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NOTICE 

The Aerospace Engineering and Research departments of General Mills' 

Electronics Division were purchased by Litton Industries, Inc. , on 11 Sep¬ 

tember 1963. This acquisition is now known as the Applied Science Division 

of Litton Systems, Inc. 

This sale has transferred all facilities, personnel and capabilities which 

have been involved in the research directed toward Evaluation of Potential 

Balloon Materials under Contract AF 19(628)-2944. Work on this contract, 

which has now been novated, will continue without interruption or adverse 

effects. 

Much of the survey work reported herein was conducted while this 

division was a part of General Mills, Inc., hence, many references will 

be made to GMI rather than to Litton's Applied Science Division. 



ABSTRACT 

' In a survey of currently available plastic films (supported and unsupported) 

for potential balloon use, 419 firms were contacted, of which 156 responded. 

Of these responses, 118 must be classified as negative, while 15 are classified 

"miscellaneous"--which for practical purposes is negative. Eleven firms made 

no special effort other than forwarding either samples or sales literature. 

Twelve firms made some effort that involved some combination of submittmg 

samples or literature and returning the questionnaire (only three of these 

made a substantial attack on the questionnaire). So far as can be determined, 

only one firm (Foster Giant) performed any actual testing in order to supply 

data not already in their possession, which were requested by the question¬ 

naire. Data are presented herein on 18 materials--two not suggested by the 

survey--the products of 12 companies. Of these, 11 materials are commer¬ 

cial items, one appears en route to this status, and six will probably not 

advance beyond the experimental stage unless a use is found for them. 



FOREWORD 

This report was prepared by the Applied Science Division, Litton 

Systems, Inc. , under Contract No. AF 19(628)-2944. This contract was 

initiated under Project No. 6665, Task 666501. The work was adminis¬ 

tered under the direction of the Air Force Cambridge Research Laboratories, 

Office of Aerospace Research, with Mr. James F. Dwyer, CREE as Contract 
Monitor. 

This report covers work involved in performing Item I--Survey of 

Currently Available Plastic Films (for potential balloon use). 

Staff members of the Applied Science Division who have directed and 

performed the work described herein include Messrs. A. A. Anderson 

and W. B. Parsons. 
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Scientific Report No. 1 
Contract AF 19(628) -2944 

SURVEY OF CURRENTLY AVAILABLE PLASTIC FILMS 

I. INTRODUCTION 

This report documents results of the survey carried out as Item 1 under 

Contract AF 19(628)-2944 entitled "Research Directed Toward Evaluation of 

Potential Balloon Materials. " 

Under this contract, the Applied Science Division, Litton Systems, Inc. , 

has conducted a survey of available plastic films including unsupported, sup¬ 

ported, and laminated. Tests will be conducted on the most promising. The 

goal is to consider these materials in relation to those presently used for 

balloons (zero pressure and superpressure, but not including extendable 

weather, tethered, or space applications) and determine whether any are 

superior to and should supplant those now in use. The test p>rogram also 

encompasses balloon load tapes. 

The work described herein was performed during the period 1 May 1963 

through 15 March 1964. 

Nearly 420 firms were contacted in the initial, and two subsequent alter 

nate surveys, with responses being received from more than 150 of these 

Sufficient data were received on 18 materials to permit their listing, although 

not all of these meet minimum stated requirements While a much higher 

response might have been desired and expected tsmce even negative responses 

were requested and facilitated by enclosure of self-addressed postage free 

envelopes), it is believed that returns are consistent with other well conduced 

surveys. As a contractor «vho is called upon, rather persistently, by repre 

sentatives of a number of firms that are potential suppliers of materials for 

balloon applications, our primary surprise and disappointment was in the 

failure of the film suppliers to seize this opportunity to pit their producs 

against one another. Particularly did we expect these firms to pit their 
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products against those presently used in balloons --first, in a fair compari son 

of data relative to pertinent characteristics and second, in the competitive 

test phase to follow. Having previously contacted many laminators regarding 

potential reinforced-film materials suitable for consideration, we were not 

surprised that there were so few materials available at a stage that would per ¬ 

mit submission of data and samples. Little proprietary effort can be expected 

with no assurance of a market for that new composite which meets certain clearly 

defined minimum specifications and is superior to competitive materials from 

the standpoint of technical excellence and moderation of cost. Lack of composites 

especially "concocted" for consideration in this survey and the subsequent test 

program would bear out this assumption. 

It is believed that this survey has performed a beneficial function in dis¬ 

covering that there are not great numbers of potential balloon materials pre - 

sently available, which are not already familiar to those firms and agencies 

concerned with their use. This demonstration provides reassurance that any 

possible funded development, whether in the area of unsupported or supported 

film, would probably not be duplicating work on some existing product. 

It is suggested that consideration be given now to action which might rea 

sonably be taken should the test phase of this program fail to demonstrate that 

any of the candidate materials offers advantages over those presently used. 

Such action might take the course of (1) formulating minimum and desired 

standards relative to all pertinent characteristics of materials for the three 

types of balloons under consideration, and (2) contacting technical directors 

of selected suppliers of (a) film, (b) lamination service, (c) resin, and 'd, 0d 

hesives--regarding feasibility of conforming to the stated requirements. 

II. INITIAL SURVEY PACKAGE 

A Survey Package was prepared including (1) a letter of introducnon and 

explanation, (2) a statement of the contract program, (3) information on pre 

sently used materials, and (4) a questionnaire. This package was submitted 

for approval by the Contract Monitor. Upon return, suggested modifications 

were made. 

- 2 - 



Initial distribution was investigated. Major attention was devoted to Thomas 

Register of American Manufacturers (55d ed. , 1963) and Modern Plastics Ency¬ 

clopedia (issue for 1963, 40.1A, September 1962). The latter includes a register 

of firms active in specific categories and a master alphabetical list. We selected 

the following categories for distribution: (1) biaxially oriented film and sheets: 

cast film and sheets; (3) extruded or calendered sheets; (4) extruded film; 

(5) film laminates, thermoplastic: (6) coating of component parts; and (7) coating, 

web. Excluded, were firms specializing in materials (as indicated by code letter) 

which are known to be inappropriate. Selections were transferred to the master 

list for complete address and elimination of duplication. 

The alphabetical list was scanned in its entirety in order to determine 

whether any firms known to be active in appropriate fields had not been selected 

because they were not included in any of the categories chosen for consideration. 

This process added approximately 10 firms to the 300 originally selected. Re¬ 

view was made of firms with which we have previously been in contact regarding 

films and scrim-reinforced film. This effort yielded 23 additional contacts. 

Two contacts were later suggested by our Contract Monitor and one by a con¬ 

tacted firm. A spot-check was made against the categories of interest m 

Thomas Register, suchas: plastic extruders; plastic film, flexible; laminar,ng 

paper and cloth; plastic sheeting; laminated plastics; and plastics, transparent 

It was found that many of the listed firms had previoulSy been selected, but that 

many had not. Believing that a survey of some 333 firms should prove adequate, 

at least initially, no attempt was made to increase further the list of contacts 

A copy of the Survey Package is to be found in Appendix A. Appendix B 

gives an alphabetical list as extracted from Modern Plastics Encyclopedia 

to which has been added 27 additional contacts (Appendix C). Following each 

firm name is a brief summary of its response, if any. 

Response to the Survey Package was somewhat slower than expected. By 

including a self-addressed envelope by which a negative response could con¬ 

veniently be made with little effort and at no cost, we expected that those firms 

having no products meeting the minimum requirements would respond quickly 

and in large numbers. This was not the case, and the following situations are 

considered possible causes of the poor initial response: 

- 3 - 
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KjmnimriTn 4iT®rr 

1) There was so much explanatory material included with the question¬ 
naire that many recipients either gave up and discarded the package 
before coming to the questionnaire and return envelope, or set the 
material aside, perhaps with good intentions to respond when time 
permitted. 

In preparing the questionnaire, we were torn between a desire to keep 

it brief and simple, and the need to provide information which would really 

explain the program--and perhaps sell some firms on making substantial 
effort to participate. 

2) The "Package" may have impressed the initial recipient, yet re- 
quired information not available to him. He may then have forwarded 
it either within his department or to another department for response 
In this manner it may have fallen into the hands of a research-director 
type who was busy with other things and not inclined to be overly con¬ 
cerned with prompt attention to such correspondence. 

3) Although a firm may have had nothing that could meet the require- 
ments, it may have been reluctant to go on record, preferrirg to 
remain silent. B 

4) s°me firms may have planned to perform tests needed to supplement 

rIthlrbHo Shtfe1 dKta ln °rder t0 make a comPlete response. This is 
rather doubtful, however, because such a firm would probably have 
made an mitia! response, advising us of this action. This is parti¬ 
cularly likely in view of the fact that a reply within two weeks was 
requested. 

5) 

6) 

me companies may have honestly believed that they had a candidate 
material and sought management approval to incur the cost of additional 
testing required »o obtain data needed to complete the questionnaire. 

Lack of «m attention line on the inquiry may have contributed to a 
light response. Had the inquiries been directed to sales depart¬ 
ments our correspondence might have been "logged in" prior to 
forwarding to a technical group for needed data. Sales would then 
have a follow-up responsibility, if only because of the nature of 
their record-keeping. 

- 4 - 



III. AIR FORCE FOLLOW-UP 

During a project conference at our division on 26 June 1963, Mr. Tom 

Kelly suggested the use of a questionnaire follow-up, drafted by G MI and 

issued on Air Force Stationery. The draft, a copy of which is appended 

(Appendix D): (1) emphasizes Air Force interest in balloons, (2) points out 

that GMI is not a competitor of firms being contacted, (3) advises that the 

report will be available to all fabricators (all porential customers of firms 

contacted), (4) offers the incentive of a copy of the report to firms subrnmmg 

a complete questionnaire, (5) provides further information on market potential, 

and (6) indicates that even a partially completed questionnaire cculd, under 

certain circumstances, lead to inclusion of an apparently promismg material 

in the test phase of the program. This draft was modified by the Contract Mon 

tor and a follow-up was submitted. Appendix E :s a copy of the follow-up letter 

Response to the Air Force Follow-up was considerably greater than might 

have been expected based on returns from any ot the other three' approaches 

This may be taken to indicate that the low level of return from the other <hiee 

approaches may not be attributed simply to lethargy on the part of recipients. 

It is obviously easier to write "no" on a questionnaire and return by postal 

cd.rd or self-addressed envelope than to dictate an independent response 

That 53 firms from a group of 260 (those who failed to respond to the firs 

q> esnonnaire, would make the effort m write in response to the follow up 

(when only 83 of the original 333 replied) must be attributed to a desire to 

cooperate with the Armed Forces. It is not considered surprising that 

almost without except.on, the writers disclaimed knowledge of having re 

ceived a questionnaire. In many cases these were probably not the same 

individuals who took no action except to "round file" the Survey Package, ,f 

they were, they would not be likely to admit it. 

While direct replies to the Air Force m response to the follow up ex 

ceeded expectations, the response direct to GMI was quite the contrary 

í¡t 

Two subsequent approaches are described hereinafter 
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1) Two telephone calls, including one from a firm (Foster Grant) whose initial 

response had been received too late to delete them from the follow-up list, 

) One letter to our general office, and 3) One casual mention by a vendor repre¬ 

sentative, in the course of conversation on other matters. Samples were received 

from Facile in late August with no reference to the follow-up. No other response 
of any kind was received. 

IV. G MI FOLLOW-UP 

Several firms declined to submit a questionnaire on the grounds that too 

much of the requested information was not available. Some firms taking this 

approach may have really believed that they had a material suitable for con¬ 

sideration, although in many cases this answer may have been merely a hedge 

against admission that no materials were available which could possibly meet 

minimum requirements. Form Letter No. 2 (Appendix F) was prepared for 

use in following up this type of response. Its prmcipal purpose was tQ offer 

possibility of consideration--in case there were not sufficient attractive 

materials on which complete data, were available. No responses were re 

ceived in instances where this follow-up was used. 

V. ALTERNATE SURVEY 

Other possibilities for improvement of survey responses suggested them¬ 

selves. A small-scale survey could have been made by contacting some firms 

which had not responded -- in an effort to determine the reason. An obvious 

difficulty would have been m making contact with the particular person within 

a given organization who, by conscious decision or inaction, had been respon¬ 

sible for the lack of response to the origin,! inquiry. It was decided to con¬ 

duct two small-scale surveys by contacting firms different from those included 

in the original mass mailing. Responses were then to be evaluated. If one of 

these alternate approaches had achieved a worthwhile response, all firms who 

had failed to respond to other approaches could have been recontacted in ’he 

manner that proved most effective. The approaches were 

■ 6 • 



1) Advised by double postcard (one half self-addressed and provided 
to facilitate response), that GMI (as contractor for the Air Force) 
was conducting a survey on the subject of potential balloon materials 
meeting certain minimum requirements which were set forth. Firms 
were ask_ed to indicate whether they produce a material meeting the 
stated minimums. They were ad-ised that an affirmative response 
would cause them to be supplied with detailed information and a 
questionnaire. The Survey Package would then be mailed to a 
designated recipient of the responding firm. Having acknowledged 
existence of a potential candidate material, he would then feel some 
obligation to complete the questionnaire. 

2) Submitted a streamlined Survey Package consisting of a 1-page 
letter (in lieu of the original 3-page letter. 3-page explanation of 
program, and 4-page properties of presently used materials) and 
a simplified questionnaire which sought data on the same character ¬ 
istics, but designated neither test method nor desired units for re¬ 
porting data. The letter advised that more complete information 
was available on request (this to consist of the 3 June 1964 cover 

"A'm0dified t0 meet the new situation--along with the original 
GMI Assignment1 and "Properties of Presently Used Materials" 

from the first Survey Package). Upon receipt of questionnaires 
returned under this approach, an attempt was to be made to evalu¬ 
ate and compare the various materials. Should more appear promising 
than could be included in the test phase, suppliers could be frankly ad¬ 
vised of the need for data on certain characteristics. By that time we 
expected to be in a position to offer to perform certain tests for the 
suppliers on a purchase-order basis, should they care to avail them¬ 
selves of this service. 

These two small-scale surveys had the disadvantage of not covering the 

most promising firms included in the initial mailing. They were intended, 

however, to answer these questions: 

Djd our request for a reply at the close of the original letter of 3 June 
get lost in the mass of information presented? This would app^r to 

have been the case if the response to either or both the alternates 
suggested above was good. 

2) Were firms simply reluctant to say they didn't have anything suiUhle? 
This would appear to have been the case if the response was low on 
the double postcard approach. In that case there was no mass of 
material to "swamp" the recipient, and no possibility that our desire 
for a response could go unnoticed. 

yere firms reluctant to complete a questionnaire which is at all com- 
£rehensive? This would be apparent if firms indicating suitable pro- 
ducts on the postcard survey failed to return completed questionnaires 
when supplied with proper forms. 

- 7 - 



4) Had we scared out_our contacts by specifying test methods and re- 
? initial questionnaire? Inis would seem to be pgrtlng units in the mitial questionnaire r i ms would seem to be 

, CaSe “ ltle resP°nse on the streamlined questionnaire had been 
appreciably better than that on the detailed survey 

The distribution was drawn from Thomas Register; we selected the larger 

firms. Twenty-seven firms were selected from the Plastic Sheeting category, 

14 from Plastic Film, Flexible, and 42 from Plastics, Transparent. From the 

total of 83, every other one was sent the double postcard, and the alternates 

received the streamlined survey package. 

A list of the firms contacted by these two approaches (together with their 

responses and copies of the materials distributed in carrying out these approaches) 

make up Appendices G, H, I, and J. Results of the alternate surveys indicate: 

1) 

2) 

3) 

4) 

Neither of these more streamlined forms of contact produced a dras- 
ticaHy higher percentage of returns than the original Survey Package. 
The pre-follow-up response on the original survey was 85/333, while 
the postcard produced 12/41, and the streamlined Survey Package 6/42. 

Since the combined rate of return (18/83) was not quite as high on the 
alternate surveys, it is unlikely that the voluminous nature of the 
original Survey Package was primarily responsible for the small num¬ 
ber of returns therefrom. (It has been speculated that some might have 
given up on the Survey Package before coming to the self-addressed 
return envelope and the request that the questionnaire be returned, 
even if the firm had no suitable products to report. ) 

Small return, even on the simple postcard approach where the desire 
for return could not be overlooked, may be taken as evidence in sup¬ 
port of a theory that many firms do not desire to go on record as having 
gg stable products even when such is obviously it,» o There may 

f/uear °f fPPearing on a list of firms with no suitable products, and 
that this could somehow damage their competitive position. 

