN REQUIREMENTS
PREPARED /(,‘ (7 gttt APPROVED
Manuiacturing
APPROVED APPROVED
fngineering Quality Assurance
APPROVED APPROVFED
AFPRO, Fnginoering Satety and Medical
.
¥
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PRI
FABRICATION
i ENINS AND SUBSTRUCTURAL SHAPES, STRUCTURAL, GRAPHITE/POLYIMIDE, PROCEDURES
FARRICATION AND ACCEPTANCE OF
i
1.0 APPLICATION
1SS This process specification defines the 3.8 Nylon Film, Capran Type 512-H or 80 Gaqge 2,
vrocodures for fabricatina aravhite/rolyimide non- Allied Chemical Corp., or ecqual,
wintoarally stiffened skin tyne structure and struc- ‘ .
tural shaves for use to 550°F, 3.9 Teflon squeegee, 3.0 in. x 5,0 in.
1.2 This specification is offective upon issue 3,10 Acrylic plastic sheet, minimum of 0,125
and when specified on an Enainearina drawing. inch thick, Commercial.
3,11 Methyl Ethyl Ketone (MEK), TT-M-261.
3.12 Glass Cloth, Style 120 and 1000, Commercial.
.0 APPLICARLE DOCUMENTS 3.13 Teflon Coated Glass Fabric per MMS-528,

CHR 3TLL, Connecticut ilard Rubber Co.:; TX1050 Teflon
2.1 The following specifications (or documents) Coated Fabric, Pallflex Products Co.: or equal.

form a part of this spcecification to the extent
specified herein. . 3.14 Mold Wiz F-57 Mold Release, or caqual.
P.S. 20002 - Safety Standards and Information 3,15 Ram 225 and Plastileasc 334 ﬂold Releasc,
on the Use and Handling of Hazardous Materials Ram Chemical Co., Los Angeles, California.
P.S. 20503 - Calibration Lahoratories, Facil- 1,14 *38n-10 TFL coated glass fabric, 50-54 1n.
1t and Operational Requivrements for wide, Dodee Industries: CHR 6TB TFL coated aliss far-
ric, 36 in. wide {(minimum), Connecticut fard Rub!or
P.8. 20509 - Requirements for cClass 2 Cleran ¢o.: or equal,
Room

3.17 ti=Methvl Pyrrolidone Selvent, East
r.S. 21206 - Radiographic Inspection - Koda¥ Chemical Co., New York, New York.
veneral

r.S, 21233 - Nondestructive Testing of
Adhesive Ronds

4.0 ZQUIPMENT
T.8. 23301 - Certifi i ¥
ertification of Furnaces and $1 Autoclave capable of 400°F (minimum) and

Termperature Control Systems for Heat Treatina and
Thermal Processing
MMS-335 - Sealant Material, Vacuum Baa

100 psig (minimum) nitrogen and/or air pressurized
with pressure control capability of 2 5 psia and a
minimum heat up rate of 3°F/min. A continucus temp-
. A . erature recording system and a 50 CFM vacuun
MMS-523 - Graphite/Polyimide Pre-Prea Material sy;tem capable o? mgintaininq 200 microns or less of

. . . vacuum are required. Th utoclave must ke corsified

MMS-528 -~ Glass Fabric, Teflon Coated to P.S 23401q Class 3C Cniccntlascnofzs i: orE
3.0 MATERTIALS AND/OR SNLUTIONE Parn;;;ph - 1‘1 i rouaEE TonEsER A

3.1 Graphite’/Polyimnide Pre-preg Material per 4,2 Cold trap, capable of condensinag all
=523, volatiles removed by the vacuum pumpina system,
L . 4.3 Oven, air circulating type, capable ef
3.2 "A" Staged Skvbend 703 Polvimide Resin, cngor (minimum), certificd zer P.S. 234031, class 3¢

“Miittaver Pesearch and Develonnent, San Dieao, Calif..  ropr nost curing composite parts.

1, u Wo. 02¢C Double Sided Tane N p . : . R
. . P;;“;igil g,nﬂ ;0 oxgl "?:\3d me 1 .4 Oven, air circulatinag tyve, camable of
Lnotnowey b m: ape . sl . - T , b R
e v ’ ' ” K8C°F (minimum), certified per P.S. 213301,
for pe inag elevated temperature tests
T, NE=151 €vynthesic PMubher and Soanere Cork Cnrt};;{S:E*glenzL aced tempe wre b ~
. A ! snecim .
1im), 9.5 inch wide, thicuness ictermined ke ) e

, Srmserona Cork ., St. Louis, ‘lissouri 1

L ahate

.5 Diamond cutting wheels and routers
120 it er fincr diamend particles.

