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ABSTRACT 

The primary objective of this program was the determination of the 
engineering properties of polybenzimidazole and polyimide honeycomb 
core sandwich constructions after aging at various temperatures. 

The work was conducted in three phases: 

I. Processing and Materials Study 

II. Heat Aging and Testing 

III. Data Correlation 

Both press and autoclave methods were evaluated for the fabrication of 
sandwich face sheets and honeycomb core sandwich composites.    A 
"pressure-point"   cure technique was developed which provided a controlled, 
efficient processing method for preparing polyimide and PBI laminates and 
sandwich composites. 

Technology was developed for fabricating sanr ^ich composites by secondary 
bond,  single stage cure, and multiple stage cure methods.    The single stage 
cure method,  using the pressure-point technique, was selected for preparing 
the heat aging test specimens for both the polyimide and the PBI resin sys- 
tems. 

Heat aging studies were conducted at 400F,   500F,  and 600F.    Polyimide 
sandwich composites exhibited excellent heat resistance at all test tempera- 
tures.    The polyimide composites retained over 50% of their room tempera- 
ture flexural shear strength values after 1400 hours heat aging at 400F. 

The PBI sandwich composites were susceptible to oxygen degradation during 
fabrication and during the heat aging study.    Specimens heat aged at 600F 
exhibited complete failure within a 300-hour period.    Oxygen attack was 
less at lower temperatures and PBI test specimens still retained over 50% 
of their room temperature strength values after 600 hours aging at 400F. 

This document is subject to special controls and each transmittal to foreign 
governments or foreign nationals may be made only with prior approval of 
the Air Force Materials Laboratory,  MAAE,   Wright-Patterson Air Force 
Base,   Ohio,   45433. 
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SECTION I 

INTRODUCTION 

As the overall performance of aerospace vehicles has increased, the de- 
mand for improved plastic components has also increased. 

Aerospace companies active in the design of future aerospace vehicles 
have predicted that plastics will be used in ever increasing amounts and 
in more critical and demanding areas.    New aircraft designs bear out this 
prediction. 

For example,  the design of the supersonic transport has approximately 
13,000 square feet of plastic sandwich construction in the exterior sur- 
face areas of the airframe.    These areas include wing panels, wheel- 
well doors, hatch covers,   sections of the empennage, and portions of 
the nose and cabin. 

The use of plastic composites in aerospace vehicle structures is desir- 
able for a number of reasons which include: 

1. High strength-to-weight ratio. 

2. Resistance to vibration fatigue. 

3. Corrosion resistance. 

4. Thermal insulation. 

5. Acoustical insulation. 

The use of plastic composites for structural components on aerospace 
vehicles requires a knowledge of the performance of the plastic composites 
in the demanding environments of the aerospace craft.    During sustained 
flight at airspeeds approaching Mach 3,  skin temperatures will be at 450F 
to 500F for extended periods of time and will possibly reach 600F for 
short periods. 

Throughout the past decade,   research and development activity (much of 
it generated by the Air Force Materials Laboratory) in the area of high- 
heat resistant plastics has produced several thermally stable organic 
polymers that have excited much interest in the aerospace field.    These 
polymers have indicated a possibility of providing structural plastic com- 
ponents that could perform for extended periods of time at 500F tempera- 
ture or higher. 

Several of these heat resistant resin systems have become available in 
sufficient quantity to permit extensive evaluation of physical properties 
and development of processing techniques. 



Among these heat resistant resins, the polyimides (PI) and the polybenzimi- 
dazoles (PBI) have shown exceptional ability to retain physical properties 
under long time heat aging conditions.    This resistance to heat degradation 
makes the PBI and PI resins prime candidates for use in plastic structural 
components on supersonic aerospace vehicles. 

This program provided for the study and evaluation of PI and PBI resin 
systems in the form of honeycomb core sandwich composites.    In a sand- 
wich configuration, the reinforced plastic materials attain their ultimate 
in strength-to-weight ratio.    Sandwich composites are,  therefore,  of 
increasing importance to the aerospace industry. 

Processing techniques were studied and evaluated in order to select the 
optimum method for fabricating sandwich constructions for heat agi.ig 
tests.    The PBI and PI resins were more difficult to fabricate than the 
standard structural resins currently in general use in the aerospace 
industry. 

The PBI and PI resins    possessed a relatively high volatile release during 
cure*    This volatile release coupled with a marked increase in resin fluid- 
ity just prior to gellation could lead to laminates that were resin starved 
due to excessive resin squeeze out or were quite porous due to entrapped 
volatile s. 

Precisely controlled fabricating techniques were required in order to pro- 
duce dense optimum laminates. 

Heat age test panels were fabricated by a single stage autoclave method 
which produced superior sandwich constructions. 

Heat aging tests were conducted at 400,   500, and 600F temperature levels 
for periods of 600 hours.    Some tests were continued for 1400 hours. 



SECTION II 

SUMMARY 

The polyimide resin used in this program was Skybond 700.    The polyben- 
zimidazole resin was AFR-15I (PBI).    The reinforcement used in the face 
sheets and the honeycomb core was E-glass.    The core cell size was 
3/l6-inch; core thickness was 1/2-inch.    Two core densities - 4.0 lb and 
8. 0 lb. per cubic foot - were evaluated.    The polyimide adhesive consisted 
of a modified Skybond 700 resin formulation on a glass cloth carrier.    The 
PBI adhesive was a modified AFR-100 (PBI) resin formulation on a glass 
cloth carrier.    The AFR-100 (PBI) resin was used for the adhesive when it 
was discovered that the AFR-151 (PBI) resin could not be formulated to pro- 
duce a satisfactory supported adhesive film. 

Processing studies were directed toward achieving optimum honeycomb 
core sandwich constructions for maximum heat-age performance.   Sand- 
wich composites were prepared using a secondary bond method and a single- 
step process.    Both methods produced excellent composites. 

In the secondary bond method, pre-cured face sheets were bonded to the 
core using an adhesive film.    Both press and autoclave processing were 
evaluated for curing the thin four-ply face sheet laminates and for bonding 
the face sheets to the core.   Acceptable sandwich composites were pre- 
pared using any combination of press or autoclave fabricated face sheets 
and press or autoclave cured secondary bonds. 

The single-step process proved to be the most effective and practical tech- 
nique for fabricating sandwich composites.    In this method,  the component 
parts of the sandwich construction were assembled, enclosed in a sealed 
bag, and subjected to heat and pressure in an autoclave.    Curing of the 
face sheet laminates and bonding of the face sheets to the core occurred 
simultaneously.    Processing factors studied included:   cure time and tem- 
perature; pressure; pressure application; post cure; and volatile venting. 

By exercise of careful control, all processing techniques produced excel- 
lent composites.    However, the single stage method was chosen because 
it was more production oriented. 

The processing studies resulted in the development of the "pressure-point* 
cure technique.    In this technique the part was heated up under contact 
pressure at a controlled rate.    The temperature of the part was read 
accurately.    At a specified part temperature,  pressure was applied.    The 
pressuring point was critical.    Pressure had to be applied during the con- 
version of the resin, after most of the volatile reaction products had been 
discharged,  but before advanced gelation had occurred.   The cure was 
then continued under pressure.    The advantage of the pressure-point tech- 
nique was an efficient,  controlled,  reproducible cure cycle which produced 
a dense,  strong part. 



Heat age testing specimens were prepared by the single-step process using 
the "pressure-point"  cure technique.    The testing program consisted of 
flatwise tensile,  compressive,  and flexural shear and modulus in the rib- 
bon and transverse directions.    The aging temperatures were 400F,   500F, 
and 600F.    Complete boat age results were obtained over a test period of 
600 hours.    Additional ilexural shear and modulus values (ribbon direction) 
were obtained for periods as long as 1400 hours. 

The pol yimide sandwich composites exhibited excellent heat resistant prop- 
erties.    Flexural shear strengths were still above 50% of their room tem- 
perature values after 1400 hours aging at 400F and 500F. 

The PBI sandwich composite? were somewhat sensitive to oxygen attack. 
The AFR(151) resin was seriously degraded by oxidation of the polymer 
chain.    The inherent porosity of the sandwich face laminates and the ex- 
treme porosity of the honeycomb core presented excessive surface area 
which created a deleterious effect on thermal aging of the sandwich speci- 
mens.    Degradation increased as aging temperature increased.    At an aging 
temperature of 600F,   complete failure occurred in less than 300 hours.' 

-4- 



SECTION III 

PROCESS STUDY - POLYIMIDE FACE SHEETS 

A. GENERAL 

The resin used in this project was Skybond 700,  a polyimide resin man- 
ufactured by the Monsanto Company.    The reinforcement was 181 style 
E-glass with A-I100 finish.    The resin e.nd fiberglass reinforcement 
were combined by the Narmco Material Division,   AThittaker Corp.,  a 
commercial pre-impregnator,  and procured under the following desig- 
nation:   "Skybond 700 Prepreg 181 Cloth - #1830".       Both the press 
method and the autoclave method were evaluated for fabricating poly- 
imide face sheet laminates. 

In the press method the prepreg plies were positioned between alumi- 
num caul plates and subjected to heat and pressure in a heated platen 
press. 

In the autoclave method the prepreg plies were positioned on an alumi- 
num base plate and covered with bleeder -loth to permit release of 
volatile components.    This lay-up was encased in a sealed bag which 
was attached to a vacuum system.    The entire assembly was placed in 
an autoclave and subjected to heat and pressure. 

Figure 1 shows lay-ups prepared for processing.   An autoclave lay-up 
is on the left,   a press lay-up on the right« 

The face sheet laminates were a four-ply construction which produced 
a cured face sheet thickness of approximately .040-inch.     This thick- 
ness was felt to provide good handling and processing characteristics 
and was sufficiently strong to assure that maximum properties of the 
core would be developed in the sandwich constructions. 

B. PRESS FABRICATION OF POLYIMIDE FACE SHEETS 

This process study included an investigation of the following factors: 

1. Application of pressure 

2. Pressure. 

3. Temperature profile. 

4. Volatile release. 

5. Cure cycle. 



• 
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Tables I,  II, III, IV,  V, and VI present the results of the process devel- 
opment study on the fabrication of four-ply polyimide face sheets by 
means of the hot platen press technique.    The data on Tables I, II,  and 
III are shown graphically in Figures 2,   3, and 4,   respectively.    Figure 
5 shows the laboratory press used in this program. 

An analysis of this data showed the following: 

1. Application of Pressure 

The most important factor in the press fabrication of polyimide 
face sheets was the point at which pressure was applied during the 
cure cycle.    As the polyimide resin underwent heat conversion, 
three conditions occurred:   1) the resin became quite fluid; 
2)   considerable outgassing occurred,  and 3)   gellation then 
took place rapidly.    Pressure had to be applied to the laminate 
at the end of the outgassing phase after the resin began to get 
viscous,   but before solid gellation occurred.    If pressure vas 
applied loo soon,  the combination of high fluidity and outgassing 
caused an excessive amount of resin flash.    This produced a 
resin-starved laminate with a high void content.    If the pressure 
was applied too late, the resin had gelled and little or no flow 
occurred.    This produced a laminate with "arge internal voids, 
a poor surface condition,  and low interlaminar adhesion. 

Figures 2,  3,  and 4 show quite graphically that there was an 
optimum point during cure when pressure had to be applied in 
order to obtain the best physical properties. 

2. Pressure 

Table IV shows the effect of pressure on the physical properties 
of press fabricated laminates.     As would be expected,  the pro- 
perties improved as the pressure was increased.    It is interest- 
ing to note, however,  that   -   while 100 psi seemed obviously 
too little pressure   -   the difference between 250 psi and 1000 psi 
was not very great. 

3. Temperature Profile 

Tables I,  IX, and III, and Figures 2,  3, and 4 show a comparison 
of the effect of heat-up rate on process control and reproduci- 
bility.    If the heat-up rate was too rapid (Table I and Figure 2) 
the temperature uniformity was questionable,   control was diffi- 
cult and physical property results unpredictable.    If the heat-up 
rate was slower and more uniform then the processing could be 
controlled and the laminate properties were reproducible 
(Tables II and III and Figures 3 and 4). 

■ 



TABLE I 

PRESS FABRICATION OF b-FL? FOLUMIDE LAMINATES 

INVESTIGATEON OF PRESSURE AFPLiaTION POINT 

INITIAL PlATm  TEMPERATÜRE - 600° F 

SAMPLE 
CONTACT 
TIME 

MIN-SECS 

LAMINATE TEMP 
WHEN PRESSURE 
WAS APPLIED 
-0F. 

LAMINATE 
THICKNESS 
- INCHES- 

RESIN 
OONTEWT 

FI£ZURAL 
STRENGTH 

-PSI- 

•• .0U5 17.7 
.QUO 2U.7 
.031* 13.2 
.036 13.3 

2-30 22.5 
3-0 21.6 
3-30 25.U 
U-o 22.7 

10 U-0 29.6 
n li-30 29.9 
12 1»-15 2l*.l* 
n* li-30 .01*2 20.8 
15 1*-15 .01*3 30.9 
16 5-0 .oia 26.0 
27 0-37 1*25 13.7 
26 i-Uo 500 2U.8 
29 2-U5 575 23.1 
35 3-30 560 19.5 
36 3-30 560 22.9 

9,390 
35,850 
118,660 
1*1,720 
36,11*0 
26,300 
36,900 
18,860 
27,01*0 
1*0,91*0 
32,775 
16,560 
38,600 
30,180 
77,71*0 
66,600 
57,900 
1*7.31*0 
1*9,010 

NOTES: 

1. Four-ply pol/lnlde prepreg lay-up was inserted into the press with 
platen preheated to 600° F. 

2. Pressure used in all cases was 250 psi. 

3. Control was difficult due to rapid heat-up rate of laminate. 
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PRESS FABRICAUGN OF li-PLT POLnMIDE LAMINATES 

INVESHOATEON OF PRESSURE APPLICAnDN POINT 

INITIAL PLATEN TEMPERATURE - ROOM TEMPERATURE 

SAMPLE 
NO. 

CONTACT 
TIME 

MIN-SECS 

LAMINATE TEMP 
WHEN PRESSURE 

WAS AFPLIED 
-0 F- 

LAHINATE 
SICKNESS 
-INCHES- 

RESIN 
CONTENT 

ILBXORAL 
STRENOIH 

-FSI- 

17 15-0 5U0 •OliO 26.9 
18 16-0 525 .039 27.3 
19 17-0 5U0 .039 27.8 
20 18-0 560 .039 2U.8 
21 19-0 570 .039 28.3 
22 16-liO 530 .039 28 .ii 
23 16-iiO 550 .039 28.2 
2k li*-0 510 .037 26.4 
25 13-1*0 500 .038 27.0 
30 11-15 U25 .. 27.7 
31 13-0 500 mm 25.9 
32 19-0 575 mm 29.2 
37 25-0 550 mm 25.2 
ku 12-20 boo .035 26.2 
U7B 13-10 U25 .037 23.5 
U7C 13-15 U50 .037 27.0 
470 1U-15 U75 037 26.3 
U7E 16-0 5Ö0 .038 27.5 
ii7F 17-25 525 .038 27.6 

a,680 
62,120 
5B,880 
60,U20 
5U,780 
52,230 
52,710 
66,220 
63,9l|0 
66,200 
79,200 
55,220 
43,790 
70,800 
66,120 
76,360 
63,380 
63,1*00 
60,860 

NOTES: 

1. Four-ply lay-ups were placed in a room temperature press and the 
temperature than raised to 600° F. 

2. Pressure applied in each case was 250 psi. 

3. Shims were used for the 1*7 series.   The shims wer» remored Just 
prior to application of pressure. 
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TABLE III 

PRESS FABRICATION OF U-PLY POLYIMIDE LAMINATES 

INVESTIQATION OF PRESSURE APPLICATION POINT 

INITIAL FLATIN TEMFERATÜEE - 29fi F 

CONTACT LAMINATE TEMP LAMINATE RESIN FLEXURAL 
SAMFIS TIME WHEN PRESSURE THICKNESS CONTENT STRENGTH 

MO. NIMS-SECS WAS APPLIED 
-0F- 

-INCHES- -^- -PSI- 

26 575 2U.5 55,7UO 

12 500 25.U 60,0U0 
U25 25.3 73,5UO 

S J-Ä 350 .031 16.3 38,2liO 
6-US 375 .03U 22.0 37,1*60 

Itl 7-35 llOO .03U 25.3 60,91*0 
U8A 9-0 1*25 .035 25.9 7U,i42*0 
i*8B 10-0 U5Ö .036 25.14 71,760 
U8C 10-35 1*75 .037 25.8 63,080 
USD 10-05 500 .037 25.2 63,220 
m 12-UO 525 .038 2ii.5 63,8140 

NOTES: 

1, Pressure applied in each case was 250 psl. 

2. Shims were used during the beat-up period in all cases except for 
samples 26, 33 end 31*.   The shims were removed Just prior to the 
application of pressure. 
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TABI£ IV 

PRESS FABRICATION OF U-PLT POLYDgDE UMIKATES 

EFFECT OF PRESSURE 

SAMPU 
CONTACT TINE 
MINS .   SECS 

LAMINATE TEMP 
mm PRESS APPLIED 

o F 

PRESS. 
RSI 

LAMINATE 
THICKNESS-INS 

RESIN 
CONTENT 

s 
PUXURAL 
STRBNOW 

PSI 

U9 7       30 U25 100 .036 27.5 57.1»*) 

U8A 9        0 li25 |     250 
| 

.035 25.9 7U,i|liO 

50 8       20 U25 
1 

1000 .033 i     26.5 79,120 

NOTESt 

1. Initial platan temperaturt - 250   F 

2. Shins ware used during the heat-up period. 

3«   Cure taaperature   600° F 
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TABLE   V 

EFFECT OF USING SHIMS DURING HEAT-UP AND OUKUSSI1D 

OF U-FLY FOLIIMIOE LAMINATE 

LAMINATES PREPARED WITHOUT LAMINATES PREPARED USING 
USING SHIMS SHDQ 

TEMP AT WHICH 2$0 FSI FIEXÜRAL TEMP AT WHICH SHIMS REMOVED FLKXURAL 
PRESSURE WAS APPLIED STRENGTH-PSI & 250 PS1 PKUSSURE APFLIED STRENGTH 

kz$ 66,200 
$00 63,9U0 llOO 70,600 
510 66,220 U25 66,120 
525 62,120 U50 76,360 
530 52,230 U75 63,380 
51*0 58,880 5W 63,1*00 
550 52,710 525 60,860 
560 60,U20 
5?75 55,220 

NOTES: 

1«   In eachcAse a li-ply prepreg lay-up was inserted into a room temperature 
press and the temperature raised to 600° F. 

