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PREFACE 

This document reports the results of Phase III of the NASA 
A\Aarshall Space Flight Center program entitled, "Development of 
Advanced Materials Composites for Use 2s Insulation for LHz 
Tanks." This work is being conducted under NASA Con- 
tract-NAS8-25973. Mr. W. E. Hill serves as principal contract- 
ing officer representative, This final report covers the period 
from 1 May 1972 to 1 February 1973. 

The Progran Manager is 0. K, Salmassy and the Principal 
Investigator is C, R. Lemons. 
overall technical direction of R. F. Zemer, Deputy iXrector. 
Materials and Methods - Research aad Engineering. 

This program is under the 





A study of thrcad-reinforced polyurethane foam zrad glass fabric 
h e r ,  serving as internally bonded insulation for NASA Space 
Shuttle LH2 Tanks, is reported. Smpbasis was placed on an 
insulation system capable of reentry and multiple reuse in the 

Shutt€e environment. Thc optimiied mardacturing parameters 
associated with each element of the cwrnposite are established 
and the results, showing su -cessful completion of subscale system 
evaluation Tests using the shuttle flight environmental require- 
sr.*:nts, are @veri. 
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Section 1 

INTRODUCTION 

The pr imary  objectix-e of this program has been to develop reliable advanced 

mater ia l  compqsites for a minimum-weight internal insulation that  \vi11 pro- 

vide adequate protection of NASA Space Shuttle LH2 tanks for up to 100 and 

preferably 200 missions.  Emphasis has been placed upon developing a ron- 

cept that will n o t  be adversely affected by LH2 timk outer-surface tcmpera-  

hires of u~ t )  177°C (35;"F). 

The basic  approach of this program has been to develop a modiiicaticn of the 

MDAC/NASA-developed S-IVE-3D foam insulatioz for application to tne 

m o r e  severe environment of the Space Shuttle. 

successful in developing the basic material .  
developed and i t s  perrtormance verified. 

Phase  I of :!-.!s program was 

An improved composite was 

The baseline composite selected f rom Thase I of tnis program. consisted of 

t h r ee - dim en s ion ally t 3 D ) re i n f o rc ed , h e at - s tab i 1 i I ed B S - 2 4 9 N foam, w i t h 

a l iner  of 8?8/CL rcsir,-in;pregnate? 116-glzss cloth and a tank-wall 

adhesive of LZIlA!LZ resin.  

Objectives of P h a s e  Ii included Optimization of the baseline composite 

and analysis of Space Shuttle vehicle environments rlot considered previously. 

Tank insulation fabrication and ins tallation procedures directly appli cab!e ta 

the Space Shuttle w e r e  csta5lished. During P h a s i  I!, an  as -machined mctal 

surface with a ch-oniic-acid anodizeci coating was selected as the baseline 

tank-wall cq:tdition (Task 7) .  Also during Phzse 11, 2s-molded 3X-251h-3D 
form with silaze ( E C  3?01) primed f i b e r s  was substituted for BS-24-?'.;-30-3 
3 s  the base l ine  rrsi!:forced :-am system. 



Because of functional s imi la r i t i es  betwrserl S- iVf:  and Shuttle ixitr-rnal 

insulation requirements,  the performGnce requirementc es:ablishcd for  the 

S-IVB system were  used during Phase  I as t1.e basis  for mater ia l  develop- 

merits( Rzference 1). Phase  B Shuttle studies w e r e  subsequently comp!eL, -? 

along with extensirr? studies (Reference 2). 

During the Shuttle Phase B studies,  emphasis was shifted f rom a completely 

reusable system to analysis  of ar. Orbi te r  with external  expendable tanks 

(Reference 3). Under a recent expenciable tank concept. the Orbi ter  c a r r i e s  

its hydrogen propellant ia Gne external  tank. 

wall with reinforcement in same areas. N o n e  of the insulation requirements  

set forth in  Reference 1 was a l te red  for this study by these more recent  

sys tem considerations. 

The tank would have a smooth 

The objectives of Phase IU were to optimize the weight of the Phase I1 s y s -  

tem further  and to \.crify the cryogenic therrzostructural  performance of the  

Phase I1 ccrnposite and the lightweight composite rcsdt ing  from Phase IIJ. 

2 



Section 2 

EXPERIMENTAL PROGRAM 

The Phage IU experimental  program was divided into the followlng tasks: 

Task I - Li tera ture  Survey 

Task 2 - Lightweight Foam Optimization 

Task 3 - Lightweight Gap Filler F o r  Joincs 

Task 4 - Minimum Tack-wali Adhesive Weight 

Task 5 - System Evaluation Tests 

Thp approach t o  P h a s e  III was to proceed f ,  3m the development o f  a com- 

posite based on large-scale  fabrication and installation procedures with the 

cryogenic XFerification of the resulting performance. 

Phase  In went one s t ep  fur ther  and sought the development ana cryogenic 

verification of a lighter-weight and a lower-cost version of the ?hs.se i I  
composite. 

The approacii of 

2.1  LITERATURE SURVEY (TASK 1) 

The objective of this task was to maintain a comprehensive survey of the 

technical l i t e ra ture  dealing with insulation svsterris, t es t  methods, Shuttle 

technology, mater ia l s  and pi-ocesses, and other  areas relate2 to the requi rc -  

ments of this program. 
selection of mater ia l s  and fabrication procedures is made. 

information sources  have been reported in  MonthIy and Quarterly Xeports. 

The survey should help ensure  that the optimum 
Lists of  pertinent 

2. L LIGHTWEIGHT FOf' h4 OPTIMIZATION (T?-SK 2)  
At the completion of Phase  I of this developmcnt prngram, the baselice 3D 

foam selection consisted of a polyurethane foam manufactured by Nopco 

?hemica! C o m T a y  ~5 E X - 2  :?I.: r e i d a r c e d  wicn r t e  sdinc glass  yarn three-  

dimensional array P S  used for  Saturn S - I V a  3-D foam. 

foam has a density of 56 kg/m3 (3.5 pcf) and compares favorably with the 

This 3 X - 2 4 9 N - 3 D  
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S-IVB 3D f0.m having a density of 53.2 kg/rn3 (5.2 pcf) relativc to t h e r m S  

and s t ruc tura l  eificiency when used as internal  cryogenic insiilatiol.. 

expcsing the s l ices  of BX-249N-3D foam .o an  oven-bake cycle of 177°C 

(350*F) fo r  16 hours p r i o r  to bonding inside the LH2 tank, this foam would 

remain relatively stable a u i  ixig subs t  iuent  exposures to elevated tempera-  

tures. 
1-meter (3-ft) dome tes t  program f o r  s t ra in  comp.tiSi1ic.y conducted at tank 

wall temperatures  of -253°C (-423°F) (LHz) and a t  177°C (350°F) simu1at;ng 

the Shuttle LHz tank environment a t  launch and thrcugh aercr.:ynarc.ic liezting 

profiles. 

By 
1 

The heat-stabilized BX-249N-3 D-S fo?m successfully comple;ed the 

During Phase I1 of this development program, an improved t ! ~ - : r e t ' n i . : ~ e  

foam, a l so  manufactured by Nopco Chemical Company and idzntified as 

PX-25lA, was developed a s  the matrix for the 3D gla;s ya rn  a r ray .  

advantages of BX-251A-3D were  l ighter weight, 44 kg /m 

capability of dimensional stability when exposed to  tempera tc res  f rom 

-253" C (-423" F) to over  177" C (350" F) without any preconditioning process  

cycles. 

Tke 
3 (2.75 pcf) and 

With COR conccrrencc,  BS-251A-3D was selected a s  the baseline 3U foam 
f o r  additional :-m (3-foot) dome testing required for  Phase 111 of this 

program. 

Detail testicg to determine the effectiveness of manufacturing c2erations i: 

the I-m (3-ft) domes, Tasks 3 and 4, used the new BS-251A polyurethane 

foam in the glass thread three-dimensional a r r a y .  These reinforced far 

blocks were fabricated using the following procedures  in  suDsection 2 . 2  

and 2 .2 .2  as derived f rom Phase I1 of this development program.  

2.2. 1 Glass Thread Array  - 
0 Wind ECG-150-1/0 3 . 8  glass yarn on alumi-tuF frames,  depicted in 

F igure  2-1, to provide a d iscre te  spac ingof0 .475  cm (0. : d i  i n . )  for 
a l l  the X an& Y direction threads.  

Cross-ztack the X and Y frsrnes horizontally to a height of 
20 cm (8 in.! 

e 
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Table 2-1 

PROPERTIES OS' BX-t5lA AND WITH 3D 

Foam density 

Tensile 25'C 
(77'F) 

Parallel to rise 

Perpendicular to 
rise 

Compression 2 5 ' C  
(77'F) 

Parallel to i-ise 

Perpendicular to 
rise 

Shear 25'C (77'F) 

Parallel to rise 
= 2 direction 
Modulus ( G )  

Weight loss 

16 hr at 177OC 
(350°F) 

Neat BX-25 1A 
Polprethane Foam 

24 kg/m3 (I .  5 pcf) 

2 0.21 M / m  (30 psi) 
at &percent doriation 

2 0.12 MN/m (17 psi) 
at 6-percent elongation 
(loam rupture) 

2 0.14 MNlm (20 psi) 
at &percent deforma- 
tion 

2 0.048 MN/m (7 psi) 
at 4-percent deforma- 
tion 

0.05 MN/m (8psi > at 
1 0-pe rcen t de form;- 
tioa 

2 

2 

2 
0.09 -W/m (12 psi) 

0.80 MN/m (1  16 psi) 

7 percent 

3D thread reinforced 
BX-251A 

44 kg/rn3 (2.35 p c f )  

1.38 hffi/m 2 (200 psi) 

at * &percent donga- 
tion 

X-Y and 2 direction 
(thread bond rupture) 

7 

0.45 MN/m' (65 r 4) 
at < f p e r c w  deror- 
mation <-- 

Z threads rupture 

2 

2 
0.46 MN/m !66 psi) 

3.80 MN/m (550 psi) 

6 percent 





C. 

D. 

E. 

Elevated -- Temperzture Resistance - The gap filler should not 
expand, outgas, or lose structural integrity when exposed to 

177'C (350'F) q.8 part of the insuiatiun composite. 

Chemical Compatibility- The "weP gap filler \Rill be cured in 

contact with "wet!' 21 lA/LZ adhesive and Epon 828/CL glass liner, 

and must not adversely affect the prar+rtiecr or processing of either 

resin system. 
Low-Gost Filling Pro-zedure - The gap filler should have the same, 

or longer, catalyzed working life as Z ~ ~ A I L Z  or Epon 828iGL 
resins used to bond the insulation and liner. The gap filler should 
be easily mixed and dispensed as needed during the tile laying 
operations. 

Specimens for tests to determine cryogenic s t r a i n  compatioility were fabri- 
cated (Figure 2-5). Three types of joints were used to allow the gap filler 
0.3-cm (0. I t i n . )  width to be stressed in the longitudinai direction and 
lateral directions while held in restrained position and immersed in cryogen. 

11 



Epon S Z S l C L  epoxy resin filled with BJO-0930 microballoons [phenolic) a ~ d  

Polprethane resin U-l35/MOCA/with 1-percent 2-6040 filled with 
BJ0-0930 mic.=oUwns (phenolic) having a density of 0.49 g/cma (30.4 pcf) 
was used in another set of specimens. Lefkoweld 2ilAJLZ adhesive was 

used as reference in another set of specimens. Lefkoweld 21IA/LZ bonded 

pints were used successfully in the 1-m (3-ft) do-e cydiag tests conducted 
in Phase I of U s  development program and were tested in this series to 
provide a basis for comparison. 

having a density of 0.53 g/cm 3 (33 pcf) was used in one set of specimens. 

The restrained contraction load in LN2 was determined on each gap filler 
materia .using the test setup described in Figure 2-6, Results of th& first 
series of these tests are given in Table 2-2. 

.W the materials tested as joint fillers without a glass liner bonded over the 
joint developed contraction cracks when held restrained in the longitudinal 
direction and chifled to -196°C (-320.F) (LNz). The joint filler, however, 

did not separate from the edges of the 31) foam during chilldown and the 

composite was capable of withstanding an applied load 50-percent higher 
than the load induced by thermal contraction. 

The Lefkoweld 211A/L2 bonded butt joints developed a higher rupture 
strength than achieved using microballoon filled formulations, as was 

expected; however, Lefkoweld 21 IA/LZ developed contraction cracks just 
as readily as the other formulations. No significant structural advantage 
wam realized by using +he silanepolyurethane resin as compared to :he epoxy 
resin formulation with microballoons. A distinct advantage is attached to 

the use of epoxy resin joint filler because the glass l iner to be bonded over 
the joint wi l l  a l e 0  be impregnated with the same epoxy resin and thus provide 
a completely compatible curing system in conjunction with the epoxy tank- 
w d l  adhesive. 

12 
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The factor limiting the rechction i n  density of the joint filler form-dation is 
the achievement of a trowslable mixture that will eashg flow inro a gap 
betwecn pieces of 3D foam and remain in position until vacuum bag p res su re  

(15 or 20 pcf) are powdery and do not pack tightly in the narrow gaps between 

pieces of 30 foam. 

is applicd to the liner. Density formulations of 0.24 or 0.32 g/cm 3 

For these reasons, the next- series of contraction tests in LNz and in LEI2 
was confined to the joint f i l ler  formulation consisting of: 

0 100 parts phezmlic microballtions [Unitxi' Carbiae -and chemical Co. 1 
0 25 parts 0.64-cm (0 .25-b. )  milled glass fibers 
0 300 - parts Epon S28/ CL Epoxy resin (Shell Cbemical Co. ) 

3 " h i s  mixture, having a density between 0.40 and 0.48 glrm (2s and 30 pcf) 
and a consistency OS dough. was injected into the 5 3  foam joint using an 
air-pressure operated sealant gun and disposable nozzle. The aluminum 
blocks were coated with Lefkoweld 2 i I A i L 2  adhesive and nested in piace at 
each end of the specimen. The 116 glass fabric liner, 5.1 cm (2 ixi.) wide, was 

was impregnated with Epon 828/CL res in  and wrapped completely around 
both end blocks and two faces of the 3D foam specimen as shown in 

Figure 2-5. The assembly was then placed in a vacuum bag foi curing all 

components together for the following cycie: 
0 16 hours at 52'C { 12S'F) under 51-cm (20411.1 Hg pressure - 

0 Remove vacuum bag 
0 Postcure with no applied pressure 

1 hr at 35'C (180.F) 
0 1 hr at 93*C (200OF) 
0 1 hr at l l l*C(250*F) 
0 32 ht at 149'C (300OF) 

Results of contracti*,n tests it? LN: (-196°C) !-,20'F) ar.2 LHZ (-253°C) 

(-423°F) are presented in Table 2-3. 