.5 v=2077 Lexd o1l Taon, ¥ Commane, nroequal
., 4.6 Corrated edaed carbide drills,
[y 151 Vacuum Bac Sealadt Tape per MMR-1335, ' ’
T 132 ehic, 17 wide, Schneestiorehead Polymer 4.7 Paper cutter, N-acto knives, "przza’ cutter
crseqeimn, Treina, Teoxas, or cqgulvalent,
- Ty e \ i)y Wi . ) i
. wlar Filem, Type A, 0,0015 inch thick, 4.4 Steel or aluminum lay-up and curine vael,

L. o4. afont rile Division,
4.9 Thermostatically contrelled heat iron
(150°F maximum),

peo ot BELSIOAND SUIETRUCTURNL BHADES, BTRUCTRAL, | AT O B
) CUAPHTTE CROLY I TDE, PAPVTCATION AND ACCTPTANCEH of
PAUE L ot 9

T PROCESS SPECIFICATION COMETTOTRT NG, 7Rty
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FABRICATION o

P80 14227 (CONTINUVED) PROCEDURES

5.0 RCQUIREMENTS

5.9 A record shall be Xept of the identifica-

5.1 The initial fabrication of any component tion number of each individual container of pre -
shall be witnessed and approved in writing by the preqg material used for any individual composite
Material and Process Development Department. Fabri- lay-up.
cation as approved by Material and Process Develop- K : . ,
ment shall not be changed without written approval 5.10 The graphite/polyimide pre-preg material
from Material and Process Development Department. shall be placed in the oricntation designated on

the Engineering drawing.
5.2 Fabrication of composite parts shall be

performed by qualified personnel. Qualified per- 5.11 Fiber butt joints of the pre-preg material

sonnel are those who have demonstrated by passing within the composite (end to end type) are forbidden,

written and/or practical proficiency tests, that unless required by the Engineering drawing.

they possess the skills and job knowledge necessary S v : -

to ensure acceptable workmanship. A list of qual- 3.12  The edge of any individual piece of pre '

ified personnel shall be maintained by Quality pr?g material in one ply shall not be placed directly

Assurance. over the edge of another piece of pre-preg of a previ-
ous ply. Edge joints such as those shall be overlapped

5.3  The lay-up area shall meet the require- a minimum of 0.5 inch unless otherwise required by

ments of P.S, 20509 except the temperature shall be the Engineering drawing. o
65 to 75°F and the relative humidity shall not ex- 5.13 Cut edges of pre-preq terminating inside
ceed the following values: i the laminpate shall be uniform and defect free.

5.14 Prepreg material for each ply shall he
placed on Mylar templates to the dimensions and
Ceanve orientations specified on the Engineering drawing,

Y and then transferred to the lay-up tool.

5.1% The uncured pre-preg material and compo-
“ site lay-up shall not be exposed to room temperature
N = > in excess of 240 cumulative hours. s
. 3
TEREUTM ) 5.16 Tools, clamps, etc. shall not be placed
on top of the lay-up unless required by the fabri-
cation procedure,

5.17 Manufacturing and Quality Assurance per- ———
5.4 The top surface of the steel or aluminum sonnel working on or inspecting the lay-up at any O
tool used for final lay-up and cure of the composite tima prior to the start of the cure cycle shall wear .
laminate shall have a maxgmum 80 RHR finish. clean shop coats and caps.
5.5 The steel tool plate shall be a minimum s.18 Fdjes of composite laminates shall be
of 3.0 inches larger in all edge directions than the fabricated a minimum of 0,25 inches oversize for
dams surrounding the lay-up, plus ample area for trimming purposes.
the process control panasl.
5.19 Cut edqges of the pre-preg shall be -
5.6 Graphite/polyimide pre-preg materjal shall within 0.1N inch of the inside edge of the dam. S
be packaged in a moisture proof plastic bag and S
stored at 0 + 10°F when not in use. 5.20 A graphite/polyimide process control i
laminate shall be fabricated and cured at the same -
5.7 Graphite/polyimide pre-oreg material shall time and under the same vacuum bag as each production
remain inside the moisture proof plastic bag a minimum part. Size of the laminate shall be 6.0" x 4.0" x 11
pf 30 min, after removing from 0° storage to piies with fibers parallel to the 6" direction. This g
room temperature working area. laminate shall be evaluated per Section 7.0 and -
. conform to the mechanical property requirements of e
5.8 A record shall be kept of time in and out Table 1I.
of 0°F storage for each container of pre-preg mat-
erial. -~ 5.21 A minimum of 29" Hg vacuum is required