2.   250 psi pressure was applied at the laminate temperatures indicated. 

3«   Note the variation   in strength when no shims were used vs the readily 
apparent strength pattern obtained when shims were need. 

12 



TABLE VI 

TWPITY MINUTE CURB VEBaUa THIRTY MINUTg CÜR£ 

JUEXÜRAL     STREKOTH -ESI 

30 MINUTE CURE 20 MINUTE CUHS 

66,200 

63;9liD 

62,120 

66,120 

63,ii00 

60,060 

ATBimge 6U,087 63,460 

NOTES: 

1« Samples were prepared under eaae conditions except 
for the length of cure« 

2« Each flexural strength value is the average of five 
test specinens 

13 



PRESSURE APPLICATION POINT 
VERSUS FLEXURAL STRENGTH 
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Figure 2 - Press Fabrication of Polyimide Laminate (Initial Platen Temperature, 600 F) 
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Figure 3 - Press Fabrication of Polylmide Laminate (Initial Platen Temperature, Room Temperature) 
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Volatile Release 

The data in Table V show that the use of •ihims during the heat- 
up and outgassing period provided an advantage over th- use of 
unregulated 'contact pressure".    Unless 'contact pressure' was 
precisely controlled,  some pressure was inadvertently exerted 
during the outgassing phase resulting in resin blow out. 

The use of shims permitted the press platens to confine the 
laminate sufficiently so that the heating was efficient and uni- 
form without pressure being exerted on the plies.   The spacing 
afforded by the shims permitted free passage cf volatiles and 
prevented resin wash and blow out. 

Cure Cycle 

Table VI indicates that the cure time at 600F for press fabri- 
cated four-ply laminates could be reduced to 20-minutes without 
affecting the physical properties. 

Recommended Press Fabricating Procedure 

Based on the results of the fabricating study, the recommended 
processing for four-ply polyimide face sheets by the press me- 
thod was established as follows: 

a. Use 4-plies of 181 glass fabric reinforced polyimide prepreg. 

b. Use 1-ply of 181 glass fabric release cloth on the surface 
eventually to be bonded to the honeycomb core. 

c. Place the lay-up between aluminum caul plates treated with 
a RAM 225 release agent. 

d. Initial press temperature should be 250F or lower. 

e. Use shims that will allow the press platens to close within 
approximately . 030" of the lay-up without exerting pres- 
sure on the lay-up. 

f. Set the press temperature at 600F after the lay-up has been 
inserted. 

g. Pemove shims and pressure the lay-up to 200-250 psi at a 
predetermined part temperature.    The temperature is read 
from a thermocouple in the part.    The pressure point may 
vary depending on press heat-up rate,  prepreg character- 
istics,  and polyimide resin formulation.    This pressure 
point must be determined for each specific set of conditions, 
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but once determined will remain the same as long as the 
conditions remain the same. 

h.        Cure the laminate for 20 to 30 minutes from the time of 
pressure application* 

i. Cool under pressure to 250F. 

j. No post cure is required. 

k.        Do not remove the release cloth peel ply until just before 
the face sheet is to be bonded into a sandwich composite. 

C.       AUTOCLAVE FABRICATION OF POLYIMIDE FACE SHEETS 

This process study included an investigation of the following factors: 

1. Application of pressure. 

2. Pressure. 
v. 

Table VII presents the results of the process development study on the 
fabrication of four-ply polyimide face sheets by means of the autoclave 
technique.    Figure 6 shows the laboratory autoclave.    The knowledge 
concerning the behavior of the resin during cure as gained from the 
press fabrication study was used to simplify the autoclave study. 

The heat-up was conducted at a modest and controllable rate»    The 
laminate was covered by a perforated Teflon barrier film backed by 
several layers of dry bleeder cloth to provide free passage for the 
volatiles.    Vacuum was maintained on the part throughout the heat- 
up and cure periods to insure smooth complete removal of the evolved 
gasses. 

A series of experiments were performed to determine the effect of 
pressure and the point where pressure should be applied. 

1.        Application of Pressure 

The reaction of the polyimide resin during cure in an autoclave 
was similar to cure in a press.    The point at which pressure was 
applied was important.   As in the cace of press laminating,  if 
the pressure was applied too late the resin did not flow properly; 
if the pressure was applied too soon,  resin squeeze out was exces- 
sive and a resin-starved part resulted. 
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TABLE VII 

■ 

AUTOCUVE FABRianON OF POLmOOB FACE SHE» s 

A/cmp 

PHESSORE APPLianOH 
RESIN 

GONTBIT % 

1 
LAN. THXCI.' 

INCHES aiHfii 
TUB FR START 
armi-iaiis. 

LAMINATE 
TAP0 F 

PRESSURS 
PSI STRENG1H PSI 

31 m . 
i 

1 
23.0 .oia 6U,8CO 

u y» 
1 
•    Man» 1    23.2 .001 55,220 

Ii3 800 AiSurt IS       i    »     |   17.»» .03U 69,920 

hk 200 35« 275         .     50      i    23.3 .037 70,660 

kS 200 36*          |   300        i     SO     i   17.0 .038 i    67,120 

fcl 200 tt«            |   325          ;      SO       1    2U.2 |      .01*2 .    60,320 

51 200 la.s* 

i  

265            185     j   23.5 

i              i 
1 

.033 67,760 
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It was noted that often a low-resin content laminate possessed 
high-mechanics« strength (see Sample No. 43 in Table VII).   In 
these cases it was theorized that the pressure had caused an 
efficient compacting of the reinforcing fibers without damaging 
them and the fluidity of the resin had reduced the proportion of 
bonding matrix«   As the proportion of matrix material was re- 
duced, the effective shear modulus of the matrix increased 
allowing more load to be shifted to the reinforcement« 

However, in the case of these laminates with low-resin content 
and high voids« the heat resistance was drastically reduced. 
The heat aging properties were so poor that even though the 
initial strengths were highf the advantage was quickly lost on 
long time exposure to high-temperatures.   For good heat aging 
properties, a laminate needed to have a higher resin content 
and to be compact, dense, and void free. 

The data obtained in this part of the program (as presented in 
Table VII) showed the following: 

a«       Acceptable 4-ply laminates could be prepared by the use 
of vacuum only. 

b.        A moderate controllable heat-up rate was necessary. 

c«        The application of pressure at the proper time during 
the cure cycle improved the laminate. 

d.        If the pressure was applied too soon, a resin-starved 
laminate resulted. 

2«        Pressure 

Table VII showed that a pressure of 50 psi was as effective as a 
higher pressure of 185 psi. 

Standard production autoclaves are usually limited to pressures 
in the range of 50 to 100 psi.    The experimental autoclave 
(Figure 6) used for research and development programs at the 
Arizona Division, Goodyear Aerospace Corporation, could at- 
tain pressures as high as 550 psi.      It was felt, however, that 
when processing procedures were carefully controlled, a pres- 
sure of 50 psi was adequate for fabricating polyimide laminates. 
Also, from the standpoint of establishing fabricating procedures 
that could be translated to production equipment, the lower auto- 
clave pressures were more practical. 
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3.        Recommended Autoclave Fabricating Procedure 

Based on the results of the fabricating study the recommended 
processing for four-ply polyimide face sheets by the autoclave 
method was established as follows« 

a. Position 4-plies of 181 glass cloth reinforced polyimide 
prepreg and one ply of release cloth on an aluminum base 
plate. 

b. Cover the prepreg with a perforated teflon barrier film. 

c. Cover the barrier film with several plies of bleeder doth« 

d. Use an edge bleeder around the periphery of the lay-up* 

e. Position several vacuum outlets (never less than 2) on the 
edge bleeder. 

f. Use a 5-mil nylon or Mylar bagging film. 

g. Seal the film to the base plate with a high-temperature 
sealant« 

h.       Pull a vacuum on the part and seal all leaks«   Leave 
vacuum on throughout cure cycle« 

i.        Insert part in the autoclave«   Initial autoclave temperature 
should be below 250F. 

j.        Set autoclave temperature at 400F. 

k.       At a predetermined part temperature (thermocouple in 
part), pressure the autoclave to 50 psi.   As explained in 
the discussion on press fabrication above« the tempera- 
ture at which pressure must be applied is predetermined 
for each set of specific conditions which include material« 
molds, autoclave characteristics«  etc. 

1.        Cure for 90 minutes from time of applying pressure« 

m.       Cool to below 250F under pressure and vacuum before 
removing from the autoclave« 

n.       No post cure is required for the 4-ply laminate« 

o.       Remove release cloth peel ply just prior to bonding into 
a sandwich composite« 
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D. POST CURE   STUDY 

Data on the post cure study are presented in Table VIII.    The results 
indicate that a post cure operation on the polyimide face sheet lam« 
inates had little effect*   This was not too surprising when one con- 
siders that the face sheets were thin (.035 - .040) four-ply laminates. 
The resin matrix throughout the laminate was practically completely 
converted daring the cure.    It has been well established that thicker 
polyimide laminates require a post cure treatment to achieve opti- 
mim properties* 

E. BONDABLE SURFACE STUDY 

In the secondary bond technique for makine a sandwich composite, a ore- 
cured face sheet had to be bonded to the core by means of an adhesive 
film.    It was necessary to roughen the mating surface of the face sheet 
in order to achieve an effective bond.   Several techniques were eval- 
uated for preparing a bondable surface on a polyimide face sheet: 

1. Untreated surface « Control 

2. Mechanical roughening 

3*        Dry peel ply 

4.        Prepreg peel ply 

5*        Release cloth peel ply 

Test results on the study of bondable surface preparation are presented 
in Table IX.    The condition of the surface was evaluated by means of 
lap shear samples using a polyimide adhesive. 

The release cloth and the dry peel ply techniques were best,  as expect- 
ed.    A microscopic examination of the treated surfaces showed the 
following: 

1. Control   -   smooth, glazed, glossy. 

2. Sand blasted   -   rough, fibrous, loose lightly adhered particles. 

3. Dry peel ply  *   rough, tightly adhered fibrous particles. 

4. Prepreg peel ply   -   slightly glazed,  slightly rough. 

5. Release cloth   -   rough, peaks,  and deep valleys. 
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WBLOIII 

POST CURE siuor 

SAMFU 
MO. POST CURE SCHEDULE 

ruinuL 

U-21      Control - No Post Cur« 

13-1 

13-2 

13-3 

13-U 

13-5 

13-6 

13-7 

•       13-6 

13-9 

c. 
d. 

30 ains   R.T. 
90   "       at 
60   "      « 
60   "       « 
5*5 hours at 

90 ains. st 
60   "       " 
60   "       " 
5.5 hours st 

to 

A*   60 mino, st 
b.   60 mina   " 
c . 5*5 hours st 

s. 
b. 

a. 
b. 
c. 
d. 
• • 

60 «ins. st 
5.5 hours at 

liOO0 F 
1*00° F 
500PF 
(OOPF 
700° F 

liOO0 F 
500° F 
6000 F 
700° F 

^00° F 
600° F 
700° F 

600° F 
7000 F 

5.5 hours st    700° F 

30 sins. R.T. to 1*00° 
30 " 
30 • 
30 " 
120 " 

st 
N 

H 

N 

*• 30 Bins, st 
b. 30 " " 
c. 30 " H 
d. 120 " " 

•• 30 ains. at 
b, 30 "   n 
c. 120 "   " 

«• 30 sins, st 
b. 120 ••   H 

F 
iiOQO F 
500° F 
600° F 
7000 F 

1*00° F 
5Ö0O F 
600° F 
700° F 

50OO 
600° 
700° 

6000 F 
700° F 

36,166 

39,266 

35,266 

3ii,iü3 

1*0,816 

3U,766 

38,933 

37,966 

37,990 

37,833 

NOTESt 

1. 
2. 

I: 
Four-ply laainsto was prepared bgr the autoclave tochnlqus. 
Resin content was 2U»9% 
Thickness «as .0142 
Post cures wars conducted in presence of air. 
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TABLE IX 

BONDAJBLE SURFACE STUDY 

• 

PANEL 
BESIOMATION SURFACE TREATMENT 

RESIN 
CONTENT 

% 

LAP SHEAR 
STRENGTH 
(PSI) 

I Control-No Preparation 22.8 Failed to 
Bond 

n Sand niaated Surface 26.8 701 

m Dry 128 Peel Ply 26.6 1109 

IV 128 Prepreg Peel Ply 26.1 779 

\ 
Release Cloth (1D301 F5U) 2U.6 l8Uii 

NOTES« 

1« Four-ply laminate prepared by autoclave technique. 

2. Polyinide adhesive used for bonding lap shear samples. 

3* Autoclave technique used to cure adhesive. 

U. Lap shear strength values are average of five specLmens. 
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The release cloth technique was used throughout the program for pro- 
viding a bondable surface on polyimide face sheets used in the second- 
ary bond fabrication method for composite structures.    The release 
cloth was obtained from Coast Manufacturing and Supply Company under 
the designation "Trevarno Pink Release Cloth 1B-301-F54". 

F.       COMPARATIVE STUDY OF POLYIMIDE RESINS 

This study compared the performance of the following materials: 

1. Monsanto Sky bond 700 prepreg from Supplier A. 

2. Monsanto Skybond 700 prepreg from Supplier B. 

3. duPont PI-2501 prepreg (duPont - supplier). 

It is pointed out that this study was based on small lot shipments of 
prepreg and does not necessarily represent the supplier's overall 
capabilities.   It is generally recognized that given a standardised set 
of specifications and requirements,  most of the commercial prcpreg- 
gers can produce quality prepregs that are acceptable and comparable* 

However, while this s^ody was not intended to compare prepreg pro- 
ducers, it did show that the polyimide resins required skill and care 
in processing; that standard specifications for prepregs had not been 
finalized; and that prepreg characteristics, as well as process tech- 
niques,  affected the laminate properties« 

Table X presents the comparative data obtained from the evaluation 
of press fabricated laminates. 

Table XI presents the comparative data obtained from the evaluation 
of autoclave fabricated laminates. 

The method by which the laminates in this comparative study were 
prepared was termed the "Pressure-Point Technique*.   This tech- 
nique proved most successful for fabricating both polyimide and poly- 
benzimidazole laminates and sandwich composites. 

In the "Pressure-Point" technique the composite was heated up at a 
steady controlled rate under contact pressure - using shims for a 
press operation or vacuum only in the case of an autoclave operation« 
The temperature of the composite was read accurately by means of 
an imbedded thermocouple 

At a specified composite temperature, pressure was applied.    The 
cure was continued under pressure and the composite was cooled 
under pressure.    The temperature at which pressure was applied 
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TABLE    X * 

caemmM STUDY - PQUiMiDi pumas 

PI   2501 

' 

UIB A 

PRESS CUEE 

SÜPP SUPPLIER B 

(Skybond 700) - - 

FlMC. 
S«pl«lio. Fltx StrtnKth SUDl« Flex Strength SIBPI» StruMtth  . 

fk 73,$UO 73 66,500 67 73,220 m T^lf'iO 7U 66,620 69 69,260 
m 71,760 75 i*7,900 70 70,U60 
U8C 63,060 81 56,650 71 70,570 

m 82 
83 

61,700 
67,250 

innsi 

1. All Lminctss ««rt U-ply construction 

2. 'Initial press temperature ms 250 F. 

3*    Pressure «ms 200 pel. 
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TABLE     XI 

CQNPAIUTiVE STUDY - POLIIMIDE PREPRBQS 

■ 

AUTOCUVK CUBE 

Sappller A 

(Skybond 700) 

Sanple             Flex Strength 

Supplier B 

(Skybond 700} 

Sample            Flex Strength 

P.I. 2501 

flex 
Swple       Strenel 

U3                   87,920 
Ui*                  70,660 
US                  67,120 

52                   63,220 
76                  UO,WiO 
92                 5U,700 

66              80,200 
72              80,i*60 

NOTES; 

1. All laminates were h~ply construction. 

2. Full Tacuum was applied throughout tfas cure. 

3. Autoclave pressure used was 50 psi. 
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had to be determined for each set of specific conditions.    This tem- 
perature depended on initial press or autoclave temperature, heat-up 
rate, type of resin,  prepreg characteristics,  etc. 

In this comparative study of polyimide resins several laminates were 
prepared in each series in order to prcbe the pressure-point range 
and establish the optimum pressure-point temperature.    Therefore, 
the higher values obtained were the most significant and represent 
optimum conditions.    The low values indicated that the pressure was 
applied outside the optimum temperature range. 

Anal/sis of the results of this study indicated the following: 

1. All three prepregs produced acceptable laminates when fabri- 
cated by the press method. 

2. "A"  material and duPont PI 2501 produced laminates with high 
flexural strength when prepared by the autoclave method.   Auto- 
clave fabricated laminates prepared from the "B" material pre- 
preg were approximately 20% lower in flexural strength than 
the other two. 