1s 





The significant factors determined by these contraction tests were 3s follows: 
The filled joint between 3D foam pieces has no deleterious effect 
on the structural integrity of the glass liner. 

8 

0 The resins used in (1) the joint filler, (2) the glass liner, and 
(3) *e tank wall adhesive are structurally compatible wi th  each 

other and have nearly identical working life properties neceszary 
for concurrent bonding operations. 

0 The load induced by cryogenic contraction with *the ends of the 
specimen restrained is less than oce-third of the rupture strength. 

The test method and procedure used for these contraction tests allows m i y  
?be gross effects to be evaluated on the composiie specimen. Since the 

resdts indicate an ample margin of streskth between the measured contrac- 
tion load and the rupture strength, no serious effort was expended t3 negate 
the effects of load-train contraction or to identify the stress associated with 

each element 01 &e composite specimen. 

However, the liner was capable of carrying 53.5 kg per centimeter 
(3CO ib per inch) of width X 10.2 cm (4 in. 1 = 550 kg (1,200 lb) while the 
butt joined 3D foam was capable of carrying only 91 kg (200 lb). 
composite test resulting i n  rupture at 410 kg (900 lb) was less than might Le 
predicted but was three times higher than the load developed by thermal 
contraction. 

The 

To evaluate its resistance to high temperature, the gap filler was exposed 
to 177OC (350'F) for up to 116 hours. The percent weight loss is 
shown in Figure 2-7 and was sufficiently low that outgassing effects could 
be safely ignored. (Less than 3 percent after 100 hr exposed to (353°F) 
177.C.) 

2.4 MINIMUM TANK-WALL ADHESIVE WEIGHT (TASK 4) 

The objcctive of this task was to 'determine the rr.inimum tolerance on 
Lefkoweld 211A/LZ adhesive weight that can be used to bond the optimized 

17 



40 60 80 100 120 140 160 
TIME WR) 

F i e  2-7. Weigbt Loss of Miaobllaon Joint Filler at 17PC (35WF) 

3D foam to the  tank wall reliably using Leflcoweld 211A/LZ adLesive 

manufactured by Leffingwell Chemical Company, Brea, California 

'?!lis effort  was based on recent experiments in which the entire surface of 
3D foam tiles was coated with adhesive, in  accordance with the baseline, 

p i  0.48 to 0.54 kg/m (45 to 50 g/f t  ). Cellophane fi lm was then pressed  

*;rainst the adhesive layer and peeled off, taking the adhesive off the foam 

surface,  but leaving adhesive on  the thread ends. Laboratory tes t s  

indicated that acceptable bonds could be produced at temperatures  f rom 
177" C (350°F) to -196°C (-320" F) with s n  average adhesive coating weight 

of only 0. 19 kg. m ( 1  8 g/f t  ). 

2 2 

2 2 

The specific weight ,f adhesive per  unit surface a r e a  is not necessar i ly  an 

indication of the boni strength that can be achieved when considering 

18 



2 2 adhesive deposits less than 0.48 kg/m (45 g / f t  ). Th? noniinal a d o e s i v  

applitaiion of 0.48 kg/m (45 g/..t ) o r  higher provides a uniform iayer  over 

the en t i re  sur face  cf the 3D foam. To a-hi ---e adhesibe weights less than 

0.48 kg/m (45 g/ f t  ), it is necessary to rc3mov2 the adhesive on the foam 
surface between 2 thread ends without disturbing the fillet of a&hesive 

locked into the frayed 2 threads. 
metal tank wall is estimateu at 0.15 c m  (0.06 in. ) in diameter  and the 

nominal number of 2 t h r e a h  are 1.38 per  cm (28.3 in. ). 

2 2 

2 2 

The 2-thread ':lie: coptact a r e a  to the 

2 2 

2 . o r  

1 .o 

f B 

M 

0 

2 uO. 07 j2  4.38 th readsIcm = -8 .0  percent of surface area 

2 L 2 This calculation would indicate that 0.04 k g / m  (3.6 g/f t  ) of the 0.48 kg/m 
(45 g/ft ) adhesive layer  (thread fillet a rea )  is actually contributing 9C per-  

cent of the bond strength as measured by test. 

load-carrying ability is p rovkzd  by the foam bonded to the metal plate which 

at 2-percent elongation wil l  develop 0.14 MN/m (20  psi) as noted by 

Figure 2-8. 

2 

The remaininc 10-percent 

2 

f -  
I 

POLYURETHANE FOAM 
24 KGlM3 t1.6 PCF) 

I 

1 2 3 

ELONGATION TO AUPTURE 1x1 
4 



Therefore.  the s i ze  d the fillet bond to thc Z *h-ead end is critical in 
achieving acccptakk  overall styength, and the measure2 =eight per w i t  

area or adhesive i s  of secoDd2ry inrprlancc. The weight per cnir area is 

stiil measured but CM only be used  LO indicate the bro;ld ranbe where the 

highest pr&ability of obtaining acseptablc s t  rcngth was statisticailg a c 'iieved. 

Visual cor-tnnatior of each thread end having a glob of adhesive has 
tovided a better indication of acceptable bond strmgth than by using the 

weight rn =a: tar e m  cat done. 

A rewicw of the tensile bond strength tests presented i a  Table 2-4  showing 

t j e  bond strengt5 

(7 g!ftLj to 0.28 kgir r2  :J6 g!ft2j. -mu12 pace  the lower limit on adhesive 
weight at 0. 19 kglrn' (18 g/ft'I. 
adbcsive weight sere not bonded for strength t e s t i q  because the thread ends 
were observed to be aln:ost dry. 

2 panels having adhesire weights from 0.07 kg/m 

7 
However, many p n c l s  having higher 

To provide greater assurance of the thread end retaining the maximum size 

glob of adhesive, the following coating operating was established: 

0 A ~ F ' ,  the mixed adhesive to the 3 0  foam surface, as showr. 
ir! Figtire 2-9 ,  at a ternperaturc of 4F'C 4 k20'F) tr 60" C (140' F) 

and wipe into the frayed thread ends to achievc maximum 

penetration. 

0 irnmcdiately chill the adhesive layer to Z1'C f 2.8.C ( i 0 . F  f 5'F) to 
lo& the adhosive in place withir; the frayed thread ends bu; retain 
the tack necessary fgr the rol ler  to remove the excess when 
performing 'the next step. 

e Remove &̂e adhesive bctw-etn +&read ends by rolling with a felt 

pair.$ toller covered with 6-mii polvcthylepc film as SI. ~ w n  in 

Fipre  2-9. .?-rape grr  the excess a"&esi.,c t a  -5: ;olflcr;t on the . -. . . .  . .  - .  



Table 2-4 

LOW WEIGHT 21 l A i 6 2  ADHESlVE TENSILE 
BOND STREXGTH 

2 
W m  

0.484 

---I 

0 . 3 0  

9.273 

0.23; 

0. $94 

0.  I f 2  

0.108 

0.  ??5 

1.41 
I .  I S  
1-62 

i 

I .  14 
a. 59 

2 btiilrn 

0.56 
0.88 
0.73 
0.66 

0.43 
e. 5z 
0.61 
0. 59 
0 . 4 2  
0.49 
t. 62 

0 .54  
0.54 
0.6q 

{psi) ' ' C  

,I f i  
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roller but leave the Sigh-tack surface condition. After meking 

contact with the adhesive coating on the 3D foak, the 2-cm (3-in. j 

diameter roller should exert a lifting action: as opposed to peeling 

actioc. to draw the adhesive vertically away from the foam surface 
and leave a long string of adhesive attached around the 2 thread end. 

Observe in  Figure 2-9 that each thread end retzins a glob of 
adhesive. while leaving the foam relatively clean except for ranciom 

strings of adhesive. 

Flace the adhesive **coated" paaei against  the tank wail and apply 

vacuum bag pres su re  for the normal cure cycle used for 
Leflcoareld.21 lA/LZ. 

The test yaaels prepared in this fashion retained a visual glob of adhesive 
2 

on each thread end and the adhesive weighed between 0.23 and 0.20 k~lrn 
(22 and 2 i  g i f t  ). 

remove more of thc adhesive on the foam s9r face  but will ais 

fi l let  adhesive on the thread ends. 

2 Continued rolling with the polyethylene coated roller .vili 
redsce  the 

In summar;., the resu l t s  of this program to  evatuate the minimum tolerable 

weight to band Bx-25L3-33 to aluminum indicated that a value of 0.28 kg/m 
(26 gift:, b-;S the minimum reiiilXe weight. 

2 

2.5 SYSTEM EVALUP-TION TESTS (TASK 5 )  
There were two objectives for this task,  the first was to demonstrate  the 

ability of tke baseline system, 9pti:nized under Phases II and 111, to sustain 

simu?ated Shuttle tanking, sressurizat ion,  and reenti-y heating cyclic 

stresses in t!ie I -rn  ( 3 4  dome test. 

the ability of a lightweight system, optimized under Phase iX1, tc pass a 

s imi la r  1-m (3-It) dome test. 

The seccnd objective was to determine 

Two t es t s  were  run with 7 LFIz cycles each. 

At thc conclusion of Phase I, a .l-m (3-ft) dome plate was insulated. 

dome was visualiy, sonically, and ultra o m i c z l l ,  inspected pr ior  to testing. 

The 



The dome and mtculation were t'oerl sub;xted to 25 thermal cycles and again 
inspected. Tanslle plug tcTats w e r e  conducted on the liner :ad the tank waU 

bond. This tesi provided a basis for close comparison with the results eo 
be obtair.ed during Phase ID. 

This task required *e fabrication of two new dome plates made of 2219-2'87 
aluminum alloy, These 0.64 x 122 x IU-an (0.25 x 48 x 48-in.) sheets were 
contoured by spinning to the 204-cm (80-in. 1 spherical radius. The outside 
surface of the dome p h k s  were then chemically milled to obtain a a-al? 
thickness of 0.011 em (0,045 in, 1 in the spherical a r s  leaving a 0. e r n  

(0.2S-in.) t-lrick flange. The surfaces of the dome plates to receive boded 
3 2  foam 9hsulation were ; d e e d  to represent the Shuttle tank surface 
pr qparation. 

The insulation configuration depicted in Figure 2-10 used on the first I-m 
(3-ft) dome was reviewed by the NASA-COR and consisted of the followkg 
materials and bonding operations: 

2 2 
A. Lefkoweld 211A/I.E a6hesive. 0.48 kg/m (45 g/ft )* was deposited 

on the 3D foam, using the automatic mining and dispensing machine 
described LA Phase II Summary Report. The coated 31i foam and 

dome plate were held at 13'C (55.F) for 30 hurs  prior to applica- 
tion of vacut-m bag pressure to simulate production bondlig 
operations where long layup periods may be required. 
This holding time and temperature conforms to the working life 
€or LZIlJLZ graph presented in Figure 19 of Reference 4. 

3 

Glass fabric 116 was impregnated with epoxy resin, Epon 828/CL* 
to achieve 50-percent resin content, This liner was handled 
ushg simulated production techniques and including a layup time, 

prior to application of vacuum bag pressure, of 30 hours at 
13.C (55'F). 

B. BX-tSlA-3D foam, 44-kg/m (2.75-pcf) density, was used. 

C. 
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D. The 3 0  loam tank-wall bond and the liner-to-3D foam bond w a s  

accomplished sim*~itarrously using the same vacuiirn bag and cure 
q d e  as expected during production operations. 
The q d t y  assurance tests dcscribed in :he Phase II Summary 
Report (Reference a), includizg hardness tests, ilow tests, 

tensile bond strength tests, and dcbond detection examinations, 

were pcrfort.ied during and after the bondiidg operation. 

E. 

The inculation cmafigcration used in Dome No, 2, showa it; F-igure 2-10 a d  
Figure 2-1 1, was fabricated using the same materials used in Dome No. 1, 
The fabrication details of butt joining the 3 0  foam and the lightweight 
adhesive application on the 3D Coam ate descrited as follows: 

a The mixed adhesive (211AILZ) was applied mec-3anically to achieve 
a weight of 0.48 kg/m (15 g/ft ) on the 3D foam surface while 

the adhesive was warm, 52 to 57°C (125 to 135OE'). A pokfethylene 
blade was used to press this adhesive into the irayed 2 thread ends. 

2 2 

-- --'I 

26 



0 The adhesive layer was cooled to 21’C 22. 8” C (700 F *So F!. 
An 8-cm (Sin. ) diameter felt paint roller covertd witi; 5 - m i l  
polyethylene film was pressed against the adhesive layer and roil.-r;‘ 

to remove the adhesive between the 2 thread ends. 
were visually observed at eacb 2 thread end. The weight of adhPfii ;e 
on each piece of 3D foam was measured and varied between 0.215 and 
0.33 kglrn’ (20 and 28 g/ft2). 