NOTE: The container referenced here is the container throughout the pre-preqg cure cycle.
used by the vendor to facilitate shipment of broad-

qoods. 5.22 Cure cycle heat up rate shall be 3-4°F/min.
P.S. 14227 SKINS AND SUBSTRUCTURAL SHAPES, STRUCTURAL, 1SSUED
GRAPHITE/POLYIMIDE, FARRICATION AND ACCEPTANCE OF
PACE 2 of 9 REVISTION
6D, 1DE . 76301
; 'DETDENT NO PROCESS SPECIFICATION
I
|
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P.S. 14227 (CONTINUED)

6.0  PROCEDURES

€.1  PREPARATION FOR FABRICATION

6.1,1 ldentity the orientation of each ply in
the composite laminate by marking Mylar templates
or referencing the Engineering drawing.

6.1.2 Clean the top of the steel or aluminum
tool with an MEK dampened cheese cloth. Allow to
air dry for a minimum of 30 minutaes.

6.1.13 Cover the tool surface within an area
formed by the cuter perimeter of the dams with
M380-10 or CHR 6TB., If excessive tool curvature is
a4 procblem consult Material and Process Development
Department for appropriate release material.

6.1,4 Cut a sheet of CHR 3TLL (or equivalent)
release film to the same dimensions as the CHR 6TB
material. Where necessary, splice the CHR 3TLL (or
equivalent) with an FEP Teflon tape to obtain suffi-
client area.

6.1.5 Cut one layer of 120 dry glass cloth to
the same dimensions as the CHR 3ITLL (or equivalent)
for every three plies of pre-preg material. Use
one extra layer of 120 dry glass cloth when the lay-
up has one extra ply of pre-preg over multiples
of 3 {i.e., 3, 6, 9, 12 etc.). For tapersd pre-~
preg lay-ups the size of the 120 glass cloth will
vary with the location of the pre-preg material,

6.1.6 Make sure that the pre-preg cutters (vaper
cutter, X-acto knives, "pizza" cutter, etc.) are
sharp prior to their use.

6.1.7 Remove the pre-preg containers
required for each day's fabrication from 0°® storage.
Keep the pre-preg material in the plastic bag a mini-
mum of 30 minutesafter removal from the freezer. Pre-
preg material may be stored at room temperature over-~
night if the remainder is completely used the follow-
ing day. However, do not allow the pre-preg material
to be exposed to temperatures over 0 + 10°F unnecessar-
ily. Record the cumulative time out of 0 + 10°F
storage for each pre-preg container., Also, record
the batch and container number for the pre-prec
material used in each lay-up.

6.1.8 Orient the pre-preg broadgoods in the
designated direction and cut to the dimensions of
the Mylar templates if applicable.

6.2 LAY-UP PROCEDURE FOR FLAT LAMINATES

6,2.1 Remove the adhesive backing sheet off of
the cork dams and then place the cork dams on top of
the release film with the outside edge of the dam
directly over the outside edge of the release material.
Make sure all joints are tightly sealed. Make the
dams the thickness 2 ;868 of the exvected cured
laminate thickness.

FABRICATION
PROCEDURES

6.2.2 Collate each individual ply of pre-preg
on the lay-up tool, adding small amounts {approximately
1/8" x 1/8" x 0.001 - 0.002" thick) of Skybond 703
resin at strategic spots on each layer to prevent
ply to ply slippage. Use a warm (140-160°F) iron
and an intermediate Mylar film to momentarily ;often
and smooth out each layer of the composite lamirate.
Keep the warm iron moving at all times, taking care
not to degrade the pre-preg by overheating. Place
a clean Mylar sheat over areas of the lay-up not
being worked on to protect it from damage and conta-
mination.