3.        The duPont PI 2501 prepreg appeared to have a wider optimum 
processing range than the other two materials. 

The prepreg from Supplier A was the primary polyimide prepreg used 
in this study. 
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SECTION IV 

PROCESS STUDY - POLYIMIDE SANDWICH COMPOSITES 

A.       GENERAL 

The techniques for fabricating sandwich composites studied in this 
program were: 

1. Secondary Bond - In this method the face sheets were precured 
and then bonded to the core by means of an adhesive layer in 
a secondary operation.    Both the press method and the autoclave 
method were evaluated for producing the secondary bond. 

2. Single Stage Operation - In this method both face sheets were 
cured and bonded to the core in a single operation.   A formu- 
lated adhesive film was incorporated hdtween the face sheet 
plies and the core to provide a core-to-facing bond.    Some 
sandwich constructions were made without the adhesive film 
in order to evaluate the face sheet resin as a core-to-facing 
adhesive.   Because of the high resin flow, the need for con- 
trolled uniform pressure« and problem of volatile removal 
only the autoclave method was used for the study of the single 
stage operation. 

3. Multiple Stage Operation - In the study, also, only the auto- 
clave method was employed.    In this operation the outer face 
sheet WP.P fabricated, then the core and inner face sheet added 
in one or two additional steps. 

The honeycomb core stock used in this program was manufactured 
by Hexcel Products,  Inc.    The core resin system was Skybond 700 and 
the reinforcement was E-glass fabric.   Two core densities - four 
pounds per cubic foot and 8 pounds per cubic foot - were evaluated. 
In both cores the cell size was 3/l 6-inch and the thickness was 
1/2-inch.    The cores were procured under the following designations: 

nHRH-324 (Skybond 700 Resin) 3/l6" cell 4.0 lb. density . 500* thick." 

"HRH-324 (Skybond 700 Resin) 3/l6" cell 8.0 lb. density . 500" thick." 

The adhesive used for the polyimide sandwich composites was manu- 
factured by the Bloomingdale Dept., American Cyanamid Company. 
The adhesive was composed of a modified Skybond 700 polyimide re- 
sin on a fiberglass cloth carrier.    It was procured with the designation: 

"FM-34 Polyimide Film Adhesive .135 lb/ft.2. " 
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B.       SANDWICH PANEL FIXTURE 

Because of the high cost of the materials used in this program - 
particularly the honeycomh core -stock - it was imperative -that efficient 
use be made-of materials.   A fixture,  Figure 7, was designed for the 
fabrication of sample sandwich composites«    The fixture was designed 
to simulate good plant practice for fabricating sandwich structures and, 
at the same time, provide a sample panel from which the maximum 
number of test specimens could be cut with a minimum of waste. 
Figures 8,  9*  and 10 show the fixture during various stages of laying- 
up a composite for single stage cure. 

Figure 11 presents a sketch of the fixture in use. 

The frame was designed to simulate the beveled edge of a honeycomb 
sandwich panel. A 6" X IZ" X l/2" sandwich composite was laid-up 
inside the frame. A perforated Teflon barrier film was laid over the 
composite and frame. Dry bleeder cloth was laid over the entire as- 
sembly and beyond the edge of the frame to form a periphery bleeder. 
Two vacuum connectors were situated on the periphery bleeder at the 
ends of the frame. The nylon or aluminum vacuum bag was sealed to 
the base plate by means of a high-temperature sealant. 

The assembly simulated good plant practice for fabricating honeycomb 
core sandwich parts.      The 6" X 12"  X l/2"  sample panel was 100% 
usable for preparation of test specimens.    There was no waste of 
imterials.    This fixture was used so successfully in the Phase I pro- 
cessing study on sandwich composites that similar fixtures were made 
and used for preparing the heat aging specimens for Phase II of this 
program. 

C;       SECONDARY  BOND TECHNIQUE 

The process study on polyimide face sheets had shown that acceptable 
face sheet laminates could be prepared by both the press method and 
the autoclave method.    Therefore,  face sheets were prepared by 
both methods for the study of the secondary bond technique.    The 
optimum fabricating processes as developed in the processing studies 
were employed. 

Table XII presents data on polyimide laminates fabricated by the press 
method for use as face sheets on secondary bonded sandwich panels. 
The results emphasize the necessity for accurate and uniform process 
equipment and for precise control of process conditions.    These lam- 
inates were larger than the ones prepared during the processing studies 
and nearly covered the entire press platen area.    This altered the 
heating pattern and the thermocouple location from that used during the 
early processing studies.    It was necessary to re-establish the opti- 
xrum temperature range.    Figure 12, which Is a graph of the values in 
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12 IN. INSIDE 

-6 IN. INSIDE- 

1/2 IN. 

— 1/8 IN. 

Figure 7 - Sandwich Panel Fixture 
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TABLE    XII 

PRESS FABRICATIOII OF POLIIICDE FACE SHEETS FOR SECOMDARY BONDIWO 

UHIliATB 
TEMP. MON FLEXURAL 
PRESS, WAS THICJUBSS R.C. STRENGTH 

S«ffV>»- APPUH) ^ INCHES i— PSI 

m U25 • Obi 26.U 53,550 
85 U25 .OltO 25.U 57,750 
86 Uoo .03U 22.5 79,820 
99 1|25 .0U2 25.7 U3,960 
100 Uoo .039 23.5 69,600 
102 380 • 03U 23.5 77,625 
103 Uio •oia 26.2 5U,700 

1. Initial platte t«np«rature was 250 F. 

2. Prtssur« appliad was 200 pal. 

3. AH laainatas wer« U-pliaa. 

U. An laainatea had a ralaaaa cloth peel ply on one surface. 
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PRESSURE APPLICATION POINT VERSUS FLEXURAL STRENGTH 
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PRESSURE (200 PS«) WAS APPLIED 

Figure 12 - Press Fabrication of Polyimide Face Sheets for Secondary Bonding 
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Table XII, shows that rn optimum pressure-point range existed but 
was shifted to a lower temperature than previously established.   This 
illustrated the fact that the pressure-point range was influenced by 
nrnny processing factors and had to be established for each set of pro- 
cess conditions. 

Table XIII presents data on polyimide face sheets fabricated by the 
autoclave method. 

The secondary bond technique for preparing sandwich composites was 
performed in the following manner: 

Four-ply laminates prepared by either the press or autoclave 
method were used.   A ply of release cloth had been included 
in the lay-up and was laminated to one surface of each skin to 
serve as a peel ply.   The peel ply was removed from the cured 
laminates» exposing a bondable surface»   These skins were 
bonded to the hoaeycomb core material by means of a layer of 
polyimide film adhesive.    Both skins were bonded to the core 
at the same time.   Either a press method or an autoclave me- 
thod was used to supply the heat and pressure required for the 
bonding operation. 

Table XIV presents the results of the study on polyimide sandwich 
composites prepared by means of the secondary bond technique. 

D.       SINGLE STAGE TECHNIQUE 

In this technique» all parts of the sandwich composite were laid-up and 
cured in an autoclave at the same time.    Four plies of polyimide pre- 
preg were laid-up for the skins.   No peel ply was used in this techni- 
que.    A layer of film adhesive was laid between the skin prepreg plies 
and the core.    (Note:    In several of the composites the film adhesive 
was omitted in order to determine if the face sheet resin could serve 
as the core to facing adhesive.)   The entire assembly was covered 
with a perforated barrier film and bleeder cloth and sealed in a 
vacuum bag fitted with vacuum outlets.   The assembly was placed in 
an autoclave.   Vacuum was maintained on the part throughout the cure. 
Pressure was applied to the autoclave at a predetermined part tempera- 
ture (pressure-point cure technique). 

Table XV presents data generated during the study en the fabrication 
of polyimide sandwich composites by means of the single stage tech- 
nique.    Based on the results of the study» the recommended processing 
for a single stage cure polyimide honeycomb core sandwich composite 
was determined to be as follows: 

1.        Position 4-plies of 181 glass cloth reinforced polyimide prepreg 
(lower face sheet lay-up) on an aluminum base plate. 
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TABLE XIII 

ADTOCUVE FABRICATIOM OF POUIMIDE FjCI SHEETS FOR SBCC.mStJ BOiOINC 

LAMINATE 
TEMP. WHEN 
PRESS. WAS THICKNESS PRESSURE R.C. FLEX 

SANPLB APPUD *¥ INCHES PSI 1_ PSI 

101 270 .035 50 20» 8 66,it60 
IQb 275 .033 50 21.2 83,360 
116 275 .033 50 20.6 5^Ä0 
117 260 .032 100 19.1 Ii9,l50 
118 280 .033 100 19.0 57,200 

NOTES: 

1. l4uu.Mt«s were it-ply construction. 

2. Full racuum applied throughout curt. 

3. - AH l«itinat«8 had a ralaaa« cloth peel ply on one surface 
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TABLE  XIV 

POLYIMIDE SANDWICH COMPOSIT£S - SECONDARY BOND 

SMMPlt 

Prtpreg 
Sup» Adh«- 

siTes 

M.tho 

Skins 

I of PreD. 

Sandwich 
Flatwise 
Tensile 

Core 
Sheer 

Plex 
Force 
Win 
Width 

3 B ra3l» Press Press 278 21*2 262 

5 B FM3li Press VC 21*2 227 21*5 

7 A ro3a Press Press 259 178 192 

e A 1*31* Vc Press 31*9 212 229 

9 A n!3U Vc A/C 179 169 183 

3Ji A FM3U A/C Press U28 221 238 
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TABLE   XV 

POLYIMID» SANDWICH CCMPOSITES - SIMQLB STAGE 

8—plt 
Supplier 
Prtppg AdheslT« 

Flatwise 
Tensile 

Core 
Shear 

lb/in 
WWth 

2 B Non« 289 301 316.5 

U B FM3U 572 kkS 1*72 

6 C FM3U 653 263 280 

10 A FM3U 625 332 352 

11 c FK3U 526 296 319 

12 A Hone 22U 226 2k0 

13 C Nona 273 23U m 
15 C PI2501 339 270 281 

MOTISi 

1. Optimu« processing conditions «ere used. 

2. Skins «ere four-ply construction. 

3. HoneycoBb core   -   HRH-321i, U.O lbs. density, 0.50M thick. 
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2. Place one-ply of polyimide film adhesive on the prepreg. 

3. Position the polyimide honeycomb core on the adhesive film. 
The core should be cleaned in a vapor degreaser to remove any 
possible contamination. 

4. Place a ply of polyimide fihn adhesive on the core. 

5. Position 4-plies of polyimide prepreg (upper face sheet lay-up) 
on the adhesive film. 

6. Cover the entire composite with a perforated teflon barrier film. 

7. Cover the barrier film with several plies of bleeder cloth. 

8. Use an edge bleeder around the periphery of the lay-up. 

9. Position several vacuum outlets (never less than 2) on the edge 
bleeder. 

10. Use a 5 mil nylon or Mylar bagging film. 

11. Seal the film to the base plate with a high-temperature sealant. 

12. Pull a vacuum on the part and seal all leaks.    Leave vacuum on 
throughout cure cycle. 

13. Insert part in the autoclave.   Initial autoclave temperature should 
be below 250F. 

14. Set autoclave temperature at 400F. 

15. At a predetermined part temperature (thermocouple in part) 
pressure the autoclave to 50 psi.    ("Pressure-Point technique0). 

16. Cure for 90 minutes from time of applying pressure. 

17. Cool to below 250F under pressure and vacuum before removing 
from the autoclave. 

18. Post-cure the entire composite according to the following 
schedule: 
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Preheat oven to 350 F 
12 minutes at 350F 
12 minutes at 390 F 
12 minutes at 430 F 
12 minutes at 470 F 
12 minutes at 510 F 

2 hours at 550 F 

E,   MULTIPLE STAGE TECHNIQUE 

Two different multiple-stage techniques were evaluated in this study. 

1. Two-Stage Method   -   One skin was laid-up (with release cloth 
peel ply) and cured in the autoclave in the normal manner for 
skin laminates.    The peel ply was removed from the cured skin 
laminate and the remainder of the sandwich components were 
laid-up on the prepared skin;   adhesive layer,   honeycomb core, 
adhesive layer,  four-plies of skin preprej.    This assembly was 
covered in the normal manner with a barrier film,   bleeder 
cloth,  and sealed vacuum bag.    Cure was performed in the auto- 
clave using the pressure-point technique. 

The two-stage method was investigated to provide information 
that could eventually prove valuable for production planning» 
Some aerospace plastic sandwich components require a surface 
skin that is aerodynamically smooth.    The purpose for the two- 
stage technique is to obtain one skin of the sandwich composite 
(in most cases,  the outer surface skin) as dense and void-free 
as possible.    In the two-stage system the outer skin can be 
laminated at pressures well above  the crushing point of the 
honeycomb core. 

2, Three-Stage Method   -   In this technique,  the outer skin was 
laid-up in the initial stage in the same manner as described 
previously for the two-stage method.    In the second stage,  the 
core was bonded to the bondable surface of the outer skin by 
means of a film adhesive. 

In the third stage,  a layer of adhesive vas laid over the bonded 
core,   skin prepreg plies were added,   the assembly was covered 
with barrier film,  bleeder cloth and sealed bag,  and cure per- 
formed in an autoclave using the pressure-point technique. 

The three-stage technique is also production oriented.    In 
many cases,   the shape of an aerospace vehicle component is 
such that the sandwich composite cannot be assembled at one 
time.    The skin prepreg plies must be cut and fit; the core 
mist be cut,  preformed,  and carefully tacked in place; edge 
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bands and doublers must be assembled and positioned.   The 
three-stage system was evaluated in this program to determine 
feasibility and effect on properties of the composite. 

Table XVI presents a comparison of the physical properties of 
sandwich composites prepared by secondary bond,  single stage, 
two-stage,  and three-stage. 

F.        ANALYSIS OF THE  POLYIMIDE SANDWICH FABRICATION STUDY. 

Analysis of the data in Tables XIV,  XV,  and XVI indicated the follow- 
ing: 

1. The single-stage method produced the best polyimide sandwich 
composites.    The appearance, as well as the physical properties 
of the composites,  was notably improved when the skin laminates 
and the adhesive bonds were formed simultaneously in a single 
operation. 

It was decided to use the single-stage method to form the polyi- 
nide sandwich composites that were subjected to the heat aging 
studies in Phase II of this program. 

2. In the single-stage method, a prepared adhesive film was re- 
quired for optimum bond between the skins and the core«    An 
adhesive film,  with controlled flow and wetting characteristics 
built in,  provided better filleting and a better bond to the core 
than when the resin in the prepreg skins was used as the adhe- 
sive. 

The polyimide sandwich composites prepared for the Phase II 
study used the FM-34 adhesive film. ^ 

3. The secondary bond technique and the multiple stage techniques, 
while not as good as the single-stage method, were feasible and 
did produce acceptable polyimide sandwich composites. 

4. In the secondary bond method,  skins prepared by the autoclave 
technique appeared to have slightly better adhesion to the core 
than skins prepared by the press method.    The flow of volatiles 
and resin through the release cloth and bleeder plies may have 
contributed to this factor.    Peeling the release cloth from the 
laminate produced a rugged fibrous bonding surface. 

5. Secondary bonds prepared in the press had slightly better physi- 
cal properties than secondary bonds prepared in the autoclave. 
This was probably due to the higher temperatures associated 
with the press operation. 
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TABLE XVI 

POLIIMIDB SANDWICH COMPOSITIS - COMPARISOM OF AüTOCLAVg TBHMIQüB 

Sample Processing 

Flatwise 
Tensile 
FSI 

Core 
Shear 
PSI 

8 Secondary Bond 3U9 212 

10 Single Stage 625 332 

16 Two-Stage Ul6 235 

17 Three-Stage 3U7 2U6 
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SECTION V 

PROCESS STUDY - POLYBENZIMIDAZOLE FACE SHEETS 

A. GENERAL 

The resin system specified for this program was AFR-151 (FBI).    How- 
ever« prior to the start of this contract a new FBI resin - designated 
PNABI - was announced.    Initial physical and heat-aging properties of 
the new resin were quite exciting and an effort was made to include 
PNABI resin in this program as a substitute for the originally specified 
AFR-151 (FBI) resin. 

Contact with the PNABI resin supplier,  Narmco R and D Division, 
Whittaker Corp.,   established the fact that the new resin could not be 
supplied in sufficient quantity soon enough to be included in the current 
program.    The decision was made,  therefore,  to continue with the 
AFR-151 (FBI) resin. 

The AFR-151 (PBI) resin system was obtained in prepreg form on 181 
E-glass reinforcement from the Narmco Materials Division,  Whittaker 
Corp.   The material designation was "FBI 2803-1581 E-glass".    The 
investigation of the PNABI resin caused a delay in delivery of the 
AFR-151 (2803) PBI materials.    Prior to receipt of the AFR-151 prepreg, 
therefore,  some work was performed with the original commercial PBI 
prepreg,  Imidite 1850 (2801-AFR-100 resin).     This material was readily 
available and it was felt that general handling and processing information 
could be obtained from the 2801 prepreg since the two AFR resins 
(AFR-100 and AFR-151) were similar in reaction characteristics. 

B. PRELIMINARY STUDY -AFR-100 RESIN 

As mentioned in the previous section, while waiting for the delivery 
of the AFR-151 (2803) prepreg,  it was felt that some general processing 
information could be obtained by working with Imidite 1850 (2801 prepreg, 
AFR-100 resin). 

The technical literature on the PBI resins generally recommended a 
step-cure technique.    In this technique the temperature of the lay-up was 
raised in stages and held at a predetermined temperature for an extended 
period of time before raising to the next temperature plateau.    In the 
press cure evaluation of Imidite 1850,  both the step-cure and the pressure- 
point cure methods were investigated. 

Table XVII presents the data collected during the process development 
study of the step-cure method as recommended by the literature. 
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TABLE IVII 

PRESS FABRICAnON OP U-PLX APR-lOO (PBI) LAIttlUTES 

STEP-WISE CURE 

UMPLI CURE CYCLE 

Umiiute 
Thick.Ins 

Resin Content 
* 

T1M         Press          Lamin 
Mine.       Temp            Tomp 

Totti Dwell. 
Time-Mtna. 