Adhesit-c slabs 

Q C. Item: Weight per unit area of adhesive and visual 
toafiradion of adhesive glob at each 2 tbread 
ehd Adbesive hardness specimens prepared, 
Tensile bond atre- panels prepared oa 3 9  

foam 09 D.20-cm (0. 080-in. ) 2219-TS7 anodized 
aluminum plates. 

e The mated 3D foam was positioned on the dome-plate surface and 
the - butt-joined edges filled with syntactic gap filler formulated 
as follows: - 300 parts Epcn 828/CL resin - 100 parts phenolic microbaliocns - 25 parts 0.64-cm (0.2Eir;. ) milled glass fibers 

3 The density of this mixhnre measured between 0.40 and 0.48 g/cm 
(25 and 30 pcf). 
The 116 glass fabric was impregnated with Epon 8281CL epoxy resin 
to achieoe a resin content of 60 percent by weight as measured on the 
fabric prior to positioning in place on top of the 3D foam surface. 

2 2 - Weight of 116 glass fabric = 0.018 kg/m (10 g l f t  1 
2 2 - Weight of Epon 838/CL resin = 0.16 *O, 02 kg/m (15 *2g/ft 1 

- 3-mil perforated polyethylene was used a8 the carrier for the 

impregnated glass liner and remrined adjacent to the liner 
through the initial cure cycle to serve as a separator film 
under &e dry glass bleeder fabric and polyvinyl chloride 
(FVC) vacuum bag. 

a 

This assembly is shown in Figure 2-12. 
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F i p e  2-12. Oome NO. 2 Fabrication Oetaik 

0. C, Item: Hsrdness specirneas prepared wifh Epon 828/CL 
2 

resin. 
liner on 2 .5  x 30 x 30 crn (1~12x12 in. ) 3D foam 

Tensile bond strength panezs prepared with 

shown in Figure 2-13. 

0 The assembly. was-held at l P C  (55°F) for 30 hours prior to 
application of vacuum pressure to simulate proc?uction bonding 
operations where long layup periods may be rcquired. 
holding time and temperature conforms to the working-life graph 
presented in Figure 19 of Reference 4 for Lefkoweld 211A/LZ 
adhesive. 
is slightly longer at the low holding temperature. 
both bond lines are pressured and cured simultaneously, the 
shorter wmking life 0.' the' Lefkoweld 21 !X/LZ r . 1 ~ 3 t  govern the 
operational time. 

This 

The working life of the Epon 828/CL imprepabed liner 
However, since 



- ----------- 

. .- 

I .  

1 
- ,  

*'.;.. - ' 

F v  2-13. Quality Control &pans 

0. C. Item: Acrylic plate witn d r y  glass &reads placed under 

one co rne r  of the strength test panel jus t  pr ior  

to p r e s s u r e  application to give visual confirmation 

of resin flow during cu re  cycle. 

0 Vacuum p r e s s u r e  of 56 c m  (22 in. ) X g  w a s  applied to the bag 
while the assembly was at 13'C (55°F). 
was increased to 52 to 54°C (125 to 130°F) over a period of two 

hours. 

of :6 hours at 52 to 54°C (125 to 130'F). All  the strength t e s t  

panels were placed in the same  PVC bag as used around the I-m 
(3-ft) dome. 

Then the t empera ture  

This pres su re  was maintained during the init ial  cu re  cycle 

0 The vacuum bPg, bleeder fabric, and pol:.ethylene separa tor  fi lm 

were  then rer. w e d .  

0. C. Items: Sonic brush examination for  liner-to-3D foam debonds. 

Confirmation of Epon 828/CL r e s in  flow into d r y  

g lass  threads on acryl ic  plate. 
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0 A freshly mixed batch of Epon 282iCL resin was rubbed into the 
surface of the liner their wiped off iezving resin &ly ir. thc p r e s  

of the liner. 
0 The postcure cycle was accomplished in accordance wizh the 

fdlowifig schedule: 
- 1 hr at 55°C (150°F) 
- 1 hr at 93°C (180°F) 
- 1 hr a* 93°C ( Z O O O F )  

- 1 hr at 111°C (250'F) 
- 32 hr at 149°C (300°F) 

Q. C, Items: Sonic brush examination for liner-to-3D foam debonds, 

Ultrasonic, pulse echo, examination for 3D foam-to- 
tank wall  debonas, 

Tensile bond strength tests at -196'C (-320°F) and 
177OC (350°F)- 

Both of these domes are illustrated in Figure 2-14 after all processing steps 

were completed. 

Figure 2-14. Phase 111 1 Meter (3 Ft! Domes 



2. 5.1 LH Domt Testing z- 
. Seven tes t s  were conducted on each of the two 1-m (3-ft) domes. Each 

6 

specimeii -was subjected to repcated cycies of LHZ f i l l ,  chilldown, p re s su r i id -  

tion, and s i m u l t a n e x s  vect and ascent  heating. 

tes t  f ic i l i ty  see Reference 1). 

to demonstrate the s t ruc tura l  integrity of the two jnsulalion sys tems - the 

standard production composite and the lightweight composite. 

(For a description of the 

The pr imary  pnrpose of the teat  series was 

The specimens were  instrumented as follows (see Figures  2- 15 and 2- 16): 

A. T1, T2, and T3 - thermocouples locsted on the lower, aluminum 

side of the test specimcn. 
B. T4, T5, and Tb - thermocouples located on the outer  surfaco of the 

glass  liner on the top, o r  insulated side, of the tes t  specimen. 

Ll and L2 - temperature  prDbes located midway and on top of 

upper dome to indicate 45-percent and 100-percent full. 
P1 and P2 - p r e s s u r e  t ransducers .  

C. 

D. 

Figure 2-15. Test Specimen and Inztrurnentation Pickup Points 
c- 
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- 
5Ff OOME VG4JLATlON SPECIMEN-C LOCkllON CR62 

K-h 3'4 

BOTTOM TC'S. VIEW 
CC'NCAVE SURFACE 

L O K I N G  OOWN 
ITC'S SHOWN ON 

SURFACE TOKLARITYt  0 

F h r e  2-16. Three-Ft Dome lnwlation !$>mimen Thermocouple Location 

A i  
TOP 

With the exception of Cycle No. 1, the  tes ts  were  all  s imi la r .  

was h a d e d  into the top of the t e s t  f ixture until T 3  (dome wall )  indicated 

approximately -129°C (-200°F). 
pressurized to 0.31 kO.01 M N / m  a (45 i1 psia! and held for 5 minutes. At 

the end of the 5-minute hcld, t h e  p re s su re  was vented to ambient and LH2 
flow StopFed. Xri cycle No. 1 the t e s t  was terminated at this point, the 
specimen 2Ilowed to warm to room temperature ,  and inspected. In all 

othe.- subsequent cycles, heat was applied on ventink. 

the dome was heated a*, a uniform ra te  of temperature  increase  over a 
1,600-second period until T1 indicated 177'C (350'F). 
was held fo? 10 minu',cs, the lamps turned-off, and the test cycle terminated 

by allowircg the specimen to cool to room temperature. 

essentially identical a that used in Phase 1. 

Liquid hydrogen 

The upper sphere of the t e s t  fixture was 
2 

The lower surface of 

This  temperature  

This test cycle was 
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2. 5 . 2  Discussion of Resu;ts # 

Figures  2-17 throu2h 2-23 summarize the ttcrnoerature histories cbtained 

during the tes t s  on f'te-No. 1, or  standard production quality, dome. 

The first cycle was unable to be car r ied  on to complctior, because of leakage 

which occurred durinq the prescxrization sequcr.cd:. 

the dome wali to cool to -129°C (-200°F) steadily decreased from 17i) minu'ies 

for cycle No. 1 to 110 m.inutes for  cycie KO. 2 and stabilizgd a t  a?prcJxi- 
mately 60 minutes a f te r  cycle Xo. 4. After pizssurizat ion and daring tlie 

3C-minute p re s su re  hold, the temperature  diiring cycles No's 3 thrcugh 7 
held at approximately -150OC (-238°F). 

The =ime required for 

Figures  2-24 through 2-30 show the t ime-temperature curve? -,, j;;icci 

during the tests on the Nu. 2 dome with the butt-joint tile confi, .- - .m. 

These curves a r e  similar with those for dome No. 1 .  sLl:hough tu '  :urves 

are disp1ace.d approximately 15 minutes to the left {less time). 

- Figure 2-17. 1 m (3  ft) Dome Test .- Shiplap Joints - C Y C ~  No. 1 







TiME (MINI 

f igurc 2-23. 1 VI I3 t t! Dow Test - 9rip4~p hints - Cydr  No. 7 
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TIME (MIN 

- Fipure 2-25 l m  (3 fl) Domr Tart - Butt Joints - C& No. 2 
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F b o  2-27. l m  (3 fl) 
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ro -i 100 

Fip,;rr230. l m i 3 h )  

2.5.3 Sonic 16rush Examinatio? 

The equipment user; i t r  detesting debonds between the glass f iner  and 3D 
Iooan? Y--ZS an ?<3hCINASA sonic delamination detector  A-559-61819-1- 

PTE $01 shown in F igure  2-31, A re fereace  panel of identical  construction 

as each of the 1-m (3-ft) dome insulation configurations was fabricated and 

had d e b n d c d  areas of 1.27-cm (0.5-in. 1. o r  2.54.cm (1.0-in. ) diameter.  

The battery-powered sonic brush w a s  operated by pressing the wire  brush 
Lghtly against  the glass l i n e r  surface and moving laterally to develop a 
rasping sound that was amplified and received as r-udio response through an 
8-ohm stereophonic headset receiver.  An uzzbonded are2 produced a high- 
pitched sound level compared to the low rumble produced by a well-banded 

area. The en+i r -  Jurface oC the l iner  was exar;.rinec! beffire cycle t e s t i n q .  

The usual debondea indicat' IS were  found along the joint line between 3D 
foam pieces where tDc liner bridges the joint. These areas ib.are less than 
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figure 2-31. Sonic Odamination 3etector A-659-61819.1-PTEWl 
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0.44-cm (0.25-in. ) wide by 2.54-cm i 1-in. 1 ic ig and were acceptable. No 
r epa i r  of the l i ne r  was neecied bqfore cy-cfe testing. 

2 After the first cycle, LHZ under 0 .2 !  hW/m g (30 psig), the i i ne r  was 

examined visually and with the sonic brush. 

by exposure to LHZ under 0.21 MN/m g, as evidenced by c r a z e  m a r k s  a t  

the 2-thread contact points. The c raze  m a r k s  in  the bonding r e s in  fillets 

were visible only i n  the per ipheral  area of the dome within 10 un (4 in. 1 of 
the attached flange. 

The l ine r  was clear ly  s t ra ined 
2 

2.5.4 Ultrasonic Examination 

The equipment used for pulse-echo ul t rasonic  examination of the L21 IA/LZ 
bond of the'BX-251A-3D to the altuninum dome was: 

a Reflectwcope UM-700-Sperry Products  C0rnpar.v 

0 Transigate  E550 Alarm-Sperry Products  Company 

a Transducers ,  5.0 MC 1.9-cm (31&ir..) Diameter  LS Flat Contact - 
Sperry  Products  Company 

A reference t e s t  pane l  of the s a m e  thickness, mater ia l s ,  and construction 

was fabricated, representing each dome insuiation corfiguration having 

debonds of 1.27-crn (0. Sin .  ) and 2.53-cm (I-in. ) diameter.  The reference 

test panels also contained areas in  which spots of adhesive, 0.64-cm 

(0.25-in. ) square,  were  removed to provide "porous" areas of 25 u d  50- 
percent ciebond. 

complete debond as well as 25 and 50-percent porosity. 

solution was brushed on the dome meta i  sur face  to provide a couplant 

Figure 2-32 shows the reflectoscope pat terns  produced by 

A water jglycer ine 

between the t r a s d u c e r  and uome surface. 

The en t i re  area of the dome w a s  scanned p r io r  to cycle tasting and again 

a f te r  the 7 cycles. Dniy the a r e a s  under the ship l ap  joints  in Dome No. 1 

were found to  be suspcct and compared to the pat tern indicating 25-percent 

porosity. No r epa i r  w a s  indicated p r i c r  to cycle testing. After 7 cycles, 

Lhese sanie areas w*ic; examLned again and no growth could be found, 
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The ul t rascnic  registrztior, obzer-.-ec? whiln Lxamining dcme No. 2, low- 

weight adhesive, was not c lear ly  defined between well-bonded adhesive 

areas and the areas having complete debond. 

dome No. 2, low-weight adhesive. regis tered as "poroustt acihesive. The 

corresponding reference panel was used to re se t  the sensitivity oi the 

ultrasonic unit to 1c:ate completely debonded areas. After the 7 test cycles 

i n  LH2, dome No. 2 still regis tered as having ?'poroustt adhesive with no 

complete debond areas. As usual, the areas under the joints between 3D 
foam could be located by ultrasonic examination. 

In iact ,  the ent i re  sur face  of 

2.5.5 Tensi le  Plug Testing of 3-Ft Dorce 

After conducting the two nondestructive exariinations of the bonded insula- 

tion, a group of S. 8-cm (1.5-in. ) diameter  alumiaum r lugs  were  bonded to 

specific areas of the insuiation using Lefkoweld 1091LM-52 adhesive cured 

at 25°C (77°F).  
by cutting and peeling off the l iner  to bond &he aluminum plug direct ly  to the 

3D foam. 
aluminum plugs directly on top of the glass liner. 

The 3D foam-to-tank wall bond line tests were  conducted 

The  liner-to-3D foam bond tests we :e conducted by bonding the 

The fixture for pulling the plugs and the instrument  for load regis t ra t ion is 

described by Figure 2-33. Testing at -196'C (-320'F) on the l iner  was 

accomplished by flooding the dished l iner  surface with LN2 for 5 m i m t e s  

prior to pulling the plug. 

was accomplished by placing the dome, metal  side down, in  a flat t r a y  

filled with LNZ. 
Table 2-5 presents  the plug test data. 

Testing at -196'C on che 3D foam-to-dome wall 

Figures 2-34 and 2-35 show the test setup for  the plug tests.  

It should be noted that the small  s ize  ct' the piugs, 3.8-cm (1.5-in. ) diameter  

[I 1 . k m  (1.77-in. I cross-sect ional  area] was selected EO develop a 

minimum of 0.7-MN/m 
a load that would induce permanent d :flection i n  the 0.11-cm (3.045-in. ) thick 

2 2. 