6.2.3 If a production part is being fabricated,
lay-up a process control laminate on the same tool
and/or under the same vacuum bag as the structural
part using the processing procedures descriped in
Paragraphs 6.2.1 and 6.2.2. Lay-up one laminate
6.0" x 4.0 x 11 plies with filaments parallel to
the 6" direction.

6.2.4 Place the CHR JITLL ( or equivalent)
f.lm over the top of the completed lay-up and attach
o the cork dams with Permacel Double Sided Tape.
Make sure the CHR 3TLL, Permacel Tape and dam are
in intimate contact.

6.2.5 Place the correct number of 120 glass
cloth layers as specified in Paragraph 6.1.5 over
the CHR ITLL (or equivalent). Attach the 120 glass
¢loth to the tool with Y9050 tape.

6.2.6 Place a Mold Wiz F-57 coated 0.040"
1luminum sheet perforated with 1/16 inch diameter
noles on 1/2 inch centers on top of the producticn
assembly to act as a pressure plate., Place Mold
Wiz F~57 coated 0.040" perforated aluminum sheets’
over each of the brocess control parels. Tape the
pressure plates to the cork dams to insure that
the plates will not ride on the dams during the
cure cycle. Place 2-5 layers of style 1000 dry
glass cloth over the top of the lay-up and extend
beyond the dam.

6.2.7 Place a layer of Mylar film on top of the
entire lay-up (i.e., structural part and process
control laminates) and extend several inches beyond the
dams. Locate the vacuum and static lines adjacent to
the lay-ups and inside the sealed edge of the vacuum
bag. Seal the vacuum bag to the tool with 9151 Pink
Sealing Tape. See Figure 1 for typical laminate lay-up
cross section.

6.2.8 Use a minimum of 4 thermocouples for
each part. Locate the thermocouvnles at opposite
ends and sides of the part next to the trim area of
the laminate. For production parts cf varyinag thick-
ness, add adcditional thermocouples to insure uniform
heating in all sections of the vart. Place a min-
imum of one thermocouple adjacent to each process
control laminate lav-up.
NOTE: Do not place any thermocouples directly on
the surface of the pre~preyg lay-up,

6.2.9 Leak check the lay-up per Paraaranh 6.4.
At the conclusion of the leak check add two lavers of
1000 glass cloth and a second nylon bag over the
assembly per Paragraph 6.2.7; add one vacuum line.
Leak check per Paraaraph 6.4.

1SSURD SKINS AND SUBSTF!ITURAL SHAPES, STRUCTURAL, P.S. 14227
GRAPHITE/POLYIMIDE FABRICATION AND ACCEPTANCE OF
RIIS10N - PAGE 3 of 9
PROCES: SPECIFICATION 1 TDENT NO. 763t
MCDONNELL DOUGLAS
. ST LOUIS
2ho




P8, 14227 {CONTINUED)

6.1 LAY=UP_ PROCEDURE FOR STRUCTURAL SHAPES

6.3,1 Clean the steel or aluminum die with an
MFR dampened choese cloth.

6.3.2 Heat the die to 2350°F and apply a heavy
¢oat of Ram 225. Then bake the mold for fifteen
minutes at 3S50°F. Repeat the operation three times.

6.3.1 Apply a thin coat of Plastilease 134
to the gqlossy finished mold and bake the mold for
one hour at 3S0°F.

£.3.4 Cool the mold to room temperature, then
buff the mold surface to a smooth, non-sticky
surface, Thin procedure is performed only once and
noed not be repeated for the duration of the mold,

6.3.5% Before each lay-up operation, lightly
wipe the mold surface with Plastilease 334 with the -
mold surface at least 80°F. This coating should be
uniform, smooth and non-streaky.

6.,3.6 Identify the orientation of each ply in
the composite shape by marking Mylar templates.

£.3.7 Remove the pre-preqg containeri required
for each day's fabrication from 0° atorage per
the requirements in Paragraph 6.1.7.

6.3.8 Lav-up the pre-preq on the Mylar templates
as described in Paragraph 6.1.8.

6.3.9 I1f the pre~preg is not pliable enough to
be shaped on the tool, spray a thin coat of N-methyl
pyrrolidone solvent - to be done under the direction
of the Material and Proceas Development Department -
to the individual plies of pre-preg, sandwich the
spraved nre~preq between Nylon film, and then allow
the pre-vrea to stand approximately 6 - 12 hours at
room temperature until it bacomes pliahle.