Flemrnl 
Strengtb-PBZ 

53 30            350             31*1 
30           UOO            367 
20           li50            U33 

Preeeured to 200 pal 80 
» 20            500             1*75 

15           550 
15           600 
10           650 

160           700            665 .052 39.9 71,270 

A 9      350 to 520      1*50 
30           520            501 

Pressured to 200 psi 
160            700             660 

39 
.01*7 32.2 9I*,960 

61 10       350 to 565      500 
15           565           5U5 

1 

Pressured to 200 psi 
180            700 

25 i 

yf.9 89,600 

62 8       350 to 51*0      1*50 
U   fc      51*0        ,500 
5   •      500            500 

1 

Pressured to 200 psi 
180            700             690 

17 
.01*2 36.J» 6I4.U6O 

66 13       350 to 510      1*90 
5            510             1*95 i 

i 

1 
Pressured to 200 psi 

180            700            700 
18        1 

.01*1* 

1 

j       36.6 j   ».AO 
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Table XVIII presents data of the study on pressure application points 
as developed for the polyimide resin and discussed in Section III-F of 
this report«    Th*. PBI resin reacted during cure in a manner similar to 
the polyimide renin.    The cure temperature for PBI and the laminate 
temperature at the optimum point for application of pressure was much 
higher than for polyimide.    Therefore the initial press temperature could 
be maintained at a higher temperature,   350F. 

Table XIX presents a resume of the results of the process study on 
PBI 2801 using the press fabrication method«    Figure 13,  which is based 
on values taken from Table XIX showed that the pressure-point technique 
was valid and applicable to the press fabrication of PBI 2801.    There 
was an optimum point during cure when pressure should be applied to 
obtain the best physical properties. 

The data indicate that the more exacting stepwise cure technique did not 
produce a superior laminate over the controlled pressure-point techni- 
que in the case of four-ply laminates.    The pressure-point method was 
therefore used in this program. 

A comparison of Figure 13 with Figure 4 shows the similarity in cure 
behavior between PBI and Polyimide. 

Table XX presents the results of the autoclave processing study on 
PBI 2801.    The results showed that pressure was essential to the pre- 
paration of acceptable PBI (2801) laminates. 

One of the serious problems encountered in the high-temperature auto- 
clave processing of PBI was failure of the vacuum bag enclosing the 
part.    Sample 56 showed that it was absolutely necessary to eliminate 
any air leaks in the vacuum bag during processing of PBI laminates. 
This was demonstrated and substantiated a number of times in process- 
ing studies on PBI.    Any leaks in the vacuum bag caused excessive oxi- 
dation of the resin producing a laminate that was dark and discolored, 
porous,  weak,  with low interlaminar adhesion. 

Much of the initial effort with PBI was in attempting to develop a suit- 
able bagging technique.    It was desired to have a bag that was low cost, 
simple   to prepare and would successfully withstand the high- 
temperatures involved.    Various materials were evaluated as high- 
temperature bags.    The most promising prov^4 to be a soft aluminum 
foil. 

A secondary problem was in the use of a sealant, or method of sealing 
the ^ag,  that would withstand the high-temperatures reached during the 
cure.    Silicone sealants proved to be a satisfactory solution to this 
problem. 
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TABLE XVIII 

PRESS FABRICATION OF li-FLY AFR-ii; 

PRESSUflE APPLICAnON POINT STODT 

SAMPLE 
CONTACT 

TIMc; 
MDf -SEC. 

LAM. TEMP AT 
TIME OF PRESSURE 

o P 

LAMINATE 
THICKNESS 

IN. 

RESIN 
OONTEMT 

% 
STREM01H 

nz 

55 10-25 550 .03U 27.8 63,375 

60 600 .OUi 36.6 «Mfo 
58 17-15 615 .014 37.5 90,U*0 

65 11-20 625 .01*5 36.1 88,61*0 

6U 12-15 6U0 .out 35.8 87,200 

57 19-0 660 ,m 36.2 69,1*0 

NOTES» 

1. Initial platan temperature    350   F 

2. Platens raised to 700° F after insertion of the part. 

3. Shins used during heat-up period. 

U. Cure:     90 minutes after application of pressure. 
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TABLE XIX 

FRISS FABRICAHON OF AFR-lOO (2801 or Imidite 1650) FBI LAMINATES 

STRENGTH 
THICKNfiSS R.C. FLEXURAL 

SA»U TYPE CURS INCHES i« PSI 

53 Step-Cure .052 39.9 71,270 
5k Step-Cure .0U7 32.2 91», 960 
61 Step-Cure .0U3 35.9 89,800 
62 Step-Cure .0U2 36.1* 61*,i*60 
66 Step-Cure .010» 36.6 59,3i*0 
55 Pressure Point (550F) .031* 27.8 63,375 
57 Pressure Point (680F) .0U6 36.2 69,i*i*0 
58 Pressure Point (6l5F) .Obi* 37.5 90,1*1*0 
60 Pressure Point (600F) .Olli* 36.8 81*, 120 
6k Pressure Point (6U0F) .01*3 35.8 87,200 
65 Pressure Point (625F) .01*5 36.1 88,61*0 
79 Pressure Point (500F) .Ol*i* NG(Starr* 

1. All IsfeLnstes «ere l*-ply construction. 

2. The initial press tenpersture was 350F. 

3. The teaperetures recorded under column heading "type Cure" indicate the 
laainate temperature «hen pressure «as applied. 

1*.   The pressure «as 200 psi. 
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PRESSURE APPLICATION POINT VERSUS FLEXURAL STRENGTH 

100 

55 
Q. 

EC 
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-I 
< 
cr 
i 
m 
_i 
Ü 

80 

60 

40 

20 

/ 

/ 

500 550 600 650 700 

LAMINATE TEMPERATURE (f) AT WHICH 
PRESSURE (200 PSI) WAS APPLIED 

Figure 13 - Press Fabrication of 4-ply Laminate, PBI 2801 (AFR-100) 
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TABLE    XX 

APTOCLAVB FABRICATIOH OF Ani-lOG (2801 or Imltlt« 1850) FBI LAMINATBS 

PRESS THICKNESS R.C. FLEJCURAL STRENGTH 
SAMPLE VAC. 

Yea 

PSI 

Mo 

INCHES 

.073 38.3 

PSI 

56» 13,872 
?9 Ua UO .039 27.6 108,262 
63 Uu Mo •01(3 27.0 86,080 
77 Ua Mo .0l£ 29.U 61,280 
78 Its 100 .038 29.U 132,180 
80 lea 50 .01*0 27.8 9U,U20 

MOTESi 

* 1. Saaple 0$6 dereloped a leak In «he bag during cure. The laminate «as 
badly oxidised. 

2. All laainatss «ere U-ply construction. 
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The following technique for bagging PBI resin systems for autoclave 
curing was developed and proved quite successful. 

1. Five mil soft aluminum foil was used for the bag. 

2. The lay-up was completely enveloped - top and bottom - in the 
foil bag. 

3. A 1-1/2 to 2-inch wide strip of partially cured 12 mil silicone 
rubber tape was placed around the edge between the two foil layers. 

4. The foil layers were crimped together by folding several times 
with the silicone tape sandwiched between. 

5. The vacuum outlets were then sealed by means of solid silicone 
rubber gaskets and a threaded washer. 

Figure 14 shows a sketch of the bagging method described above. 

C.        PRESS FABRICATION OF  PBI (AFR-151) FACE SHEETS 

The information derived during the press processing of PBI 2801 was 
applied successfully to the processing of the PBI 2803 (AFR-151) prepreg. 
Table XXI presents the results of the process study on PBI 2803 
(AFR-151) using the press fabrication method. 

Figure 15,   based on Table XXI,   shows that the pressure-point technique 
applied.    It should be noted that the optimum temperature range for 
applying pressure was nearly 50F higher for the AFR-151 resin than for 
the AFR-100 resin.    (Compare Figures 15 and 13).       The effect of pres- 
sure on the properties of press-cured PBI (2803 AFR-151) face sheet 
laminates is also shown in the data of Table XXL    It was apparent that 
a pressure below 200 psi was detrimental to the physical properties. 
However, there appeared to be little difference in the effect of pressure 
between 200 psi and 1000 psi as long as the pressure point cure tech- 
nique was effectively applied.    This corresponded to the information 
determined on the press curing of polyimide laminates as reported in 
Section III-B-2 of this report. 

Based on the press fabrication study it was determined that the recom- 
mended processing for four-ply PBI (AFR-151) face sheets by the press 
method was: 

1. Use 4-plies of 181 glass fabric reinforced PBI prepreg. 

2. Use one-ply of 181 glass fabric release cloth on the surface 
eventually to be bonded to the honeycomb core. 
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ALUMINUM FOIL 

VACUUM PORTS 

PARTIALLY CURED SILICONE 
RUBBER TAPE 

BAG AND LAYUP PARTLY ASSEMBLED 

SILICONE RUBBER GASKETS 
BAG EDGES FOLDED 

ASSEMBLY READY FOR AUTOCLAVE 

Figure 14 - Bagging Technique for High-temperature Curing Autoclave 
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TABLE XXI 

PRESS FABRICATION OF APR-151(2803) PBI LAMINATES 

Sample 

Lam. Temp 
When Press. 
Was Applied 
Degrees F _ 

675 

Pressure 
PSI 

Thickness 
Inches 

R.C 
% 

29.8 

Flexural 
Strength 
PSI 

87 200 , .036 89,190 

88 665 200 .033 25.7 92,880 

89» 670 200 .039 30.2 73,760 

90 670 200 .036 29.2 68,9U0 

91 6U0 200 .039 30. u 78,800 

93 5U3 200 .038 33.6 62,U00 

106 670 100 .oUi 30.9 68,160 

107 670 1000 .030 30.7 87,7UO 

111 680 200 .QUO 35.8 82,260 

112 680 200 • oUi 27.1 73,900 

113 675 200 .031* 22.0 82,100 

11U 675 200 • OUO 23.3 77,U00 

115 675 200 .Obii 32.9 72,770 

NOTES* 

* 1. Photo cell on press instrument panel failed. Temperature readings were 
questionable. Sample 90 was a repeat of Sample 69. 

2. All laminates were U-ply construction. 

3* Pressure was 200 psl. 

U. The Initial press temperature was 350 F. 
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PRESSURE APPLICATION POINT VERSUS FLEXURAL STRENGTH 
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3 
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* 

E 3UIPMENT FAILURE ( > 

0 

* 

«40 650 660 670 675 

LAMINATE TEMPERATURE (F) AT WHICH 
PRESSURE (200 PSI) WAS APPLIED 

Figure 15 - Press Fabrication of 4-ply Laminate, PBI 2803 (AFR-151) 
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3. Place the lay-up between aluminum caul plates treated with a 
Ram GS-3 release agent. 

4. Initial press temperature should be 350F. 

5. Use shims that will allow the press platens to close within approx- 
imately . 030 of the lay-up without exerting pressure on the part. 

6. Set the press temperature to 700F after the lay-up has been 
inserted. 

7. Remove shims and pressure the lay-up to 200 PSI at a predeter- 
mined part temperature.    The temperature is read from a thermo- 
couple in the part.    The pressure-point may vary depending on 
press heat-up rate, prepreg characteristics, and resin formulation. 
This pressure-point must be determined for each specific set of 
conditions,  but once determined will remain the same as long as 
the conditions remain the same. 

8. Cure the laminate for 90 minutes from the time of pressure 
application. 

9. Cool under pressure to 350F, 

10. Do not remove the release cloth peel ply until just prior to bond- 
ing into a sandwich composite. 

11. Post-cure in an inert atmosphere as follows: 8 hours at 400F, 
8 hours at 450F, 8 hours at 500F, 3 hours at 600F, 5 hours at 
700F,   1 hour at 800F,  and 1 hour at 850F. 

D.        AUTOCLAVE  FABRICATION OF  PBI  (AFR-151) FACE SHEETS 

The information developed during the autoclave processing of PBI 2801 
(AFR-100) was not applied as successfully to PBI 2803 (AFR-151) as 
had been the case in the development of press fabricating techniques. 
The PBI 2803 resin required higher curing temperatures and exhibited 
greater fluidity during conversion.    These two factors of resin fluidity 
and high cure temperature made autoclave processing of thin face sheet 
laminates extremely difficult. 

Table XXII presents data on the laminates prepared during the autoclave 
processing study on PBI 2803.    The intent of this processing study was 
not only to obtain sandwich face sheet laminates of peak quality but to 
do so,  if at all possible,   by fabrication technique» that were compatible 
with standard production facilities and methods.    For this reason an 
intense effort was made to determine a satisfactory autoclave procedure 
that did not require excessively high pressures and temperatures or an 

59 



i 

8 
5 
I 

1 Cti m 
i 

2 
1 

* S 
CO 

o 
K 

1 
wu 

w 
^ • -a -a • 

R3 
o 

rf 
H 

1« t 
I 

4 d 
J 

o 
5 8 

CM 
i » i 8 

CM 

* 

IJI ^ 
• H • .4 • • 

CM 
CM CM 

III c • 1 • 
1" 
<•> 
o • • 

* 
o • • s • 1 • 

M • 
0 3 -a ■ 

M 
• i 

H « ^- • • 
ja 

o • 

fillII * *• s a 3 S i s S » » § 3 

ill. 
K 3 

vr 
3 s 

J • 1 s 1 1 

hi 1 
s 

i 1 1 1 ii 1 
i 
1 

•i a 

1 
8 1 

§ 1 8 § 1 1 § § 1 § § § 

i 
> 

n I 
a 
H -» 

: 
»4 

• 1 > 

1 
S > I » > 

• 
1-4 

1 * 
• 1   -    ^3 

q » o 
3 

^ 
3 

CM 

3 

u 
3 

u 

i 
•H 

n « 

a 
9 
I 

i 
> 

a a. ■ 

s 

I a. 

I o 

b 

!3 o 
8 

g 

1 
V 
I. 

O 

■H »I 
o « 

12 ** 
CM »1 
CM B 
^ -H 

U 
CM TI 

<M a 

a 
O -H 
r^   a 
-H   Q. 

o 

la. 

8 

I 
a. c/l 

IV 

CM O 
-SCM 

♦>   • 
• r-t 

■ 

es 
c u 

n 
Vb 

S? 

r 
tc 

I     ml     Sin 

w J5   •« «^ 

CM     r>     ^ 

60 



extremely long cure cycle.   As the temperature« pressure, and cycle 
time requirements for autoclaves increase, the cost of production 
facilities and the cost of operations rise sharply. 

An analysis of the data collected during the autoclave fabrication study 
(Table XXII) indicated the following: 

1. The fluid nature of the resin during the conversion stage made it 
impractical to maintain a vacuum on the part during the entire 
cure cycle.    The vacuum would cause excessive resin flow into 
the bleeder cloth resulting in a resin-starved laminate.    Venting 
the laminate to the atmosphere and maintaining a slight autoclave 
pressure (5 psi) during the initial portion of the cure cycle proved 
satisfactory. 

2. The higher cure temperature coupled with the restricted pressures 
and temperatures imposed by the autoclave made a post cure treat- 
ment mandatory. 

3. Pressure was necessary during the latter portion of the autoclave 
cure in order to produce acceptable PBI 2803 laminates.   An auto- 
clave pressure of 100 psi was satisfactory. 

4. The autoclave cure temperature could be kept below 550F provided 
an extended step-cure cycle was employed.    In this technique the 
laminate was vented to the atmosphere and the autoclave main- 
tained at 5 psi during the initial portion of the cure.    The cure then 
proceeded as follows: 

90 Minutes at 350F (autoclave temp) 
30 Minutes at 400F 
20 Minutes at 450F 

(Pressure autoclave to 100 psi when 
temperature reached 475). 

180 Minutes at 500F 

The laminate was cooled to below 200F under pressure.    It was 
discovered that the laminate possessed less than 50% of its ulti- 
mate strength at this stage and had to be handled carefully to pre- 
vent delamination. 

Ultimate strength was attained by post-curing the laminate in an 
inert atmosphere according to the following schedule: 

8 hours at 400F 
8 hours at 450F 
8 hours at 500F 
3 hours at 600F 
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5 hours at 700F 
1 hour at 800 F 
1 hour at 650F 

5.        The autoclave cure cycle could be shortened by using the pressure- 
point technique rather than the step-cure method.   An autoclave 
temperature in excess of 600F was required for the pressure-point 
system, however«   It became apparent that the conversion char- 
acteristics of FBI (2803) were such that restrictive compromises 
were necessary for autoclave fabrication of thin laminates.    If 
autoclave temperatures were to be restricted to the low 500F tem- 
perature range then an extended step-wise cure method had to be 
employed.    If it was desirable to employ the more efficient pressure- 
point technique, then it was necessary to attain a laminate tempera- 
ture in excess of 600F at a heating rate of approximately 5F/minute. 

Based on the autoclave fabrication study,  the recommended processing 
for four-ply FBI 2803 (AFR-151) face sheets by the autoclave method 
was determined to be: 

1. Position 4-plies of 181 glass cloth reinforced FBI prepreg and one 
ply 181 release cloth on an aluminum base plate. 

2. Cover the prepreg with a perforated teflon barrier Him. 

3. Cover the barrier filn. with several plies of bleeder cloth. 

4«        Use an edge bleeder around the periphery of the lay-up. 

5. Position several vacuum outlets (never less than 2) on the edge 
bleeder. 

6. Use a 5 mil soft aluminum foil envelope. 

7. Seal the foil with uncured silicone tape. 

8. Pull a vacuum on part and check for leaks. 

9. Insert part in autoclave.    Pressurizing to 5 PSI,  then shut-off 
vacuum and vent to atmosphere.    Either of the following cure 
cycles could then be used. 

a.        Pressure-point method of cure: 

1) Raise autoclave temperature from R. T. to 620F 
at a rate of approximately 5F/minute. 
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2) When part temperature (thermocouple) reached a 
predetermined value, increase pressure to 100 PSI. 

b.        Step method of cure. 