Carrying this thinking from negative to positive, it should be noted 
that of the twelve postcard responses, only two indicated the existence 
of potentially suitable products and requested questionnaires. One could 
then assume that most of the non-responders believed that they had no 
suitable products, since there could be no fear of appearing on a list of 
firms whieh claim to have suitable products. This reasoning can be ex- 
en ^ ° support a belief that those firms which did not respond to the 

original Survey Package or to the Air Force follow-up probably have no 
suitable products. * <»vC nu 

- 8 - 



VI. SUMMARY OF SURVEY RESPONSE 

Responses may be categorized as follows: 

1) Negative. 

2) Negative, literature included to illustrate type of business done. 

3) Custom operator, might be able to produce to specification. 

4) Decline to participate because lack data on product, as well as 
test equipment, funds to conduct tests, or both. 

5) Literature forwarded with idea that we may find products suitable. 

6) Sample forwarded with idea that we may find it suitable. 

7) Sample and literature forwarded with idea that we may find suitable. 
Sketchy questionnaire included in some cases. 

8) Positive, sample and questionnaire fairly complete. 

M) Miscellaneous--send survey forms, will forward samples and 
data soon, etc. 

(Table 1 summarizes the survey returns) 

VII. INFORMATION RECEIVED FROM SURVEY 

Data obtained as a result of the survey are presented in Table 2. Since 

data were received on a fairly limited number of materials, it has been pos¬ 

sible to include virtually all those on which a reasonable amount of informa¬ 

tion was submitted. These consist of: 

Polycarbonates 

Lexan - General Electric Company, Chemical Materials Department 
Celanex - Celanese Plastics Company, Division of Celanese Corporation 

of America. 

Polyamides 

Fosta Stabilized Nylon XN622 - Foster Grant Company, Inc. 
RILSAN - (Nylon 11)- May Industries 
Capran - Allied Chemical, General Chemical Division 

- 9 - 



Polyethylenes 

Data Sheets 1359, 1360, 1362 (1, 2, and 1-1/2 mil) 
1971 (E-263-43A) 
1972 (E-263-43B) 
1973 (E-263-43C) 
EO-59-32 

VisQueen Film 
\ Division, Ethyl 

Corporation 

Polypropylenes 

Y Film - W. R. Grace & Co. , CyroVac Division 
Dow Oriented Polypropylene QX-4265. 2 - The Dow Chemical Company 

Polyesters 

Kodar - Eastman Chemical Products, Inc. , Subsidiary of Eastman Kodak 
Company 

Scotchpak Brand Polyester Film - 3M Company, Film Division Laboratory 

Miscellaneous 

Seilon UR-29E (polyurethane) - Plastics Division, Seiberling Rubber 
Company 

Tediar (polyvinyl fluoride) - E. I. duPont deNemours & Company, Film 
^ Department 

Teflon FE±- (fluorocarbon) - E. I, duPont deNemours & Company, Film 
Department 

Scotchpak Brand Heat Sealable Polyester Film (Exp. Film 50441L84 
reinforced) - 3M Company, Film Division Laboratory 

Of these only the Dow polypropylene, the 3M reinforced heat seaiable 

polyester film, and the Visking polyethylenes are experimental. We have de¬ 

parted slightly from contract instruction t> group experimental and commer¬ 

cial materials separately. The Dow polypropylene is included with that of W. 

R. Grace & Company. The Visking polyethylenes are grouped naturally, being 

the only films of that type. The 3M product is included with miscellaneous 

duPont films rather than being made the object of an entirely separate sheet. 

In addition to the materials included in Table 2, partially completed ques¬ 

tionnaires were also received from the G. T. Schjeldahl Company covering 

their GT-12 Mylar reinforced with Dacron scrim, and GT-21 Mylar Bilam. 

Data on these products are not presented since they are the currently used 

materials for very heavy load carrying and superpressure balloons. As ..uch, 

they together with Visking polyethylene, will be included in the test phase of the 

program, having been designated by the Contract Monitor as the materials to be 

tested under Item 5 of the Work Statement. 

- 10 - 



:i 

3 

i 

i 

i 

i 

i 

i 

ni e 
§ 

w 

>N 
<u 
> 
Wi 
3 
w 

H 

00 

sO 

in 

m 

<VJ 

nl 
-M 
0 
h 

(0 
4) 
(0 
a 
o 
Q4 
m 
V 
aí 

u 
V 

43 

£ 

¿ 

•o 
V 

• fH 
nl 
2 

•if 
C 
0 

• «H 

Ol • rH 
u 
« 

Q 

m 

m 

OJ 

in 

—i (M 
(NJ 

o 

CO 

vû 
m 

CO 

•“H 

o 

o 
nj 

m 
oo 

CO (M 
m >-h 

NO 
CO 
CO 

CO 

vO 

-O 
nO 
CM 

CO 
vO 

X 
0 
h 
(X 
(X 
(4 

CO 
nO 

m *j 
'x. to •>>» 
00 V 00 

* 6 4) 5 
■m n 
<-> ti 
« bo 

43 
u 

1 43 (0 u St . 
1 4J *3 ^ s, 

O ^ 3 -2 V, 
0, £ 3 ° s 
“ ^ Ö 4) -S 4) 3 

as » 2?^ Ê 'Ö 
1 ^ 10 0< O 0 -S co Ü fH i 0 to 

m <*h ^ 2 . ï 

.n ° c-S'So 
0 o ^ OP J ^ IU 

bO c " c nil w «r-» ^ 4» ” 
cu » to •- ÿ o 

3 •? to -H 44 C g 
" ^ ^ nl 5) c C 

<-> C 
to ç 

3 
u 

^ ^ 
(¾ “ .2 «J 
^TJTI ^ 
4> 4} 4i C 
> bO bO 

0) C* 
Z <j 

5-° c 
^ ni ni -O g ^ 
3 a a. iu ? 4-1 V 

OT I I 0} O c Vi 
: co 3 X» 0 nl 

(X 
3 
I 

O 

4) 
U 
Vi 
0 
h 

C 
V 

. 2 
X 4) 
4) Vi 
4) 4) 

Tl 43 
-H 4-> 

“ Tl 
4) C 
C <4 
0 

»§ Vi ™ 
nl ^ 
5 bO 
Ü O 
10 Vi 
O Pi 

^ bO 
41 C 

-*H 
43 C 
3 -¾ 
O «J 
Q a 

i 
3 JL 
O vh O 

• H O Vi 

» vi a 
V V to 
3 43 ^ 
O* g .2 
V 3 ^ 
0 0« 
^ 4, m 
tS^ g 
4) ^ 
3 bO « 
a* 3 3 Q1 **H 'tj 
¡" -m aJ 
^ n) ■*■ 
m .2 '3 
bO-O " 
c 5 >. 

• r^ ” c—4 
4-> ». <-H 
3 ^ n) ij 43 --i 

IM 
Tf 

co 
vO 

co 

00 

41 
« ; 

£ 

CO 
vO 
'—. 

n£) 

(4 
43 to 

5 -H tw 
-s 41 „ e 

43 g A 
Ü .s¿ 5 *3 

S ^ 
.5 ^ ^ 

CO Lo i> 

03 

^ QO 
nl Vi 3 4i 

M 0*+» 
T3 
C 41 S 
n) C 

«2 „ 3 Ü 
g cr «u 
v> -o 
«5c 
o-S-o 
« bO +j 

3 w 
5 0 o y 
p 

õ <p I •1 +J to 
•£ m 3 
2-0 § 

#. V IV W 
0) ‘ 

" «'S 
.5 2 S 
n) O 3 a (XT) 

+-> « 
41 3 . 
^ O'“ V 
4) Ä 2 0 
00^ £ >« 
5 41 _, bo 
^Tl ^ ß ■ .« 41 -i-i 

ë “ 
oCi.5 5 

o 5 5 > r « -ii fi lx -o +3 .5 

- 11 - 

o 

o 

c—H 

o 

nj 

-£> 

m 

co 
vO 
m 

O' 

41 
> 
U 
3 

W 41 
: X 

T> 
41 ■U 
3 . . 

'S 0 ■M 41 
P OÍ 41 ■M d« y) 

Ü ü 
^ a> 
0) O 

•*-» _ fl) • 
4) T3 î, T) 

-« 41 .H 4> 
c ß m > 

ß -« p 
0 ^'3 (X m 5 
to to g 

ß 
a o 
3 -- , « 
> “ ? 41 
O 3 

bO to 

.2 H 
^ s 

C « ‘ 

o S > 10 

ISÍ ë5 

P O Jij u 
41 ^ O 
JJ - PC 
« « £ TJ - bo**- 2 

-Sei C J 4) ’ß 

- e 2 E-Srs >- 
w tu 

lx Oi 
«> o 2 

CL 2 •£ 

m 
—H 

co 

O' 

r- 

(M 

00 
O' 

10 
m 

O' 
f-H 
"l' 

bo 
ß 

^ 32 60 >1-0 g 41 

2 -p 

I 
n) 
u 

• rH o-H 
CL 
3 

T) 

V 
O 

<1-1 

TJ 
P 
+•■ 
U 
41 
U 
X 
o 
u 

41 
-w 

■ rH 

ta 
O 
CL 

£ c 
O 0 

U Z A
 c

o
p
y
 o

f 
e
a
c
h
 o

f 
th

e
s
e
 
d
o
c
u

m
e
n

ts
 
m

a
y
 b

e
 f

o
u

n
d
 i

n
 t

h
e
 
a
p
p
e
n
d
ix

. 



Table 2. Physical Properties of Plastic Films 

Vendor (l)1*1 
Identification Type 

Thickness 
(Data Basis) 

(mil) 

1. Celanese Plastic Co. 
Celanex 

2. General Electric Co. , Chem. 
& Metallurgical Div. 
Lexan Type 900 

3. Foster Grant Co. , Inc. 
Fosta Nylon XN662 

4. May Industries, Inc. 
RILSAN (Nylon 11) 

5. Allied Chemical Corp. 
Capran 

6. 3M Company 
Scotchpak 

7. Eastman Chemical Products, Inc, 
Kodar 

8. Seiberling Rubber Co. 
Seilon UR-29E 

9. E. I. duPont deNemours & Co. , 
Inc. , Film Department 
Teflon FEP 

10. E. I. duPont deNemours b Co. , 
Inc. - Tediar 

11. W. R. Grace b Co. , 
Cryo-Vac. Div. 
Y Film 

12. The Dow Chemical Co. 
QX-4265. 2 

13. VisQueen Film Div. 
Ethyl Corporation 
1971(E-263-43 A) 

14. VisQueen Film Div. 
1972(E-263-43B) 

15. VisQueen Film Div. 
1973(E-263-43C) 

16. VisQueen Film Div. 
1359 

17. VisQueen Film Div. 
EO- 59- 32 

18. 3M Company, Film Div. 
Exp. 50441 L84 

19. VisQueen Film Div. 
Ethyl Corporation 
Polyethylene (Balloon Grade) 

20. E. I. duPont deNemours b Co. 
Film Department 
Mylar 

21. G. T. Schieldahl Co. 
GT 12 

pages 

Polycarbonate 3 

Polycarbonate 1.12 

Polyamide 3 

Polyamid' 

Polyamide 1 

Polyester ¡ 

Polyester 1 

Polyurethane 

Fluorocarbon 

Polyvinyl fluoride 

Polypropylene 

Biaxially oriented 
polypropylene 

Polyethylene ? 1 

Polyethylene ? 0. 9 

Polyethylene ? 0. 9 

Polyethylene 1. J 

Polyethylene ? 0. 8 

Heat sealable polyester 
(scrim reinforced) 

Polyethylene 2 
(Union Carbide) 
(DFD 5500 resin) 

Polyester 

Mylar + Dacron scrim 1/2 + 12 x 4 
220 denie r 
Dacron leno 

19 and 20 for numbered notes 

Cold 
Brittle 

Temperature 
CO 

<-137 (3a) 

<-100 (4) 

<68 (5) 

<46 

-73 

-62 (use) 

<68 

<73. 3 (3b) 

-254 

low (6) 

variable 

(7) 

<68 

<68 

<68 

<68 

<-74 

<68 

-62 (8) 

-196 

12 - 
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Table 2. Physical Properties of Plastic Films (Continued) 

Ultinr.ate 
Strength 

(pai) 

MD TD 

Tensile Properties 

Yield 
Strength 

(psi) 

MD TD 

Elongation 
(Ultimate) 

(%) 

MD TD 

1. Celanese 
Polycarbonate 

Z. General Electric 
Polycarbonate 

3. Foster Grant 
Polyamide 

4. May 
Polyamide 

5. Allied Chemical 
Polyamide 

6. 3M 
Polyester 

7. Eastman 
Polyester 

8. Seiberling 
Polyurethane 

9. duPont 
Fluoroca rbon 

10. duPont 
polyvinyl fluoride 

11. W. R. Grace 
Polypropylene 

12. Dow 
Polypropylene 

13. VisQueen 
1971 polyethylene 

14. VisQueen 
1972 polyethylene 

15. VisQueen 
1973 polyethylene 

16. VisQueen 
1359 polyethylene 

17. VisQueen 
EO-59-32 
Polyethylene 

18. 3M 
Reinf. polyester 

19. VisQueen 
Polyethylene 

20. duPont 
Mylar 

21. Schjeldahl 
GT-12 

10,500 

10,200 

9,710 

10,000(13) 

6,700 

26,000 

17,000 

5,000(13) 

3,000(13) 

7-18,000 (13) 

21 -28,000 (13) 

22,100 

3,828 

4,409 

3,670 

3,221 

10,500 8,000 

10,500 

10,800 

5,800 

29, 300 

5,280 

6, 512 

5,623 

3,656 

8,500 

5, 510 

4, 300(13) 

4,400 

8,000 

8,200 

110(9a) 110 

120 
100 (10) 

5,720(11) 370 (9b) 
2,840(12) 14 (10) 

250-400 (13) 
10 elastic 

120 
100 (10) 

350 
15(10) 

4, 300 

26,000 15,200 15,200 

17,000 10,000 10,000 

1,700 @ 
3% 

4,900- 
6,000 (13) 

8,600- 11,400- 
10,500(14) 12,900 

23 lb/inch 25 lb/inch 

9,950 

3,293 (15) 

17-25,000 
(13.20) 

3,432 
(16) 

(17) 

13,000 (13, 
21) 

(17) 

310 (9c) 290 

110 
5(10) 

45 

410 (13) 

300 (9a+l 3) 

115-250 
(9d , 13) 

45-85 (13) 

85 

294 

220 

308 

406 

110 
5 (10) 

45 

50(9e) 

229- 
207 

406 

393 

438 

67 2 

149- 
119 

691 (18) 764 (19) 

70-1 30 
(13,20) 

40 lb/inch 301b/inch 30 lb/inch 20 lb/inch 

13 
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Table 2. Physical Properties of Plastic Films (Continued) 

Tear Strength 

Iniation 

MD TD 

Propagation 

MD TD 

1. Celaneae 
Polycarbonate 

2. General Electric 
Polycarbonate 

3. Foster Grant 
Polyamide 

4. May 
Polyamide 

5. Allied Chemical 
Polyamide 

6. 3M 
Polyester 

7. Eastman 
Polyester 

8. Seiberling 
Polyurethane 

9. duPont 
Fluorocarbon 

1510 lb/inch 
(13, 22a,23) 

1150-1570 lb/inch 
(13,22a) 

1290 lb (22b) 

16. 8-19. 6kg/mm^ 
(25) 

975 lb/inch (22c) 

2. 6 lb (22a) 

600 lb/inch 
(13,22d) 

600 lb/inch (13,22d) 
270 g/mil (13,22d) 

1320 lb (22b) 

15. 4-19. 1 kg/mm^ 
(25) 

850 lb/inch (22c) 

2. 6 lb (22a) 

10. duPont 450-600 g/mil 
Polyvinyl fluoride (13,22e) 

11. W. R. Grace 
Polypropylene 

12. Dow high 
Polypropylene 

13. VisQueen 
1971 polyethylene 

14. VisQueen 
1972 polyethylene 

)5. VisQueen 
1973 polyethylene 

16. VisQueen 
1359 polyethylene 

17. VisQueen 
EO-59-32 
Polye thylene 

10. 3M 
Reinf. polyester 

19. VisQueen 
Polyethylene 

20. duFont 
Mylar 

21. Schjeldahl 
GT-12 

180 g (5 mil film) 
(13,23,24a) 

10-16 g/mil 
(13, 24b) 

400-50C g/mil 
(13,24c) 

75 g/mil (24d) 50g/mil(24d) 

85 g (1 mil) 
(13,23,24e) 

10 g (24b) 

380 pli. min 
(13,26) 

125 g/mil 
(13,24a) 

12-40 g/mil 
(13,24c) 

1-2 g/mil (27) 
8-12 g/mil 
(13,24a) 

50-300 g (13,28) 

15 g (1 mil) (29) 

68 lb (30) 

10 g (24b) 