6.3.10 Transfer each individual ply of pre-preq
onto the tool accordina to the Fngineering drawing.

6.3.11 Lay-up a process control panel per the
requirements in Paraqgranh 6.2.13.

6.3,12 Raq the lay up as described in Para-
gqraph 6.2.4 through 6.2.9.

6.4 LEAK CHECKING

6.4.1 When leak checking apply vacuum to the
interior of the vacuum bag slowly. As the air is
evacuated, make the bag conform to the shape of
the lay-up and tool. Make certain the bhag does not
hridge any areas.

6.4.2 Pull 29 inches (minimum} mercury vacuum
on the bagged lay-up and close off the vacuum sourca.
Take a pressurc reading 2 minutes after isolation of
the system. The maximum allowable leakage rate is
0.5 inches of mercury per minute.

6.4.3 Maintain at least 29 inches of mercury
vacuum on the bagged lay-up and place in the auto-
clave. Connect the required plumbing (thermo-
couples, vacuum, static lines and cold trap) and
repeat the leak check of the previous paragraph with
100 ps:1 autoclave pressure.

[ CU'RF._SCHEDULFE

6,0.1 Cure flat laminates and structural shapad
tare s which have not been sprayed with N-methyl
nerrnlideone snlvent &8 follows:

(a) While maintaining at least 29 inches of
marcury vacuum on the bagged lay-up, railse the temper-
Ature to 200°F at a ratc of 3-4°F/min.

FABRICATION
PROCEDURES

(b} Hold at 200 + 10°F for 60-70 minutes
undor at least 29 inches of mercury vacuum.

{e) Raise the temparature to 330°F at a 50°F
rate of 3~4°F/min., When the temparature reaches 2 '
prassurize the autoclave to 100 + 5 puig.

{d) Hold at 350 + 10°F for 2 hours * 10
minutes.

(e} Cool to 125°F or lesas, while maintaining
100 psiq pressure, at a rate of 3-4°F/min.

6.5.2 Cure flat laminates and structural shaped L
parts which have been sprayed with N-methyl pyrrolidono
gsolvent as follows:

(a) While holding 1-3 inches of mercury
vacuum on the bagged lay-up, raise the temperature to
175°F at a rate of 3-4°F/min.

(b) Hold at 175°F for 4 hours + 10 minutes
under !-3 inches of mercury vacuum,

(¢) While holding 1-3 inches of mercury
vacuum, raise the temperature to 200°F at a rate of
3-4°F/min. Hold at 200 + 10°F for 110-130 minutes,
then raise the bag vacuum to 27-29 inches of mercury
vacuum.

(d) Raisc the temperature to 350°F at a rate
of 3-4°F/min. When the temperature reaches 250°F,
pressurize the autoclave to 100 + 5 psig.

(e} Hold at 150 + 1N°F for 2 hours + 10
minutes.

(f) Cool to 125°F or less, while maintaininn
100 psig pressure, at a rate of 3-4°F/min.

6.5.3 Post~cure the production part and the
process control panel in an oven as follows:

NOTE: Structural shapes must be restrained during
post-cure to prevent warpage.

{a) Raise oven temperature to 350°F at a
rate of 3-4°F/min. Hold at 350 + 10°F for 30 - 40
minutes.

(b} Raise oven temperature to 600°F at a
rate of 1/4°F/min.

{c) Hold temperature at 600 * 10°F for
6 + 1/2 hours.

(d} Cool to 125°F or less at a rate of 3-4°v/
min,

6.5.4 Record the autoclave temperature and
pressure throughout the cure cycle and record the
oven temperature throughout the post-cure cycle,
Continuously record pressure build-up in the vacuum
bag with a suitable instrument. Also record the
time the lay~up is at room temperature prior to
cure. Include all this information in the perman-
ent record for the part heing fabricated.

ch.6 TRIMMING

6.6.1 Structural Part - Trim the structural
part with a dlamond impreqnated cutoff wheel or
router to the dimensions of the Fnaincering draw-
ing. Use water or carbon dioxide for cooling the
diamond tool, but do not use any oil based compound,
Use 120 qrit or finer diamond particle impreqnated
tooling, and oparate at a sapeecd of 1800 to
4000 SFPM and a feed rate of 4 inch/min.