1) Raise autoclave temperature from R. T. to 350F at 
a rate of approximately 8F/minute.    Hold at 350F 
for 90 minutes. 

2) Raise autoclave temperature to 400F at a rate of 
5F/min.    Hold at 400F for 30 minutes. 

3) Raise autoclave temperature to 450F and hold for a 
total time of 20 minutes. 

4) Raise autoclave temperature to 500F.    When part 
reached 475F (thermocouple) increase pressure to 
100 PSI. 

10. Cure for an additional 2-3 hours after pressurizing. 

11. Cool to below 300F under pressure before removing from auto- 
clave. 

12. Post-cure in inert atmosphere is follows:    8 hours at 400F,   8 
hours at 450F,   8 hours at 300F,   3 hours at 600F,  5 hours at 
700F,   1 hour at 800F,  and 1 hour at 850F. 

13. Remove release cloth peel ply just prior to bonding into a sand- 
wich composite. 
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SECTION VI 

PROCESS STUDY - POLYBENZIMIDAZOLE SANDWICH COMPOSITES 

A.       GENERAL 

The supplier of PBI preimpregnants found that the AFR-151   (2803) 
resin produced an adhesive film which was too brittle and difficult to 
handle to be practical for use in sandwich composites.    It was recom- 
mended that AFR-100 (2801) resin be used for the adhesive film.    Com- 
patibility of the two resins was considered excellent and no difficulty 
was anticipated in using 2801 resin adhesive to bond together skins and 
core containing 2803 resin. 

The change to the AFR-100(2801) resin for the adhesive film was approv- 
ed by the Applications Division, Air Force Materials Laboratory* 

The materials used in the fabrication study on PBI 2803 (AFR-151) 
sandwich composites were: 

1. Face Sheets - As mentioned in Section V,  the prepreg stock con- 
sisting of AFR-151 (2803) resin on 181 E-glass reinforcement 
was obtained from the Narmco Materials Division,  Whittaker 
Corp.,  under the designation:   "PBI 2803-1581 E-glass". 

2. Honeycomb Core - The core stock was procured from Hexcel 
Products, Inc.    The core resin was AFR-151 (PBI) and the 
reinforcement was E-glass fabric.    Core densities were 4 pounds 
and 8 pounds per cubic foot.    Core thickness was one-half inch 
and the cell size was three-sixteenth-inch. 

The core materials were procured under the following designa- 
tions:   "HRH-325(AFR-151 PBI Resin), 3/l6 cell, 4.0 1b. 
density,  .500" thick" and I,HRH-325 (AFR-151 PBI Resin) 3/l6 
cell,   8.0 1b. density,  .500v  thick". 

3. Adhesive - The adhesive was composed of AFR-100 (PBI) resin 
or. HG32 style glass reinforced carrier.    The adhesive was pro- 
cured from the Narmco Materials DLv.,  Whittaker., under the 
designation:   "Imidite 850,  HG32 Adhesive (PBI-2801)". 

The fabricating techniques evaluated in this study were: 

a. Secondary Bond 

b. Single Stage Operation 

c. Multiple Stage Operation 
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B.        SECONDARY BOND TECHNIQUE 

Face sheet laminates evaluated in this secondary bond technique study- 
were prepared by both the press method and the autoclave method« 

Table XXIII presents the data on the FBI (2803) laminates used for 
the sandwich face sheets.   It should be noted that the laminates pre- 
pared by the press method were not post-cured while the laminates pre- 
pared by the autoclave technique were all post-cured.    PBI (2803) resin 
required a temperature in excess of 625F to effect complete conversion» 
This could be achieved in the press,   but was somewhat impractical in 
the autoclave due to equipment restrictions and bagging limitations.    The 
laminates cured in the autoclave were weak and subject to damage until 
»ftar the postcure operation. 

Both press method and the autoclave method were also employed to 
effect the face sheet to core bond. 

1. Face sheets prepared by the press technique; secondary bonding 
^ of face sheets to core performed in the press.  (P/P) 

2. Face sheets prepared by the press technique; secondary bonding 
of face sheets to core performed in the autoclave.  (P/AC) 

3. Face sheets prepared by the autoclave technique; secondary bond- 
ing performed in the autoclave.  (AC/AC) 

4. Face sheets prepared by the autoclave technique; secondary bond- 
ing performed in the press.    (AC/P) 

In the press method for making secondary bonds, machined stops were 
used to prevent crushing the core. See Figure 16. The cure cycle for 
preparing secondary bonds by the press method was as follows. 

1. Preheat press to 430F. 

2. One hour at 430 F. 

3. One hour at 600 F. 

4. Cool to 350F before release. 

In the autoclave method (Figure 17) for making secondary bondu the 
special sandwich panel fixture (Figure 7) was used.    Early in the pro- 
cessing study it was found that the autoclave pressure had to be limited 
to 30 psi.    Pressures in excess of 30 psi crushed the PBI honeycomb 
core during the cure cycle.    This is illustrated by Figure 18,   The top 
panel shows a sandwich composite subjected to 50 psi during secondary 
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TABLE XXIU 

PBI(2803) Laminates  Prepared for Use as Face Sheets 

on Secondary Bonded Sandwich Composites 

( 

■ 

Sample 
Fabrication 
Method 

Press 

Thickness 

.040 

R C. 

35.8 

Flexural Strength 
PSI 

111 82,260 

112 Press .041 27.1 73.900 

113 Press .034 22.0 82, 100 

114 Press .040 23.3 77,400 

115 Press . 044 32.9 72,770 

121 Autoclave .033 23.3 81, 380 (after post cure* 

122 Autoclave .032 21.1 78,433 (after postcure) 

123 Autoclave 031 19.5 98, 440  (after postcure) 

Notes: 

A ply of release cloth was laminated to one surface of each panel to 
serve as a peel ply- 

Samples 122 and 123 were postcured in an inert atmosphere according 
to the following schedule: 

8 hours at 400 F 
8 hours at 450 F 
8 hours at 500 F 
3 hours at 600 F 
5 hours at 700 F 
1 hour at 800 F 
1 hour at 850 F 
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CRUSHED PBI CORE- AUTOCLAVE PRESSURE- 50 PSI 

ACCEPTABLE SANDWICH COMPOSITE- AUTOCLAVE PRESSURE- 30 PSI 

PRESS CURED SECONDARY BOND. PRESS CLOSED TO STOPS. 

Figure 18 - Example of Core Crushing 
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bonding. The middle panel shows a composite prepared at 30 psi auto- 
clave pressure* The lower panel shows a composite where the second- 
ary bond was prepared in a press using stops. 

As the processing study continued, the critical aspect of the pressure 
became more and more apparent.    Pressures were lowered to 25 psi 
and finally to 20 psi to prevent any tendency toward core collapse 
during the cure cycle. 

The autoclave cure cycle for preparing secondary bonds was: 

1. Bagged assembly was placed in room temperature autoclave and 
pressured to 30 psi.    (Part was vented to atmosphere). 

2. Autoclave heated to 430F. 

3. One hour at 430 F. 

4. One hour at 60OF. 

5. Cool to 350F. 

Table XXIV presents the data from the secondary bond study on PB1 
(2803) sandwich composites. 

SINGLE STAGE OPERATION 

Three sets of conditions were evaluated in the single-stage technique. 

1.        Curing by means of the pressure-point technique. 

2*        Curing by means of the step method. 

3.        Omitting the adhesive films and using the resin in the face sheet 
prepreg plies to bond the face sheets to the core. 

The PBI sandwich composites were assembled as shown in Figure 19. 
The four-plies of prepreg for the face sheets, the adhesive films, and 
the core were stacked, with the adhesive films between the face sheets 
and the core.    This assembly was placed in the special sandwich panel 
fixture. 

The procedure used in preparing the single-stage PBI sandwich com- 
posites was as follows.    See Figure 20. 

1.        A 5 mil soft aluminum foil was used as the bagging envelope. 
Strips of uncured silicons tape were laid along the edge of the 
foil to serve as a sealant.   The foil in this area was coated with 
a silicone primer to improve the bond of the tape to the foil. 
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TABLE XXIV 

SECONDARY   BOND 

PBI(2803) Honeycomb Core Sandwich Composites 

Com- Ahesive Flexural Strength 
posite Face Sheet Cure lbs/in Core Flatwise 
No. Process Process Width Shear Tensile 

29 Press Press 241 224 329 

48 Autoclave Autoclave 170.5 159.5 424 

49 Autoclave Press 158.3 148 414 

53 Press Autoclave 168. 7 158 418 

Notes: 

1. Machined stops were used when secondary bonds were made in press. 

2. A pressure of 30 psi was used when secondary bonds were made in 
the autoclave. 

3. Face sheet laminates were not post cured prior to secondary bonding. 

4. Sandwich composites were postcured before testing. 
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Figure ZO - Layup Technique for PBI Sandwich Composite 
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2* An aluminum base plate was placed on the foil and the special 
frame then positioned on the base plate. 

■ 

3. Four plies of FBI (2803) prepreg (lower face sheet lay-up) were 
placed in the special frame. 

4. One ply of FBI (2801) adhesive - Imidite 850 - was placed on 
the prepreg: 

NOTE: This step was omitted, of course,  in the compo- 
site made without using an adhesive film. 

5. The FBI honeycomb core (HRH-325) was positioned on the 
adhesive film. 

6. A ply of FBI adhesive was placed on the core. 

NOTE: This step was omitted,  of course,  in the compo- 
site made without using an adhesive film. 

7. Four plies of FBI prepreg (upper face sheet lay-up) were posi- 
tioned on the adhesive film. 

8. A thermocouple junction was placed between the third and 
fourth plies at the edge of the top face sheet lay-up. 

9. The entire composite was covered with a perforated teflon bar- 
rier film. 

10. The barrier film was covered with several plies of bleeder cloth. 
The cloth was allowed to overlap the frame an amount sufficient 
to accommodate a vacuum port. 

11. A vacuum port was positioned on the bleeder cloth at the edge 
of the frame holding the composite lay-up. 

12. The aluminum foil was folded over the composite lay-up.   A 
hole was cut in the feil bag to accommodate the vacuum port. 
Silicone rubber gaskets were used to seal around the port* 

13. The aluminum foil envelope was sealed together with the uncured 
silicone tape.    The use of the silicone primer assured the bond 
of the tape to the foil. 

14. The edges of the foil envelope were crimped together to assure 
a tight seal. 
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15. A vacuum was pulled on the part and a check made for leaks - 
especially at the point where the thermocouple lead wires 
emerge. 

16« The assembly was inserted in the autoclave and pressurized to 
5 psi.    The vacuum was then shut off and the part vented to the 
atmosphere. 

17. The next portion of the cycle depended on whether the pressure 
point cure technique or the step cure technique was employed. 

a. Pressure point technique 

1) The autoclave temperature was raised from R. T. 
to 620F at a rate of approximately 5F/minute» 

2) When part temperature (thermocouple) reached a 
predetermined value« the pressure was increased 
to 30 psi. 

b. Step method of cur-: 

1) The autoclave temperature was raised from R. T. 
to 350F at a rate of approximately 8F/minute and 
then held at 350F lor 90 minutes. 

2) The autoclave temperature was raised to 400F at a 
rate of 5F/minute and held at 400F for 30 minutes. 

3) The autoclave temperature was raised to 450F 
and held for a total time of 20 minutes. 

4) The autoclave temperature was raised to 500F. 
When the part reached 475F (thermocouple), the 
pressure was increased to 30 psi. 

18. The composite was cured for an additional 2-3 hours after 
pressurizing. 

19. The composite was cooled to below 300F under pressure before 
removing from autoclave. 

20. Post curing was performed in an inert atmosphere as follows: 
8 hours at 400F,   8 hours at 450F,  8 hours at 500F,  3 hours at 
600F,  5 hours at 700F,   1 hour at 800F,  and 1 hour at 850F. 

Table XXV presents data from the single-stage study on 
PBI (2803) sandwich composites. 
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TABLE  XXV 

SINGLE STAGE 

PBI(2803)  Honeycomb Core Sandwich Composites 

Com- 
posite 
No. Process 

35 Step Cure 

39 Pressure Point 

40 No Adhesive (Step Cure) 

43 Step Cure 

46 Pressure Point 

60 Pressure Point 

61 Step Cure 

62 Step Cure 

Flexural Strength 
lbs/in Core 
Width 

251 

287 

146. 2 

192.2 

331 

336 

223 

228 

Shear 

235 

268 

136.8 

187.4 

309 

313 

207 

213 

Flatwise 
Tensile 

350 

337 

98 

493 

3 59 

190 

211 

202 

Notes: 

1. Autoclave pressure during cure was 30 psi. 

2. Sandwich composites were postcured before testing. 
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D. MULTIPLE STAGE OPERATION 

The multiple-stage technique employed in the processing study on 
PBI (2803) sandwich composites was the "Three-Stage Method".    In 
the initial stage of this technique the outer skin (with release cloth 
peel ply) was laid-up and cured in the autoclave in the normal manner 
for skin laminates.    In the second stage the peel ply was removed 
from the cured skin laminate and the core was bonded to the exposed 
surface by means of a film adhesive.    In the third stage, a layer of 
adhesive was laid over the bonded core,  skin prepreg plies were added, 
the assembly was covered with barrier film,   bleeder cloth and sealed 
bag, and cure performed in an autoclave using the pressure-point tech- 
nique. 

As discussed in Section IV-E, the multiple stage technique can have 
two advantages in some Production situations. 

1. The outer surface skin can be laminated at pressure well above 
the crushing point of the honeycomb core.    This enhances the 
possibilities of a dense, void-free surface skin. 

2. In many cases the shape of an aerospace vehicle component 
is such that assembly of the complete sandwich composite 
for a single-stage cure is difficult or impractical. 

The multiple stage technique was evaluated in this program on PBI 
(2803) sandwich composites as a feasibility study only - to determine 
the feasibility of the process and the effect on physical properties of 
the composite. 

Table XXVI presents some typical physical properties data on PBI 
(2803) sandwich composites fabricated by several processes*    The 
data indicated that the multiple stage technique was feasible and that 
sandwich composites possessing acceptable properties could be 
fabricated by that method. 

E. DISCUSSION ON THE  PROCESSING OF PBI(2803) SANDWICH 
COMPOSITES. 

The fabrication of PBI (2803) honeycomb core sandwich composites 
presented difficulties.    An analysis of the data in Tables XXIV and 
XXV showed that, while the strength levels were generally quite good, 
there was considerable variation.    The variation did not seem to form 
a predictable pattern. 

The cause of the variations could be ascribed to one or more of the 
following factors. 
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TABLE     XXVI 

Comparison of Process  Methods for 

PBI(2803) Sandwich Composites 

Com- 
posite 
No. 

29 

48 

46 

61 

79 

PROCESS 

Secondary Bond   -   Press 

Secondary Bond   -   Autoclave 

Single Stage   -   Pressure Point 

Single Stage   -   Step Cure 

Miltiple Stage - Three Step Cure 

Flexural Strength Flat- 
wise 

Lbs/In Core Ten- 
Width Shear sile 

241 224 329 

171 160 424 

331 309 359 

223 207 211 

253 237 250 
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1. Variations in the prepreg.  - There were some obvious varia- 
tions in the PBI prepreg used in this contract.    The pr spreg 
was prepared by a hot melt technique which is inherently sub- 
ject to variations in coating weight,  thickness, volatile content, 
reinforcement penetration,  and balance.    An attempt was made 
during preparation of test panels to discard all prepreg areas 
with heavy or light resin content. 

The prepreg was also quite dry and brittle. Even with careful 
handling some loss of resin occurred by crumbling and flaking 
during the cutting and lay-up operations. 

2. Variations in adhesive film.   - The same problems existed with 
the adhesive film as were discussed in connection with the pre- 
preg.   An additional variation   lay in the fact that the adhesive 
resin was AFR-100 (2801) resin while the prepreg resin was 
AFR-151 (2803) resin.    These two resins were compatible but 
the flow properties, outgassing, and gelation  temperature were 
different. 

3. Variations in the honeycomb core. The PBI honeycomb core 
was hand made by a laboratory process. This was subject to 
the normal human variances. 

4. Process conditions.    -   The high-temperature and long curing 
cycles required for PBI (2803) put an abnormal strain on lay-up 
techniques,   bagging film,   sealants,  thermocouples,   autoclave 
connections,   etc. 

5. Oxidation.   - The PBI resins were extremely sensitive to oxi- 
dation,  especially at high-temperatures and before the resin 
was completely cured.    If the encasing bag developed the 
slightest leak during an autoclave cure,  the PBI part being 
cured was subject to degradation.    The condition was even more 
extreme during postcure because temperatures were carried 
as high as 850F.    (This is discussed in greater detail in the 
following section, VI-F.) 

6. Bondable surface preparation for secondary bonding.  - The use 
of a peel ply to provide a bondable surface presented problems. 
The fluidity of the resin,  the high-temperature involved,  and 
the unique adhesiveness of the resin caused the peel ply to 
adhere tenaciously to the laminate.    The peel ply could be re- 
moved by sand blasting (Sample 29,  Table XXIV) but this pro- 
vided a less than optimum bonding surface. 

In Sample 53,   Table XXIV, the press cure cycle was reduced. 
This permitted the peel ply to be removed in normal fashion. 
The face sheet laminate was then post cured to achieve 
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method. 

desired physical properties*   Difficulty with the peel ply was 
not experienced in autoclave cured face sheet laminates be- 
cause cure conditions were less extreme than with the press 

' 7« Pressure.  - It was found that the autoclave pressure had to be 
limited to 20 psi during the cure cycle on PBI honeycomb core 
sandwich panels.    A pressure of 50 psi was preferred when 
curing PBI sandwich composites,   but core crushing occurred 
at the higher pressure. 