69 lb (30) 

14 - 



Table 2. Physical Properties of Plastic Films (Continued) 

__Scalability_ 

Toughneea_Heat_Thermoplastic_Liquid 

1. Celanese 
Polycarbonate 

2. General Electric 
Polycarbonate 

3. Foster Grant 
Polyamide 

4. May 
Polyamide 

5. Allied Chemical 
Polyamide 

6. 3M 
Polyester 

7. Eastman 
Polyester 

8. Seiberling 
Polyurethane 

9. duPont 
Fluorocarbon 

10. duPont 
Polyvinyl fluoride 

400 g 1/2 mil (31a) 
50% fail 

0.87 lb (2-1/2 mil) (31b) 
or 1. 88 ft lb 

2 kg-cm/mil (33) 

2. 7-5. 6 kg-cm/mil 
(33) 

Yes 

Dielectric, jet, Yes, if 
impulse, band, treated 
hot wheel 

Impulse or 
knife 

150-200 g/inch 
when coated 

Impulse 
6450 psi peel 
5750 psi shear 

375°, 40 psi 
10 lb/inch peel 
25 lb/inch shear 

11. W. R. Grace 
Polypropylene 

12. Dow 270 g/26 inches (31c) 
Polypropylene 

13. VisQueen 41. 1 millisec (34) 
1971 polyethylene 

14. VisQueen 40. 3 millisec (34) 
1972 polyethylene 

15. VisQueen 40. 2 millisec (34) 
1973 polyethylene 

16. VisQueen 39. 5 millisec (34) 
1359 polyethylene 

17. VisQueen 47. 1 millisec (34) 
EO-59-32 
Polyethylene 

18. 3M 
Reinf. polyester 

Impulse 
ultrasonic 

Impulse k 
hot air 
8,000 psi 

Impulse 

Impulse 

300 g/mil (32) Impulse b 
dielectric 

No Yes 

230 g (31b) Impulse 

Impulse or 
radiation 

Methyl alcohol 
Ethylene dichloride 

Methylene chloride 

Goodyear CPA-f 19A 

Yes 

Phenol 

B. F. Goodrich 0165MB 
109/0500 MB 112 

19. VisQueen 
Polyethylene 

42. 2 millisec (35) •70% material 
strength, peel 

20. duPont 
Mylar 

60 kg-cm (1 mil) (• 3) No 100% material Benzyl alcohol (with 
strength, shear heat) 

21. Schjeldahl 
GT-12 

No 30 lb/inch peel 
40 lb/ i rich shea r 
(37) 

15 - 



Table 2. Physical Properties of Plastic Films (Continued) 

Specific 
Weight Gravity 

Aging_Transparency_(Ib/ftZ-mil)_(g/cc) 

1. Ce lane se 
Polycarbonate 

2. General Electric 
Polycarbonate 

3. Foster Grant 
Polyamide 

4. May 
Polyamide 

5. Allied Chemical 
Polyamide 

6. 3M 
Polyester 

7. Eastman 
Polyester 

8. Seiberling 
Polyurethane 

9. duPont 
Fluorocarbon 

No problem 
except UV 

No problem 

Avoid high 
temperature & 
low humidity 

No problem 

Good - 0. 2 to 0. 00624 
2. 2 microns 
90% to visible 

(41) 0.00624 

Vendor curve 0.006 
200-900 
millimicrons (41) 

(41) 0.0054 

(41) 0.006 

0. 0067 (23) 
0. 007 

0. 00635 

0. 0065 

0. 0112 

1. 2 

1. 2 

1.15 

1.04 

1.15 

1.4 

1. 22 

1. 25 

2. 15 

10. duPont 
Polyvinyl fluoride 

Excellent * 90% from 0. 4- 0. 008 
15 microns ex¬ 
cept 40% 6. 1 to 
12.5 microns 

1. 38 to 1. 57 

11. W. R. Grace 
Polypropylene 

12. Dow 
Polypropylene 

13. VisQueen 
1971 polyethylene 

14. VisQueen 
1972 polyethylene 

15. VisQueen 
1973 polyethylene 

16. VisQueen 
1359 polyetnylene 

17. VisQueen 
EO- 59- 32 
Polyethylene 

18. 3M Avoid high 
Reinf. polyester temperature 

19. VisQueen 
Polyethylene 

Avoid h igh 
tempe rature 
storage (43) 

1.2% haze 0.00472 0.9 

87-88 Scatter- 
master (42) 

0.00478 0.921 

0.00478 0.921 

0.00477 0.918 

0.00476 0.916 

0. 015 as is 

Very good (44) 0.00485 0.935 

20. duPont Avoid high Good (46) 
Mylar temperature 

storage (45) 

21. Schji ldahl No problem 
GT-12 

0. C0725 1.39 

0.00974 

- 16 - 
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Table 2. Physical Properties of Plastic Films (Continued) 

Availability Thickness Width 
Experimental (E) (mil) (inches) 
Commercial (C) Min. Max. Min. Max. 

Tole rance s 
Thickness Width 

1. Celanese 
Polycarbonate 

2. General Electric 
Polycarbonate 

3. Foster Grant 
Polyamide 

4. May 
Polyamide 

5. Allied Chemical 
Polyamide 

6. 3M 
Polyester 

7. Eastman 
Polyeste r 

8. Seiberling 
Polyurethane 

9. duPont 
Fluorocarbon 

10. duPont 
Polyvinyl fluoride 

11. W. R. Grace 
Polypropylene 

12. Dow 
Polypropylene 

13. VisQueen 
1971 polyethylene 

14. VisQueen 
1972 polyethylene 

15. VisQueen 
1973 polyethylene 

16. VisQueen 
1359 polyethylene 

17. VisQueen 
EO-59-32 
Polyethy'e ie 

18. 3M 
Reinf. polyester 

19. VisQueen 
Polyethylene 

C (?) 

C tube 
C sheet 

C sheet 

C sheet 

Being sampled 

E 

E tube 

1 187 
plan plan 
less 250 

0. 5 

1 

1 (38) 

12 
plan 
15 

5. 9 
39. 4 

10 

0.5 3.0 
plan plan 
0.25 5.0 

0. 5 
plan 
0. 25 

3. 0 

60 

0. 5 20 

0. 5 

0.3 0.75 

0.5 3.0 

34 
plan 
60 

33 
plan 
56 

54 
plan 
56 

1.18 25.6 
19.7 27.5 

36 (39) 

±10% 

±10% 

±1/16 inch 

±1/2 inch 

±0. 2 mil ±1/16 inch 

0. 5 55 
plan 
108 

54 

48 

54 

±10% ±1/16 inch 

±l/10mil ±1/32 inch 

52 ±10% 

72 

+ 0. 2 
-0. 1 

72 ±03mil ±0.5 
cente r 
fold 

20. duPont 
Mylar 

21. Schieldahl 
GT-12 

0-13 10 0.5 80 +0.22 (40) ±1/16 inch 
-0. 24 

0.15 0.5 60 
plan 
84 
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Table 2. Physical Properties of Plastic Films (Continued) 

Cost 
Samples ($/lb) 

Celanese No 1.60-1.80 
Polycarbonate 1 mil 

Comments 

Data Source 
Proprietary 
Data (P) 
Questionnaire (Q) 
Vendor Literature (VL) 

2. General Electric 
Polycarbonate 

3. Foster Grant 
Polyamide 

4. May 
Polyamide 

16. VisQueen 
1359 polyethylene 

17. VisQueen 
EO-59-32 
Polye thylene 

18. 3M 
Reinf. polyester 

19. VisQueen 
Polye thylene 

20. duPont 
Mylar 

21. Schjeldahl 
GT-12 

Yes 1.70-2.15 

Yes 2. 10 

No 

5. Allied Chemical No 
Polyamide (47) 

6. 3M Yes 
Polyester 

7. Eastman No 
Polyester 

8. Seiberling No 
Polyurethane 

9. duPont No 
Fluorocarbon 

10. duPont 
Polyvinyl fluoride 

11. W. R. Grace 
Polypropylene 

12. Dow No 
Polypropylene 

13. VisQueen Yes 
1971 polyethylene 

14. VisQueen Yes 
1972 polyethylene 

15. VisQueen Yes 
1973 polyethylene 

Yes 

No 

Yes 

1.85-4.00 
1/4 mil 

1. 80 
1 mil 

2. 30 - 1/2 mil 
1. 55 - 3 mil 

2. 00 

10. 00-15. 00 

Excellent cold flex claimed in 
questionnaire, yet failed 370 
folds D643-43 (23) 

Creepocity 20. 9% @ 1420 psi 

Survived 850,000 transverse folds 
& 106 longitudinal ASTM Q-0 
3,001 

Survived 100,000 folds ASTM 
D643 (MIT) 

No 4.50-5.00 
(47) 

Yes 0.70 

Yes 0.73 

Yes 1.80 
1 mil 

Yes $. 69/yd* 

Excellent cold temperature 
flexibility claimed 

Extra low melt index; would be 
difficult to run on production 
equipment 

Extra low melt index; would be 
difficult to run on production 
equipment 

Extra low melt index; would be 
difficult to run on production 
equipment 

Run on production equipment; may 
be good at lower temperature 

8x4 nylon leno scrim, Geon 
stabilized, reinforcement 

Data based on single ply Mylar 
rather than 2 ply laminate actually 
used in superpressure balloons 

Q except as noted 

Q 

Q 

VL 

VL 

Q except as 
noted VL 

VL 

VL 

VL 

VL 

Correspondence 
10/21/63 & 
2/20/64 

General Mills 
Mechanical Div. 
Report No. 1917* 

General Mills 
test data 

VL except as 
noted 

'''Sol1 page 20 
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Table 2. Physical Properties of Plastic Films (Continued) 

NOTES: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

Vendor identification and type are set out fully on the first page of the table, while on sue 
ceeding pages this information is limited to a minimum needed for identification. 

Test methods, ASTM unless otherwise noted, are included in these notes when identified 
by vendor in literature or questionnaire. 

a. D746-57T 
b. D746 

D1790-60T. 

Proprietary. 

Known to be low by author. 

Outstanding low temperature strength claimed. 

Vendor claims flexible to indicated temperature; however, film known to be ussful at 
cryogenic temperatures. 

a. D882-61T 
b. D882-56T, 2 inches/min 
c. D882 
d. D882A, 100% elongation/min 
e. D882-56T 

Yield. 

10 inches/min. 

0. 1 inch/min. 

No indication as to whether data apply to machine, transverse, or both directions. 

First value @0.95 inch/inch / sec and second value for 0. 017 inch/inch / sec. 

Balloon Barrier Materials, GMI Report no. 1904, p. 25, average, ASTM D882-54T 
Method C except 13,200 psi/min. 

Balloon Barrier Materials, GMI Report no. 1904, p. 30, average. 

No lower yield point at room temperature; Balloon Barrier Materials, GMI Report 
no. 1525, p. 27, Table II. 

Balloon Barrier Materials, GMI Report no. 1904, p. 34, average. 

Balloon Barrier Materials, GMI Report no. 1904, p. 39, average. 

Instron. 

Litton test. 

a. D1004-61 Graves 
b. D1004-49T Graves 
c. D1004 Graves 
d. D624 Graves 
e. Dl004-59T Graves 
f. Graves 

Vendor Literature 

a. D689-44 Elmendorf 
b. D1922-61T Elmendorf 
c. Elmendorf 
d. D689 Elmendorf 
e. Elmendorf TAPPI T-414 
f. D1004-49T, Para 2(a), Elmendorf. Although this reference was used in the report 

from which data on this material were taken, the author of the present report is 
not aware that an Elmendorf test has ever been included in the D1004 classification. 

D638-54T (D638-60T makes no reference to tear testing). 

FED SPEC FTMS 601 M-4221. 

This inconsistent value found in other literature by vendor. 

High-Altitude Platform Study, Interim Report, GMI Study of a High-Altitude Airship, p. 4 

Cellophane tester. 

1/4-inch hook in 3-inch slot, 8-1/2 x 11 inch sample strained 50 inches/min. 

a. D1709-62T 
b. D1709-59T 
e. Da rt 

- 19 - 



Table 2. Physical Properties of Plastic Films (Continued) 

32. D1248. 

33. duPont pneumatic. 

34. Modified duPont falling ball (MIL-P-4640). 

35. Balloon Barrier Materials, GMI Report no. 1904, p. 19, average; or 37 inch-lb p. 53 
modified duPont falling ball tester. 

36. Falling ball, typical. 

37. 2 inches/inch/min. 

38. Literature indicates 1 mil but available to 1/4 mil, with which Litton has been sampled. 

39. Literature indicates 36 inch but available to 54 inch, with which Litton has been sampled. 

40. Balloon Barrier Materials, GMI Report no. 1911, p. 34 (1 mil). 

41. Litton has checked this material on Beckman Spectrophotometer (IR 4) on another program 
and has recorded information on transparency. 

42. D1746-60T. 

43. Balloon Barrier Materials, GMI Report no. 1837, p. 41. 

44. Balloon Barrier Materials, GMI Report no. 1525, p. 45, Figure 16, and pp. 49-52. 

45. Contractor experience on Project Mercury. 

46. Balloon Barrier Materials, GMI Report no. 1525, p. 105, Figure 33. 

47. Litton generally has some stock of this material. 

REFERENCES** 

Report 

1525 

1837 

1904 

1911 

1917 

High 
Altitude 
Platform 
Study 

General Mills, Inc. , Mechanical Division. Balloon barrier materials, by 
A. A. Anderson, Jr. , et al. Final Report covering April 1955-March 1956 
Contract AF 19(604)-1393. AF-CRC-TR-56-262. (April 10, 1956). 

-. Balloon barrier materials, uy A. A. Anderson, Jr., and G. L. Morfitt. 
Final Report covering March 1957-March 1958. Contract AF 19(604)-1393 
AF-CRC-TR-58-211. (April 14, 1958). 

-. Balloon barrier materials, by G. L. Morfitt. Quart. Techn. Report 
covering April 15 to July 14, 1959. Contract AF 19(604)-3876. AF-CRC- 
TN-59-456. (July 14, 1959). 

-. Balloon barrier materials, by G. L. Morfitt and C. B. Peterson. 
Quart. Techn. Report covering July 15 to October 31, 1959. Contract 
AF 19(604)-3876. AF-CRC-TN-59-667. (October 31, 1959). 

----- Evaluation of new plastic films for Skyhook program, by G. L. Morfitt. 
Techn. Note, December 31, 1959. Contract Nonr 1589(04). (January 4, 1960). 

Raytheon Company. Missile Systems Division. Interim Report: Study of a 
High-Altitude Airship, by General Mills, Inc. Contract DA-19-020-ORD-4944. 
BR-867. (March 1, I960). Confidential. 

Information on these reports can be secured through the Applied Science Division, Litton 
Systems, Inc., 2295 Walnut Street, St. Paul, Minnesota 55113. 
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The Schjeldahl Company also submitted a partially completed question- 
2 

naire on X-154, a laminate of Mylar and Dacron cloth weighing 3 oz/yd . This 

was not included since, in the opinion of the Contract Monitor and the Contractor, 

its properties were not well adapted to any of the three types of balloons for 

which new materials are being evaluated. 

The Facile Division, Sun Chemical Corporation, submitted individual 

samples of a number of materials. Most of these are not pertinent to the 

applications under consideration, since they employ a layer of aluminum foil 

in their makeup. One, Dacron scrim reinforced polyethylene (W. G. ?,2), was 

considered by the Contract Monitor to be too low in strength-to-weight ratio and 

too costly to warrant further consideration. Two of the Facile materials (essen¬ 

tially direct copies of presently used Schjeldahl products) warrant inclusion in 

the test phase of this program since satisfactory performance could open the 

way for competition in the areas of superpressure and very heavy payload 

balloons. 

Information presented on two materials in Table 2 did not result from the 

survey conducted under this contract: Allied Chemical's Capran and Visking's 

EO-59-32. Allied Chemical did not respond to the Survey Package --much to 

the surprise of their regional representative who contacts us frequently and 

provides us with current data on their products. The Visking material had 

been provided in sample form several years ago, and was tested along with 

several others. Despite some indications that it might become a production 

item, this has not come to pass thus far Of the experimental materials 

evaluated over the course of years by our materials group under Litton (and 

its predecessor General Mills) this is considered one of the most promising 

for balloon applications. 

With exception uf products by 3M Company, G. T. Schjeldahl Company, 

and Facile, it is noteworthy that no mention has been made of scrim or cloth- 

reinforced film laminates. Sea-Space System, Inc. , is understood to have an 

interesting product of this nature, but has been reluctant to submit data or 

samples. The Contract Monitor desires that this material be included in the 

test phase--provided this company will provide samples. 