2 (100-psi) tensile bond line s:ress without exceeding 

duminurii Gox-t.F  LA^. 

disadvantage of having g rea t e r  edge effect when -ompared to the MIL-STD- 
401 spccimen tested in self-aligning load fixtures and having a 25.8-cm 

(4-in. 2, area. The MIL-STD-401 test method was used to determine tensile 

This Aie lirnitatioii placed ,,he pihd test under the 
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Figure 2-33. Test Hookup 
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In surnmatio... resul ts  of plug t e s t s  cofiductcd 0.7 :he band lines between 

glass liner-to-3I3 foam and G e  3D foam-to-dome *.Val1 (Table ?-SI r e v c a m  

no significant degraciatior. effects :h;t would kdlcate cause for cor :-ctive 

action, or that would det rac t  from a high !e-.-el of confidence 4 s  continuing 

cycle testing to 100 or more cycles. 

Adhc sive 
Tank wall-to- 3 0  foam 

The most significant observation associated with u e s e  cl0m-e tests is that 

dome No. 2, having io.---weiqht adhesive and butt joints between 3D f o a m  
pieces, performed as efficiently as either of the preceding domcs having 

twice the weight of adhesive at the metal bond line u r d  the typical S-IVB 

style ship Lap joints bemeen 3D fosm pieces, It is very interesting to note 
the best processing efforts to obtain large adheaive fif iets on dome So. 2 

using low-adhesive weight did not match the fillet s i z e  obtained urplth 

dome No. i using n e m a l  adhesive scighr, This difference i n  fillet size is 

shown in Figure 2-37, 
low-weight fillet5 to be in the same  order of magnitude as that obtaiaed n-ith 
normal-weight fillets. 

Even so, the plug tesis show the st rength of the 

Lefkoweld 109; LM- 52 
Epoxy-Alipjetic Amine 

2.6 COST EFFECT'fV€KESS OF SX3.7TTI-E 3D FOAM 

INSt'LATION 
SYSTEM VERSUS SATURW S-IVB STYLE 

The S-IVB style insulation azzd the new Shuttle internal insulation consists 

of the foliowing elements: 

116 glass l iner  
impregnation a d  
bond-to-3D foam 

StabondU-135 or 
KARhlCO 7343 
with &{OCA 

Lefkoweld 21 1 A / I Z  
E:,oxy-A rorcatic 
Amine 

Type 3D toarn core  5.2 PCF density - 
~~ ~ 

2.7 PCF density 

EPON 828/CL 
Epoxy - A ro ma t ic 
Amine 



The key cost fac'jor rclateci to internal inuuiarion bondins o2erations concerns 

the s ize  of area or segment that cw.  be covcred with catalyzed adhesive- 

coated 30 foam and glass l iner  befor2 bacuurr-bag pres su re  must be applied. 

With the tank wall  and envirwxxnental temperature  of 285 to 290'K ( 5 5  to 65.F), 
the S-NB insulation segments  were seldom over 240 m (221 f t  ) in size and 
which were  completed within a 5-hour bonding sequence. The cost 

(manhours) required to seai 27 individual vacuum bags inside the S-NB tank 

comprised a major  portion of the insulation cost. 

2 2 

During development o€ tht Shuttle insulation system, the elevated tempera- 

ture strength characteristics figured prominently in the selection of candi- 
date adhesives to be tested; however, the working life of the catalyzed 

Lefkowdd 2 1 IA/LZ adhesive was found to be equally attractiye. The 
catalyz%d working life-459 hours of hyup time) of -weld 211A/L2 

&Aesive is over six t i m e s  that of Lefkoweld 109;Wf-52, allowing over 

10 t imes more area to be insulated prior u) applying vacuum-bag pressure.  

In addition, the glass  l iner ,  impregnated and bonded to the 3D foam using 

EPON 828/LL epoxy resin, possessed worki-g-life c h r a c t e r i s t i c s  ve ry  

close to t h o s e  of Lefkoweld 21 IAILZ which allowed both bonding operations 
to be accomplished s;multaxlcously under the Sam? vacuum pres su re  bag. 

Other  features  having an influence on the installatior, cost of applying internal 
insulation are noted in Table 2-6 in which a comparison between the S-IVB 
style and Shuttle insulations are presented, 

between the two vehicles has been considered in *&s comparison, but a l a rge r  

tank area is of minor value in reduzing cost  i f  a short working l i f ~  of the 

adhesives used prevents exploitation of the  larger bonding area available. 

The tank site diffcrenc: 

The elapsed time for bonding insulation is also presented in Table 2-6. 

The elapsed t imes a r e  l isted as the l ineal sequence t ime to se rve  as a di rec t  

comparison between the two insulation sys tems and does not include allowance 

for inspections, r tco?ds.  warming and cooling t ine,  or any of thc normally 

@2nned holding pcric Is for instrumentation, inst  rllation, ana insulation 

extensions. 

Shuttle insulation system and this factor will allow more  efficient use ,f the 

vehicles in  assembly. 

A significant reduction in elapsed time is possible using the 
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Section 3 

SUMMARY A N D  COXCLUSIONS 

The reporting period was marked by several significant acccmplishments. 

otrservatims, and conclusians. 

System Evaluation Testing 
The new 3D foam internal iosuiation system was subjected to seven simu- 

lated (abort) mission cycles in 3-ft dome tests consisting of LH2 tank-, 

pressurization. and reeahy heating to 9177% (+350'F), 
configurations were tested using sepa ra t e  dome plates. 
sisted of: 

e 

Two different * 
Dome Xo. 1 c-m- 

3 BX-251A-3D foam having a density of 44 kg/m (2- 7 pcft and 

configured wi th  shiplap joints between pieces. 
Lefkoweld t t  1A/LZ  tank wall adhesive hawing a densi ty  of 

0.484 bg/m 

using a production-type automatic mixing and dispensing 
machine. 
A liner of 116 glass kbr ic  impregnated and bonded to 3D foam 
using Epon 828lCL e p x y  resin. 

2 2 (45 g/ft ) and deposited on the 3D form surface 

e 

This insulation composite was bonded to the anodized 2219-T87 alum1 rn 
dome plate using the manufacturing methods (dweloped in Phase  11 of c:is 

project)  that would be required for boding large production-type LHZ 
tanks. 

formed. a d  the l imits  51 manufacturing tolerances were exercised. 
successful completion of seve r  simulated mission cycles using D.Jme No. 1 

( there  were no evaluations) constituted the iirst s . c p  in validating the new 
. ~ 3 t c r i ~ L s  a d  giwuactio-. rnetuds for eventual u t t  in the  reusable LH2 fue! 

tanks of the Space Shuttle. 

The in-process tesIs required for proriirctioa operations were per- 
The 



Follu*i~np this scrics of LH cycle tests. another domr- $ate was insulated 

using & l a s e r  vrcigbt of adhesive per Jnit 0: i u r f ace  area ami a lower-cost 

camfiguration of 3 0  fozm. M e  No. 3 consisted of: 

2 

0 

0 

e 

BX-tSIA-3D foam iU*:ing 2 density of 44 kg/m3 i 2 . i  pcf) a d  con- 

lipred with butt joiats between pieces. 
3 A lau--dcasity joint fillcr bauing a densi'y of 400 kg/m (25 pcf) 

rued bctrcen 3D f9un pieces and a: termination edges. 

LeCkrvrvcW 21 IA?LZ adhesive, automatically machine-mbed but 
dtpos.ted primarily on the 2-thread ends and weighing only 

0.27 k g h  

A liner of 116 glocs fabric impregnated and bonded to 3D foam 
ushag Epm 828lCL epcx-p .-csin. 

2 2 (25 g/ft 1 (slightly over one-half thc  normal ueight)-  

The same iinrits OC d b c s i v e  working life. vacuum pressure. and c u r e  

scbeduic developed in Phase I1 of this project were  exercised during b0.d- 
inp of tbc i a s d r t i o a  in Dome No. 2. 

configuration of the insulation used in th i s  dome also successfully corn- 

pletcd seven simulatd mission cycles- j ressurizzt ion with LH and heat- 

ing to +1?7"C (+350"F)-\vith no significan. h* m a l  or s t ruc tura l  dcgraclatiuc. 

The  hower-weig ht and ;ourer-cost 

2 

Although the < m e  test proerarn was ca r r i ed  t3 only seven cycles  on each of 

the domesD t h e  severi ty  ot t k  =imulatcd abort missions-in which the alumi- 

num su r face  is heated while 13I 
to the conclusion that this new insulation system W O U ! ~  meet  the i82-mission 

requirement without need fo r  repair or  refurbishment. 

i s  stili c w e r i n g  the liner-lent confidence 2 

BX-ZSlA-3D Foam 

The successful  completion af the  LH cycle t e s t s  on both dome platcs permits  2 
a high level of confidence in the use of BX-251A foam as the  supporting 

matr ix  for the 3 9  glass thread a r ray .  

r e s i s t a t  toam tested in this project;  it also has  the lowest density and a fine 

cell structure.  

BX-ZS1A is not only the most heat- 



Low- Weight Cap Filler 

Fortunately. the development ami qualificatior of a low-weight gap filler 

a lso  allows use of butt joints between 3D foam pieces. These joints will 

resul t  in significant cost  rcsiuction for intetnal insulation of large LH, 
tanks. 

u 

Low Weight of Adhesive Pet Licit of Surface Area 
On a Sbuttle LHz tank with a sur face  a r e a  of ?Z? ni (IO, 000 f t  ), the adhes- 

iv- deposited cnly on the 2- thread  ends of the 3D foam will save over  

500 pounds of weight. 

able size without leaving krge amounts of adhesive on the foam between 

thrsad ends may be unique but can be adapted to prodcction operations. The 
success st Dome No. 2 in LH, cycle testing substantiates the use of adhesive 
deposited only at the thread contact fillets, and by improving the method of 

deposition wili allow further weight reduction without altering the s t ruc tura l  

or thermal  efficiency of 3D foam used for interpal insulat ioc 

2 2 

The method used to achieve adhesive fillets of accept- 

L 

Achievement of Project Objectives 

Successful systcnis testing has demonstrated that the original s t ructural  

and thermal  objectives d th i s  project have been achieved. 

insulation weight and cost reduction. the original objectives have been 

C%Ct?cdec;. 

In the a rea  of 
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Appendix 

MATERIAL AND PROCESS SPECiFiCATlONS 



FOAM, POLY'JRETHANE, CRYOGENIC 

1. SCOPE 

1.1 Scope-This drawing covers the minimum requirements for one type of cryogenic 
polyurethane foam used in s t ruc tura l  support and thermal  insulation in applications where 
tempera tures  are in the range of - 2 5 3 6  (-423F) to  l77C (350F). 

2. APPLICABLE DOCUMENTS 
- 

2. 1 The following specifications and standards {and subsidiar ies  thereof), drawings 
and publications of i s sue  in effect on date of invitation for  bid, except as otherwise noted 
or controlled on an individual basis, form a par t  of this drawing to the extent specified 
he rein. 

SPECIFiCATlONS 

FEDERAL 

PPP- B- 576 

PPP-B-591 

PPP- B - 60 1 

PPP- B- 62 1 

PPP- B -636 

PPP-B-649 

PPP- C - 96 

PPP-P-704 

Box, Wood, Cleated, Veneer, Paper Gverlaid 

Boxes, Fiberboara,  Wood- Cleated 

Boxes, Wood, Cleated - Plywood 

Boxes, Wood, Nailed and Lock-Corner 

Box, Fiberboard 

Boxes, Corrugated, Tr ip le  Wall ,  350 Pound 
Maximum Weight 

Cans, Metal, 28 Gage and Lighter 

Pails, Shipping, Steel, (1  through 12 gal loi j  

STANDARDS 

MILITARY 

AIL-STD- 129 Marking for  Shipment and Storage 

The following statement is applicable only for di rec t  Government contracts: 
Copies of specifications, standarde,  drawings and publications required by 
contractors  in con icction with specific procurement functions should be obtoined 
from the procuring artiuit: 3r a s  directed Iq the contrac;ing activity. 



2.2 Other pub1ica:ions-Thc :'cllowing publications form a part of thir arawinM. 
Unless Otherwise indic:tted, th-  issue in effect on date of invitation for bid r h d l  appiy. 

AMERICAN SOCIETY FOR TESTING AND MATEPULS 

ASTM C177 

ASTM D1621 

ASTM D1622 

ASTM D1623 

Method of Test for Thermal Conductivity of 
Materials  by Means of t h e  Guarded Hot Plate 

Compresoivc S: rongt)! of Rrgid Ccllular 
Plastics 

Apparent Density of Rigid 
Cellular Plrot ier  

Tc ta i l c  Propcrtiea of Rigid Cellular 
Plastic8 

3. REQUIREMENTS 

3.1 Preproduction approval-When preproduction otpprmrl is  required by the 
contract or o r d e r  the mater ia l  turnishcd under this drawiag for prcprodur tion approval 
shall be a product which has been tested and has passed the preproduction tests specified 
herein. After preproduction approval, the propert lcs  and method of manufacture shall 
not be ciranged without writ ten approval f rom the  procuring activity. 

3.1. 1 P r e p r d m t i o n  sample-  When preproduction approval is required,. samples 
Unless otherwise submitted shal l  be for p r e p r d u c t i c n  tes t s  outlined in this drawing. 

specified, sample 
proportion of poly01 to mix per manufa t turer ' s  recommendatioqs. 
marked with the mater ia l  requirements drawing titie, number. change lett r. isocyanate 
o r  pdyol,  manufacturer 's  name and designation, date of manufacture, toxicity w a r n k g  
and instructions for  mixing. 

shall c-onsist of ont. l i t e r  (quart)  of the isocyanate with the cor rec t  
Sarnp1t-s s h a l l  be 

3.2 MateriaL-The mater ia l  used in the manufacture of the  product shall be of 
uniform quality, suitable for the intended purpose. 
two con;pcnent liquid system and when mixed in the proper proportions and cured shall 
produce a methyl glucoside copoxylated polyurethane foam. 
Wcon 11, or equal) shall be the blowing agent. 