After analysing the results of the study on PBI (2803) honeycomb sand- 
wich composites,  it was decided to prepare the heat aging specimens 
for Phase II by means of the single-stage technique.    Thld decision 
was based on observations,  handling considerations,  and production- 
oriented concerns,  as well as on the physical properties data.   The 
following factors influenced the decision. 

1. The highest physical properties were obtained by the single- 
stage technique. 

2. The single-stage technique required less time per panel than 
the secondary bond method.    In fact,  the secondary bonded 
panels required nearly twice as long to fabricate.    The face 
sheets had to be cured and then bonded to the core.    The face 
sheet laminating cycle and the bonding cycle were about equal 
in length.    The single-stage method required only one cure cycle* 

3. The two cure cycles in the secondary bond method inrreased 
the opportunities for processing difficulties to arise and for 
oxidation to occur*    This could increase the chances for varia- 
tions. 

4. The problems involved in making an optimum bonding surface 
in the secondary bond method could create undesirable addi- 
tional variations. 

5. From a production processing point of view,  the single-stage 
method was preferred. 

F.        POST  CURE OXIDATION STUDY 

The post curing of PBI composites must always be performed under 
an inert atmosphere because the PBI resins are susceptible to oxida- 
tion.      During the process development work on face sheet laminates, 
the postcure step was conducted in a stainless steel envelope under a 
blanket of nitrogen. 
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The schedule used for post curing PBI (2803) composites was: 

8 hours at 400F 
8 hours at 450F 
8 hours at 500F 
3 hours at 600F 
5 hours at 70OF 
1 hour at 800 F 
1 hour at 850F 

The appearance of the post cured laminates was excellent and physical 
properties high.    (Table XXIII) 

In order to accommodate the larger sandwich panels to be prepared 
for the heat aging study« a new heat aging chamber was designed and 
constructed (Figure 21).    The chamber was made of welded stainless 
steel with a sealed door.    The chamber was positioned in a large 
laboratory oven (Figure 22).    Nitrogen was mete red (see Figure 23) 
into the top of the chamber to create an inert atmosphere. 

Several PBI (2803) laminates were post cured in the new chamber 
with disappointing results.    (Table XXVII).    The laminates were quite 
dark in color and the flexural strength values were lower than desired, 
indicating oxygen degradation. 

An investigation was conducted to determine if oxygen degradation was 
occurring in the new post cure chamber.     A laminate was prepared, 
cut into four sections, and conditioned as follows. 

1. No post cure 

2. Post cured in air 

3. Post cured in our regular stainless steel envelope under 
nitrogen. 

4. Post cured in the new chamber under nitrogen. 

Table XXVIII presents the results of the post cure test.    The detri- 
mental effect of oxidation was readily apparent in the 75% loss of 
strength by the section post cured in air.    The differences in strength 
between the sections post cured voider nitrogen indicated that the 
envelope was considerably more efficient than the new chamber. 

The new chamber was modified to prevent any air leakage around the 
door or at the seams and gas connections.   A more extensive purging 
method was incorporated into the operating procedure.    The use of 
Argon gas as the inert blanket was evaluated. 

81 



15 IN. 

INERT 
GAS 
INLET 

INERT 
GAS 
OUTLET 

OPENING SEALED DURING POSTCURE 
OPERATION BY STAINLESS STEEL 
DOOR AND ASBESTOS GASKET 

MATERIAL:  0.060 STAINLESS STEEL 

Figure 21 - Postcure Chamber for PBI Honeycomb Core bandwich Panels 
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Figure 22 - Postcure Chamber Positioned in Oven 
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TABLE XXVH 

PBI(2803)  Face Sheet  Laminates Test 

Program on New Postcure Chamber 

Sample 
No. 

Fabrication 
Method 

Autoclave 

Thickness 

.0315 

Resin 
Content, 

22.4 

JL 

Flexural 
Strength 

PSI 

124 68. 800 

125 Autoclave .038 25.3 42, 875 

126 Autoclave .032 21.3 43. 767 

127 Press .037 25.4 43. 933 

128 Press .033 22.2 51. 800 

Note: 

1.        All panels were postcured under nitrogen in the new postcure chamber 
using the standard PBI postcure schedule. 
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TABLE XXVin 

Controlled  Postcure  Test PBI(2803)  Laminate 

Condition 
Resin 
Content % 

Flexural Strength 
PSI 

No Postcure 23.5 40,800 

Postcured in Air 15.6 10,347 

Postcured in s/s envelope - N. 23.4 89,900 

Postcured in new chamber - N. 23.1 61.270 

Notes: 

1. Laminate #129 was used in this test. 

2. Laminate #129 was prepared by single-stage autoclave cure using 
the pressure point cure method. 
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The results of the final evaluation tests are shown in Table XXIX. 
Based on the results shown in Table XXIX,  argon was used as the 
inert gas blanket for all post curing operations conducted on the 
PPT (2803) sandwich composites fabricated for the Phase II study« 
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rs TABLE     XXIX 

Poetcure Study on PBI(2803)  Laminate* 

SAMPLE     NUMBER 
15Ö ■ 131 132 

CONDITION 

Resin      Flex- 
Con-       ural 
tent         Strength 
%            PSI 

Resin        Flex- 
Con-          ural 
tent            Strength 
%                PSI 

Resin 
Con- 
tent 
% 

Flex- 
ural 
Strength 
PSI 

No Postcure 33. 0        52, 900 34.1           60. 700 25.0 28. 325 

Postcured in Air 27. 2        25. 000 29. 9           37, 570 

Postcured under nitrogen 34.0        51,900 35.1           64.070 24.5 59.500 

Postcured under argon 25.0 81.275 

NOTES: 

1. Laminates were prepared by single stage autoclave cure using the pressure 
point cure method. 

2. Commercially pure nitrogen and argon were used. 
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SECTION VII 

HEAT AGING STUDY - POLYIMIDE COMPOSITES 

A. GENERAL 

Based on the results of the processing study (described in detail in 
Section IV), it was decided that the polyimide sandwich composites used 
in the heat aging study should be fabricated by the single-stage cure 
technique.    The processing for the single-stage cure of the polyimide 
honeycomb core sandwich test panels is outlined in Section IV-D, 

The test program consisted of: 

Flatwise tensile strength 
Compressive strength 
Shear and Modulus - Ribbon Direction 
Shear and Modulus - Transverse Direction 

The heat aging schedule was: 

Room temp.  - No aging 
400F - No aging,  300 hrs,  600 hrs. 
500F - No aging,   10Q, 300,  500, 600 hrs. 
600F - No aging,  100, 300,  500, 600 hrs. 

All tests were performed at the aging temperature. 

At the start of the program it was specified that, if a 50% reduction 
in shear strength in the ribbon direction had not been recorded after 
600 hours at any temperature, then additional samples would be tested 
for shear and modulus in the ribbon direction at 200-hour intervals 
until a 50% reduction in shear strength had been noted. 

As the heat aging program progressed it became apparent that the 
heat resistance of the polyimide resin system was so great that all 
sandwich configurations would still be exhibiting satisfactory strength 
values at the time the project terminated.    Polyimide heat aging tests - 
while run as long as possible - were nevertheless discontinued with 
ribbon shear and modulus values still above 50% of room temperature 
strength. 

B. QUALITY ASSURANCE 

Figure 24 shows a stack of polyimide sandwich panels prepared by 
the single stage cure method.    Before a panel was acceptable for heat- 
age testing, it was checked carefully for quality in the following manner. 
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Figure Z4 - Polyimide Sandwich Composites 
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1. Visual observation« 

2. Bond testing by means of the "coin tapping' technique over the 
entire surface of both face sheets. 

3. If the panel passed the visual and tap tests,  it was cut into 
test specimens according to the configuration shown in Figure 
25.    The indicated "Quality Assurance'   control specimens 
were then tested: 

a. Two flexural specimens  in the ribbon direction. 

b. One flexural specimen in the transverse direction* 

c. Two compressive specimens l" X l", 

d. Three flatwise tensile specimens l" XI*, 

The Quality Assurance test results were the ultimate criteria for 
acceptance of a panel for the heat aging program. 

Table XXX presents the results of the quality assurance tests on the 
4.0 lb. density polyimide sandwich composites.    Table XXXI presents 
the results of quality assurance tests on the 8.0 lb. Tensity composites. 

C.        HEAT AGING 

The test specimens were initially cut oversize and heat aged in that 
condition.   After the aging period,  the specimens were machined to 
exact size just prior to testing.    This practice was followed to reduce 
to a minimum the excessive edge effect that could occur from surface 
oxidation. 

The heat aging specimens were stacked on special support carriers 
(Figure 26) during the aging period.    The special support units per- 
mitted air to flow around each test specimen and assured   uniform 
heat aging. 

Heat aging was done in circulating hot air electric ovens.    Oven accur- 
acy was ±5F at the aging temperature.    Figures 27, 28, and 29 show 
the ovens used for the heat aging program. 

An outline of the specified heat aging schedule follows: 

1. Room temperature 

a.        No aging 
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TABLE    XXX 

Polyimide Sandwich Panels   -   4.0 lb. Density Cor« 
Quality Assurance Test Results 

Compoe* Flexural it« 
Flexural ite Shear BmnUam 
Shear Bending Strength hfeduhM 

flat- Strength Modulus (Trans- (Trans- 
Test wise Compres- (Ribbon (Ribbon verse verse 

Panel Condi- Tensile sive Direc- Direc- Direc- Direc- 
No. tion Streuth Stremth tion) tion) tion) tion) 
51 R.T. 

Q.C.» 
701 892.5 442 4310 205 3570 

52 645 672.5 424 4170 207 329S 
54 643 637.5 373 4420 190 3510 
55 680 427.5 352 4340 159 3065 
50 591 672 402 4150 166 3080 
56 679 535 346 4390 158 3520 
44 603 945 418 4370 210 3460 
45 548 677 428 4230 184 3215 
47 465 1295 548 4150 256 3505 
20 634 622 444 - 297 * 
42 667 840 411 4030 211 3265 
22 596 845 441 - 265 • 
23 628 545 310 - 144 — 
41 529 1120 429 4310 252 3500 

«Quality Control 
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TABLE     XXXI 

Polyimid« Sandwich Panel«   -   8.0 lb. Density Core 
Quality Aeeurance Teet Result! 

Test 

St 

99 

M 
»T 
It 
31 
St 
ss 
34 

36 

37 

31 

e 

e 

■ 
■ 

■ 

■ 

e 

m 

m 

m 

m 

rut- 
wise Compres« 
Tensile sive 
Strength Strength' 

785 

730 

734 

828 

700 

810 

759 

642 

815 

708 

833 

749 

697 

686 

1770 

1642 

2325 

1895 

1685 

2041 

1515 

2200 

2005 

1965 

1987 

1650 

2390 

2035 

Flexural 
Shear 
Strength 
(Ribbon 
Direc- 
tion^ 

618 

614 

664 

597 

640 

674 

620 

680 

713 

653 

656 

690 

686 

668 

Compos- 
ite 
Bending 
Mbdulus 
(Ribbon 
Direc- 
tion) 

4973 

4720 

4573 

Flexural 
Shear 
Strength 
(Trans- 
verse 
Direc- 
tion) 

514 

398 

527 

528 

408 

453 

385 

493 

493 

508 

521 

442 

481 

572 

Compoe« 
ite 
Bending 
Modulus 
(Trans- 
verse 
Direc- 
tion) 

4373 

4347 

4300 

•QnaUty Control 

94 



Figure 26 - Support Rack for Holding Test Specimens During Heat Aging 
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Figure 2.7 - Postcuring and Heat Aging Oven 
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Figure 28 - Heat Aging Oven No. 10 
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Figure 29 - Heat Aging Oven No. 11 
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-  
i im— 

2.    400F 

a. No aging 
b. 300 hours 
c. 600 hours 

3.    500F 

a. No aging 
b. 100 hours 
c. 300 hours 
d. 500 hours 
e. 600 hours 

4.    600F 

a. No aging 
b. 100 hours 
c. 300 hours 
d. 500 hours 
3. 600 hours 

D.   TESTING 

Testing of each set of aged specimens was completed as quickly as 
possible after the end of the aging period - usually within 72 hours. 
Testing was performed on an Instron Universal Test Machine« 
Figure 30 shows the GAGA Instron machine with the high-temperature 
test chamber in position. 

The test specimens were brought up to aging temperature in the Instron 
controlled temperature chamber.   When the specinnen had stabilized at 
the test temperature, the test was performed« 

An outline of the specified testing program for the heat aged honeycomb 
core sandwich specimens follows: 

1. Tests 

a. Flatwise tensile strength. 
b. Compressive strength. 
c. Shear strength - Ribbon Direction 
d. Shear Modulus - Ribbon Direction 
e. Shear Strength - Transverse Direction 
f. Shear Modulus - Transverse Direction 

2. All tests will be made at aging temperatures« 
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3* Length of tests will be continued until a 50% reduction in 
shear strength is noted. 

The tests were run according to MIL-A-2546j and MIL-STD-401A 
specifications. 

1. Flatwise Tensile Strength 

This test was performed according to MIL.-A-25463.   Figure 
31 shows a flatwise tensile specimen being tested at room 
temperature. 

Flatwise tensile data provided an excellent study on the heat 
resistant capabilities of the face sheet to core adhesive bond. 

The only problem initially anticipated with this test was the 
adequacy of the bond adhering the tensile loading blocks to 
the face sheets at the test temperatures of 500F and 600F. 

A modified polyimide adhesive was employed in this program 
to bond the loading blocks to the sample for the 50OF and 600F 
tests. 

For the room temperature and 400F tests,  a modified low 
temperature curing epoxy adhesive was used to bond the load- 
ing blocks to the flatwise tensile specimens. 

2. Compressive Strength 

This test was performed according to MIL-STD-401A.     The 
compressive strength test provided excellent data from which 
the heat resistant properties of the honeycomb core could be 
determined. 

Figure 32 shows a compressive sample in position for testing 
in the high-temperature chamber. 

3. Shear Strength 

Flexural shear strengths were determined according to 
MIL-A-25463.    The flexural test was considered an excellsnt 
test because it approximated the actual conditions of service 
for sandwich constructions and was simple to perform. 

Core shear values for the honeycomb sandwich specimens were 
obtained from a 1-1/4" X 8" flexural specimen.   The specimen 
was simply supported on a 6''  span and loading was applied at 
two quarter span points. 
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Figure 3 1 - F 1a twise Tensile Specimens Being Tested in the Instron Instrument 
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The specimen configuration was ideal for developing core shear 
values for this project.    The distance between the support and 
load spans was sufficiently short to insure that failure would 
occur by core shear rupture.   The specimen was large enough 
to diminish the effects of minor dimensional variations,  but 
not so large as to be economically inefficient. 

Figure 33 shows the interior of the Instron high-temperature 
chamber with a flexural specimen in position for testing.    The 
test data obtained from the flexural tests provided an excel- 
lent indication of the performance of the overall sandwich 
composite. 

■ 

4. Shear Modulus 

Core shear modulus values for the honeycomb sandwich speci- 
mens were obtained from the 1-1/4" X 8"  flexural specimens. 
These modulus values were a measure of beam stiffness for 
the sandwich configuration and loading conditions of the parti- 
cular specimens.    It was identified as Composite Bending 
Modulus,  Q. 

This modulus value was obtained by recording deflection during 
performance of the flexural shear strength test.    The initial 
slope of the load-stroke curve determined the value of Q. 

Figure 34 shows a close-up view of the high-temperature de- 
flectomer which produced a controlled stress-strain curve 
for determining modulus values.    Figure 35 shows a section 
of chart paper taken from the Instron machine.    Modulus values 
were calculated from the stress-strain curves produced on the 
chart. 

The Composite Bending Modulus,  Q, was influenced by the 
bending stiffness of the face sheets, as well as the shear stiff- 
ness of the core.    The Composite Bending Modulus provided a 
logical descriptive value on the performance of the composite. 
It allowed us to prepare an excellent comparative chart of the 
performance of the various sandwich composite configurations 
through the heat aging environments. 

E.       TEST RESULTS 

Table XXXII presents the test results on the 4.0 lb density polyimide 
honeycomb core sandwich composites through 600 hours of heat aging. 
Table XXXIII presents the test results on the 8. 0 lb. density polyi- 
mide composites through the 600 hour period. 
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Figure 33 - Flexural Specimen in Position for High Temperature Testing 
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T A 8 L E XXXU 

._.,._... ....-.nell !laMia • 4. 0 Deulty Core 

Heat Alina Teet lleaulta 

Flat• Flex- Com-
wtae ural poalte 
Tea• Comp. •L• Core 

CONDI'I'ION aUe Streyth Shear Mod. 

NoAPaa 
TeetH at R.. T. 665 970 438 4303 

No qt .. 
Teat" at 400F 424 448 319 3680 

NoApa1 
Teated at SOOF 457 456 249 3173 

NoAP., 
TeetH at 600F 303 158 151 3650 

100 hra at SOOF l34 411 319 3680 TeetH at SOOF 

l 00 la~a at 600F 413 289 236 2220 
Teate4 at 600F 

300 ra at 400F 411 469 355 3893 
Te • at 400F 

300 lara at SOOF 421 473 290 4083 
Teat .. at 500F 

300 lara at 600F 363 575 295 2187 
Teate4 at 600F 

500 lara at 500F 345 420 277 4153 
Teate4 at 500F 

500 lan at 600F 352 308 243 5927 
TeetH at 600F 

600 lara at 400F 391 665 323 4433 
Tt~ate4 at 400F 

600 hra at 500F 449 263 204 3397 
Teate4 at 500F 

600 lara at 600F 2Z9 3073 
Teate4 at 600F 

360 303 

108 

Flex• Com• 
ural poalte 
•w• Core 
Shear MMI. 