PL.e

S, 14227
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.8, 14227 (CONTINUED) Pg::ég&"l‘m

€.6.2 ) = Cut the pro-
cass conuol%m%%auquph 6?2
into aix 4.0% (Zilament direction) » 0.%" x thicke 7,1.12 Fabrication procedures Are parformed

ness flexural test specimens and six 0.70" (filament by qualified personnel per the requirements ot Para-

direction) x 0.33" x thiokness horizontsal shear teat q!cgh $.2. P

specimnens. Use a thin (0,060 inch or less) diamond

;:;;:5; :2::xr::ol‘°:g::ca°°° 'f!" .?d ‘1‘"%“’“‘“‘ 7,2 Quality Assurancs shall monitor records of
' acrylic plastic

the bottom of the laminate wttg douglo uxdud.::pﬁ? te the follaving Enformation:

Use & 120 qrit or finer diamond tool. From the 7.2.1 The time in and out of 0*F storage for
offal machine three 1/2° x 1/2" x thickness resin etch individual compositn pre-preq containor used in
content speacimens. Manufacturing.
6.7 DRILLING 7.2.2 The time-temperaturr-prossire history of
6.7.1 Drill the poat-cured graphite/polyimide sach autoclava run.
part with a cerrated edged carbide drill with a
cutting speed of 40~80 surface feet/minute. Apply 9.2, The timu-temporatura history of nach oven
a light hand feed pressurc and no coclant, run.
7.0 OI'ALITY ASSURANCE PROVISIONS . 7.2.4 The total amount nt Yire that nach npm=
posita laminatn 1ay=up in at room torporatara neior
7.1 Quality Assurance shall maintain surveil- %6 curing par the requiraments af Paraaraph $5.1%.
lance to assure adequate compliance to the following: .
7.2.% Tha cnmposite pra-preg hatch and container
7.1.1 The autoclave shall be certified per numbars used for each composite lay=up,
P.S. 23401, Class 3C except working zone of tho
autoclave shall extend to within ) inchas of the wall TN HONDEATRUQTIVE (NSPLCTINY - Pgis?"rﬂh“1“0117
and 20 thermocouples whkich continue to inspect per PiS. and olfrasnry aily anm ont
tanction during the entire certification procadure per 7.8, 21211.4.  Any defezts feundt are nub et
shall ke the minifmum number ruquired tn cortify tngineering disposition.
cthe autcclave. Calibrate instrumentation per
p.S. 20503, The post-curing oven shall be certifiod
per P.S. 21401, Class 1C. .
1.4 PROCESS CONTROL TISTS
?.1.2 The comnosite lay-up work is performed
in A room that meeta the requirements of Paraaraph 7.4.1 porform all vlevated Semporatire 0uts
5.3. n &n air circulating oven, Specimans tosund 43

elavatod temperature shall be at vomparature P
7.1.3 The surface finish of the =np of the ool minutes prior to test. The spncirmen terpcrature shail
is a maximum of 80 RHR. . be controlled to & $°F. Monitor the tergerature 138

attachina a sinale tharrnoccuple %0 the est spelireon.
T.1.4 Anly pre-orea material Aualified per the

rrguirerents in Takble I is used in tha 2ahrication of 7.4,2 =ogt six lonaitudinal floxursl spelitens.
nArsK, three At room temparature and shree as S%N°F, n oaglors
?.1.5 The composite pre-praa =aterial 1s pack- dance with Fiaure 2. The sctocCirTens shal. ~ees the re-
y1ed in A moisture vroo! plastic han ard stored at quirementn of Tabla 1.

7+ 17°F when not in uso.
7.4 Test six interlacminar shear spelinens,

7.1.6 The composite pre-prea materiAl romaing three At roorm terperature and vhreoe at 5%0°F, in
inside the moissuro proo! plaistic rar {or a minAmun accordance with Fiaqure 3. The gnacirens shall Tee:
af 3% min. after removal from 0°Y atoriie, the requirnmants of Tahle I.