- 21 



Uni-Search Engineering Corporation also indicated intent to submit sam¬ 

ples of Mylar/Nylon laminates, but these have not been received. A number 

of other laminators are known to have such capability, including Riegel Paper 

Corporation, Arvey Corporation, Chase - Foster, Schjeldahl, Facile and Rap 

Industries --to name but a few. A number of the laminators advised that they 

do custom specialty werk and would be interested in producing to a given specifi¬ 

cation, but have no standard product meeting needs for balloon application. This 

position is considered realistic. We believe that development of a superior 

laminate for balloon use could be accomplished by a funded team effort involving 

balloon flying, fabricating, and laminating activities, and perhaps even a weaver 

and film producer. 

It is interesting to note that no extruder of polyethylene (other than Visking) 

responded with data or samples and only Kordite mentioned having a polyethylene. 

Not many years ago several of the polyethylene producers (including duPont, 

Spencer, Koppers, and perhaps others) gave serious consideration to an attempt 

to compete for the balloon film market. 

None of the laminators saw fit to suggest composites employing two or 

more different films. The 3M heat sealable polyester (the original Scotchpak) 

has been used for various balloon applications over the years, without any 

great success (so far as is known to the writer). Other programs conducted 

at Litton have caused us to become familiar with a combination of polyethylene 

and Capran. It appears to offer the heat sealable features of polyethylene 

with an improved strength/weight ratio and greater abrasion resistance 

attributable to the Capran. A number of firms have submitted samples for 

consideration on another program. It is not presently known whether adhe 

sive or extrusion lamination will be found to be the optimum method of com- 

bination--if the former is optimal, the question remains as to which adhesive 

will prove superior. 

A number of samples, identified only by type numbers, were submitted 

by Griffolyn Company, Inc. These materials were of the type well known by 

all firms active in balloon fabrication. They employ two layers of film bonded 
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by a permanently "tacky" adhesive and encasing the characteristic non-woven 

fiber deployment at 45° angles to the two principal directions of the material. 

It has been our experience that this combination of tacky adhesive and bias 

orientation of fibers makes it impossible to obtain high seal strength, parti¬ 

cularly on slowly applied or dead loads. The tacky adhesive requires use of 

two layers of film in order to have a handleable product. This tends toward a 

lower strength/weight ratio than desirable for this type product. For these 

reasons, further consideration of this family of materials is not recommended 

under the present program. 

Some information was received on two additional films that have neither 

been included in Table 2 nor are recommended for the test phase of the pro¬ 

gram. Aquafilm Corporation forwarded literature on S-Aquafilm (potato 

starch) and M-Aquafilm (Dow Chemical methyl cellulose), both water soluble. 

These proved unqualified for further consideration because of low tensile 

strength, 2280 and 1710 psi, respectively. American Durafilm Company, Inc. , 

submitted a small sample of their PYRE ML film with sketchy questionnaire 

information, claiming: "OK" for cold brittleness, "?" for tear strength and 

sealability by liquid adhesive, "Good" for .old flex and absorption of solar 

radiation, and "No" for sealability by heat and thermoplastic adhesive. They 

stated that, "Properties should be ver’ similar to H Film--(duPont', " Since 

a duPont representative has likened K Film to Mylar, except in its ability to 

retain strength despite exposure to high temperatures and, since we have con¬ 

sidered it an exotic and expensive material, it did not appear that PYRE ML 

warranted further consideration for routine balloon applications, 

VIII. SELECTION OF MATERIALS FOR TEST PHASE OF THIS PROGRAM 

A. Philosophy 

It is possible to approach the selection of materials for the test phase 

of the program from a number of different points of view, each capable of 

some reasonable defense: 
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1) Evaluate selected commercial materials thoroughly in comparison 
with one another and the presently used materials. By testing all 
materials under the same conditions, it would be possible to assure 
all vendors that their products had received fair consideration, 
silencing any criticism as to possible closed-mindedness in favor 
of presently used materials. Whether the Air Force is subject to 
any such clamor and, if so, to an extent which would justify such 
an approach is not known. As a fabricator, we do experience this 
kind of response from vendors. It is obvious from the response to 
the survey, however, that those individuals who handled the responses, 
or failed to respond, did not seize upon this situation as a golden op¬ 
portunity to obtain the consideration for their material which their 
representatives always maintained was warranted. 

2) Assume that commercially available materials have been individually 
evaluated by balloon fabricators and found unsuited to replace any of the 
current standards. Concentrate test effort on experimental materials, 
even though they may not appear any more promising (on paper) than 
other better known materials. 

3) Favor selection of materials submitted by particularly cooperative 
firms, interpreting their cooperation in the survey as interest which 
might carry through to willingness to attempt modification in materials 
that may test well on all but one or two characteristics. 

4) Attempt to include as many types of materials in the tests as possible, 
choosing one of each type which appears (on the basis of the reported 
data) to be superior. 

5) Attempt to restrict the types tested to those which, on the basis of 
the survey, have real merit. Utilize the test program as a means 
of determining which of the various vendors of a given type produces 
the superior product for balloon applications. 

6; Eliminate from consideration the extremely high- cost materials, 
without regard to their apparent technical merit or the fact that a 
portion of the high cost may be offset through use of production 
methods less expensive than those required for some presently 
used materials. 

B. Recommendations 

A number of vendors did not submit complete data on their products. 

Since the missing data are frequently in the area of cold brittleness and 

ability to withstand cold flexing without damage (characteristics on which 

- 24 - 



poor showing could be considered disqualifying), it is recommended that the 

test phase effort not be limited (initially) to ten materials plus the three pre¬ 

sent standards. It is, rather, suggested that a number of alternates be desig¬ 

nated. These could be brought into the program in the event the selected 

materials are disqualified. Where the choice between the selected materials 

is close, relative performance on a screening test (such as cold brittleness; 

could actually be the basis for final choice on inclusion in the test program. 

It is anticipated that the cold brittleness test selected for use on the program 

will offer a rapid, inexpensive means of screening. 

We believe that the ability of a material to be sealed in such a manner 

as to retain a high percentage of its other desirable properties will prove one 

of the most important practical means of distinguishing between a useful 

material and a disappointment. Unfortunately, it is not feasible to provide a 

fair test on this point. This statement can be appreciated when one considers 

the tremenduous expenditure of time and money which has been devoted over 

the years to improvement in methods of sealing polyethylene and Mylar In 

the case of Mylar, a material with many desirable properties, forced develop 

ment of a suitable sealing technique. Unfortunately, even a seal which performs 

well under test conditions is not necessarily suitable in actual use. However, 

development of sealing techniques and checking seals by other than laboratory 

testing are beyond the scope of this contract. 

Recommendations, alternates, and some justifications for selection 

follow: 

1. Polycarbonate 

Celanex, with Lexan as alternate (Celanex offers a lower claimed cold 

brittle temperature and superior tear resistance). 
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2. Polyamide 

Posta Stabilized Nylon XN722, with RILSAN and Capran as alternates. 

Selection is influenced somewhat by the excellent interest shown by the Foster 

Grant Company. Thi, interest, manifested by several long-distance telephone 

calls and considerable test effort in order to obtain data on as many character¬ 

istics as possible, was unexcelled by any firm contacted in the survey. RILSAN 

is designated as first alternate, since it appears to differ from Fosta more than 

does Capran. RILSAN has substantially better tear resistance by the same test 

method, is less dense, and is stronger. Unfortunately, RILSAN is not available 

in widths as great as would be desirable. 

3. Polypropylene 

Y Film, with QX-4265. 2 as alternate (Y Film offers claimed advantages 

of good cold flexibility, impulse scalability, and is in production. QX-4265. 2 

lists a very low seal strength, even when especially treated). 

4. Mylar Bilam 

Facile Division, Sun Chemical Corporation #1137, with Arvey Corporation 

product as alternate. Neither of these products is included in the table because 

no data were submitted. The Facile produc; is selected because of its greater 

clarity and because it has appeared to meet the requirements applicable to 

GT-21 as ilsed in superpressure balloons. 

5- Mylar/Dacron Scrim 

Facile #1147 is designated, as a copy of the Schjeldahl GT-12. This 

product is not described in the table as no data were submitted, although 

samples were provided. 



6. Polyethylene/Capran Laminate 

Vendor to be selected from such laminators as Arvey Corporation, Mara¬ 

thon Paper Company, the Dow Chemical Company, and Curwood, Inc , - -depend¬ 

ing on which submits the most acceptable sample by the time the test phase gets 

under way. The configuration proposed for test is 1/2 mil Capran and 1-1/2 mil 

polyethylene. 

Polyethylenes (Experimental) 

Four of the five Visking materials (1359, 1971, 1972, 1973, and EO-59-32). 

An inquiry has been directed to Visking to make sure that they would be willing 

to produce any one of these materials should it emerge as a desirable item follow¬ 

ing the test phase. The number of these materials included in the test program 

may be limited by the response obtained. If all remain candidates, some pre¬ 

liminary screening (including cold brittle investigation) will be required to 

eliminate one from consideration. 

11. Polyvinyl Fluoride 

Tedlar-~it is recommended that this material be considered as a miscel¬ 

laneous alternate material in the event that the total of ten is not achieved 

because some of the above materials are disqualified in the course of the cold 

brittle screening. Data available, except for price, are encouraging. Its 

heat scalability offers a chance to overcome at least part of the price draw¬ 

back, when compared with lower-priced films which require adhesive assembly. 

C. Exclusions 

It will be noted that no polyester film has been included in the list of 

those recommended for testing. The Contract Monitor has not indicated 

interest in checking either of the films (on which data were submitted) 

against the performance of Mylar, the present standard. Data do not in¬ 

dicate superiority of either the 3M or Eastman products ovt j- that oi duPont 

A check on the claimed impulse scalability of Kodar should be made however 
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Polyurethane film, while reportedly possessing a low cold brittle tem¬ 

perature, has not been recommended for inclusion because its low modulus 

of elasticity permits too much elongation under load. The Seiberling material 

reported was not available in thicknesses below 5 mil, although there is at 

least one source of 1 mil film. 

Should data and samples become available from Sea-Space, that material 

(Merfab) could be included at the expense of poly/Capran laminate, or one of 

the Visking polyethylenes. 
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ELECTRONICS DIVISION • GENERAL MILLS, INC. 

2 003 EAST HENNEPIN . MINNEAPOLIS 13, MINNESOTA . PHONE 781-6022 • TWX 6I2-32I-I07B 

3 June 1963 

To: Suppliers of Plastic Film 
(unsupported, laminated, and supported) 

Subject: Request for Product Information - Plastic Film 

Reference: Contract No. AF 19(628)-2944 

Gentlemen: 

Referenced contract requires GMI to survey currently available plastic films 
(unsupported, laminated, and supported) and to conduct tests on the most 
promising. The goal of the program is to consider all available materials in 
comparison with presently used balloon materials, in order to determine 
whether materials exist which should replace those now in use for some or all 
purposes. Your cooperation, initially through providing data on properties 
of your candidate materials, could prove mutually beneficial. 

The purposes of this letter are: 
i 

1) To enlist your participation 

2) To introduce the attachments 

3) To indicate action desired by your firm. 

The first attachment is entitled "GMI Assignment". It consists in part of ex¬ 
tracts from our contract. Details of testing to be conducted under Item 2 have 
been greatly abbreviated. Note particularly that the survey to which you are 
asked to contribute is limited under Item 1 to materials possessing certain min¬ 
imum requirements. Attention to this limitation will permit initial acregninp 
of potential candidates in your product line. 

The second attachment is entitled "Properties of Presently Used Materials". 
The government agency responsible for funding this program is particularly 
concerned with balloon operations involving three types of balloon vehicles: 
1) the vented or "zero pressure" free balloon for high altitude use, 2) the super 
pressure balloon which does not undergo a volume change with change in tem¬ 
perature, hence floats for long periods at constant altitude, and 3) the special 
heavy load carrying "zero pressure" balloon. Excluded from the area of in¬ 
terest are: 1) weather balloons of extensible material which continue to rise 
until they burst, 2) tethered balloons, and 3) space inflatables. Based on our 
previous contacts with material suppliers, it is believed that many will not pos¬ 
sess all the information requested in the survey. Since our contract does not 



include funds for conducting tests to provide missing information during the 
survey phase, we hope to inspire you to supplement information available for 
your regular sales and technical service functions with additional laboratory 
effort directed at characteristics about which data is not available. By pro¬ 
viding information on presently used materials, along with comments on their 
desirable features and their shortcomings, it is hoped that you will be able to 
get a realistic "feel" for the possibility that one of your materials may be able 
to supplant the current standard. This should offer some basis for your deci¬ 
sion as to whether to make the effort needed to obtain additional data and to 
convert all data to the desired standard units. 

The third attachment is the survey questionnaire. It is considered essentially 
self-explanatory. For cbjective comparison, quantitative data is desired in¬ 
sofar as possible. Should you have several candidate materials, it is suggested 
that you report on all of them, rather than attempting to make your own deter¬ 
mination as to which is most suitable. It is difficult to define the relative im¬ 
portance of various characteristics so as to provide any scale by which the 
materials can be rated in an over-all sense. 

Action desired: 

1) Complete survey questionnaire on each of your materials which 
meets the stated minimum qualifications for its type. Additional 
copies of the survey form may be obtained from the undersigned 
if required. 

a) Perform any tests necessary to supply data not previously 
available. 

b) Convert data to standard units for comparison, minimizing 
chance for inaccuracy through misinterpretation. 

c) Return forms to GMI along with samples of material re¬ 
quired for inclusion in our report covering this phase. 
Twenty pieces 8-1/2 x 11 inches will suffice. 

2) Indicate willingness to supply approximately 15 sq yd of each 
material needed for the test phase in the event your material(s) 
qualify in the top ten. This sample should not be submitted at 
this time. 

3) Indicate whether it will be possible for you to submit sample 
seals for testing, in the event your material qualifies for that 
phase of the program. Seals are a very important portion of 
the evaluation, and in fairness to each material it is considered 
desirable that seals be made by experts thoroughly familiar 
with the material in question. 



In view of the short time alloted for the survey phase of the program, return 
of the completed questionnaires is desired within two weeks following receipt 
of this letter. To avoid uncertainty, we would appreciate hearing from you 
even if you do not submit data on any candidate materials. In order to broaden 
the base of this inquiry to include all materials worthy of consideration it will 
be especially appreciated if you could refer us to any remote or obscure sup¬ 
plier who may not have been reached by this inquiry. 

Thank you for your assistance. 

Very truly yours, 

Aerospace Research Department 

Walter B. Parsons 

Enc. 



G MI ASSIGNMENT 

Item 1 

Conduct a survey of currently available plastic films, both experimental 
and commercially available. This survey shall include unsupported films 
(e. g. , polyethylene, Mylar, etc.), laminates (e.g. , Scotchpak, etc.) and sup¬ 
ported films (e.g. , Mylar-dacron scrim laminates, etc.). Further, this 
survey shall be concerned only with films having the following properties: 

1) Cold brittleness temperature 

2) Machine direction tensile 
strength (unsupported films 
and laminates) 

3) Machine direction tensile 
strength (supported films) 

4) Weight per unit area 
(supported films) 

not higher than -68°C 

greater than 2000 psi at 
+20° C 

greater than ten (10) pounds 
per inch of specimen width 
at +20 °C 

not greater than 3 oz/sq yd 

This survey shall obtain the following information for those films meeting 
the above criteria: 

1) Cold brittleness temperature 

2) Ultimate strength and ultimate elongation 
(machine and transverse direction) 

3) Yield strength and elongation at yield 
(machine and transverse direction) 

4) Tear strength 

5) Cold flex characteristics 

6) Toughness 

7) Heat sealability 

8) Sealability with thermoplastic tape 

9) Availability of compatible liquid adhesives 

10) Seam strength (peel and shear) 



G MI ASSIGNMENT (continued) 

11) Aging characteristics (ground environment and 
high altitude environment) 

12) Absorption in the 0. 2 to 15 micron range 

13) Creep characteristics under static loading 

14) Weight 

15) Construction of supported films 

16) Available thicknesses and widths 

17) Sources 

18) Cost 

Notes : 

1) Test methods, temperatures, rates, etc. shall be specified. 

2) Units for reporting purposes shall be standardized. 

Item 2 

Determine the following properties and characteristics for each of ten 
(10) films selected by the Contracting Officer on the basis of the survey con¬ 
ducted under Item 1. 