The mater ia l  sha l l  be supplied as a 

A halocarbon (Freon  11, 

3. 3 Stora e life-Unless otherwise specified, the storage life of the unmixed 
components + s a be 
a closed container a t  a temperature  of 21C &70F) to 27C (80F) and no material  shall 
be supplied with less  than 11 months shelf life. 

minimum of 12 months from date of manufacture when i tored i n  

3.4 Cure-The material sha l l  have a handling cure, when .Tixed per manufacturer 's  
instructions, in a maximum of 15 minutes and at il maximum temperature of 
27C f 2C (80F 3F). 



3. 5 Densitr-The Lsns i ty  of cured foam shall be 24 f 3 kg/m3 ( I .  5 f 0. 2 pcf). 

3.6 Compression t 'atwise-The cured foam shall  have a minimum compressive 
strength at 10 pea cent deflection of 0. I4 M N / d  (20 psi) whc - the loading is parallel  to 
the direction of loam rise. 

3.7 Tension flatwise-The cured  foam shal l  have an  average tensii? strength 
of 0. t l  MN/mZ !30 psi) when the loading is parallel to  the direction of foam rise. 

3.8 Thermal  conductivity-The cured foam, shall  have maximum thermal  
conductivity of 0,0005 ca l / sec-cm-"C (0.25 BTU-IN/HR-FT'- OF) 

3.9 Heat stability-The foam shall  have l e s s  than 12 percent weight loss  when 
heated 190 hours a t  177C (35OF). 

3, 10 Product  n a r k i x - T h e  containers for mater ia l  shall  be durably and legibly 
marked  with the mater ia l  requirements  drawing mrnber ,  title, change le t ter ,  manu- 
facturer ' s  name and designation, batch number. date of manufacture. toxicity warcing, 
isocyanate of polyal as  applicable with mixing percentage and "STORE AT 2 l C  to 27C 
(70F to 80F). 'I 

3. 11 Workmanship-The mater ia l s  shall  be  mixed arid processed in accordance 
The with the best  practice ior the manufacture of a high quality polyurethane foam. 

mater ia l  shall  be free of foreign matter, sedimentation, lumps, and crysta '  nity. 

4. QWALiTY ASSU!UNCE PROVISIONS 

4. 1 The supplier is responsible io:- the performance of all inspection rcquircxxents 
Except as otherwise specified, the supplier may utilize h i s  own o r  as specified herein.  

any other inspection facilities prld services acceptable to the procuring activity. 
tion recordr  of the examination and tes ts  shall. be kept complete and available to  the 
procurin2 activity as specified in +he contract or order .  
the right to perform any of t h e  inspections set forth in the drawing where sucl. inspections 
are deemed necessary  to assure that supplies and serv ices  conform to prescr ibed 
r y r i  i rcments. 

Inspec- 

The procuring activity resert*eP 

4.2 *-For purposes of sampling. inspection, and tests,  a lot shall  consist  of 
the mater ia l  manufactured at one t ime in one batch and d f e r e d  for acceptance. 

4. 3 Sampling-Sampies representing each lot of mater ia l  in a shipment shall  be 
used for inspection ana testing to the requirements of t h i s  drawing. 

4.4  Classification of tes t s  - 
. 4.4. 1 Pre roduction-Preproduction tes t s  enable the procuring activity to determine 

that the ma te r i a  + complies with the drawing requirements. 

I 
1 

1 
I 
b I 
I 
I 
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? 
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4.1. I .  i T e s t s  -The preproduction tes t s  shall  consist  of c : :  the tests acscribeci 
in 4. 5 and 4. b zf this drawing. 

4.4. 2 Proadction - Production tes t s  are  tnose t e s t s  which shall  be conjucted by 
the niancfacturer to  a s s u f e  conformity to the reqttirernents of this drawing and enable th? 
manufacturer io certify the accuracy of his product to the procuring acti\.ity. , 

4.4. 2. 1 Tests-The following tes t s  shall h e  recorded it? ..ccordance with 4. 1. 

I Pa rag raph 

(a) Density 
(b)  Compression Flatwise 
i c )  Tension flatwise 
(d)  Examination 

4. 5 . 1  
4. 5. 3 
4. 5 .4  
4.6 

4 .5  Test methods and procedurlrs - 
4.5. 1 Densitx-F:ri- . the caiculated weight of foam mixed accor2ing to  the 

manufacturer ' s  instruct, .s into an open 30. 5 cm (12 in. ) by 30. 5 c m  mold. After 
curing per 3.4. remove t h e  b!ock from mold. 
cut off the top crown and approx;matelv 1. 3 cm (0 .  5 in. ) l ayers  f rom the s ides  ar.d 
bottom, and discard the s c r a p  pie:? -. 
per ASTM D1622. 

Allow to cool a minimum of P hours, 

The density of th- foam shali  be measured  

4. 5 .  2 Preparat ion of tes t  specimens-Specimens shall  be prepared f rom t h e  'dock 
prepared in 4. 3 .  1. 
specified, a minimum of three specimens shall  he tested pe r  each tes t  specified hereir.. 

All specimens io; ?est  shall be f r e e  of skin. Uniess othenvise 

4. 5 .  3 Cornpression flatwise test-Specimens shall be fabricated in such a T a n n e r  
The  comp .-\ssive that the direction of loading i s  parallel to  the direction of foam use. 

strength of the fojnled m a c e r i d  shall  be measured per  ASTM 01621, proceduie  "A" to  
determine conformancc t o  3.6. 

4. 5.4 Tensile s t recgth determination-Specimens - shall  be fabricated in suc:i a 
nlstnntr that the direction of loading is parallel to  the direction oi foam rise.  The tensile 
: * r  rer.gth of the foamed mater ia l  shall be measured  per ASTM D- 1623 t o  determine 
*-onic)rmance t o  3. 7. 

4. 3. 5 Thermal  conductii-ity-Two specimens of cured foam shall be tested a s  
specified in A S l M  C177 t o  determine conform;nce with ?. S. 

4. 5 . 6  Heat stability tcst-Weighed specimens shal l  be heated in a convtction type 
oven at 177 f 2C ( 3 3 0  f 3F) for 100 hciirs.  
calculated as percent o i  original weight to determine conformance to  3. 9. 

The weight loss shall be measured  and 

C 
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4.6. i 9 e . t i o n  c5 p r g s c t - i h e  rcrtrrial ss.ai: be Ctxaizixd as n x e s s a r y  to 
determite cori?'lc 'mance with the appIirc >;e requirements sf 3. !Ci ar.d 3 .  i 1. 

4.6.2 h s  eptiorr ci packagwin-Tke s-ipplier shall nrakc sut'l  inspections as are 
necessary ?o + assure t- at h e  requirement i cr  ?reservation, packagirtg, packing and 
marking arc met. 

5. PREPARATZOM FOR DELftrER!' 

5.  1 Ptcseri-a:ioa and p a c k a n i q -  

5. 1. 1. 1 Isccvana'e ccx-ponent-Ike isocyaahre com?oaent shall be p3ckaged in 
I-galbn or  smaiier s ize  c a m  coniorrnkg i o  PFF-G-96 i y p e  t;. Class 2. or 5-Ration 
contaiqera ta PPP-P-iQ-4 Type i f ,  C ias i  1; 
on the coctract or order. 

The crsrttaintr s i t e  shalf be as specif ied 

5 .  i.. L Level  C-,'\tatcriitis shali GC pazktgi-i  in accordalee with  the supplier's 
c om-% t r &I p n c t i c c - 

Spec ifi-za t icn .- 

PPT- 5 - 576 
PFP- B - 3 3 1 
PPF-B-601 
PPP- 3-62 i 
PPP- 3 - b 36 
PPP- 0 * 540 

Type oi Class  

Class 2 
Chverscas Type 
Ch-crseas Type 
Class 2 
Class ' 
Class L 

Sealrng. clnstire, strapping acd : tall conform to the appendix of the 
applicabie ~ - J X  specfficatio-. 

I 
t 



5.2.2 Level B-*;he irqcid cnmponefits, pac!:qed s s  s h d l  5c pacicd in 
accordant:. witr, the icmest ic  r e ? a r e m e n t s  of t h e  appendix oi PPP-C-Gc, 0-  FPP-P-704, 
as applicajlc. 

5 . 2 .  3. Level C-The Iiquid cor-ponents, 2ackagei as sptii'ied, shal l  be packed 
in a manner to assure c a r r i e r  acct.ptance imd safe cie1ivcr.- at destica:icq. 
containers shall be i n  accordaxe  with the ru l e s  a36 reguid ions  ci the carrier ;o?plica%!e 
to the mode ci transporlation. 

The 

5.2.4 Cnless  otherwise specified in the contract  or  order, Le\-el C packing shall 
be provided. 

5.3 Marking-In addition to any special m&rking required by the  contract  o r  
order ,  unit packages. intermediate p c k a g e s ,  shipping containers for shi-ment  to the 
Ccvernment, shall  be rr-arked in accordance with the requirements of MIL-STD- 129. 

5,  3. 1 Special marking-The following markkg sha l l  be appiid ?- thr- intcrL*r tn2 
exterior containers: 

C AU TIC N : 
STORE AT 21C t o  L7C (iOF to  80Fi 

The characters shall  be a rninicxrm ot' i crn ( 3 / 8  in. 1. 

6 .  KOTES 

0. 1 Intended u 3~ -Th i s  mater ia l  is intended primarily for neutral  O: reducing 
cryogenic fluid applicationr: on space vehicles. 

i 6 . 2  Ordering data -Orders  or contracts kould specify thc fd lowine  ir:formatianr 

(a). Title, number and cnange 1et:er oi t h i s  drawing 
ib) Level of packaging and packing required and container size. 
( c l  Options offered, ii required (see 3. 1. 1, 3. 3. 4. 1. 5. 1 .  3 and 5 . 2 . 4 ) .  

I 
i 16. 3 Cautioa-This .material is not to be used in s torage  of oxidizing iluicis. 

U s e  only for storage of ncutral  o r  redu - ing cryogenic fluids. 

I 

- 
S U E  CODE IOENT k0. ORAWN 

W w  V N M U  OOLIQ- 

-nu-clucc A 18355 
SCALE REV -- a 61 m i a i A o ~  14 ~b 



1. SCOPI: 
-. - This dra- covers the minimum requirements for a yarn-rein' c d  

polyurethane =F oam used as structural mpport and thermal insulation in applications where 
operating temperatures are in the range of -253C (-423F) to 177C (350F). 

2. APPLICABLE DOCUMESTS 

2.1 The Zollowing specifications and standards (and subsidiaries thereof), drawings 
a d  publications of isscc in effect on date of invitat'on for bid. accept a8 otherwise noted 
or cnntroikd on an indiLidud basis, form a part of this drawkg to the extent specified 
herein. 

SPECIFICATIOSS 

BOX, Wood, Cleated, Veneer. Paper Overlaid PPP- 8-Sfb  

PPP- B- 5 9 1 Bares. FiSerbob rd. Wood-Cleated 

PPP- 8-60 1 Bares. Wood, Cleated - Plbaood 

PPP- B-6 2 1 Boxes. Wood.  h'aiied and Lock-Corcer 

PPP- B -6 36 Box, Fiberboard 

PPP-B-640 Boxes. Corrugated, Triple Wall. 350 Pound 
Maximum Weight 

STANDARDS 

MIL-STD- 129 Marking :or Shipment and Storage 

The following statement is applicable only for direct Government 
contracts: Copies of specifications, standards. drawings and plblica- 
tion. required by contractors in concectiion with epecific procurem-ect 
iunctionr should be obtained from the procuring activity or as directed 
by the cont;acting activity. 

2.2 Other blicationr - The foliowing publicatiocs form a part of this drawir.e. 
Unless o&- the issue i n  effect OR date of invitation for bid shall apply. 

I 
t 



DRAWISSS 

1 ~ 0 0 1 1  Foam. Polpirethane. Cryogenic 

1P20019 Glass Fiber Yorn, Contiluous. Struc:ural 

(-4pplication for copies of the above drawings shocld be made to the 
Douglas Aircraft ComFany. Xnc- . 3900 Ocean Fark Boule\-ard. 
Santa ..ionica, California 90406. 1 

AMERICA'i SOCIETY FOR TESTCsC KSD MATfRtALS 

ASTM Dl621 Compressive Strength cf Rigid Cel lulrr  
Plastics 

ASTAf D1622 Apparent Density of Rigid Cellular -Plastics 

(Application for copies of ASTM Standards should be &&ressed to  the 
American Sociew for Testing and Xaterials. 1916 Race Street, 
Philadelphia. Pennsylvania 1 9 103.) 

5 .  REQULciEhfESTS 

3. 1 Preproductioii aqproval - The  rx.-.b..ial furnished under this drmring for pre- 
production apprcral shalt be -r product u-t.ich has been tested ?ad has nassed :he przpro-  
duction tests specified 'nereh. After preproduction approt-al. the pro-wrties and method 
of manufacture shall  not be changed without written apjxoval from the  procuring activity. 

3. 1. 1 Pre roduction sample - A sample shall coasis t  of a 1 5 - 3  x 30.6 x 30.6 c m  
(6 x 12 x 12 -% in. ) lock of tit5 product  ~t shall be marked with the material  requirements  
drawing title, number. change letter. and manufacturer?s  name a:id designation. 

3. 2 Material  - ':he mater ia l  used in the manufacture oi the  - d u c t  shall consist  of 
rigid plyurethane foam re i i forced  w-ith a three dimensional mat: 
the th ree  axes. 

-.C glass fiber yorn in 

3.2. 1 fa? yarn in the "X" and **Y" axes shall conform to 1P28019. Typz IT. Class 2. 

3.2.2 The yarst in the rrZ" axis shaU conform to lP20019. Type III. 

3.2. 3 The polyurc h n e  foam shall conform to (TSD), and the direction of foam rise 
shall be parailel to the "2" axis. 