Tl The COmposite pre-prel materiul 1% 7.4.4 Porform resin content determinat;or gn
plazad 3n the orientation dasianated by the Fnuino~ threae 172" w 172" % thishnesd ANl areliteny s
arina Srawing. follows:

(&) Woigh the test sarple to nearest [ ARl 8

2.1.8 o end to end tyve butt jnints of com= nm o (W),
$aq1te pre-preg ratarial are unnd inside tha conpo-
witn laminate unless reajg:iired by the Tnalnearina (n) Place sample th tlass redver Joarnnens
drawina, 100 mi. of concantrated MECT At 140 ¢ 10T amy oo

At 140 & 10°F for 2 - 2-1 70 Mt
. 1.9 ~hn aiar n! any inlivs tial piege of

rreacpnt 1n ona nly 19 0ON pldeed directly over Lhe (e} rulter (hetl the cixtate throuth
rtee mf oanothar niece of uresured At 1 nravious ply, proviedaly drind, gared (Lo reapent 90,7001
ot enat mide 1ointa ouerlap A minimam of 0,5 inch, frattod crucihle {i7).  Wash with concentrated 1N
Pingn fitere with & minimum of 600 w1, o histiiided

“L1.n nm cpeibln farefan matnrial contaminas water or until filtrate is neutral. vy AN 3 wyin:e
sy nvimes an the Layeun. oren A% 220°F for 1 hoeur,

MRTRYY flara nf compoaita larinates arn fanbrye () Cop)l to roar tempurat e b Lo it
Syredl a4 minimums of 0,29 inchag averaize, ant camnn= AR welah tho cruciblin ta AO8NT ar (WY,
wite preepran matar:al tarminates wWithir f.10 tnrhan
At one dar and does not overlap the dam, (o) Calvulato FuBln CORLOAL a8 loilowed

Wy - - W
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PR 14327 (CONTINUED)

8.0 SAFETY
8.1 PRE-PREG MATERIAL

8.1.1 Personnel shall wear eye protaction when
{1) cutting the pre-preg matearial or the finishea
composite, and (2) observing mechanical property
tests. The composite filaments shatter and can be
a danger to the eyes.

8.1.2 Composite filament particles that
become embedded in the skin shall be removed immadi-
ately by pulling straight out. Bending or flexing
the broken filaments will only cause further break-
age of the filament. If not removed immediately,
the filaments tend to work themselves further into
the skin.

8.2 ORGANIC SOLVENTS

8.2.1 Description - The following solvents
and/or solvent bearing materials are used in small
quantities per this specification. .

{a) Methyl Ethyl Retone: A colorless,
thin liquid, flammable and toxic.

(b} Mold Wiz F-57 Mold Release: A color-
less, thin liquid, flammable and toxic.

() N-Methyl Pyrrolidone: A colorless
thin liquid, flammable and toxic.

8.2.2 First Aid - In the evant of eye or skin
contamination:

fa) Flush the exposed area with large
amounts of water.

(b) Remove contaminated c¢lothing.
(c) Secure first aid.

8.2.3 Toxigoloqy: Avoid prolonged breathing
of solvent vapors.

8.2.4 Fire Hazard: Flammable solvents are
extremely easy to iqnite and shall not be used in
the vicinity of smoking, sparks or open flames.

8.2.5 Handling and Storage

(a) Wear safety glasses (or gogqles) and
rubber qloves while working with solvents.

{h) Do not use solvents in confined arnas
unless specifically authorized, aince fumes are
adenerally toxic, flammable and explosiva.

{c) Dispose of all. rags in flammable
solvent areas in special containers used only for
this purposs,

{d}) Store and handle solvents in proporly
labeled safoty containers.

FABRICATION
PROCEDURES

8.2,6 NOTE: The preceding are minimum safety
precautions,” Personnel using these materials should
be familiar with the more detailed precautions provided
in McDonnell Specification P.S, 20002,

9.0 NOTES

9.1 Vendors or subcontractors needing this spec-
ification should direct their request for copies ta
the attention of McDonnell Aircraft Company (MCATR}

S5t. Louis, Purchasing or Subcontracting, as applicable.
Information pertaining to the technical aspect of this
specification can be obtained from MCAIR Material and
Process Development Department (Dept., 372),.