1) Stress-strain curves - machine and transverse direction, 
+ 20 and -60°C, 0. 2 and 20 inches/minute 

2) Seam strength - preferably on seams prepared by material 
supplier, +20 and -60°C, at two loads 

3) Creep, dead load - machine and transverse direction, 
+20 and -60°C, at two loads 

4) Seam strength, dead load - +20 and -60°C, at two loads 

5) Absorption of radiant energy - 0. 2 to 15 microns 

6) Toughness - as measured by duPont falling ball method 



GMI ASSIGNMENT (continued) 

7) Cold-flex - Gelbo-flexer conditioning for influence on delam¬ 
ination and permeability characteristics, -60°C 

8) Delamination - at 1 millibar, +20 and -60°C, both fresh and 
cold-flexed specimens 

9) Blocking - following storage under pressure at +20 and +45°C, 
for two to three months, per ASTM 1893-61T 

10) Modulus of elasticity - +20 and -60°C, per ASTM 882-61T 

11) Cold brittleness - per ASTM 1790-60T, confirmed by MIL- 
P-4640A (USAF) 

12) Tolerances - variation in weight per unit area, and in thickness. 



PROPERTIES OF PRESENTLY USED MATERIALS 

1. Vented Free Balloons 

Polyethylene is universally used for this application. Most of this mater¬ 
ial is procurred to MIL-P-4640A (USAF). Visking Corporation, Terre Haute, 
Indiana supplies the entire requirements of all balloon fabricators, although 
Chippewa Plastics, Chippewa Falls, Wisconsin is understood to have qualified 
a film under this specification. 

Balloon polyethylene film is extruded from homogenized virgin resin, 
Bakelite DFD-5500-Natural, or equal. 

Melt index <1. 1 grams per 10 minutes per ASTM D 1238-52T 

Cold brittleness temperature not higher than -68°C 

Toughness, crease, as measured by retardation of falling ball 
unretarded interval - . 03 seconds 
minimum retarded interval - . 0335 seconds for 2 mil film 

Tensile strength and elongation per ASTM D 882-54T 

Minimum Average Machine Direction Transverse Direction 

Tensile strength, psi 2500 2000 
Elongation, percent 250 400 

Thickness tolerance - ±0. 0003 inch 

Width tolerance - ±1/2 inch for lay-flat tube widths greater than 
30 inches 

Color - natural 

Workmanship - clear and free from excessive irregularities such as 
blemishes, striations, gel particles, pinholes, flow 
lines, fullness and blocking. 

Desirable Features of 
_Polyethylene_ Shortcomings of Polyethylene 

Low cost Low strength for weight 

Readily sealable to at least 70% Even lower cold brittle point 
material strength for fin seals would be desirable 
prepared at speeds of 40 ft per min 

Low density 

Uniform high quality, low pinhole count 

Yields to relieve any stress concen¬ 
trations in fabricated product 



PROPERTIES OF PRESENTLY USED MATERIALS (continued) 

2. Super Pressure Balloons 

Mylar is used exclusively for this application. This material, a duPont 
polyester film, is not covered by a military specification, at least so far 
as balloon usage is concerned. Data on its properties is provided through 
the attached reproduction of duPont sales literature. Recent employment 
of laminates embodying two or more layers of Mylar, bonded with an ad- 
h(. live of high clarity and good cold temperature properties has apparently 
been responsible for marked reduction in porosity, enabling unballasted 
flights to survive for much extended durations. A super pressure balloon 
ber ^ 3S pressurized at an altitude somewhat below that at which it floats. 
The . ressure then fluctuates with change in temperature, but with a con¬ 
stant volume the float level remains essentially constant (even at sunset) 
eliminating requirement for ballast. The three most essential features of 
a perfect material are: 1) great strength-to-weight ratio to withstand pres¬ 
sure, 2) pinhole free, both as received and after handling associated with 
balloon fabrication and launch operation, and 3) low in absorption of radiant 
energy, so as to minimize superheat and attendant pressure build-up. 

Desirable Features of Mylar Shortcomings of Mylar 

High in strength-to-weight 
ratio 

Relatively low absorption of 
radiant energy 

Prone to development of pinholes 
due to handling 

Adhesive sealing process applica¬ 
ble to thin fHrns is slew, expensive, 
and results in seals which though 
strong in shear are poor in peel 

Very low m tear resistance 

High cost particularly in ’he lamin¬ 
ated form 

^ Heavy Load Carrying Vented Free Balloons 

Material for these vehicles has been a special laminate by the G. T. 
Schjeldahl Company. The base fabric is a leno weave dacron scrim m a 
count approximately 12x4 which provides 6x4 openings per inch Weight 
cf this fabric is about . 6 oz/sq yd. Mylar (generaliy 1/2 mil' is laminated 
to one side of the scrim by means of an adhesive which dries or sets without 
any troublesome residual tack. The compcsite commonly employed weighs 
less than 1-1/2 oz/sq yd. 

There is ever increasing interest in carrying extremely heavv or val¬ 
uable payloads on free balloons. A need exists for a ma-eriol to be used n 
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TABLE II 

GENERAL PHYSICAL PROPERTIES OF 
"MYLAR" POLYESTER FILM 

Property Value 

Melting Point 

Density 

Refractive Index 

Area Factor 

Tensile Strength 

Tensile Modulus 

Impact Strength 

Break Elongation 

Tear Strength 

Flex Life, 0°F. . 

Bursting Strength 

Bending Recovery 
(immediate) 

Bending Recovery 
(60 sec.) 

Thermal Coefficient 
of Linear Expansion 

250-255 

1.39 

1.655 

20,000 

17,000-25,000 

450,000-600,000 

60 (1 mil) 

70-130 (1 mil) 

15 (1 mil) 

20,000 (1 mil) 

45 (1 mil) 

43 (1 mil) 

51 (1 mil) 

15 X 10-6 

Humidity Coefficient 11 x 10"6 
of Linear Expansion 

Coefficient of 3.63 x 10-4 
Thermal Conductivity 

Oxygen Permeability 

Water-vapor 
Permeability, 39.5°C. 

53 mm Hg. Vapor Pressure 
Difference 

Moisture Absorption Less than 0.5% 

0.90 (1 mil) 

110(1 mil) 

Shrinkage (150°C.) 1.5-2 

Fungus Resistance Excellent 

Corrosive Effect Negligible 
on Copper 

Unit of Measure 

°C 

gms./c.c. 

nD 25 

sq.in./lb./mil 

p.s.i. 

p.s.i. 

Kg.-cm. 

gms. 

cycles 

Ibs./sq.in. 

% 

inches/inch/°F 

inches/inch/% R.H. 

Ca 1/cm./sec/°C. 

g/100m2/hr. 

g/100m2/hr. 

% 

% 

Test Method 

Density Gradient Tube 

Abbe' Refractometer 

Instron Tensile Tester 

Instron Tensile Tester 

Falling Ball 

Instron Tensile Tester 

Cellophane Tear Tester 

Du Pont Yerkes Flex Tester 

Mullen 

Recovery from 180° Bend 

Recovery from 180° Bend 

70-120°F 

20-92% R.H. 

Cenco-Fitch Method 

Modified General Foods Tester 

Du Pont Film Moisture Vapor 
Permeability Test 

Water Immersion 

30 Minute Exposure 

12 Months Soil Burial 

NOTE: Data shown are average values and should not be used for specifications. 



PROPERTIES OF PRESENTLY USED MATERIALS (continued) 

balloons for such applications. As compared with polyethylene vehicles, these 
may be premium items because the applications are ones which either 1) be¬ 
cause of the heavy load cannot be accomplished with polyethylene, or 2) in¬ 
volve payloads so delicate or expensive as to justify use of premium vehicles 
in order to obtain greater reliability. An annual production requirement of 
200,000 sq yd per year is considered realistic. 

An ideal material must be strong for its weight, high in tear resistance, 
low in absorption of radiant energy, relativ, ly free of pinholes (though this 
is not as critical as with super pressure candidate materials), and capable 
of being sealed inexpensively in a manner that achieves a high percentage 
of material strength. Since for high altitude applications the balloon's own 
weight is very significant (often far greater than that of the load carried), 
a new material cannot hope to compete with the existing standard, even bv 
incorporating the other desirable properties, if its weight per square yard 
is appreciably higher. 

Shortcomings of Mylar/Dacron 
Scrim Laminate 

Sealable only by slow expensive ad¬ 
hesive process 

Incorporates the pinhole difficulties 
associated with Mylar 

Utilizes expensive components and 
a laminating process which also 
adds to cost 

Absorbs more radiant energy, re¬ 
sulting in more superheat and bal- 
bast consumption than desirable. 

Desirable Features of 
Mylar/Dacron Scrim Laminate 

High strength-to-weight ratio 

Good tear resistance 

Exists 



SURVEY QUESTIONNAIRE 

»Please return in attached envelope within 2 weeks following receipt) 
(Return even though you have no materials suitable to report) 

Firm name 
Product identification 

Address 

Product laenuiicanuu t _-n—t-rr— -- 
Thickness of film for which data reported below applies - -mu 
(Interest confined largely to material potentially availableäFTöz/sq yd or less) 

Cold brittleness temperature (must be -68°C or less) - - C 
Method. ASTM D 1790-60T_or other (specify) ____ 

Unsupported Film 

Machine 
Direction 

psi 

Transverse 
Direction 

_psi 

Supported Film 

Warp Fill 
Direction Direction 

% % 
psi psi 

2, a. Ultimate strength _ 
2 b. Ultimate elongation _ 
3. a. Yield strength _ 
3, b. Elongation at yield ___ 

Method. ASTM D 882-61T 
Other (specify strain rate, sample size)_ 

4. Tear strength __lb_LL 
ASTM D 1004-61 Graves 

Ib/in 

Win 
-%■ 

lb/in 
“% 
lb/in 
-%■ 

IF IF 

ASTM D 1922-61T Elmendorf 
Other___ 

Cold flex characteristics 
Gelbotesterper MIL-B-131C section 4.6. 4.1, Class 1 
Conditioning per MIL-B-131C section 4. 6. 5. 1, 20 cycles @ -20 F 
Evaluation per MIL-B-131C sections 4. 6. 4. 4 and 4. 6. 4. 5 
Water vapor transmission rate: control -g/100 sq in-¿4 hr 

conditioned specimen _____ g/100 sq in ¿4 nr 

Comments_____ 

Toughness 
ASTM D 1709-59T, Impact failure weight_ 
duPont Falling Ball (MIL-T-4640A (USAF) 

m-lh: milliseconds, unretarded 

g, or _ in-lb 
milliseconds, retarded, or 



SURVEY QUESTIONNAIRE (continued) 

7. Heat 8. Thermoplastic 9. Liquid adhesive 
adhesive 

Sealable (yes or no) _ _ _ 

Seal strength. Ib/in-mil (unsupported), Ib/ .n (supported) 
Peel _ _ _ 
Shear _ _ _ 

Strain rate, in/in-min _ _ _ 
Test temperature. CC__ _ 
Sealer or adhesive used _ _ _ 

Temperature, pressure /_ _ _ 
dwell, etc, __ _ 

Aging characteristics 
Do film properties change appreciably under normal storage conditions over 
a period of 1 yr _, 3 yrs _, 5 yrs _? Which properties change ? 
_. Storage conditions to be 
avoided_____ 
Any high altitude conditions (low pressure, low temperature, ÜV radiation 
ozone concentration, etc. ) likely to prove detrimental within. 1 day_, 
1 week_, 1 mon»h_? 

Absorption of solar radiation (0 2 to 15 micron range) 
Submit plot of % transmission vs, wavelength as obtained from Beckman 
Spectrophotometers (models DK-2 and IR-4) or equal 

Creep characteristics 
Subr-’t strain vs time curves (0-48 hrj for the following conditions 
(a) Constant load 50% of yield strength as determined by ASTM D 882-617 
(b) Temperatures , room and -60'C 
Creepocity_% increase in strain per first 24 hrs (omit strain occurring 
in firs» minute after loading from calculations) 

Weight of film _Ib/sq ft 

Construction of supported films and laminates 
(a) Film 

Type (Mylar, etc, )_ 
Film thickness mil Number o/ layers 

(b) Supporting material Warp Fill 
Yarn (nylon, etc.) 
Yarn type (high -cnac. ., etc ) ——- 
Count iyarns/inch) _ _ 
Yarn denier 
Type weave (!eno. etc |_™ 
Stabil.zing material (Geon etT )- _ 
We-ght of suppor’ing material _ oz / sq yd ™ ””” 



SURVEY QUESTIONNAIRE (continued) 
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17. 

18. 

(c) Compo. te 
Means of combination - heat and pressure only_ 

Adhesive (identify) __ 
Film applied - intact_, or extrusion laminated 

Weight of composite oz/ sq yd 

Availability - Experimental Production _________ 
Width - Present max. In. Planned max. _in. 
Thickness (mils) - Present max. _Planned max. _ 

Planned min 
Manufacturing tolerances - Thickness ±_mil, Width ± 
Form - Tube or Sheet_ 

Present min 

in. 

Sample s 
Twenty pieces 8-1/2 x 11 are enclosed for report purposes 
Fifteen sq yd will be supplied on request for test comparison 
Seal samples will be supplied on request for test purposes   

Cost 
Film $ /lb for mil (thinnest available) 

$_/lb for_(thickest available) 
Supported film - $ / sq yd 



APPENDIX B 

FIRMS SURVEYED WHICH ARE INCLUDED IN ALPHABETICAL 
LIST TAKEN FROM MODERN PLASTICS ENCYCLOPEDIA 



CATEGORIES FROM WHICH FIRMS 
SURVEYED WERE SELECTED 

1. Biaxially-Oriented Film and Sheets 

2. Cast Film and Sheets 

3. Extruded or Calendered Sheets 

4. Extruded Film 

5. Film Laminates, Thermoplastic 

6. Coating of Component Parts 

7. Coating, Web 

8. Additional Firms Selected by Review of Entire Alphabetical 
List - Known to be Appropriate for Contact 

T Firms included in alphabetized Modern Plastics Encyclopedia 
1j st but selected on the basis of a spot check against categories of 
interest in Thomas Register. 

On the pages which follow, an alphabetical list of firms contacted with the 

initial "Survey Package" is presented. Firms are coded to identify category 

(categories) from which they were selected. Responses are also coded in 

accordance with the following list, and the response is further described in a 

few words. Addition of the letters AF after the response code indicates that 

the response followed the Air Force follow-up letter, rather than the initial 

inquiry. 

In cases where a second "Survey Package" was sent, the response is de¬ 

scribed directly below the original response. 

Code for Response Categories 

1. Negative. 

2. Negative, literature included to illustrate type of business done. 

3. Custom operator, might be able to produce to specification, but no 
standard product. 

Distribution based on Modern Plastics Encyclopedia, 1963 issue, Sept. 1962. 

B-l 



4. Decline to participate because lack data on product, as well as test 
equipment, funds to conduct tests, or both. 

5. Literature forwarded with idea that we may find products suitable. 

6. Sample forwarded with idea that we may find it suitable. 

7. Sample and literature forwarded with idea that we may find suitable. 
Sketchy questionné 're included in some cases. 

8. Positive, sample and questionnaire, fairly complete. 

B-2 



F
i 
r
m

s
 
S

u
rv

e
y

e
d
 W

h
ic

h
 
A

re
 
In

c
lu

d
e
d
 
in

 
A

lp
h
a
b
e
ti

c
a
l 

L
is

t 
T

a
k
e
n
 f

r
o

m
 
M

o
d
e
rn

 
P

la
s
ti

c
s
 
E

n
c
y
c
lo

p
e
d
ia

 

irainTOr: 

c 
0 

u 
<: 

V 
co 
C 0 
a 
ta 
9) 

GÍ 

U 

»4 
* W 
tí 

<u >• 
M U ™ o 
u öd 

(0 
V 

(0 
3 

TJ 
C 

HH 

(0 
u 

• H 
-M 
(0 
aJ 

& 
0 
u 
«-> 

^ c < £ 

r- 

vO 

ro 

(0 
ci 

Oi 
ft) 

• rH 

-O 
d 
o 
< 

0) 
o 
3 

-O 
0 

a 
4-> 
0 
c 
0 

Q 

tí 
< 

ro 
sO 

00 

00 

(0 
o 
3 

-0 
0 

^ c h 

o u 

u 
C 

>4 
c 
ft) 
0. 