3- 3 Density - The density of the product stall be 43 f 5 kg/rn3 ( 2 . 7  0. 3 pcf). 

3 .4  Porosi - The foam shall be predoriinatelg closed cell and a 7 54 crn ( 1  in. 1 
thick syecxmen 4 s all  deva13p ;? minimum pres su re  drop  of 0.011 h=/m 2- (1. 5 psil. 

i ?. r Comptesslbd atr?r;g.h - isle material  shall ni..-e a mi-.r~crn compressive , t rength 
at 10 percent deflection of 3 - 4 5  ,ccnl/rn2 (65 psi) at 25C (77F) when the Iaad!ng is parallel 
to the direction of foam rise. 



(lg yarn ends p& square inch) in these edge.. 
- 

3.8 Fabricated parte - After machiainp, at least 90 percent of the yarn ends in the 
"Z" axis & all protrude abcve &e aurface of the €cam 0.08 f 0.04 c m  (1/32 * 1/64 in. 1. 

1 tlZ€ COCE ICENT NO. 
U C O O W M U V V  
.U-II(IPW- 

3-9 Blow holes - Blow hole* shall rwt exceed 0.24 cm (0.094 in, i in diameter. and 
there shafl be not more than six such holes in an area of 6-45 square em (ten E C ~ Z U C  

inches. 1. 

f 
t 

OHcIIlylNo kt). 

3.10 Workmanshi - The materials shall be processed in the best practice for the 
manufacture of a 
tmcrpded resin, tackiness, or charring, and the materia  shall be rimally f=ee of a3y 
fareiga matter. 

igu quality polyurethane foam. There a!rall be it0 a c c n d a t i o n s  of 

4. 1 The supplier ia responsible fQr the performance of d l  inspection requirements 
Fzcept as otherwise specified. the supplier may utilize his own or as specified herein. 

any other inspection facilities and services acceptzble to the procuriag actit5ty. 
tion recorda of the examinztion and tests shall he kept complete and available to the 
procuring activity as specified in tk contract or order. 

hspec- 

Tne procuring acdrity reserves 

i 
3.6 Heat s t a b s  The material ahdl hav- ' >sa 10 percent e i g h t  IOES --+en 

heated 10 4- ours at i C 135CFi. 

3.7 Yarn spacing - 
5.3. i The yarn in the "X", "Y" and "2" axes shall be located on nominal 0.46 cm 

(0. 18 in. ) centers. 

3.7.2 There shall be a minimcm of 4 yarn eads  per square cm (26 yarn ends y r  
square inch) uniformly dimtributtd in the "Z" axis. 
edges 0.64 c m  (0.25 ia 1 thick or  l eer  may have a minimum of 3 yarn ends per square c m  

Parts dtich have ship-lap or tapered 
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4.4.2 Prcduction - Production tests arc those  :zsts which sha l l  be conducted by the 
manufacturer to assure conformity to th.? r t q u i r e m e q t s  of this drawing and enable the 
manufacturer to certify the accuracy of his  product 1- the procuring activity. 

4.4-2. 1 Production tests - The foilowing tests shal l  be made as producticm tests .  

- Test Paragraph 

(a) Density 4.5.2 
!?I) Porosity 4.5. 3 
1cl Ehamination 4.6 

4.5 Test niethocfs and procehres - 
4.5. I R e p a r a t i o n  of test specimens *- Specinicns shall  be prepared from t h e  product. 

and shall be free of a l l  skin anC m o l d t a r f a c c s .  
be parallel to t h e  direction of foam rise. 

The thickri css of ail specimens sha?l  

4.5.2 Densi - The density shall be determined- on a specimen measuring approxi- 
niately 15.3 4 x 0. x 30.4 crn (6 x 12 x I2 in, 1. Cdcrtlate the density per ASTM D1622 
to de:ern\ine co.rfotmmce to 7. 3. 

4.5. 3 Porosity teat - The specimens shall be 2.54 f 0. 33 cm (1  i 0- 1 in. $ thick by 
a minimum of 20 cm ( b  in, t square. 

4- 5. 3, 1 Install a 1, 3 cni (0. 5 in, ’ L D. n,Lher Ease, approximately 3 ni 110 ft. 1 long 
betreen a I5 CF‘XI capacity vacuum pcrp and the I. 3 c m  diameter end of the  specimen 
holder fitted with a vawuni gauge. 
( 7  f 0, 125 in. I diameter. 
opening. 
shall  be read to determine conformance to 3.4. 

The opposite opel-inp: shall be 17.7 i 0. 3 cm 
Seal that  1. 3 cm thick specimen over the I f .  8 cm diameter 

At full vacuum pump capacity tne vacuum gauge attached to the  rpecinren holder 

4-5.4 Compressive styeneth test - The specimens shall  be 2. 54 f 0.08 c m  
( I  f 0-03  in. 
the thickness parallel to direction of foam rise. 
tes ted at 25 f ZC (77 f 5F) per ASTM D1621. procedure “A” to determine conformance 
to  3. 5. 

thick by 5. 08 5 0. 08 cm (2 f 0. 3 in. I by 5. C 8  f (1.08 c m  12 f 0. 3 in. 1 with 
A minimum of 5 specimens shall  be 

4. 5. 5 Heat stabil i tv test -Weighed specimens shall be heated i n  a convect ion tspc 
oven at l77C f ZC (356-1 for 100 houys. 
calculated as percent of originai weight to determine conformance to 3.6. 

The weIjht loes shall le measured and 

4.6 Examination - 
4.6. 1 Inspection ot product - Each slice and all test specimens of thread-reinforced 

foam shalt be examined to determine conformance with the opplrcable requiremenis of 
3.2, 3.7. 3.8. 3.9and3.10. 

- The supplier shall make *.,’I inspections as  -.--a 
for preservation, packaging. packing and 

marking are met. 

1 .  
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5. PREPARATION FOR DELNLRY 

5. 1 P--cservation and packaging- 
0 

5.1.1 Lewd A - Maerial ahall be packaged in accordance with the uupplier's best 
c o m e r c i a l  practice. 

5.2 Packing- 
- 

5 . 2  1 Ia-1 A- Material, packaged aa apeeified, shall be packed in containern 
k@ormiaQ to any of the following b u  spe&ications: 

SPECXFIGATIOPU' TYPE OR CLASS 
PPP- B= 576 ClaLne 2 
PPP=B=591 Overseas Type 
PPP-B-601 Overmess Type 
PPP=B-62 1 Claar 2 
PPP-B-436 Clam 2 

PPP-B-640 Clasr 2 

Sealing, closure, strapping and weight6 shall ccnform to the appendix of the applicable 
box specification 

5.2.2 Level B - Material, packaged as specified, shall be packed in containers 
conforming to any of tne bax specifications listed in 5.2.1. 
ad weights shall conform to the appendix of the applicable bar specification. 

Sealing, closure, strae-ng, 

S. 2.3 Level C - Materid, packaged as specified, sball be packed in a manner to 
The containers shal? be in insure tarrier acceptance and safe delivery at dertination. 

accordance with the rules and regulations of the carrier applicable to the mode of 
transportation. 

5.2.4 Unless otherwise speciried in the cantract or order, Lcvel C packing shall be 
provided. 

5.3 Mar- - In addition to any special marking required by the contract or order, 
unit packages, rntermeQiatc packagc8D skipP=i.ng containers for sEpment to the 
Government, shall be marked in accordance with the requirements of -W.-STD-129. 

6. NOTES 

6 .  I hhndcd use - This material is intended primarily for use in non-midizing fuel 
t&h applications on mwce vohiclee. 

6.2 - Orderirq data - 0:dcrs o w  contracts ehould sfec;fy thr Jollowing'infarrr-o!'or:: 

(a) rL.itle, number, and change letter of this drawing. 



(cl IA.VCI of packaging and packing requ? *ed. 

( r l )  Options offered. i f  required /1. I?.  4. 1. aFd 5. 2. 4). 

I,. 4 (:AIITIOrt' - 'J'his niatcrial i s  not to be used i n  storage of oxidizing fluids. 
I r c  uscd only for storayc of  neutral or reducing cryngtnic Ciriirle. 

fua- i 
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ADHESIVE, EmxY BASE 
8 

1. SCOPE 

1.1 Scope-This drawing covers  the minimum requirements  for one type of epoxy 
based adhesive applied by troweling and suitable for bonding metal to metal. 

2. APFLICABLE DOCUMENTS 

2.1 The following specifications and s tandards (and subsidiar ies  thereof), drawings 
and publicatians of i s sue  in effect on date  of invitation for bid, except as otherwise noted 
or controlled on an  individual basis, f o m  a part of this  drawing to the extent specified 
herein. 

SPECIFICATIONS 

FEDERAL 

PPP-B-585 Boxes, Wood, Wirebound 

PPP- B-60 I Boxes, Wood, CIeated- Plywood 

PPP- B- 62 1 Bores, Wood, Nailed and 
Lock-Coraer 

PPP-C-96 Cans, Metal, 28 Gage and Lighter 

PPP- C- 843 Cushioning Material, Cellulosic 

MILITARY 

MIL-A- SO90 Adhesives, Heat Resistant, Ai r f rame 
Structural ,  Metal to Metal 

Heat Trea tment  of Aluminum 
Alloys, Process For 

Sealkg Compound, Yempe ratu re 
Resistant, Integral  Fue! Tanks 
and Fuel Cell Cavities, High Adhesion 

MIL-A-8920 Aluminum Alloy Plate  and Sheet, 7219 

MIL-B- 10377 Box, Wood, Cleated, Veneer, 

MIL-E- 6088 

MIL-S-8802 

Paper Overlaid 

MIL-G-21380 Grit, Abrasive, Blasting 

c .  

I 



STANDARDS 

FED E RAL 

Federal Tes t  Method Standard Yo, 175 Adhesives, &Methods of Testing 

Federal Test Method Standard ND. 406 Plastics, iAethod of Testing 

MILITARY 

MIL-STD- 129 Marking for  Shipment and Storage 

MXL-STD-401 Sandwich Constructions and Core  
Materials;  General  Test &Methods 

The following statrmcnr is applicable only for direct  Government contracts: 
Copies of specifications, drawings and publications required by contractors  in 
connectioo with s m c i f i c  procurement functions should be obtained f rom the procuring 
activity or as directe6 by the contracting activity. 

2.2 Other  publications-The following publications fo rm a part of this drawing. 
Unless o t h e r s i s e  indicated, the issue in effect on date of invitation for bid shall apply. 

3.1 Preproduction approval- When preproduction approval is required by the 
contract or order ,  the material furnished under this drawing for preproduction appro*.-al 
shall be a product which has  been tested and has  passed the preproduction tes t s  Gpecified 
herein. 
not be changed without 

After preproduction approval, the propert ies  and method of manufacture shall  
r i t ten approval t rom the procuring activity. 

3.1. 1 Preproduction sample-When preproduction approval is required, simples 
submitted shall  be for preproduction tes t s  as outlined in this drawing. Unless otherwise 
specified, one quart  of base, as specified in the o rde r  or contract, with correct proportions 
of hardener  to mix per  manuiacttirer's recommendations, shall  be supplied. 
sha l l  be identified with the title. number, and change le t te r  of this drawing, base or 
hardener as applicable, manufacturer 's  name and designation, date of manufacture and 
mixing instructions. 

All sampIes  

3.2 Material-The ma te r i a l s  used in the manufacture O i  the adhesive shall  be of 
irniiorm high quality and readily mixed. 

3. 3 Application-The adhesive shall be applied by troweling. 

3.4 Adhesive-The adhesive sh21l consist  of two components designated a s  an 
epoxy base and hardener. 

. 3.4. I ea se -The  solids content of epoxy base shall  be a minimum of 99 percent 
by weigh:. 

_- 

3.4, 2 Hardener-The svlids content of hardener  snz.11 be a minixnun. of 99 pcrcent 
by weight. 



t 

3.5 Cure-The adhesive shal l  be capable of beiqg cured aL 52 f 3.5 (125 !- 1 . r )  far  
16 hours under vacuum bag pressure of 50.8 c m  i20 in. 1 Einimutr: of mercury ,  ivllowed 
by a post-cure at 149 f 6C (300 f 10F) for 32 hours without pressure .  

3.6 Mixing-Complete mix of the two components shall  be easi ly  accomplisLed. 

3.7 Tensi le  bond strength-The tensile bond strength to reinforced polyurethane foam 
per TBD shall not be less than the requirements  of Table I and Table 11. 

Test Tempera ture  
'C (OF) 

- 196*3 (-320*5) 

Tensile Load 

0.7 MN/m2 (100 psi)  

TABLE I 

Tens  e Bond Strength, Tensile Bond Strength 
MN/m2 (psi), minimum, MN/m (psi), minimum, 
Average of 5 specimens of any one specimen 

1.1 MN/m2 150 psi 

i? 

0.69 MN/m2 !GO psi 

TABLE II 

Minimum Tempera ture  at 
which Fa i lu re  Occurs,  

average of 5 specimens 

Minimum Tempera ture  a t  
which Fa i lu re  Occurs,  

any one specimen 

177C (350F) 144C (300F) 

3.8 Specific gravity-The cured adhesive shal l  have a specific gravity of 1.00 - 1.20. 

3.9 Storage rtabilitE-Storage life of the unmixed components shal l  be a rninimwrr 
of 6 months from date of manr;facture when s tored  at 25C f 6C (77F f 10F). 
otherwise specified in the contract  or order ,  no mate r i a l  sha l l  be supplied with a s torage  
life of lees than 5 months. 

Unless 

3.10 Product marking-The container of the production mater ia l  sha l l  be marked 
with the title, number and change le t te r  of this  drawing, manufacturer ' s  name and 
de6igaation, date of manufacture, batch number, base or hardener ,  mixing instructions 
and "STORE AT 25C f 6C (77F * 10F). I '  

3. I I  Workmanshi The  mater ia l  shall be uniform in quality and condition, free 
f rom inc luxs+-  se unent, foreign mater ia l  and other  defects detr imental  t 3  fabrication 
or. performance. 