10.0 REFERENCE PUBLICATIONS

Not applicable
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TU8, 3T (CONTINMUE FABRICATION
P TINUED) PROCEDURES
MECHANICAL PROPERTY MINIMUM AVERAGE SPECIMEN MINIMUM
- {PSI) (PSY)
0°* Flexural Strength, R.T, 170,000 155,000
0° Flexural Strength, S550°F 110,000 90,000
0° Flexural Modulus, R.T. & A
0* Flexural Modulus, 550°F A A
Interlaminar Shear Strangth, R.T. 8,000 7,000
Interlaminar Shear Strength, 550°F 5,000 4,000
% Resin Content & lﬁ
L (By Weight)
i' - For Information Only
TABLE I - GRAPHITE/POLYIMIDE PROCESS CONTROIL MECHANICAL PROPERTY REQUIREMENTS
SKINS AND SUBSTRUCTURAL IADES, BTRUCTURAL, P 1227
OHAPHITE/POLYIMIDE, FANRICIZTION AND ACCEDTANCE DB
' . PAGE 7 uf 9
PROCESS SFECIFICATION TR WA 7681
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FABRICATION

T.S. 14227 (CONTINUED) PROCEDURES

MOLD WIZ F=57 COATED 0,040" ALUMINUM CAUL PLATE (PERFORATED WITH
1/16" DIAMETER HOLES ON 1/2 INCH CENTERS)

— 120 DRY GLASS CLOTH —1000 DRY GLASS CLOTIH
ONF. LAYER PER ) LAYRRS
OF PRE-PREG MATERIAL

PEFMACEL #02C
DOUBLE STIDED

CHIP ITLL RELEASE TAPE-TOP OF DAMS
/Lot

MYLAR AND NYLON
" DOUBLE VACUUM BAG

X

~STEEL OR ALUMINUM TOOL
Y9N50 TAPE (TYP) M380-10 TFF 'COATED GLASS FILM, OP FOUAL

FIGURE 1 - LAY-UP CRNOSS SFECTION OF LAMINATE FARPICATED WITH CORK DAMS

0.50% 1.5 —o
ELEVEN PLY LAY-UP

<+

NOTES:
1) width of specimen is 0.5 inch.
{2) Load the specimen with 0.125 inch radius supports at a rate of 0.05 in./min.
(3) Place a deflectometer capable of measuring deflection to 0.001 inch under the span midpoint.
(4) While the specimen is loaded racord the deflection and load continuougly. Remove the deflecto-
meter prior to failure.
(5) Run 550°F temperature test in air circulating oven, holding at S50°F for 10 minutes prior to test,
(6) Calculate the ultimate flexural strenqgth as follows:
' 1.5 pL F = Flexural Strength, psi
F o= =~ where P = Load at failure , 1b.
L = Test span, 3 in.
w = Specimen width, in.
t = Specimen thickness, in.
(7 Calculate the flexural modulus as follows:
E -‘Plaxural modulus, psi
E » 1%{%;%7 , where P = Load at failure,'lb.
L = Test span, 3 in.
w = Specimen width, in.
t = Specimen thickness, in.
Y = peflection, in.
FIGURE 2 - LONGITUDINAL FLEXURE SPECIMEN AND TEST
r.5. 14227 BXINS AND SUBSTRUCTURAL BHAPES, STRUCTURAL, ISSUED
PASE B of § ) GRAPHITE/POLYIMIDE, FABRICATION AND ACCEPTANCE OF REVISION
IO Y TEI0T
BRI PROCESS SPECIFICATION
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FABRICATION

PuR 14227 (CONTINUED) PROCEDURES

ELEVEN PLY LAY-UP

NOTES:
(1) Width of specimen is 0,25 inches.
{2) Load the specimens with 0,125 inch radius supports at a rate of 0.05 in./min.
(3) Run 550°F temperature test in air circulating oven, holding at S$50°F for 10 minutes prior to test.
(4)  Calculate the interlaminar shear strength as follows:
F = 9&%52 » where F = Interlaminar shear strength, psi
P = Load at failure, 1b.
w - Specimen width, in.
t - Specimen thickness, in.
FIGURE 3 - INTERLAMINAR SHEAR SPECIMEN AND TEST
? - ,
PREPARED A [./ U e APPROVED
Mantfacturing
APPROVED APPROVED
Enginecering CQuality Assurance
STTROVED APPROVED __ PR
AFPRO, Enginecring Safaty and Medical
1rSUED SKINS AND SURSTRUCTURAL SHAPLES, STRUCTURAL, P8, 14227
GRAPIITE/POLYIMIDE, FABRICATION AND ACCEDPTANCE O
L300 2 (s 121 PAGE 9 of 9
PROCESS SPECIFICATION PETOTRT RO 7601
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