(0 
o 

• eH 
+-* 
w 
(¾ 

H tí 

u 
* 

£ 
(U 

U 

IU 
o 

vO fO 

»4-1 

o 
(0 

o 
4-> 

V 
> - 

oã u S 
*4H 

£ O 
2- 
» » 

U P4 

ro 
sO 

(M 

(X 
^4 
0 

U 
00 
c 

• pH 

t4 
3 

4-> 
u 
ft) 

'g 
c 
ft) 

Ji! 
o a u 
h Vi 
O 0 
C U 

0 
-o 
« 

^ à.> 
- o Q 

2 ° d 
•M -5 U 
(0 ™ —4 

jS 2 £ 
E £ ^ 

I ^ h« ^ h 
4) -H ß 

< <0 

o u 
Pi 

00 
c 

• r-i 

Vi 
<U 

c à 
■ S Vi 
00 o 
C u 

W 
•o 

c 
o 

• rH 
+-» 
o 
3 

n 
n) rH 

Pi 
n) 
£ 

i 
-H 

4) 4) 
•t¡ « 
^ ft) 

Oi 
4-4 

00 
- -ri 

V Vi 
V ■ H (0 
ft) V 
C *5 
C d 
o o • 

4-1 *0 --4 
« c c 
4)-0 
Hi 4) ^ 
O* VÍ T 
0 2 O 

3: d ^ 

tí 
< 
»•«r 

(M 

CO 
nO 

00 

>4 
3 
d 
a 
£ 
o 

U 
<n 
o 

u 
G 

d 
u 

<i -O < 

C 
.2 £ 
ta u 
s -13 
2u 
Q >0 

«J 0 

II m - 
-4 O 

C Bi 

4) 
,3 

. o 
o c 
u ^ 

- d £ 

ro y vO ro IN) 

4) 
0 

opu 

4) 
G 00 
d — 
u Æ 

— £h Vi 
4) 
C 43 

JS 3 
< W 

nO 

CO 

a 
V 
o 
u 

1 
m 
d 

4) 
X 
d 

0 
c 
« 
4) 
O 

T> 
G 
O 

(0 
£ 

« -rt 
••H »4H 

2 O 
Q ’i! 

tí 
< 

CO 
nO 

00 

0 
u > 

oe _ — 
ß ^ Q 

fl 
• H 
JO 

£ ^ 
d tí 
C 3 
d -n 

O >4 o 
U U 2 
G ß Pi 

5 3 
■H ■ rH 2 

Vi Vi ^ 
4) 4) 3i 

S3'3 < < CQ 

m o) 

CQCQ 
4) 
00 
ft) 
a 
4) 4) 
V 4) 
w w 

B-3 

p
a
g

e
 



] 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
7 
À 

i 

I 
I 

I 
'! 

<D 
CO 
C 
o 
a 
w 
cu 

Oi 

9) 
'Ü 
O 

u 

(TJ 
Q 

i 
(Li ;>> 

19 O 
U oo 

(0 
•o 
fll 

E S 

<u ^ 
O, , 4-» 

op 2 
h P -û 
a^! 

Vi rt 

Jk rt i-> _ 
B-U o « 

§ .¾^ 

VI i-H V* -H C 

s S 

S2g§§ 

W W » * 

Oí to ü ai 
?H (ü 3 '«H 

ûn v (5 <0 

NÛ 

PO 
NÚ 

m 

0 
u 

(fl 

s 

Q 

a 
(6 
U 

0/ 

g « 

sO 

PO 

0> 

d 

0 
c 
0 

Q 

PO 
nO 

iTi 

g 
(4 
»4 

C 
0 

•o 
• H 

O 
v> 

b 
<U 

g 
0 
kl 
a d 

r\ ^ "i O (0 1-4 

(M 

PO 
sO 

N 

(0 

•ü . 

-2 ^ 
0< l-H 

a 
ki 
o 
u 
2 ^ 
w 

X 
C V 
n) c¿ 

i2 < CQ 

3 3 
> > 

i i 
kl kl 
04 04 
01 04 

£ £ 

S .15 c 
0 0(-1 

• rt 

5 ' » 
g 

3 
04 
(0 

■.>■ CO 
•. so 

&I Ifl 
VÍ O' 

a o 
0) . . 
> K ^ 
04 —H 04 

■o (4 X) 
— 3 0 In ^ 

■M 04 U 
C 

(4 .3 

g W 
00 00 ^ O C -H 
kl -r¡ (4 
a.® 0) 

« 

(4 
ki 
04 

04 
ki 

■ «H 

(4 
C 
3 
0 

•H 
4-* 
(0 
04 
3 
CT1 
04 
> 

•H 
04 
U 
04 
ki 

■4-» 
0 
3 

TJ 
•H 

Q 

tk 

< 

PO 
NÛ 

00 

0 

U 

04 
a 
(4 
H 

W 
i 

V3 
04 
ki 

& 

3 
(4 
Ü 

ki 
04 

(M xD 

X 
0 
kl 
>» 

(4 <4 
U O 

• H 

ki 
04 

(0 
4-1 

o 
3 

T> 
O 
ki 
a 
04 

J3 
(4 

O 

z 

PO 
xO 

o 
(M 

XÜ 

a o 
k4 U . o 
o ou 
U op u 7 

3 kl 

a ^ 
(0 ^ 

a 
ki 
o 

k4 £ U 

Û (4 M ^ 

- »-¿¡5 A ’ J -IH V« 

(I4 en tu 
s 3 3 oí 

. 
O V 

n T: w kl kl 
04 04 

3 
(4 
u 

'kl 
04 

(0 
(4 

g g g.:^ g g 
< <Q < < 

o 
U 
00 
3 

• rH 

U 
ï 

■M 
U 
ai 

3 
nJ 

s 

X 
04 

*“4 
a 
g 
< 

xo' 

xO 

PO h- 

B-4 

00 
3 

•rH 
+J 
rd 
0 
u 

>s 
C 

«H 

> 
O 

P 

PO 
xO 

■4« 
PO 
'’•v. 
xO 

04 

P 
08 

X 

K U 
^ w 

Oí 3 
04 04 

X) c - 
04 3 

a 
a 0 
a-ï 

< > 

a 
h 
0 
U 

(-0 PO PO PO 

3 
O 

(4 
C 

V4 

U 
> 
(h 

PO 
xO 

i-H 

Ño 

0 
ü 

o 
3 
X 
o 
kl 

Ol 

w 
(4 

—4 

& 

O 
00 
kl 

< 

o 
3 

TJ 
O 
ki 

P 

3 
O 

-X 
ki 

< 

U ^ 

>u 
kl ou 
04 (4 

Wffl 

Ôpî» 
3 i. 
Mv 
4 .4 

rX V) 
x4 
4 ^ 

ÛL 0; 
-X 

C; ^ 
^ <! 
re ^ 
co 

t> 
< p 

vO rO 'sü LT) 

Ôû 
0 

J 
TO 

Û4 

Vi 

ví 



HIPW ■IllllEilllJ1 



.j 

1 
I 
I 
I 
I 
1 

T i 
*T j 
1 

I 
I 

I 

c 
0 

• |H 

U 
< 

(U 
« 
a 
o 
<x| 
(0 
<u 
tí 

V 
TJ 
0 

U 

i 
a) >•. 
^ u 
flj o 
U M 

0 
U 
oo 
c •iH 

d 

o 
U 

u ■ iH 
B 
<ü 

43 
u 

<* 

^ '5 
C to 
n) <tJ 
2 S 

¡ Ü 
S s 
u •rt 'a 
h ci 

CQ U 

f' 

00 vO 

oj in 

-h" ^ 

I 
U 
ci 

rt 
<n 

^ C 
ra 0 • pH 

—i nJ 
CX U 

2 “ a- 
o ^ 

u 
(U G 

Í-H V<H 

c u 

ë 2 

o 
U 

OO 
vO 

<\) 
*^s. 

(X 
Xl 
0 
u 

> « 
H -*J 
Q u 
M d 

* T) 
. 0 

0 U 
U CU 

0) u 
u <u 

•ri T3 
w ® 0 

• - S 
►o CL 

0 
.- 0 Û0 

r-( Ã (Tj 

ci (4 43 

U 
C3 

to 

(U 
13 

2 «J 
C 
0 

U 
c 
0 
c 
ti 

U UU U 

r- on 

0. 

W 2 
+J '—- 
ß in 
4) ^ 

W O' 

ß 
0 
(U 
Lh 

- rH 
rt 
ß 
ß 
O 

•H 4-> 
(0 
V 
d 
cr 

u 
> 
oj 

43 
+j 
0 
ß 
0 - 

Q ^ 

I 

CO 
sO 

oo 

u 
ß Pu 

u 
0 

U 
(0 
*-> 
u 
d 

T3 
0 
U 

W Li 
ß (U 
2 £ 
tH (H 
(fl (fl 

U U 

to 
d 

TJ 
ß 

in r- 

Tf vû OO 

-rt ^ 
2 « 
ÛO-Ô 

.r4 d 
Li "-t H U 

•d ß 
ß 
<fl ¢) 
0) Li 

d 
rx «J 
X Xi 
(U V 

OH ■«-> L-l • *H 
4) ^ 

•d 
d • 
^ U +-> ¡r 

U ^ 

(VJ 

ro 
-D 

00 
(VJ 

0) 
4) 

43 
to 

to 
ci p—I 
a 

•d •rH 
«JD 

oo 
vO 

vû 

(0 
u 

2 ? 
Qh 0 

.5 4J 
Le ^ 

■»-1 
to S 
d 

■d X 
ß V 
►h ta 

ß U 
.(H 
c—* m 
0 , 

Î5 > 
U Q 

o 
U 

CQ 

0 
Li 
Li 
(fl 

ü 

T3 
ß u 
ci tu 

tu <u ßi 

S “32 

ß ï 4J (n 
D c fX"- 

W 2 w O' 

43 5 H-* O 
• rH 

S S c 
0 S 0 c ^ n fr -m pQ 
O Ld 

,rH T3 m H-» S <W 
05 g U 
05 ^ 
2. ^ o CT r-H ^ 

•1-4 CL 
'dm 
4) ß X 
ß 4J 4J 
L. ß 
d >, «fl 

4) ß 4J 
PÍ OU 

a 
Lt 
0 

U 
V) 
J 

• -H 

(A 
(fl 

U 

> (fl 

Q •,-< 
Li 

- (U 

o J 
U < 

ïï 0 

w 
ifl 

a 
Li 
O 

k U 
G G 
(A (A 
(D 4’ 
ß ß 
(fl (fl 

"£ 2 
u u 

in OJ og 

B -6 

ß 
O 
4) 
Li 
d 

•M 
ci 
h 
4J 

a 

£ 
o 
u 
4J 
L< 
O 
E 

^ d 
d ß 
4) (fl 

Li o 
(fl « 

^ C 
L< 
O 4J 

lu U 

OO 
o 

r- 
(VJ 

ifl w 
4) 
d 
cr 

o 
ü 
00 
(fl 

CQ 
G 
(A 
(fl 

X 

I 
ß 

•pH 

00 
ß 

W 
d 
ß 
ifl 
to 
oo 
ß 

• rH 4-> 
ro 
O 
u 

O 
ra n 
u 
d oo 
£ ß 
«u ‘C 
X S 

a 
Li 
O 
U 
G 
Li 
O 

£ 
G 
X 

U U G U 

in 

vU 

oo vf 

r- —i ro 

(A 
0 

X 
N 

I 

C
h
e
m

p
la

s
t,
 

In
c
. 



r 
f 

r 
r 
r 
r 
r 

r 

L 
L 

(0 

U 

0> >s 

« u 

fl 0 U bo 

0 
U 

CO 
CO 

p-H 

O 

0) 
■û 

O 
U 

t¿ 

bo 
n) 
H 
<u 
U 

•H 
b 

(X 
h 
O 

O U 
bO >> 
ni ni S 

ü £ ° 
U U U 

. • CO 
W vû 
*j - 
C iTt 

’Si 

0) 
h 

CO 
V 
3 
O4 
V 
> 

•iH 
0) 
U 
U 
»H 

4-> 
O 
c 

•O 
■IH 

Q 

5 
m 
vO 

ro 
fH 

00 

U 
c 

U 
s 

'Ü 
O 
h 

0. 
bC 
Ci • i-i 
+■> 
(ti 
O 
u 

co r~ 

(M r- M io r^ 

co 
Ci 
<u 
U 
3 

'O 
0 
h 
a 

4-J 
O 
C 

co 
Ci 
O 

4-> 

¿ 
•H 

+J 
co 

•H 

Q 

CO 
sO 

nO 
OJ 

O 
c 

co 
Ci 
0) 

T3 
'J 
Ci 
w 
X 
0) 
4) 
a 

• rH 

0c 

te 
< 

s -h r 

co 
nO 
■—. 

00 

00 

O 
U 

■g 
O 

fH 
O 

r-H 

S 
0 
O 
U 

CO 

<\f 

-T rji 

(4 
'g 
O 

co 

O 
3 
cr 
o 
•U 

fi 
O 

O 
a 

o 
Z 

o 
U d 

U 
W> co 
a u 

CO 
nO 
'—. 
CM 

nO 

I 
a 
3 
w 

£ 

co 
U 

m 
n) 

« 
n) 

co 
u • fH 
4-* 

CO 
n) M M 

f-H (ü (Q 

Oh Oc 

Oc -a 
h 
a 
g 
Ê 

O 0 
U U 

u . 
c« a 
V Ci 

g 0 

ûa 

f? 
co 

'-p CM 

bO 
fi 

• H 

S 
C< 
O 
‘g 
O 

V 
V 

XI 
co 

c 

V 
•fi 
fi 
Cp 

4-> 
X 
U 

CO 
n£> 

O 
CM 

CO 
U 

a 5 

o 
U Pp 
X o» 

^ ü 

co 

I I 
»h a 
(XJ o 
a'¿ TJ 5 

S° m c « 
^ 91 VÛ c 2 ni T3 

Cp I 

p-i aí +j c w 
!• D ro 

S f'J 
Ci 
O d-. 
a fi r- 

vO CO 
•"Hi 

3 
er <u 

Cp 
(0 
(U 

fi .2 3 ni 
cri fi co 

Ci 

u « 4- t; 
4-» C 
a; a; 
^ « O 

g ^ ^ 
Cp i. 
o d^ 
a c r- 

co 4) 

« ï * 
-M 3 L, 

o ^îa 
° c g ^ -rP C. 

fi T3 ^ 
« o, 4J 

£ y « 
s*S § 
El c« Er 
cf« « 
"«eî 

Ch 41 
> 
ni 
X 
H-> 
O 
fi 
0 
Q 

co • 
U 4) 
¿ Cp 

« I a p-i 

■ 
4) 
Cp 
fi 

2^ Z* t’ a 

CO a1 
fi 4; 

'C-1 
<4H 

O co 
^ a> 
r-H ^ 
ex) 1m 
i o 

S fi 
o 2 
a c 

i-H Tt1 

X 
3 

Op 
«n 
fi 
n) 
V 
fi 
C . 
O 0 

U UO 

CO 
NÛ 

00 
CM 
'— 
vû 

co X 
O 4) 

■H Cp 
cj 3 
CO ¿ 
n) ^ 

a “ 

y 
^ rp 
£ s 

T) iip 
4) 4-> • 
£ H 
’o 

« - e 

O O JS 
UUPp 

X i 

Í 3 £ 
U fi o 

•H C U 

■>0 0 
? O p-' 
co H pfi 
4) 4) 

% . ^ 
fi .2 pp-i 4) 

g i G 
g ni ,* 

JS g, »H 

(XJ n ^ 
rn « 
2 co o) 

£ s " —* O i^-i 
a cd 

1o 
•H 

CO 

1 C 
3 »H 
CO ^ 

T5 g 

S 5 TP¬ 

ál 

•T* W 
M >, 

^a 

S Ë 
0 M 
? X . 

CUT) 
. I, 4> .J Cp 4-1 

2 3 » H o u 

S CP gp 

fi ° « 
O Cp 

•»h CO 

« co p—i 
va* 
gpgS 

ni « 
4) co •*■■ 
V 

I—I f-H M 

a a ni 

co 
vO 

lO 
CM 

(J 
C 

0 
U 
fi 
a 
U 
^H 
ni 

pp 
C 
V 
fi 

•H 
+J 
fi 
O 
U 

a 
Cp 

O 
U 
C 
0 

•fH 

co 
fi 
Cp 

X 
H 

c 
V 
c 

*fH 

S 
O 

u 
c 

►-P 

o 
U 
c 
o • t-! 
co 
fi 
Ch 

■>-> 

X 
H 

Cp 

3 
O 
u 
C 
O 

U U 

M1 co 

B -7 



1
0
/2

1
/6

3
 

4
 

M
a
k
e
 
b

ia
x

ia
ll

y
 o

ri
e
n

te
d
 p

o
ly

¬
 

p
ro

p
y
le

n
e
. 