'I 
i 
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4. QUALITY ASSURANCE PROVSIOXS 

. 4. 1 The supplier i s  responsible for :he performance of all inspectic? requirements  
Except as otherwise specifiei ,  the supplier mzy utilize hie  own o r  

Inspec- 

The procuring activity r e se rves  

a s  specified herein. 
any other inspectior. fkcilities and services acceptable to  the procuring zctivity. 
tion records  of the examination and tes t s  shall  be kept complete and avariable to the 
procuring activity as specified in the contract  or order .  
the right t o  perform any 0 '  the inspections s e t  forth in the drawing where such inspcctio-s 
arc deemed necessary  to a s s u r e  that supplies and services conform to prescr ibed 
r tqu i  tements.  

4.2 &-For purposes  of samplinq, inspection and tests,  a lot shall  consist  of the 
material compounded at one t ime in one batch and offered for acceptance. 

4. 3 Sampling - 

4. 3. 1 Examination-Each lot of mater ia l  chall be \-isu;cIIy inspected t o  de te rmine  
confor .lance t o  the applicabie requirements  of this drawing. 

4.4 Classification of tes ts  - 
4.4. 1 Preproduction-Preproduction t e s t s  enable the p r o c u r k g  activity to determine 

that the material complies with the drawing requirements.  

4.4. 1. I Tests-Samples shal l  be subjected to all of the tes t s  descr ibed or re fer red  
t o  in 4. 5 and 4.6 of this drawing. 

4.4.2 Production-Production t e s t s  are those tes t s  which shal l  be conducted by the 
manufacturer to a s s u r e  coniormity to the requirements 3 this drawing and enable the 
tnanufacturcr to re r t i iy  the accuracy of his product to the procuring activity. 

4.4.2. 1 Tests-The following t e s t s  shall  be performed on samples  from each lot 
of material  and test  recorads shall be kept in accordance with 4. 1. 

Pa rag raph 

(a) Tensi le  bond testing 4.5 .2  

4 .5  Tes t  methods - - 
4.5. 1 Base-The solids content of epoxy base shall be a minimum of 99 percent 

when determined by testing in accordance with the requirements of MIL-S-8802. 

4. 5. 1. 1 Hardener-The solids c r  - tent of the harr!*wr &hall be a minimum of 
99 percent when determined by testing in accordance u h the .equirements  of Xl IL -S-St iOZ.  

4. 3. 2 Tensile bond testing - 
4.5.2. 1 Crycgenic tes t  procedclre-Five specimens prepared pe r  4.5.  3 shall be 

I Lsted at  -196 f 3C ( -320  f iF) per MIL-STD 401 t o  dr'c ,mine co-formance to  Tablc !. 



1 .5 .2 .  2 Elevate, -- + e r . x r a t u r e  tes t  procedure-Five specimens ,hall be IcadeZ 
at 0.7 MN/rnZ (100 psi)  in .-A t es t  fixture aa shoun in Figure A- 1. 
specimen shall  be h e a r d  to 177C I3SCFl and the temperature  at which failure occIirs 
shall be recorded to  deLern;ine conformance to  Table 11. 

One face of the 

4.5. 3 Specinien preparation - 
4. 5.  3. 1 Test panels-Aluminum alloy sheet shall  be pe r  MIL-A-8920 c lass  T87 and 

anodized. The reinforced 
foam per TBD shal l  be 2. 5 x 5. 1 x 5. 1 cm (1  x 2 x 2 in) with the "2" direction parallel  
to the thickness. 

The panels shal l  be: 0. 17 x 5.  i x 5. 1 cm (0.069 x 2 x 2 in). 

4. 5.  3. 2 Bondin of test ancls-Adhesive shall  be applied to the foam surface such 
that each yarn e n  ---d--r+ as a il let  of a hesive surrounding it. The cleanea aluminum panel 
shall be placed on the faying sur face  of the foam. 

4.5. 3. 3 Cure of adhesi te-The tes t  specimens shall  be held for 17 hours a t  
25 f 3C (77 f 5F) a* atmospheric pressure .  
a t  52 * 3C (125 * 5F) for 16 hours  f 15 minutes under vacuum bag p res su re  of 
50.8 cm (20  in; minimum of mercury .  
149 i 6C (300 * 10F) for 32 hours minirroim at atmospheric pressure.  

The specimens shall then be cured 

The specimens shal l  be postcured at 

4. 5. 4 Specific gravity testing-The specific gravity shall  be determined per 
Federal  Tes t  Method Standard No. 406 at 25C f 3C (77F f SF) and shall  be recorder! for 
eaci. of 5 specimens. 

4. 5.4. 1 Preparat ion of specimens-The test specimens shall  be prepared by 
pottin'g a 0. 3 x 2. 5 x 2. 5 crn (1 /8  x 1 x 1 in. 1 specimen against a suitable release 
mater ia l  and curing per 4. 5.4. 3. 

4.6 Examination 

4.6. 1 Inspection for storage stability-The material shall  be tested to  establish 
conformance with the requirements of 3 .  10. 

4.6. 2 Inspection of packaging-The supplier shall  make  such inspections as 
are necessary  to a s s u r e  that the requirements  for preservation, packaging, packing 
and marking are met.  

5. PREPARATION FOR DELIVERY 

5. 1 Packa in -Unless otherwise specified in the contract  or order ,  t!ie base shal; 
be package in the following containers: 1/2 pint, 1 pint, 1 quart  and 1 gallon. Hardener 
shall  be packaged separdtely in t5e cor rec t  proportion to  the base. 

5. 1. 1 Unit packzging-Base m a y  be furnishea in tinplate cans, o r  glass  j a . r  with 
If seams of cans o r  pails a r e  metal  caps contsining aluminum foil coated innerseals.  

soldered, they shall  be coated with a suitable coating which is non-reactive to the basm 
Hardeners  and acce lera tor ;  may be furnished in glass  ampules or Type V, Class  2 
tinplat- containers which ~ - i l  meot 'he tinplate and !,-:e rior co4:.;ig rescirern?ctL 5. 

PPP C-96. Terneplate corcainers shall not be used. 

4 -  
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TEST PROCEDURE: 
1. ASEWBLE SP€CIMEN IN FIXTURE 
2. FOSlflOhl HEATER ELEMENT PLATE FLAT AGAINST SSCIMEh BLOCK 

4 ADJUST POWER TO HEATER TO REACH ?XiPC f ‘4NPFI ON 
THERMOCOUPLE “SIDE SPECIMEN E L K &  KITHIN 4 TO 
5 MINUTES 

3. LOAD I N  TENSION TO i.m N w a  La) 0.09 w?d iim 6 1 1  

5. RECORD TEMPERATURE AT RUPTURE APPLIED 
LOP . 

kOE: DISCARD SPECIMERS THAT RVQTURE PRIOR TO 
N’PLICATION OF HEAT OR THAT RVITLIRC PRIOR 
To TEMPERATURE INMCATION OF 93% I1oooFJ PIECF ALUMQNUM s m u  

j Y i t  X 5.1 r m  (! X 2 X 1 IN.) 

W A T l  
CrnDvCI IoN 
HF 1333 ROO 

,2* 4.-ALUMlNU%< BLOCK 
2.5 X 5.: X 5.1 cm 
I1 ?( 2 X 2 IN.) 

LINER BONDS€. **EN 
116 G L # 3  FABRIC . ...I;&OCbUttE 

TANK WALL 8oNO SP€CtM€& 
t21Q-TU7 AIJODIZED PLATE 

‘:JG TP NK WALL E.DHESIVE - 
BONLI USING TANK WALL - 3 0  FOAM - 

24 9T ALVUIN~”‘ 

119/ I -- - 

‘LIED 
LUAD 

Figure A-1. Elevated Temperature Test Fixture Tensile Bonc! Ltrengtk - Hot Piate 



5. 1.2 Level C- !:-'cc'r.4ging shal i  be in accordance with the manufac?rtrtr 's 
commercial  pract ice .  

5. 1 ,  3 t in less  -+?--rwise spcified in thc contract or order, Lwei C pteservation 
and packaging sbt'll L, provided, 

5.2 Packing - 
5 - 2 .  t CGshioninp,-LJnicss otherwise specifiud by the p x u r i c g  activity, when unit 

C*:shicrthg m i t e r i a l  snail 
fiberboard boxes are required. the contents shall be securer! sn%g!y by means of werticai 
seprr2:ors arid iiberboa-d or corrugated paper to fi;! voids. 
conform to 2FP-C-84:. 
k a r d  and the corrqattci  paper shal l  be flexible and single faced. 

The iirJerboard shall  he made of s k g b  ~r do*ib!c wall corcugat td  

5 .2 -2  Level A-t'nit packages shnli be packed iq m a d  cleated p ly .aood  (oyerseas 
type!, a r i led  a-ood or sirebrn.12 a ~ c d  !Sc)rlc 3 for T y p e  2 load) boxes conforming to 
PPF-R-&OI,  PPP 3-621 o-- PPP-8-585, respcctiveiv. SQX clasares sbal l  !x u 
specified in the app'ricadc box specic;carion a?per?diX. 
contents shall not exceed ZGO p o u ~ c s .  

The weik)rt of rood h n s  and 

5.2. 3 h v e i  B--nit packd dl be packed in wood der:& i i k r 5 a a t d .  aaized 
wood or u-irebom,.' POOL :for -Type < 4::oci) corrirpaLed or sc!i3 fiberboard. z-ocd clea:ed 
p l y \ r d  {domestl  
LO PPP-B-621, PPI'- 5- >SS, or YL-5- lG37'. respectit-e!?. Clcsrrres shall  be as 
specified i 2  t i e  box specif;co:ioc or  Pppcnciix thereto. 
the special rquirenaents oi 

,-ocl, o r  wood ciea:ea p . p e r  c- er ia ic  !dot; *stic tvpe, boxes conformrcg 

r'i5erboard boxes shall conform to 
: applicable box spc i i ica i ion .  

5. 2.4  h v c l  C-1i'kt-n spec i i i td  by t t c  procuring activity, the anit pickapes s h i  
Se packed in cort=.iners in s m m n e r  :o i n s u i e  spfe de!is Zry -4 acceptance at destination. 
CGntaintrs sh;,; complg with the rdes and regulations of t h e  carrier applicable to the 
mode oi trarspptzt im.  

5. 2. 5 IJnless other-z-ise specified in the contract or O r Z i i .  Lever C packing s h a l l  
Se ;I-o\-ided. 

5. 3 Marking - 
5. 3, 1 -- A k - r m  of cazkzges - Each u- i t  package, caa, -mpulc. and SG forth, a5 

applicable shall be marked in accordance  with MIL-STD- !L9 and with the following notes: 

CAUTiOFi: Special c a r e  should b~ taker :o avoid 
inhaling the activator fuiacs. Avoit? 
contact of the epoxy resin or  the 
;ccelerrtor with the akin. 

XOT E: Unrcred epoxy resir >r  accelerator may 
be rewoved from confact area 37  washiag 
wieL to.uol or acetone, the-1 a-ith sczp 
h.. * :ate r. 
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STOFLGE- The mate;:al called for in this drawing 
sbmild bc stored at temperaturPs from 
1% to 516 t t  TF to d7FI in thc absencr of 
sunlight. 
C S C C ; ~  of 3lC tP?Fa fr,r ?rdor.o,er! p r i o d s ,  
the ;torage l i f t -  of ;)..e niateria! u-ill be 
proportimately reduced. 

If e x p o s 4  to tc-zr.peratcrcs an 

NOTES O- -- 
b. I W e n d e d  ust-Tht.  e p x y  a c h e s f k c  covered by this drawing i s  intended for csc 

in ?he adhesior o f  ctycgcnic insulation r h e r e  externa! temperature may reach l77C 4 3MF:. 

o. 2 Ordering datr-Orders o r  contracts should specify the fol.-iDg information: 

tal Xumbcr. :hie, base o r  hardener. date d manufacture. 
cianufactcrer's narrc and designation and change l e t ter  
of this drawing 
Site of runtainer and It-:c+I of p c k a p i c q  and 
pa.-kinp: (se? 5 .  11 
Options oiietrd, i f  rt.qu~rrC (see 3, 1, 4. !, 3. 1. 3 
and 5 - 2 -  54 
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1. SCQPE 

1, 1 Scopp- This dtaar'ng covers the mi-m requirements for the instaxlation of 
insulation to the interior .- tb*s af non- -x id iz iq  systrmr which will be exposed to 
temperatun's ir, the range ai -253C (-423Fl to 137C (353F). 

2. APPUCABLE 30CUMESTS 

2. 1 Gorcrnmrnt-furnished docurncnts - The following documents (and subsidiaries 
*hereof), oi issue ir: effect on date o* invitation for bid. unless otherwise indicated. iorm 
a part of this drawing to the extent specified herein. 

MIL-t-9084 Cloth, Glass, Finished, Foz Polyester 
Resin Laminates 

. 

MIL-R - 9 300 Resin, Epoxy, h Pressure Laminating 

bUL-SID-4C 1 Sandwich Lonstmctions a.id Core Materials, 
General Test Methods 

Copies of specifications, standards, drawings. ar.d prk:ications required by contractors 
in connection with spccific procurement functions should be obtaind from the procuring 
activity or a5 directea by the contracting activitv. 

2.2 Other p l b k d i o n s  - The following pblfcations (and subsidiaries thereof) form 1. - ;r part of -drawing to 6; extent specified herein. Vnlesci uLeraise specified, the 
ri issue in effect on date of irvitatior. for bid rhal! applv. 

AXE'3ICNV ,WCIETY E-OR TESTING ASXJ MATERKAiS I- t- ASTM D 676 Methods of Test 5 r  Indentation of Rubber 
by Means of ir Duronieter 

16pplicatiar. fcr c Dice c?' .5'ZM a:andards should be addrc-sed tc the America2 Socicty 
for Testing and Materia. - ? 16 Race 3tr cet, Philadel-hia. Fennsylvania 19 103). 