228 3500 

169 3030 

154 2217 

us 1423 

169 3030 

134 1227 

111 2993 

166 3163 

167 1943 

196 2117 

125 5275 

196 2587 

116 1983 

144 2087 



TABLE   XXXm 

Polyimid« Sandwich Panels   -   8.0 Density Cor« 

Heat Aging Test Results 

NO. CONDITION 

Flat- 
wise 
Ten- 
sile 

818 

Comp. 
Stremth 

1799 

Flex- 
ural 
"L" 
Shear 

627 

Com- 
posite 
Core 
Mod 

4583 

Flex- 
ural 
"W" 
Shear 

513 

Com- 
posite 
Core 
hbd 

No Aging 
Tested at R. T. 4397 

No Aging 
Tested at 400F 537 874 356 2717 309 1640 

No Aging 
Tested at 500F 544 997 312 3300 300 3073 

No Aging 
Tested at 600F 416 260 225 4520 174 1697 

100 hrs at 500F 
Tested at 500F 452 631 305 5327 244 3500 

100 hrs at 600F 
Tested at 600F 362 907 261 3600 224 2267 

300 hrs at 400F 
Tested at 400F 517 768 345 2355 267 1847 

300 hrs at 500F 
Tested at 500 F 456 911 357 4853 232 3613 

300 hrs at 600F 
Tested at 600F 392 490 290 3603 229 3350 

500 hrs at 500F 
Tested at 500F 412 752 354 4050 273 1697 

• 
500 hrs at 600F 
Tested at 600F 293 499 316 3630 237 2790 

600 hrs at 400F 
Tested at 400F 553 868 407 5773 303 4270 

600 hrs at 500F 
Tested at 500F 366 923 390 4597 297 3335 

600 hrs at 600 F 
Tested at 600F 383 475 281 3440 226 2640 

800 hrs at 600F 
Tested at 500F 

383 333 276 4637 198 3253 
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It was noted with interest that the strength values for the polyimide 
sandwich composites remained high at all temperature levels through 
the 600 hour aging period.    The flexural shear strengths (ribbon 
direction) of both the 4.0 lb. and the 8.0 lb.  density core samples 
were above 50% of the room temperature value after the 600 hour heat 
aging period at 400F,  500F. and 600F.    (The one exception to this was 
the 8.0 lb. density core sample aged at 600F.    The shear strength 
was only 42% of the room temperature value after 600 hours aging, 
but appeared to be on an increasing slope). 

In view of these encouraging results»  it was decided to continue the 
heat aging tests.    Shear strength and modulus in the ribbon direction 
were determined at 200 hour intervals beyond the 600 hour periods 
according to the schedule shown below. 

1. 4.0 lb.  density core composite. 

a. 400F aging temperature - a total of 1400 hours 
b. *      500F aging temperature - a total of 1400 hours 
c. 600F aging temperature - a total of 1000 hours 

2. 8. 0 lb.  density core composite 

a. 400F aging temperature - a total of 1400 hours 
b. 500F aging temperature - a total of 1200 hours 
c. 600F aging temperature - a total of 800 hours 

Table XXXIV presents the results of the additional heat, aging tests 
performed on the 4.0 lb.  core density polyimide sandwich composites. 
Table XXXV presents the results of the additional heat aging tests per- 
formed on the 8.0 lb. core density polyimide sandwich composites. 

It should be noted that time did not permit obtaining all additional heat 
aging information originally scheduled. 
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TABLE      XXXIV 

Polyimide Sandwich Panels   -   4.0 Density Core 

Heat Aging Test Results 

No. 

69A 

69B 

69C 

69D 

64A 

64B 

64C 

64D 

64E 

Condition 

Control 

1000 hrs at 400F 
Tested at 400F 

1200 hrs at 400F 
Tested at 400F 

1400 hrs at 400F 
Tested at 400F 

Control 

800 hrs at 500F 
Tested at 500F 

1000 hrs at 500F 
Tested at 500F 

1200 his at 500F 
Tested at 500F 

1400 hrs at 500F 
Tested at 500F 

Flexural 
Ribbon 
Shear 

370 

304 

263 

254 

361 

241 

253 

228 

211 

Composite 
Core 
Kfodulus 

4470 

3123 

3313 

3000 

4063 

3203 

3543 

2870 

3163 

HI 



TABLE XXXV 

Polyimide Sandwich Panels   -   6. 0 Density Core 

Heat Aging Test Results 

No. 

63A 

63 B 

63C 

63D 

63E 

70A 

70B 

70C 

Condition 

Control 

800 hrs at 400F 
Tested at 400F 

1000 hrs at 400F 
Tested at 400F 

1200 hrs at 400F 
Tested at 40OF 

1400 hrs at 400F 
Tested at 400F 

Control 

800 hrs at 500F 
Tested at 500F 

1000 hrs at 500 F 
Tested at 500F 

Flexural 
Ribbon 
Shear 

615 

439 

405 

398 

393 

494 

326 

297 

Composite 
Core 
Modulus 

4485 

4007 

3740 

3780 

3650 

4270 

3790 

3820 
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SECTION VIII 

HEAT  AGING STUDY   - PBI SANDWICH COMPOSITE 

A. GENERAL 

Based on the results of the processing study discussed in Section VI 
the single-stage cure technique using the pressure-point method was 
selected   for preparing the PBI (2803) sandwich  composites to be 
evaluated in the Phase II heat aging study. 

The heat aging schedule was the same as for the polyimide composites. 

Room temperature - No aging 
400F - No aging,   300 hours,   600 hours 
500F - No aging,   100,   300,  500,  600 hours 
600F - No aging,   100,   300,  500,  600 hours 

The test program was also the same: 

Flatwise tensile strength 
Ccmpressive Strength 
Shear and Modulus - Ribbon Direction 
Shear and Modulus - Transverse Direction 

All tests were performed at the aging temperature. 

At the start of the program it was specified that those series which 
maintained shear strength values greater than 50% of their room 
temperature values after 600 hour aging should be continued.    Addi- 
tional samples were to be tested for shear and modulus (ribbon direc- 
tion) at 200 hour intervals until a 50% reduction in shear strength 
occurred. 

The PBI test series aged at 400F were the only ones which maintained 
ribbon direction shear strength values above 50% after 600 hours 
aging.    However, time did not permit the continuation of the aging 
program.    All PBI aging tests were terminated after the 6 00 hour 
period. 

B. QUALITY ASSURANCE 

Figure 36 shows a stack of PBI (2803) sandwich panels prepared by 
the single stage pressure poi     method.    Post curing was performed 
under an argon atmosphere.    « ich panel was checked carefully for 
quality in the following manner before acceptance for the Phase II 
heat aging study. 
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1. Visual observation. 

2. Bond testing by means of the 'coin tapping"  technique over 
the entire surface of both face sheets. 

3. Physically testing selected control specimens from each 
panel. 

a. Three flexural specimens in the ribbon direction. 
b. Three flexural specimens  in the transverse direction. 
c. Three compressive specimens 1*  X l", 
d. Three flatwise tensile specimens l" X l". 

Figure 37 shows the manner in which each PBI panel was cut for heat 
aging and quality assurance testing.    As indicated,   selected test sam- 
ples were obtained from each panel for Quality Assurance and Control 
testing.    Table XXXVI presents the results of the quality assurance 
tests conducted on 4. 0 lb.  density PBI core sandwich composites« 
Table XXXVII presents the results of the quality assurance tests 
conducted on 8. 0 lb.  density PBI core sandwich composites, 

C.        HEAT AGING 

The specimens to be heat aged were initially cut oversize and then 
trimmed to exact size after heat aging in the hopes of reducing the 
edge effect of oxidation.    The specimens were stacked on the special 
support carriers (Figure 26) during the aging period to permit free 
air circulation around each specimen and assure uniform heat aging. 

Circulating hot air electric ovens, with an accuracy of ±5F at the 
aging temperature, were used for heat aging the, PDI composites. 

The heat aging schedule was: 

1. Room temperature 

a.        No aging 

2. 400F 

a. No aging 
b. 300 hours 
c. 600 hours 

3. 500F , 

a. No aging 
b. 100 hours 
c. 300 hours 
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TABLE   XXXVI 

PBI Sandwich Panels   •  4. 0 lb.   Density Cor« 

Quality Assurance Test Reeults 

Panel 
No. 

Tost 
Condi- 
tion 

Flat- 
wise 
Tensile 
Strength 

Compres- 
sive 
Strength 

Flexural 
Shear 
Strength 
(Ribbon 
Direc- 
tion) 

Compos- 
ite 
Bending 
Modulus 
(Ribbon 
Direc- 
tion) 

Flexural 
Shear 
Strength 
(Trans- 
verse 
Direc- 
tion) 

Compos- 
its 
Bonding 
Modulus 
(Trans- 
verse 
Direc- 
tion) 

R. T, 
Q.C.* 331 1046 • - 214 4293 

470 460 191 3200 108 2417 

274 382 198 3247 98 2493 

266 367 200 3340 107 2657 

— - 210 3520 119 2523 

157 241 183 2467 81 1455 

243 1085 369 5013 328 4810 

221 905 293 4803 261 457) 

251 1052 205 4183 147 3950 

295 1023 407 5533 313 5057 

200 693 268 5003 177 358) 

360 410 264 4540 140 3113 

303 779 405 5103 222 4290 

309 545 285 4780 195 396) 

•Quality Control 

117 



TABLE    XXXVII 

PBI Sandwich Panel«   •   8.0 lb. Oeniity Core 
Quality Asaurance Test Results 

No. 

Test 
Condi- 
tion 

rut- 
wise 
Tensile 
Strength 

174 

Compres- 
sive 
Strength 

751 

Flexural 
Shear 
Strength 
(Ribbon 
Direc- 
tion) 

336 

Compos- 
ite 
Bending 
Modulus 
(Ribbon 
Direc- 
tion) 

4600 

Flexural 
Shear 
Strength 
(Trans- 
verse 
Direc- 
tion) 

244 

Compos- 
ite 
Bending 
Modulus 
(Trans- 
verse 
Direc- 
tion) 

R.T. 
Q.C.* 4395 

222 713 356 4665 263 4167 

209 929 417 4660 260 4507 

169 972 303 4817 279 4427 

245 315 173 3597 30 579 

346 609 156 3817 210 2090 

333 623 385 4710 142 3707 

294 34 208 4247 113 3333 

203 883 443 5105 284 4720 

227 601 319 4710 267 4063 

258 576 278 5277 284 4943 

300 652 367 5197 291 4577 

336 752 414 5417 289 4707 

302 916 403 6173 289 4997 

458 855 416 5830 255 4517 

Quality Control 
* Replaced panel 180 
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d. 500 hours 
e. 600 hours 

4.    600F 

a. No aging 
b. 100 hours 
c# 300 hours 
d. 500 hours 
e. 600 hours 

D.   TESTING 

Testing of the FBI sandwich composites was performed in the same 
manner as described in Section VII-D for polyimide composites* 

TEST RESULTS 

Table XXXVLQ presents the complete results of the heat aging tests 
performed on 4. 0 lb. core density PBI sandwich composites«    Table 
XXXIX presents the complete results of the heat aging tests per- 
formed on 8.0 ]b.  core density PBI sandwich composites.    It should 
be noted that it was impossible to test any of the specimens that 
were heat aged at 600F.    The PBI resins were so subject to oxygen 
degradation that hot air aging of the unprotected honeycomb core 
sandwich specimens,  proved to be disastrous.    The honeycomb core 
was quite porous and permeable.    The skins were only .030' to 
. 035    thick and were also permeable.    Since the samples were rel- 
atively small in size, every portion of the test composite was vul- 
nerable to oxygen attack. 

Extreme care was used during fabrication to prevent oxidation. 

The PBI sandwich composites were fabricated by a single stage auto- 
clave technique.     The sandwich lay-up was enclosed in a leak-proof 
aluminum foil blanket which was vented to the atmosphere through 
the wall of the autoclave to permit the escape of volatiles.    Consid- 
erable outgassing occurred during the cure cycle.   Figures 38 and 39 
show the dense white gas (ammonia, phenol, water, and other reaction 
products) which issued from the exit end of the vent tube.    Figure 39 
was taken at the point in the cure cycle when pressure was applied« 
The sandwich composites were post cured under a blanket of argon 
to eliminate any oxygen degradation. 

Heat aging,  however, was done in air and it seems obvious that the 
post cured resin was still highly susceptible to oxygen attack at 
elevated temperatures. In fact, oxygen degradation was so severe 
at 600F that the specimens literally fell apart upon removal from 
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TABLE   XXXVIII 

- 4.0 lb. Oanaitjr Cora 
Haat Aging Tait Harttlta 

4S 

n 
n 
ft 

M 

SI 

7S 

M 

«7 

tt 

Tl 

Taal 

NeAfing 
TaaUS at IL T. 
No Aging 
Taatad at 400P 
No Aging 
Taatad at 900F 
No Aging 
Taatad at 60(»F 
100 Hru at 50ÖF 
Taatad at 500F 
»00 Hra at 600F 
Taatad at 600F 
300 Hra at 400F 
Taatad at 400F 
»00 Hra at 500F 
Taatad at 500F 

* 360 Hra at 600F 
Taatad at 600F 
500 Hra at 500F 
Taatad at 500F 
»00 Hra at 600F 
Taatad at 600F 
MO Hra at 400F 
Taatad at 400F 
400 Hra at 500F 
Taatad at 500F 
MO Hra at 600F 
Taatad at 600F 

Flat- 
wiaa 
Tan- 
aila 
Str. 

tm 

tu 

295 

265 

33) 

46 

249 

439 

li5 

1S7 

517 

Cow 
praa- 
•Iva 
Str. 

1259 

268 

251 

IST 

466 

HO 

341 

334 

Flaxural 
Shaar 
Strength 
(Ribbon 
Oirac- 
tion) 

406 

181 

189 

203 

204 

82 

230 

212 

Compoa- 
ita 
Banding 
Modulua 
(Ribbon 
Direc- 
tion) 

Flaxural 
Shear 
Strength 
(Traae- 
varse 
Direc- 
tion) 

Compoa 
ita 
Bandit« 
Msdulua 
(Trana- 
verae 
Direc- 
tion) 

4853 270 4160 

2337 100 1408 

1430 89 1224 

2987 90 1072 

3570 93 2700 

2033 44 1153 

3433 93 2427 

3520 

Roein    Burn    Out 

21S 179 3433 

Reein    Barn    Out 

290 

393 

223 

186 

3470 

3403 

144 

76 

199 

73 

3213 

2533 

2743 

2593 

Reein    Burn    Out 
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TABLE    XXXIX 

PBI Sandwich PaneU   -   8.0 lb.   Density Cor« 

Heat Aging Test Result« 

Pan-    Test 
•1 Condi- 
No.       tion 

89 

91 

94 

96 

85 

87 

77 

80 

83 

72 

73 

74 

75 

76 

No Aging 
Tsstad at R. T. 

No Aging 
Tested at 400F 

No Aging 
Tested at 500F 

No Aging 
Tested at 600F 

100 Hrs at 500F 
Tested at 500F 

100 Hrs at 600F 
Tested at 600F 

300 Hrs at 400F 
Tesled at 400F 

300 Hrs at 500F 
Tested at 500F 

300 Hrs at 600F 
Tested at 600F 

500 Hrs at 500 F 
Tested at 500F 

500 Hrs at 600F 
Tested at 600F 

600 Hrs at 400F 
Tested at 400F 

'»OO Hrs at 500F 
Tested at 500F 

600 Hrs at 600F 
Tested at 600F 

Flat 
wise 
Ten- 
sile 
Str. 

188 

193 

194 

193 

128 

84 

358 

871 

75 

257 

539 

Corn- 
ores- 
sive 
Str. 

785 

759 

727 

513 

512 

385 

405 

223 

654 

538 

419 

Flexural 
Shear 
Strength 
(Ribbon 
Direc- 
tion) 

325 

184 

257 

244 

321 

91.5 

345 

265 

Compos • 
ite 
Bending 
Mudulus 
(Ribbon 
Direc- 
tion) 

4683 

2117 

2874 

2637 

4090 

2973 

4533 

4287 

Flexural 
Shear 
Strength 
(Trans- 
verse 
Direc- 
tion) 

254 

200 

114 

207 

112 

106 

278 

252 

Re sin Burn    Out 

96 3317              119 

Resin Burn    Out 

358 4173              289 

146 4225              198 

Resin Burn    Out 

Compos- 
ite 
Bending 
Mxkilus 
(Trans- 
verse 
Oirec- 
tion) 

4630 

2310 

1640 

2323 

3380 

2993 

3810 

3780 

3307 

3087 

2880 
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the heat age oven.    Figure 40 shows a series of 600F heat aged PBI 
sandwich specimens as they appeared at the end of their respective 
heat age periods*    Figures 41, 42, 43.  44, and 45 show close up 
views of these heat aged series and give graphic evidence of the ex- 
tent of the resin burn-out,  adhesive degradation, and core deteriora- 
tion. 
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SECTION IX 

CORRELATION OF DATA - POLYIMIDE COMPOSITES 

A. GENERAL 

The strength values for the polyimide sandwich composites remained 
high over the scheduled aging period of 600 hours for all test tempera- 
tures of 400F,  500F, and 600F.    Heat aging tests were therefore con- 
tinued.    Values for shear strength and modulus in the ribbon direction 
were determined at 200-hour intervals beyond the 600-hour period*» 
according to the following schedule: 

1. 4.0 lb.  per cu. ft. density polyimide core 

a. 400F - Total of 1400 hours 
b. 500F - Total of 1400 hours 

2. 8. 0 lb.  per cu« ft. density polyimide core 

a. 400F - Total of 1400 hours 
b. 500F - Total of 1200 hours 

B. GRAPHICAL PRESENTATION 

The heat aging data collected on the polyimide honeycomb core sand- 
wich composites were reduced to graphical form in the following 
nranner. 