N
o
 e

x
h

a
u

s
ti

v
e
 
te

s
t 

d
a
ta

--
c
o
u
ld

 
su

p
p
ly
 
s
a
m

p
le

s
. 



b 

üi 2 
+J \ 
ß tD 
<U 

CO O' 

(U 
H 
73 
C 
fl) 

k 
> 
Oi 
u 
fl) 

f-H 
T) 
V 

H 

ß 
0 
(0 
fi CL) 
S W 
o t, -H Hi 

3 g 
« ° 

<D 
Ih 

•H 
fl) 
ß 
fi 
0 

•H ■M 
<0 
4> 
3 -4 
O* k 
« U Tl i-> 
V U) 

ÏS. 

g a 
O 

3 § 
r« 

£ g 

V 

(0 

3 tr 
<u 
> 

« ^ 
4) 
y 
4) 
h 

O 
fi 

T) 

S 

Ih 
O 
a 
4) 
li 

4) 
t*H 
Æ 

ül •Hl 
3 
(0 

« 
pH 
m • p* 
h 
V 

H 
O 

¡z; 

Ih 
fl) Ä 

Tl 0 0 

og 
3tS 

4-) 
0 . 
G u 

c . 
V a > O 
T) Tl, 
4) g 
Ih ^ • 
4) . X 

T) Ih « 
C fl) CL 

î3 e 
fl) 4) Q 
Uh S 

<0 
Ih 
3 ■M 
U 
fl) 

C 
fl) 

E 
■M 
0 c 
0 

Q 

m 
w 
<u 
fi * P“) 
ta 
3 

,0 

(fl 

fl) 

3 S r- 1 

•s|¿2<! 
JJ ™ fl) -H IH g 
+5 .rt c =#= a) <2 •3 Cî -H -H 
^ i g 0 
(o c fl) J2 S ■h fi 
^ «J ^ rt^H Ê ü 
2 12 ¿3 -h 3 ^ ^ 

'C u ^ c M fi 
S O fl) 4) 7 p 

5 »i * 

5 “ÿ'1' 
fi 41 (¾ X 

C 72 E «J 
^E 

w 
4-1 
C 
V c 

„^oïg 
St! g* ÿ 'H 

r- m 
■T1 ~ 

•S.2ÏÎ'i;^ 
s s s «3*2 

& Sk'a 5 -s « " W bo o ^ æ n) fl) 

m 
? § 

2 I ? ? 

PO 
nO 
'H» 
PO 

O' 

PO 
nO 

PO 

00 

PO 
O 

O 
(VJ 

O' 

PO 
vO 
—. 
O' 
'-v 
00 

(O 
'O 

'O 

00 

PO 
vO 

(M 

ao 

PO 
sO 

(M 

00 

Q W *5 u 

3 ¿ 

3 s Su 
Di^ 
-H «I 
«.li 

- g 

vfi 
4J u 
H c 

' 3 
0 W 
Ih 
h-> « 
U . 
4J > 

U 

hS 

o 
U 
CO 
U 

•pH 

U i 
u ^ 
4) 

43 

1) 
ai 
>H 
fl) 

TJ 
4) 4-> 
fl) 
O 

U 

u 

►5 

«i 
U 

fl) pH 
(U 
TJ 
4J 
Ih 
4> 

S 

(0 
y •M 
4-» 
(0 

WQ W U 

Pi 4J 
>« ä 
3 -g 
y S 
in r 

M 4» ¿ 
C > X 

M U U 

y 
43 
Eh 

> 

Ö 

(fl 
4-> 

3 0 
>àu 
o Ih 

§£ y ^ 

•Eü 
x> oo 
R) ni 

Ui W 

Ë 
y 

43 
U 
C 
3 

W 

43 
3 

W 

a 
Ih 

U È 
ÜU 
•H 
y - 

fi .S 

m po ir> 

4 

PO* 

4 (M 4 (VJ (vj 
C'- 

B-9 

Ifi 
M 

4 

PO PO vO r- pp» 



B-10 



L'ifÄB* 

r 
r 
i 
r 
r 
r 
[ 
r 

i; 
L 

L 
L 

c 
0 

• H I » I 
u 
< 

<ü 
(0 
c 
°l 

toi 

Oil 

• fl 

*2 o 
»o « 
o „ 

o y ■M C 

-O 2 
« J 

S ao 
<o Xi 

-° ui >, 

T5 'S 
<U .ti ^ fH 
s oí *a 

^ »6 
2 a«) 
3 2, Ö0 

^ £2 

c2^ 
S 0 0 tu u « 
to 

e o 
o ", 

h 
d 0 

«J -o » 

5 «> Vl +> 

0 

»H 
(ti 
U 
>» 

xi a 
0 0) 0) 
ß 4) 

U (0 
(0 
4) 

Srti ° 

O g ^fi¬ 
as 0 2 
c S •“ 3 
tí to . 5 

j“áá2 

b 
4) 
+j 
n) 
g 

X) 
fi 

O 
Z 

•îi 
■it' 
4)1 

"Ol 
o| 
u 

4) 
4J I 
(«I 
Q 

m 
n£> 

IM 
M 

g 
M 

O 
U 

C 
n) 
g 
h 
4) 
X 

C 
d 
g 

i-H 
(U 
o 

I ¿¡. 
4) 
ti ^ co r- 
n) o 

Ù aol (Nj in 

oo 

m 
vû 

(NJ 
'—. 
vO 

I 

g 
4) J 

X! 

ÜQ 
Ä (-H 

• ni 
O u 
u-a, 

u s •H P 
^ S -M H U iü 

JJ oî 

w2 

S" 

g « 
O.íá 

00 

vO 

(NJ 

vO 

a 

o 
U 
(0 
u 

• H f“-* 
«4-» 

“ T3 
nj c 

M C 2.2 
4) h 
C ni 
4) 5 

O è 

CO 

f—* —à •H C 

2 
'S ^ 
° 4) . 

r.l 
•*■> 4) 'S •w O 
» O Pi • H u 

c * 
t* 4) C 
>-0 o »H W 
21 to Ç 
9« 4> 2 
3 *j a 
(0 3 
^ X) . 
o-nut 
c 4-» i 

CD ^ 

qS« 

CO 
NO 

a 
h 
O 
U'T 
(0 ^ 

2 ¿ 
W . 

2¾ 
dt « 

»»H 
*-H »H 

£ ^ 
S § 
r> ^ 

oS 

X) 

m 

O 

t¿ 

to 
u 

CO 

a 
4) 

Q d 
.u 

U u 0 
U 

ni to j s -H M U 
Ot 

S g 
H 4) 

XI 

n) f-H — 
X 2 
M S Ö 
fs 5 

5 g S 

a 
h 
o 

U 

ni 
r-H 
& 

to 
O 
h 
n 

m u 
4) 
c ~ . 
a 4) o .h o o2 o 

CO 

T) 
4) 

T3 
3 

i-H 
u 
2 

u 
4-> 
4) 
« 

(0 
-O u 
ti 
u 

Q 3 
M ^ ni 

Vf 
d 2 
Z -X 

(NJ 

co 
vO 

co 
—. 
NO 

n) 
u 

X 
4) 
C 

CO co 
(4 n) 

a 
Vf 
0 

U 
'O • iH 
O 

r-H 

O 
(0 

co 

(0 
n) 

i 
X 
4) 
Vf 
4) 

ni 
XS f-> 
XI 
4) 
C 

^ ‘m 

ils Ê 
“ .H 
C XJ S 
(4 4) 
. (0 Vf 

w g 
4) 43 
3 3,- 
O* 10 7. 

i 
i “ 

4) M 
Vi . 

0 
(4 4) 

7vX3 P* -*-1 

¡s ü ? £ 
Vf 

ffi 

ff-f 10 
« ^ 
w (U 

5 c a m CT «-* 

2 xJ 
4) 

U 
nJ ^ 

4)3 
C ri 
n) 2 
+j > 
(0 4) 

W o 

Jh 4> 
n ^ 
o “ u 4) 
4) ^ 

4«! >s 
(T) »"H 

■“ C 
y 4) 
gu . 
0 .H f¡ 
¡> }M (4 

>> « Ö 
C 4- 2 
£00 
> c a 

41 
Vf 

2 » 

* S“ 
'ô 2 
Vf 2 
o I4 
^ o 
4-< 
to -o 
4) C ^ 
** 4) . 
O » XJ 

ü 0 > SoH -S 
ri 4; 
to O 
°xj 2î 

O.S 0 
£ 3 Z H o, ~- 

co 
VÛ 

H* 
(NJ 

f*( 
« 

CO 
n£> 

r- 
(NJ 

00 

u 
2 

o 
U 

t¿ 

Vf 
nJ 
g 
O 

(0 
3 

XJ 
3 

4) 
U 
ni 
a 
(0 
O 
Vf 
4) 
« 

• • XJ 
(0 0 0 

(J Vf 
X „ Of X to 
0^4) 
•¿y to 

3 fi 
2 2 S 
0 0 hh 
0 Vf 4) 

O Ü O O O - O Of Q 

H* 

-H CO CO vO (NJ 

r- co 
in -h ou 

B-11 

G
o
o
d
y
e
a
r 

A
ir

c
ra

ft
 
C

o
rp

. 





I 
r 
r 
r 
r 

L 
L 
L 
L 
L 
Í 

c 
o 

<J 

<\ 

<u 
n 
C 
0 

» 
01 
oil 

<u 
'O 
o 
U 

<u 
*J I 
n) 
Q 

S 
h 

• H I 
£ I 

i + 
O 

*•> u I 
Ifl o 

U 1 

c 
<u 

G 
0) 
h 

I 
0 
u 
« 

3 
cr 
0) 

^ -o 
«-S 
ï 3 
G -< C y 
^ c 
o —I 
ß y 

o fa 
T3 2 
(0 Jtl 
6 5 

4) 

XI 
n! • 4-- 00 
3 .rt 
to 'S 

s-t 

u 

« 
nJ 

a. 

O 0 
* G «J G 

£§ 

V 
X 
rt 
G 

• r-i • H 

0 O 
c ^ 
O-C 
Q u 

o 
c 
0 

Q 

(M <M 

PO 
vO 

00 

PO 
X) 

PO 
vO 

VÛ 

00 

00 

<NJ 
vO 

I 
Iti 
u 

0 X3 
U rt 

a 
Vi 
0 
U 

0 
U 

(0 ^ 

M W 
5 n) 

G 
01 
x; 
u 
<« 

a 
Vi 
0 
u 

0 
U (¾ 

w 
o 
K 

o 
-0 
>» 
X 

o 
(0 

PO 

PO 

pó 

sO vO 

I 
Oi 

V Vi 

Sí 

0 
Q 

c 
i3 

(0 
(0 4) 
V ¡S 
Vi -3 

0) ^ 
3 C1 

TJ 
4) Vi US 

li Ö 
<fl a S 
b e ë 

Ë 
n) 

., «) 
t) 

i t> 
X! C 

o oo n) 
1x6 

< 

PO 
nO 

nO 
(M 

00 

u 
c 

0 u 
<0 
oo 
c 
*-> 
nt 
0 
U 

nt nt u 
•-4 •-< C 

nl 
a 
o 

<o « 
3 3 « 

-0 -o Vi 
•r c c o ►Vi M l-l 4J 

nt 
C 
Vi 
01 

2 
Vi 
41 

l> 

sO 

Tt -¾ 
oj nt 

•0 “ 
X m 
0 4> 

2 ^ 
X (0 

(U 
X ^ y 

■S T) h 
W 4J 2 

00 u ÊW4 
nt 

4) 

si C 5 Vi i C 
0) « 
(0 4-> 
C U 
0 3 
a-o 
(0 0 
4) V 

0$ k Q 

U< 
< 

PO 
X 

O' 

oo 

0 
U 

o 
<U (J 

Í >► 
Vi 

- y 

6 > rt 
12 6« 
It 

ft 
(0 4> 
y 00 

•H nt 
*-• L. 
5 o 
<0 -M 

ft W 
^ u 

m 
4) 

*-H Li 

^ -M 
(0 g 
0) QJ 
01 
h w 

ß 
ß 
nt 
o 

x œ 

B-13 

t) 
ß 
it 

oo 
3 

X 
3 
H 

fi 
o 
4) 
V 
3 

(0 
4) 
a 
nt 

"i X co 

nt 
V 
4) 

(M 

PO 
X 

1—4 

x 

0 
U 

u 
3 

i 
CO 
nt 

ft 

3 .. 

Vi « 
y y 

U 

►G 

O 
U 

CO 

CO 
It 

co <t 

6 0 

ft 
<u 
ID 

X) 
0 

►”> 

ft 

« w 

r- 

X PO po H 

3 
01 
CO PO 

X 

ft X 

W O' 

IU 
V 

3 
0 

CO 
IU 
3 
O' 
T) 
4> 
> 
4) 
Ü 
Ol 
V 

u 
3 
V 
0 
Vi 
a 

x 
nt 

<b 
> 

,ï 

3 
co 

0 

¾ 
S - 

PO 
X X 

X o 
PO 

X O' 

a 
V 
0 
u 

a 
Vi 
0 

U 

00 

W 3 . 
nt nl 

GS 
'S CO 

X 
4> 
h 

i 
IU 

u 
3 
V 
0 
u 

ft 

it <t u nt 

V 
i y 

M X 
0 'S <-i 0 

3 
nt ►> 

41 
X 
H 

41 
00 
it 
X 
u 
nt 
a 

V 

3 3 

•^7 

x 7 

4) vi 
> V 

41 
co 
0 

0 
2 

PO 
X 

(M 
"«V 
X 

3 
4> 

£ 

U 
3 

O 
ft 

O 
“ U 

u 
3 

73 
0 
V 
ft Vi 

0 

^ X 

<J 
3 
73 
O 
Vi 
ft 

ib 
X 
H 

0 
U 

01 

« 
nt ib 
« W 

m 

- 7 • »—i C s 
V V .< 

« « q 

PO 

If) 

PO 

f'- 

X PO 



T 

II 
J 
1 
1 
I 
I 
1 
I 
I 
I 
] 
3 
3 
3 
I 
1 
I 
1 
3 

(U « 
c 
O 
Pi 
«J 
<u 

(Xi 

V 
TJ 
O 

U 

n) 
Q 

Ê 
b 

• ?"4 

£ 

I ■ 
4> >1 

M U o 
ü bel 

11 
U 

en 
u 

> » 
h n) 
fl) i*“* 

W P4 
bo ï 
C 
bC 
ni 
X 
u 
(0 
b 
V 
C 
O 
w 
>1 
<u 

u 
G 

O 
U 
en 
h 
<U 

O 
« 

>, « 
r-H |. 

au 

^ p 
^ en 
2 o 

n) 
T) 

n) 
C 
P 

C ^ S fi 
>1 “ ' 4) 

Ih 
4) Pi 

Ç5 

PO 
nO 

r- 
(VJ 

ü > 
C -K 

►5 Q 

O u 

Pi TJ 
P. u 

O 
« 

PO ^ 

I 
4> 
h 
'3 
CT1 
4) U 
M 
4) 
B 
O 

4-1 
(0 

S 
ü 

U 
> 
& 

y c 
O- ^ 

OT Ë 

h 
< 

PO 
nO 

N 
<M 

00 

O 
U 
r-H 
O 
O 
H 
Oi 

a *4 
0 
U 
0 
h 
O 

Uî 

PO O 

I 
r-H 

ni 
C 
O 
h 
m 
>> 
2 

i 
H* 

O 
41 Ë 

r-H H 

9-c 
Ë ‘g 
nJ C 

W 3 

% 
O 

PO 
nO 

00 

00 

a 
»4 
o 
U 
w 
u 

■ H 
4-> 
(O 
n) 

V 
TJ 
■ri (0 
4> 

X 
m 
P 

a 
h 
0 

U 
+-I 
11 
nJ 
Ë 
n) 
J 

r- 

vO ifl 

o 
a 
4) 
11 

bo 
c 

o 
Z 

PO 
vO 

H* 
r-H 

sO 

u 
C 

* G 
41 n 

Ë Ë 
m ni 
J J 

G 
O 
G 
O 

•H 

(4 
P 

nJ 

41 
li 

& 

PO 
sO 

o y 
£ c 

c ë 
.2 0 

ii 
u 

J5 
r- 
« 
41 
J 

H*" 

10 
n) 

rH 

a 
H 
rX 

2 

W 
C 
O 
H 

+-» 
(ti 
ü 

• H rH _ 
a “ 
a 0 

<, M 

PO 
sO 

-H O' 
OJ 

MJ sO 

bo 

bO 
P 

4; 
41 
P 
bb 
P 

W 

“ 0 
J U 

0 
U 

11 
41 
a 
m 

Oi 
4) 

S 
0 
J 

> 

Q 
(0 
u 

» £ 
2 0 
0. U 
* * 
0 0 

rH rH 

TJ TJ 
G G 
J J 

a 
ii 
0 

U 
w 
G 
Ih 

H 
I 

10 
G 
J 

O 
U 
X 
0 
0 
Ih 
41 
a 
ni 
& 
O *4 
ni 

m 
S 

0 
U 

CO 
o 

•rH 
4- 
to 
aJ 

rH 

& 

It 
ii 
41 
C 
4i 

O 

10 PO Is- 

—1 ri m MJ 

r- 

r- if PO 

B- 14 

0 
U 

c 
c 

4i 
X 
H 

0 
U 
ii 
01 
X 
m 
o> 

rH 

ns ii 

^ HH 

Ë 5 
tH >H (O 
(¾ 0) oJ 

2 s s 

PO ■Xl 
(M 

,>> 

O 
— 

V 
>S 

V) 

(fl 

u 

(O '4 Cl, 
U ÎT 

c 
(¿U 

I 

4^ li 

Ih 

41 

>■ 
rH 

a 
a 
G (0 

TJ 
^ ü 

e ^ ►Ë 3 D <? 

a 
Ih 

(0 
(J 

Ifl 
■t 

Û4 

TJ 
Ih 

(0 
P 
>1 
t 
s 

X (fl ^ 
X :r} 

X £ 
0) x; 
S a 

(O 

—, Tf 

O 
3 

-t* r- 
■o ni 



mwmraraniwimEolwiiíiM 

sÜ 
(O 
tí 
O 
(U 
(O 
(ü 
ai 

•t¡ 
<D 

T) 
O 

U 

V > 

il 2j U V 

O h 
ü fc 
(O 
u 

•H 

«O 
flj 

w 
nj 

1-1 

C 
O 
b 
U 

w 

i 
T3 

C 
4í 
W PO 
. 