A8hecive. Epoxy Base, High Temperahaxe I 
\New Specification 1 
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1. 1, 2 I.int-r-to-c-n:c a l h c s i v c  - Adhesire for inipr Sgnating zlass cloth l i n r r  a d  
IHHtdiIIR ~ C D  1 1 1 ~  insulation ccirc shall hc per MIL-R-9100 Type 1. Class  1. O r  cqiiiva1rnt. 

3- 1. 1 Adhcs ive  validatin3 - Prior to use. t he  adhesives shall  be storrrl u d c r  *-OR- 

t rollcd a-rrnditioos ta c n s u r c  continurd compliance with the  respective epecifications. 

1- 1-4 

1. 2 Clcanin 

L in r r  - T!ic glass cloth l i n r r  shaii be per MIL-C-TORI.  Typo fL 

- Thr tank intcr ior  shall  be clcanerl free C r r i r n  particl~e and forcipn 
i i tstctials --# -nd s .a l l  hc sriitzhlc for adhceirc bon3inp. The cleanin8 operatien sCall not 
degrade- thc- intc-Erity c r i  t h c  s t tuc tur r .  

1- 3 F?czRizg envirortnrcnt - The bonding environment shall have controlled te-mpera- 
t i i w  and hixiriidity as n c r - r - s s a r y  tfi Frovwa? the collection sf visible muisturc 07 the h n r j i n c  
siirfacr-s and as ncc-c-ssarp to prcl-cnt it-gradation of t h e  adhesive 'bond. The howling shri! 
IM- ccmrfuctcrl i n  .:n arcma that h a s  filtc-red a i r  and is free of contaminaoite to the extent that 
bondiny ciprrat icms a r c  not af. xtcr i .  

3.4. 1 Prm-css cont tnl  - 
3.4. I. 1 Cryogenic- tcptinp - Th? process shall  be contrnrled by bonding panels for 

Teneilc bond stre-npth of ?he 

-. . - -  

strcnpth spccinicns siniirltanernisly with production parts. 
insulation rorc--to-tank \\-all and liner-to-insulation core ShaiI be a minirmrm cf 
0 . r v 8 *  X'.S/niz i l00 psi)  at -1MC 1-320F; and a minimum kverazc of 1. : h@:/mz l l S 0  
at - 1 Q K  ( - f Z O F ) .  

1.4. 1.2 Ifigh t cn ipcra turc  testing, core-to-tank bond - The strenptb specimens 
shall bc bonded sintultancously wits Frodur;tion parts. 
bond failure undcr  a s t r e s s  of 0 63 Mh/rn'- (I00 psi) occurs shall be on the average of 
5 saniplcs in excess of l ? t C  (350F). with z minimum of 119C 1300FI for only one nample. 
tlsc elc*.-accd t en ipera ture  test iixcurc. tcnsil; bond strength. as s h m -  i . 4  FiRure A- 1.  

?h"c t empera ture  at whizh tensile- 

3.4. 1. ! High t c - m p r a t u r t  testing, Iinct-to-insulation core bond - The strength 
specimens sha l l  be bnnded sirnultanrously with prd.rction parts. 
which ?ensi!e bond fa i lure  under a S t i e s 2  oi 0.69 MN/rnZ : 100 psi) occurs  shal: oe OR 
the average of 5 samples in excess of 163C (32SF!, with a minLxam of 141C 1283Ft  
ior any one a4rnple. Use elevated temperature  tes t  fixture tensile bo- ' rtTen6rh as 
shown in Figure A-I. 

-- 
The tempera ture  at 

3.4. L Adhesite mixin - The adhesive ard hardener  corrpc-nents rhail  b- rrlixtC in  
accordance I_------+ with the app icade material specification. The n i x e d  adhesive shall Ibe 
applied, the par t s  assembled. an6 the required bonding p r e s s c r c  tpplied before the 
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3.4. 3 Adhesive syl icat ion - The adhesive shall be applied mch that each y3un end 1 
baa a fillet of adhesive marroundkg it. = .  ;. 

3.4.3. 1 &..hesivc weTuht - (core to tank) - After application, the adhesive weight 
shall be 0.28 to 0. 30 kg/rna (26 to 28 slit&) of ssrface area for insulation core-to-tank 
wall bond. 

3.4. 3.2 Resid weight - MLL-R-9300 Type X. Clase 1- The weight of resin tared to 
impregnate and bond the glass cloth linez to  the inmlat!on core shalt be 0. 16 f 0. P? h i m 2  
(IS g/ft2) of b e r  area 
holes, are exempt from liier adbeaive weight limitations. However, the liner in thess 
localized areas mat conform to wrlcmanrhip requirements of this drawing. The c+talyze! 
rrorkiq liie af the liner resin shall be fdlowed as shown in Figure A-3. 

Inca1 areas, such as a r n ~ r d  fittings, inserts, vent, or acccsB 

3.4.3.3 Weigbt - of liner porosity teal  coat - The weight of MfL-R-9300 Type I ,  
Class I adhesrve re- on the liner suriaci after seam operaiions shall be 
33 grn to 55 gm/rn2 as determined 'by visual comparison wit& pkoviousiy prepared panels 
of ideatical configaracon to  the production liner. 
accrmmlations shall be inciu6ed in the total weight restriction. 

Resin mans or other IocaX resin 

3. 4 Gap FUin - Gaps sh'l be filled as required by the design drawing. Gap 
fiucr : .a11 consazo$thc following: 

0. IO0 parte by weight of 830-0930 phenolic. microballona 
0. 75 parts by weight of 0.064 cm (0.25 in. ) milled glass fibers 
fi 300 p z i a  by weight of Mu,-R-9300 Type I, Claes L 

3-4.5 -Standard care cvcles - 
3.4.5.1 Cure - (core to tank and liner to  cor\ L- The adhesive shall be cured by the 

followbg standard cure, or  an equivalent cure as neceesar- to meet the requirements of 
the applicable design: 

Cure at temperature of S2C f I1C (125F f 10F) under vacuum bag pressure of 
20 inches minimum of mercury for 16 howe. 

Follow by post curing using the following stepwise cure temperatures. 

1 hour min;jnum t 66C f 5C (150F ;t IOF) 
1 hour minimum at 82C t 5C (180F f IOF) 
1 hour minimum at 93C f 5C (230F f 10F) 
1 hew minimum at l2lC f SC :256F t 10F) 

32 hours milinium at 149C f 5C (300F f IOF) 

- 3. 5 Worhanr~hip- Before mating, the adhesive #hall be free af adulte;.w.te, voits, 

i a& air b&.<es detrimental to the adhesive bcmd. Foreign materials, such ae tape 

--%ties ld&cd-iirmly in creviiee of tho c; ;e  jofntr: or in crevices 
i--er irregularities; foreign materials shall individually cover the 
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no greater than 0.81 cm2 (0. 125 in. z). Localked particles of lint, foam dust, or cloth t 
strings shall be 9rml) embedded h the adheoive and shall not protrude above the surface . * 
of the l i n e a  uwre thm 0.32 c m  (0.125 in. ). 
between liner and insulation core shall meet the f llowing requirements: I 

The quality of the glass liner and the bond 

I 

Cloth wrinkle8 or =cess resin ridges shall be limited to t r .  32 c m  in height. 

There &all be ~a =bond areas in liner overlap ar3aa larger than 6.45 cm2 
(1 in. 2, per 30.5 cm (1 ft. ) of overlap length and ehsll not extend through more 
than one-half the width af the xerlap. These unbonded areas shall be condned 
within the overlap width, and shall not run out at the edge leaving looee edge5 of 
liner. Liner overlap requirements shall include the j0in.s at fittings and liner- 
to-tank wall termination joints. 

When glass-thread-reinforced inmalation core is specified in the design drawing. 
the unbonded areas between the liner-to-insulation core shall be identified as 
being separated from tbe vertical gl-s thread reinforcement in the insulation 
core. Single areas ofunbond shall be limited to a group of nine threads 
ma -- 
l a r r T h e  total of unbonded threads in any 930 em2 f 1 ft. 2) shall not esceed 
forty (40) or one percent of total threads per 930 cmz. When other types of 
insulation core are specified on the design drawkg, the unbond between linear 
and core shall not exceed 1.27 c m  diameter and shall be limited to five stch 
areas per 930 cm2- 

. 
or an area of 1.27 em (0.5 in. ) in diameter, whichever is the 

Unbonded areas of the liner under cloth wrinkles, or at offset insulation core 
joints shall not exceed 0.64 ern (0.25 in. ) in width and 30.5 cm in lecgt21 without 
intermittent contact with the insnlatioc core. 

QUALITY ASSURANCE PROVISIONS 

'I 
i t 

i 
4.1 krspedon responsibility - The supplier is responsible for the performance of all ; r inspection requirements as speciiied herein. Except as otherwise specified. the sepplier 

i 

i 

may utilize his own or any ather inspecSon facilities and sex ices  acceptable t G  the 
procuring activity. 
complete and avai lab le  to the procuring activity as specified in the contract or order. 
procurin& activity reserves the right to perform any of the inrpections set forth in &e 
drawing where such inspections are  deemed necessary to assure that m-aterial and process 
conform to the prescribed requirements. 

' 

The i 
Inspection records of the ex=. Tation and teste shall be kept 

I 
4.2 J&- A lot shall consist of a single tank completely insulated and preaented for 

1.3 Sampling - Each lot shall be inspected 100 percent. 

inspection. 

4.4 Classification of tests - -- - E  
4.4. 1 Production - T-rodaction teste are  those teete which shall be conducted by the f 

rnr(LJULor;urer to  m a r e  c x L e . d i ,  to the requfremLrP a of &id d x a w h  bid ii..ib.s ti.= 
manufacturer to cettify tLe accuracy of the product to the procuring activity. 'i 
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Paragraph 

(a) Adhesive weig!it - icore to tmk wall) 
(b) Resin weight - (core to liner) 
(c) Hardness 
(d) Process control 
(e) Eksmination 

4.5. 1 
4. 5. 2 
4. 5. 3 
4. 5.4 
4.6 

4.5 Test methods and procedures - 
4.5. 1 Adhesive weight - Three specimens shall be prepared by covering paper 

samples. at least 6 inches by 6 inches i3 size. with adhesive identical to that applied to the  
insubt ion core at the start of bonding each tank segmen: (see 6. 3. 1) and one specimen 
after every twentieth irdiridual inmlation core in  the segment. 
weighed a d  the wrkyht per square ioot calculated to ver i fy  the rer-uirements of 3.4.4. 1 
before the insuIatio.-. core is installed. 

These specimens shall be 

4.5.2 Resin weight - MIL-R-9300 Type I, Class I -  Chie specimen. a minimum of one 
square foot i n  area. shall be cut from each fiiteen feet of cortinuous, adhesive-impregnated 
glass clottt; for lengths less than fifteen feet of adhesive-impregnated glass cloth a ore- 
square foot specimen shall be cut from the end. 
weight of adhesive per square foot caleukated to verify the requirements of 3.4.4. 2 before 
the sheets a r e  installed. 

These specimens shall be weighed and :he 

4. 5. 3 Process control - To control the process of 3.4. 1, representative control 
panels for tensile strength specinens shall be prepared for each bonding operation 
encompassed by one racuuni pressure bag or for each segment. 
represent the adhesive bonding operation insulation core-to-tank wall arid one control 
panel shall repreTznt the glass cloth liner-to-insulation bond. 

One control panel shall 

I 4.5.3.1 Sane1 prepatation - Each panel shall carisist of the same construction and 
materials as used in the corresponding tank segment. 
tank y.-a!l s'iall be cleaned. primed. or otherwise prepared in the same manner and with 
the same batch of materials us used in the segment. 
the impregnated g k s s  clc-h l iner  shall be assembled %o form the panel for process control 
specimens at the begirmiyrg of the segment bonding squeqce and shall be cured under 
pressure at the same iime and under the same envircramental conditions as the  corre- 
sponding segment. 
the tank insulation. 

I 
The -metal plates simulating the 

The adhesive-coated components and 1 

Post cure of the panels (no pTessure) shall represent the post cure of 
The post cure temperature shall be as specified in 3.4.6. 

4.5.3.2 Specimen Dte ration - Five tensile strength specimens shall be prepared 
from each control panel + per 4 4and 4.5.4. 1. 

4.5. 3. 3 Tensile strength test - Specimens prepared per 4. 5.4. 2 shall be tested i n  
accordaxe with KIL-STD-401 to determine conformaLce to the requirements of 3.4. 1. 

4. 5. 3.4 High temperature test - Specimens prepared per 4. 5.4. 2 shall be tested ir, 
accordance e% MIL- - t a l ,  except as specified hereis, Apply a tensile load cf 
0 , A Y  VP*'m2 (100 psi?~?Iu spxim *... Appiy heat to a . c  O: the specimen to  bq-hkve 

Measure the temperature L bond line temperature of 204C (400F) within 4 to 5 
at w%ch fai lure  occurs to dtlerrnine conformance to of 3.4. 1. 
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-- .----'a 
81, 

--- 
C001ElA02 tCZ ALO e .e 



d 

4.6 - Ekaminatiot: -- Each segment shrti he vieasliy inspected to determine 
conformar-ce tn the re-ircinentm df 3. 2. 3.4. 3. 3. 3.4.4, RIA 3. 5. 

I 

5. PREF,29ATICY!U FOR D E W E R Y  -- - 
There are no applicabie requirements. - 

6. NOTES 

C '  

-1 
6. 1 Intended use - The installation of a cryogenic insulation is intended for use on the i interior of tanka deekned lo store non-oxidizicg ityogenic fluids zt temperatures a6 low 

as -2356 (-423F). 

6.2 Orderirg data - Order or contract should specify the following: 

(a) Title, aumber a d  change letter of this drawing. 

6 . 3  Eefdtiona - 
6 .3 -1  Se ment - A segment ir the Bum of all individual piece8 of insulation core, 

,775 . -=:< .:-.y 
:- -. ----: :; L . - 

- . <_i_ 

or glass liner. + en ed annJ+:& in one operation and under one vacuum presauze bag. 
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