1. An overall average room temperature value was obtained for the 
desired physical property of each sandwich configuration by using 
all appropriate room temperature values including the quality 
assurance and control values« 

2. The quality assurance values obtained on each individual sample 
panel were considered the basic room temperature strengths for 
that panel.   All test specimens were catalogued with reference 
to the sample panel from which they were cut. 

3. The strength retention of each heat aged and tested specimen 
was determined by relating back to the basic room temperature 
values of the panel from which the specimen was cut. 

4«        The Heat Age graphs were drawn to show "Percent Retention of 
Room Temperature Strength"  versus "Hours of Heat Aging'« 

5.        The Overall Average Room Temperature Strength was printed 
on each graph« 
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The Heat Age Graphs on polyimide sandwich composites presented in 
this report are: 

Figure 46 - Flatwise Tensile Strength - 4. 0 lb.   Density Core 
Figure 47 - Compressive Strength - 4. 0 lb.  Density Core 
Figure 48 - Flexural Shear Strength - Ribbon Direction - 4. 0 lb 

Core 
Figure 49 - Composite Bending Modulus - Ribbon Direction - 

4. 0 lb.   Core 
Figure 50 - Flexural Shear Strength - Transverse Direction - 

4. 0 lb.   Core 
Figure 51 - Composite Bending Modulus - Transverse Direction • 

4.0 lb.   Core 
Figure 52 - Flatwise Tensile Strength - 8. 0 lb.   Density Core 
Figure 53 - Compressive Strength -8.0 lb.  Density Core 
Figure 54 - Flexural Shear Strength - Ribbon Direction - 

8.0 lb.   Core 
Figure 55 - Composite Bending Modulus - Ribbon Direction - 

8.0 lb    Core 
Figure 56 - Flexural Shear Strength - Transverse Direction - 

8.0 lb.  Core 
Figure 57 - Composite Bending Modulus - Transverse Direction - 

8. 0 lb.   Core 

The figures present a graphical picture of the changes in the physical 
strengths of the polyimide composites during heat aging at 400F,   500F, 
and 600 F. 

C.        DISCUSSION OF HEAT  AGE DATA 

1. The heat resistance of both the 4.0 lb. density core composite 
and the 8. 0 lb. density core composite with respect to all the 
physical properties tested was excellent.    The polyimide resin 
showed outstanding high-temperature strength properties at 
400F,  500F,  and 600F. 

2. It should be noted that even after 1400 hours aging at 400F and 
at 500F, the  shear      strength and modulus of the 4.0 lb» density 
core construction remained well above 50% of the room tempera- 
ture values.  (Figure 48).   After 1000 hours there appeared to be 
a slight decline in strength.    However,   the values at the    1400- 
hour mark were nearly the same as the initial values before 
heat aging started.    It was, therefore,   difiicult to tell whether 
the apparent downward trend was actual or only circumstantial. 
It was obvious that the useful life of the composite had not by 
any means been reached. It was felt that if design values for 
the 4.0 lb.  density core polyimide sandwich composite were to 
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Figure 54 - Polylmlde Composite, 8.0-lb Core, Ribbon Flexural Shear Strength, Hours 
Aging versus Percent Retention of Room Temperature Strength 
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be determined for extended use at elevated temperature«, the 
heat aging tests would have to be carried out beyond the 5000- 
hour mark and probably to 10, 000 hours.    More valid design 
values would also be obtained if the test procedures were more 
rigorous.    Testing should go beyond simple static heat aging and 
include heat aging under stress, fatigue   testing,  and cyclic 
testing. 

3«        It is quite apparent that the comments made in the preceding 
paragraph concerning the useful life of the 4.0 lb.  core density 
polyimide composites are equally true for the 8« 0 lb.  core den- 
sity polyimide composites.    The final values at the end of 1400 
hours aging at 400F and 1200 hours aging at 500F on the 8.0 lb. 
core density composites were actually higher than the initial 
values before heat aging began.   (Figure 54).    The useful life of 
the composites most certainly lay well beyond these aging periods. 

4. The 8. 0 lb. density core composite was stronger in every respect 
than the 4.0 lb. density core cr mposite based on room tempera- 
ture strength values. 

5. When tested at elevated temperatures (no aging), the 8. 0 lb, core 
composite was stronger based on actual strength values,  but the 
4. 0 lb.  core composite appeared to retain a higher per cent of 
its room temperature   strength.    This was probably due to the 
fact that in fiberglass reinforced composites the lower the reuin 
binder (within limits) the more predominant becomes the high 
temperature strength of the glass reinforcement. 

6. The 8. 0 lb. core composite appeared to be slightly more heat 
resistant than the 4. 0 lb.  composite.   The strength values for 
the 8. 0 composite were more uniform and more stable.    However, 
the heat resistant properties of both composites were so outstand- 
ing over the aging periods involved that it is difficult to determine 
which core has superior heat resistant properties.    Longer aging 
periods would be required to make 'i, firm distinction between the 
two cores. 
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CORRELATION OF DATA -  PBI COMPOSITES 

A. GENERAL 

Test values for the PBI composites were variable and unpredictable. 
The susceptibility of the PBI resin to oxygen degradation during cure, 
post cure,  and heat aging coupled with the often extreme non-uniformity 
of the prepreg,  adhesive film, and honeycomb core gave the fabrication 
and testing program on PBI honeycomb composites a high degree of 
variation* 

All specimens aged at 600F experienced complete failure before the 
end of the 300 hour test period.   Specimens aged at 500F exhibited 
definite signs of degradation»   Strength values in most cases had drop- 
ped below 50% of room temperature values after 600 hours aging. 

All specimen configurations aged at 400F retained over 50% of their 
room temperature strength at the 600 hour test period.   Additional 
testing wovld be required to definitely establish the heat resistance 
capabilities of the PBI composite at 400F.    Time did not permit 
extension of the tests beyond the 600-hour period, however. 

B. GRAPHICAL PRESENTATION 

The heat aging data collected on the PBI (2803) honeycomb core sand- 
wich composites were reduced to graphical form in the manner des- 
cribed in Section IX-B (on polyimide composites). 

The Heat Age graphs on PBI sandwich composites presented in this 
report are: 

Figure 58 - Flatwise Tensile Strength - 4. 0 lb.   Density Core 
Figure 59 - Compressive Strength - 4. 0 lb.  Density Core 

i Figure 60 - Flexural Shear Strength - Ribbon Direction - 
' 4.0 lb.   Core 

Figure 61 - Composite       Pending Modulus - Ribbon Direction 
4.0 lb.   Core 

Figure 62 - Flexural Shear Strength - Transverse Direction - 
4. 0 lb.   Core 

Figure 63 - Composite Bending Modulus - Transverse Direction - 
4.0 lb.   Core 

Figure 64 - Flatwise Tensile Strength -8.0 lb.   Density Core 
Figure 65 - Compressive Strength -8.0 lb.  Core 
Figure 66 - Flexural Shear Strength - Ribbon Direction - 

8. 0 lb.  Core 
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Figure 67 - Composite Bending Modulus - Ribbon Direction - 
8. 0 lb. Core 

Figure 68 - Flexural Shear Strength - Transverse Direction - 
8.0 lb. Core 

Figure 69 - Composite Berding Modulus - Transverse Direction - 
8. 0 lb.  Core 

The figures present a graphical picture of the changes in the physical 
strengths of the FBI composites during heat aging at 400F, 500F, and 
600F over a period of 600 hours. 

The 600F aging curves are all dotted between the strength value at 
100 hours and zero strength at 300 hours to indicate complete failure 
at sometime during this period. 

Some of the 400F and 500F heat aging curves in Figures 58 through 69 
are shown as dotted lines because test values varied to such an extent 
that the actual position and trend of the heat aging curves were nearly- 
impossible to determine. 

These poorly established curves which are dotted in Figures 58 through 
69 are shown in Figures 70,  71, and 72 as solid lines with the actual 
test values marked on the graphs.    The extensive scatter of the points 
is readily seen and the confusion this presents in attempting to draw 
in a representative, yet logical, curve becomes apparent.    The cor- 
responding curves at the other heat aging level (40CF or 500F) are 
dotted in on the graphs of Figures 70,  71,  and 72 to give some visible 
evidence as to why the shapes of the poorly established curves are 
presented as shown.    The general trend of the PBI heat aging curves 
would strongly indicate that the higher the aging temperature,  the 
lower the strength and the more rapid the loss of strength as aging 
tir-.e increases. 

The curves which are difficult to establish based on the actual test 
results are presented in Figures 70,  71, and 72 in such a manner 
as to correspond to the general trend. 

C.        DISCUSSION OF HEAT  AGE DATA 

1. In all cases,  specimens heat-aged at 600F experienced cata- 
strophic deterioration sometime after 100 hours.    Resin burn- 
out, adhesive deterioration,  and core degradation occurred to 
such an extent between 100-hours and 300-hours aging periods 
that the samples literally fell apart and could not be tested. 

2. The heat aging results at 400F and 500F indicated that oxygen 
degradation became less severe at the lower temperatures. 
Strength values were still above 50% of room temperature 
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values after aging for 600 hours at 400F. 

3. The 8.0 lb. density core composite was stronger than the 4*0 lb* 
density core composite with respect to the physical properties 
tested.    The increase in strength« however, was not very great« 

4. Test results on PBI composites were varied and unpredictable« 
A number of reasons have been advanced for this variability: 

a. Variations in the prepreg.  - The PBI (2803) prepreg was 
quite non-uniform.    Appearance,  resin content, and 
resin consistency varied from rol 1 to roll,  along the 
length of the roll, and across the roll. 

b. Variations in the honeycomb core«  - The PBI (2803) honey- 
comb core stock was also non-uniform«    Variations were 
apparent in resin content, porosity, and resin filleting at 
the node bond l?nes« 

c. Variations in adhesive film.  - The PBI (2801) adhesive 
film varied in the same manner as the PBI (2803) prepreg* 
The fact that the prepreg contained the AFR-151 resin 
while the adhesive film contained the AFR-100 resin added 
another variable«    The two PBI resins differed in reaction 
temperature,  outgassing violence and composition, and 
cure temperature. 

d. Oxygen degradation during cure.  - Any air leakage into 
the bagged composite during the autoclave cure caused 
resin degradation.    In several cases,  air contamination 
during cure was detected by the severe discoloration im- 
parted to the composites.    These sample parts were dis- 
carded.    It is possible, however,  that minor bag leakage 
could occur and go undetected.    The PBI resin was a dark 
brown and discoloration due to slight resin degradation 
could not be seen. 

e. Oxygen degradation during post cure.   - The PBI sandwich 
composites were post cured under a blanket of argon be- 
cause of the susceptibility to oxygen degradation at the 
post cure temperatures.   Any traces of oxygen caused 
resin degradation.    With the honeycomb core sandwich 
composites,  prolonged purging of the post curing chamber 
was necessary before the start ol the post cure cycle.    Air 
entrapment within the core cells could be a source of non- 
uniform degradation. 
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f. Oxygen degradation during heat aging.  - The PBI compos- 
ites were heat aged in ovens with forced air circulation. 
No attempt was made to protect the samples from oxygen 
attack.    The test specimens were cut oversize for heat 
aging and then trimmed to exact size for testing in order 
to minimize edge effect.    The value of this procedure was 
questionable, however,   because of the extreme porosity 
of the honeycomb core.    During heat aging the test speci- 
mens were supported on special racks which kept each 
specimen separated from the others.    Even with this pre- 
caution it is possible that oxygen attack could vary due to 
position on the support rack and due to location within the 
oven. 

g. Curing pressure.  - It was found that the autoclave pres- 
sure had to be carefully controlled during the cure cycle 
to prevent core crushing.    A pressure of 50 psi was tried 
initially but was found to be too high.    Pressures of 30 psi, 
25 psi,  and finally 20 psi were then investigated. 

The lower pressure of 20 psi was used for processing the 
heat age test samples when indications of core crushing 
were detected at higher pressures.    Pressures this low 
caused considerable concern,  especially since an alumi- 
num foil was used for bagging and the bag was not under 
vacuum but vented through the autoclave wall to the 
atmosphere. 
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SECTION XI 

CONCLUSIONS 

POLYIMIDE RESIN SYSTEM 

1. Satisfactory thin face sheet laminates can be prepared by 
both press and autoclave methods. 

2. A "pressure-point"  cure technique was developed which 
provided a controlled,  efficient method for fabricating 
face sheet laminates.    The technique was applicable to 
both press and autoclave processing. 

3. A press cure of 20 minutes at 600F under 250 PSI  pres- 
sure produced four-ply face sheet laminates which did not 
require post curing.     Flexural strengths in excess of 
75,000 PSI (RT) were obtained. 

4. An autoclave cure of 90 minutes at 400 F under 50 PSI 
pressure produced four-ply face sheet laminates which 
did not require post curing.    Flexural strengths in excess 
of 75, 000 PSI (RT) were obtained. 

5. The use of a treated release cloth peel ply on one surface 
of the laminate produced an excellent bondable surface for 
secondary bonding operations. 

6. Satisfactory sandwich composites could be prepared by 
secondary bonding.   Acceptable secondary bonds were made 
by both the press and autoclave methods. 

7. Single-stage fabrication and multiple-stage fabrication pro- 
duced satisfactory sandwich composites in the autoclave 
method.    The single-stage technique was most satisfactory 
from the standpoint of overall properties and fabrication 
efficiency. 

8. The "pressure-point" cure technique was applicable to the 
autoclave fabrication of honeycomb core sandwich compos- 
ites. 

9. The sandwich composites with the 8. 0 lb. per cu. ft.  core 
density were stronger than the composites using the 4.0 lb. 
core.    Physical properties were approximately proportion- 
al to core density. 
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10. The polyimide sandwich composites exhibited excellent 
resistance to heat aging. 

11. The sandwich composite with the 4.0 lb.  core density 
retained 69% of the room temperature   shear     strength 
after 1400 hours at 400F,   58% after 1400 hours at 500F; 
and 53% after 600 hours at 600F.   Aged samples were 
tested at aging temperature. 

12. The sandwich composite with 8.0 lb.  core density retained 
63% of the room temperature   shear  . strength after 1400 
hours at 400F; 61% after 1200 hours at 500F; and 42% after 
600 hours at 600F.   Aged samples were tested at aging 
temperature. 

FBI RESIN SYSTEM 

1« Thin face sheet laminates were successfully prepared by 
both the press and autoclave methods. 

2. The "pressure-point'  cure technique was used successfully 
for both press and autoclave fabrication of thin face sheet 
laminates. 

3. A press cure of 90 minutes at 700F under 200 PSI pressure 
produced four-ply AFR-151(PBI) laminates which exhibited 
flexural strength values in excess of 80, 000 PSI (RT). 
Post curing did not appear to be necessary,  but was con- 
sidered appropriate because of the high conversion tempera- 
ture of the resin. 

4. In the autoclave fabrication of AFR-151 (FBI) laminates 
and sandwich composites,  a soft aluminum bag sealed by 
uncured silicone rubber tape and silicone gaskets was re- 
quired to withstand the high cure temperatures. 

5. In autoclave processing it was necessary to vent the part 
to the atmosphere. 

6. Autoclave temperatures could be kept below 550 F provided 
an extended 5-1/2-hour step-cure cycle was employed. 

7. The cure cycle could be shortened to four hours by using 
the pressure-point technique and an autoclave temperature 
of 620F. 
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8. Face sheet laminates prepared by the autoclave method 
required a 34-hour post cure treatment.    Flexural strength 
values of four ply laminates were in excess of 80, 000 PSI 
(RT). 

9. The use of a treated release cloth peel ply produced a sat- 
isfactory bondable surface for secondary bonding. 

10. Satisfactory sandwich composites were prepared by second- 
ary bonding using both press and autoclave methods. 

11. Satisfactory honeycomb core sandwich composites were 
prepared in the autoclave using single-stage and multiple 
stage fabrication methods.    The single stage method was 
considered best* 

12. The "pressure-point" cure technique was applied success- 
fully to the autoclave fabrication of PBI sandwich compos- 
ites. 

13. The APR-151 (PBI) resin system was highly susceptible to 
oxidation during cure and post cure. 

14. The  strength values of the PBI sandwich composites were 
variable and unpredictable.    This was felt due to the exces- 
sive variations encountered in supplied materials« the ex- 
treme processing conditions; and oxygen degradation. 

15. The PBI sandwich construction was subject to oxygen de- 
gradation during heat aging.    Degradation increased as 
aging temperature increased.    Test specimens underwent 
catastrophic failure in less than 300 hours at 600F. 

16. The sandwich composite with 4.0 lb. core density retained 
84% of the room temperature  shear    strength after 600 
hours at 400F; 43% after 600 hours at 500F.   Aged samples 
were tested at aging temperature. 

17. The sandwich composite with 8.0 lb. core density retained 
86% of the room temperature   shear    strength after 600 
hours at 400F; 36% after 600 hours at 500F.   Aged samples 
were tested at aging temperature. 
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SECTION xn 

RECOMMENDATIONS 

1» The static heat aging test program started in this project should 
be continued until strength values drop below the 50 f» level, or 
for a minimum of 10,000 hours.    This would provide the long-time 
heat aging data felt necessary for design of supersonic aircraft 
components with a high level of confidence. 

2. The polyimide resin sandwich composite system should be subjected 
to a more rigorous test program.    Fatigue testing, cyclic testing, 
and heat aging under load should be included to provide test condi- 
tions approaching the actual environment of future supersonic aero- 
space vehicles. 

3. New improved sandwich core constructions using polyimide resin as 
the binder should be evaluated. 

4. Metal-plastic structural sandwich constructions should be studied. 
Titanium-polyimide combinations should definitely be included. 
Processing studies and heat age testing should be performed. 

5« Studies should be developed for reducing the susceptibility of PBI 
sandwich constructions to oxygen degradation.    These studies should 
include an evaluation of sealants,  barrier films,  and core fillers. 
Process improvement techniques should also be explored. 
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