Oí in 
. ■—. 

en ^ 

4) 

c 
o 

• W 

(O 

3 
cr 

TJ 
C 
V 
(O 

C 
O 
u 
4) 

4) 
H 

o 
U 

u 
tí 

co 
vO 

PO 

00 

o 
U 

t¿ 

nJ o 

tí O 
'3 « 
•iH 

<3^ 
o u 
m Q, 
4> ^ 

g 6 

if) 

* V Tt 

^ u « 
¿ M C ■„ 
O 4; ^ Æ 

'X* » iá ^ 
ï 

ti 
■>-> 
43 
U ' “ Î? n 

o* o y *j 

S' w U tJ ^ 
„ . 

S £ 4> - ü «XüJ »mH «M 
¿¡ u £ 3 c 
m tJS o ^ 

-o o n) ^ 'O 
ß W 4, =fc 4J 
ni _ w ” 

C P 3 
(0 o -M .5 7¡ 

w 4» u C 
0,4>XW- 

C .Î3 TI c “ 
n) rt C o 5 

(O C nt ^ ^ 

M 0] 
♦i C 
O o 
ß ° C f-H 
4) nt 

43 

tí 
4) 
(0 PO 

sO 

(X* IT 
. 1—. 

w 

4J 

3 
(¾¾ 
O ni 

« >1 

c V 
O 43 

ti u 
S O O **H 
O* 
í¡ <3 Ih ■* 

n) 
C 
C 
O 

•H 

« 

tí 
cr1 

•O 
c 
V 
« 

tí 
O 
u 
4J 

•“H . 
« 
H 

PO 
o 

v£> 

O' 

pp> 
vO 

PO 

00 

o 
U 

ft -o -o a 
h o e g 

00 

2 > 
Q 

C m 
n) ” 

«.y 

c-o 
3 2 •rl ^ 

n) 
w ni 
O o 
(0 •- 
4> ¿ 

lT» 

m 

PO 

43 
DO 

•rt a 
43 
O 

co 
e 
o 

4) « 
H O. 3 
¡Ï m ^ !> i-> +j 
4) TI 
Oí nl W 
n) O « 

l-> <—i oO 

ß « 00 
O ni C 

pH *H 

ß M pH 
M <0 O 

T3 ^ 5 
4J 4) Ä 

•s ^ s >-1 .H 4í 
» *ji 2 
ß 0 o 

H 43 c. 

< 
Ifl 

43 
n) fH 

•M 
m 
> 
ni 

4-1 
y 
3 

O 
h 
Oí 

o 
Z 

« 
u 

• r4 
. * 

w ^ 
ni ¿S 

d. - 
* 

e:u 
ß 

Ô O o h 

fi h 

;á 
u 
0) " 

XI .• 

£ ^ 

PO 
vO 

00 

00 

y 
ß 

to 
ß 
o 

• (H 

(0 
3 
u 
44 
X 

U 

«8 
to 
00 
ß 

X3 

O 

PO 
nO 

n* 
OJ 

vO 

2w SS S 

O 
ü 
r—( 

n) 
y 

3 
4) 

fC ^ 

üs O M 
ß “ 
5 u m -h 
tn {- 
ß s o <3 
SS 

rO 

> 
• r*4 

Q 

CO 
(0 
V 
ß 

• H 
(0 
3 

43 

£ to 
^ U 
ß y •h -g 

-M 'S 

I 2 

(M 

PO PO 
nO nO 
—. 
o m 
N -H 

vO 00 

a 
h 
o 

U 
y 

o 
U 
y 
h 

43 

y 
fi 

m . 
4-> Q 

-o . h 
O (4) 

. y xi 
o y y 

N 

ß 
m 
o 

U 

2 g « 
§ ß 2 
2 n) n) 
Sh 2 

Uw 

“ fl 
2 .2 
»00 
«D > 

o C o 
u o o 
X -H 'H 
Ml 44 44 
ni ni ni 
ZZ Z 

.5 ^ 
Q O 
,u 

o h 
u ^ 
y ^ 
ft « 

h h 
ft 2 * 
M Ç M 

2 « 
00 U 
fi ’ 

^ '3 y fi 
2 ^ 

o 
U 
M 
« 
> 

•M 

á 

nO 

N 

vO 

PO PO ^1 SÛ 

B-15 



r 

] 
I 
1 

I 
] 
I 
1 

1 
1 

1 

] 
] 
I 
I 
I 
1 

I 
1 

t) 
(0 
a &| 
(0 
<D 

m 
T) 
o 

Ü 

t) >s 
4-' Lá 
«fl 0 
U öd 

u 
C 

(D 
U 

C 0 £ u 
(LI 

u & 

£ 
T3 
rt) 

CQ 
■ 
c 
0 
X • iH 

Z 

u 
C 

0 
U 

iJ (0 
m u 

Lh 
<u 

•-» 
4) I 
O 

Oh 
C 
n) 
£ 
0 
Z 

(M 

vm 
0 . 
KA “ 
“s. 

•w >» 
4i 
1) ~H 

A n) 
“ 
O Lh ■m OJ 

C I 
-.2 £ 

0 
Ü 
>s 

rt 
fi 4) 

1¾ 

U o 

PO 
>0 

00 

00 

CU 
h 

. 0 
a U 
Lh 

U 
4) 
A 
A 
3 
tí 

“ C 
jS 
S > 

f—h 

C 3 
to 

0 
U 
0 
u 
h 
n) 

u 
c 

Ü 
3 

TJ 
0 

ft 

(0 
ni 

ft 
4) 
Ü 
(ï 
£ 

41 
ft ft ft 

>> 

p-H 

(0 
«) 

0 
U 

n) 
3 
C 
<0 
0 

l-l 
I 

(0 
a 

A 
ft 

0 
Ü 

t¿ 

li 
< 

w 
u 

•H •*-> 
03 
TO 

- ID 
ro nû ro SÛ vû Tf Tf vO 

(0 

u 
3 

T) 
O 
h 
a 
o 
Z 

rP| 
sO 

(M 

NÛ 

(0 
M 
41 
•u 
h 
41 
> 
G 
O 
U 

w 
Rt 

ft ft 

(0 
41 

r-t 
nt 

W 

00 
c ■ pH 

h 
4i 
4) 
G 

• r* 
00 
C 

W 
u 

A O 
ft U 

(0 
Li 
41 

G 
C 

r“H 

41 
H 
T> 
»-H 

O 
2 

ft 
< 
(NJ 

PO 
'O 

00 

0 
ü 

u 
3 

TJ 
O 
Li 
ft 
Li 
4; 

A 
A 
3 

& Q¡ 
nt 
ft a!) 

(0 w 
n! nt 

u 
i-> 
0 

U 
00 * 
C »1 

i .ï 

£ a 
TO ^ 

W CO 
u u 

n) 
* 

i £ 
00 <*H 
ä o 
Ä oo 
ai) .H 

(0 
Lt 
1» 

h 
41 
m 
c 

a 00 
a c 
3 W 
w » 
u u 

ft ft ft ft ft ft 

m 

PO vO 

if pó 

PO (NJ 0- 

r- 

r- vo 

oo 
3 

> rH 
(0 
(0 
4/ 
U 
0 
M 
IX 
0 
Z 

PO 
vO 

00 
--4 

MJ 

CO (0 (0 (0 , 
ni m nt n) J 

«—4 aanrf ^ 

u 
C 

w 
u 
--4 4-» 
Vi 

C 

£ 
Lá 
0 
ft 

(0 
n) 

ft ft 

vû (M Tf 

B-16 

P
la

s
t-

V
u

e
 

1 

P
ii

c
o
s
e
 

M
fg

. 
C

o
rp

. 
6

/2
4

/6
3
 

1 
N

o
 
s
u
it

a
b
le
 
m

a
te

ri
a
ls

. 

P
o

ly
 P

la
s
ti

c
 
P

ro
d

u
c
ts

, 
in

c
. 



c
a
s
ti

n
g
 a

n
d
 e

x
tr

u
d

m
g

, 
a
n
d
 P

V
A

 b
y

 
b
a
n
d
c
a
s
ti

n
g
. 

T
h

e
y
 d

o
 n

o
t 

q
u
a
li

fy
. 





-T-, 

r 
i 
r 
r 
r 
r 
r 
r 
r 
r 
[ 
[ 
r 
à. 

i 
i 
l 
l 
l 
t 

V 
< 

h 
<u m 
t'û 

nO 

h ^ 

i 
a 
3 
ta 

v\ 
ta 
C 
O 
a 
toi 
U) 

eJ 

rC 

3 ü 
§ “ « OJ 

ta 
u 

ta 
ut 

tu 
43 

C 
O 

a 

-o 
• iH 
M 

■ ^ 
1h 

ta 
O 
U 

ftj s 
Ih 
O 

'«'a 
3 H 
O >» 

^ a 

co 
h 
V 

TÍ 
3 
h 

X 
W 

0) 
’Ül 
O 

U 

m 
vO 

PO 
vû 

tfl 
Q 

O 
(M 

PO 

nO 00 

O 
U 

U 
C 

cü 

W 

tu 
X 
H 

O 
U 

S 
h 

ta 
u 

ta 
nt 

G 
tú 

X 

& 

-Ü 

a 
h 
o 

U & 

O ^ 
■M tl PO 

0 'O 
^ a-^ 
o 

^ J O' 

I 
(0 
O 
a il S3 

i 
0) 
Z 95 

•" r T) 
3 b <D 
cr ° ta v a o 
h E ^ 

'S c 
V _} V 

to -T3 4) 
h u c qj tu 
o « C 43 H W X Î-i 3 

-t-* a © h 3 
nt » -M -t: 

•S P ij 
IJ tu 
(fl 4>-JC _3 u m 

O (« 
■u ^ 
, 1> 

si 

H/ 'H- (IJ ♦""! 
y » £ J n u 

O ^ 
O . 

}? Ö0 
S a fi 
3 ^ 

3 
•rt 

'43 

C 

& 
Ë 

to -o õ <u § 
< » ¡5 ÊU 

PO 

PO 
vO 

r^ 
t\) 

y£> 

G 

21 
t« 
b 

o 
G 

O 
U 

00 

0 
U 

CO 
u 

.5 X 

O (0 
U nt 

i-H 

^ Ot 
tu 

C HH C HH 
Ifl 

43 
W 

4) 
43 2 Ë 
WWW 

h 
4) 

T3 
C 
>s 

W 

(fl 

> 

c 
h 
tu 

43 
O 
o 

3 
O 

M CO 

i 
<u H 

U 

tu 
3 

h 
•H 
V 

43 

HH 
O 

PO 
vO 

u s (0 
4) 

(0 
O 

(0 
(fl 

(0 
3 

TJ 
3 

Ph 
S 
Ih 
4) 

i-i 
(0 
(fl 

(0 
4) 
* 

43 

b 
60 
3 

u +-> 
4) 

s, 

4) 
T) 
3 
h 
X 

W 

PO 
vO 

o 
CsJ 

vO 

O 
u 

(U 
43 
H 

s 
0 

. Ë - 
u 4) J 

¿ d <5 

X 
4) 

3 
O 

CO CO .H 

>H 
(fl ¿ a c A .H 

h 
<U 
U 
3 

. 4) a a a 
co co co 

TJ 
Ih 

h 
tfl 

(0 
b 

♦ H 

CO 
r-H 

(TÍ 
•H U 
0) 

4-» 

Ë 
4) 

43 

•3 

O 
Z 

PO 
NO 

-flt 

vO 

U 
3 M 

O 
U 

a 
Ih 
O 

U 

o 
X 
0 
Ih 
>H 

Oh 

co 
tu 
(0 
Ih 
a 
Ih 
4) 

TJ 
Ih 

(fl (fl 
TJ TJ 
3 3 
tfl tfl 

3 
U 
4) 
Ih 
(U 
4) 

O 
3 

TJ 
Ih 
3 I 
O 
O 
£ 
. I 

4) 

l 

ffl 

B 
4) 
(0 PO 

NO 

Ph m 

co' O' 

t 
Ih 

S 

4) 
X 
tfl 

Ë 
3 
O 

•-> 
O 
S 

co 
4) 

o- 

O 
TJ 

4> 
> 

3 
43 

4) 
U 
4) 
Ih 

(fl 
r-H 

a 
o 
3 

4) 
N 

TJ 
•H 

Q 

b 
< 

PO PO 
sO v¿> 

PO O 
1-^ pT) 

00 O' 

a 
Ih 

O 
U 

u 
S 

K ~ 

bo 
3 

• H 
41Í 
u 
O 

PO 
vO 

Nû 

(O * 
0 

0 
u 

o 
S 

3 
(fl 
Ih 

¿6 

co CO CO 

TJ 
4) 
iî 

co co CO 

§ 

£ 

I £ 
co co 

Hh 

PO PO (M (O 
-Jt t" PO 

•* r. •* 

po m \o 'O -it vO m po no 
m 

PO -H 

E-IP 



] 
] 

c 
o 

■H 
»-> 
U 
< 

4) 
(0 
a 
o 
p. 
(0 
<u 
ai 

*• 

'O 
O 

U 

(U 

n) 
Q 

B 
U 

• rH 

fi 

i 
0) >> 

(fl n 
U âi 

U 
ß <U C 
^ _I l—i 

W (0 

Ih 
» 2 
.2 
h ^ 
5 O 

x> 
(fl 

J 

(0 
a 

■d 
c 

i-i 

U 
(fl 

(fl 

H 

B 
u 
o 

X 
U 
(U 
H 

X 
U 
h 
(fl 
0> 
(0 
m 

ce! 
pH 
(fl 
u 

• H 

C 
J3 
U 
(U 
H 

(0 
(0 
(U 
h 

-O 
"O 
(fl 

ÛO 
ß 

•3 
h 
(fl 

* 
tH 
0 

HH 

0 
ß 

V 
J 

TJ 
(U 
> 
O 

S 

M V 

s 1 (fl 
U 

• H 

B 
V 

M 
U 

«a 
V 
fi 
(U 

•H 

T) 
(fl 

■*-> 
3 

(Q 

sO vO \o in 

u 
ß 

(0 
U 

• H 
4-> 
(0 
«tJ 

i-H 

PL. 
(0 . (0 
(fl p< (fl 
X V. X 
4) O 4) 

H U H 

h 
V 

m 
+j 
X 
(U 

(0 

4J 
TJ 
ß 
(h 

H 
■ 
X 
tu 
H H 

n 
»■H 
(fl • M 
M 
V 

4-1 

(fl 

S 
4) 
(0 
4i 

■B 

V 
11 
3 

4-> 
U 
(fl 

1 
(fl 
S 

*> 4-> >—I tt 

O 
M 

PL. 

O 
fi 
0 
Q 

m co 
vO sO 

oo CO 
ï—< 

NÛ VO 

ffi 

H 

P. 
V. 
o 

U 

y 2 o 
fi 2 u 

i_j ^ 

M 
J2 î0 
o. 

X 
y 

h 

• H 

(0 
C 
(fl 
h 
H 

>4 
H 

Tf H Eh Tf 

0 
U 

y 

JO 
ifl 

U 

ni 
fi 
o 

-M 

(fl 

fi 

«a y 
a 
m 
o 
U 

>. 

0 

& s I 
« 'Ü 
fi c 
(fl 4) 

ei U 

.ti fi 
3 - 

TJ y 
C 
O 

H 

fi 
(fl 

•H 

u 
Eh 

(fl 
y 
'3 
43 
y 
y 

y 
n 
fi 
O 
ft 
« 
y 
u 

h 
o 

Eh vh 

2 c y 
u B y h ■H T' 
H ►. 
y ifl 

rH Q, 

oo « 
fi Q 

• H 

TJ m 
b y 
(fl y 

r> 

¿ w 

m 
nO 

43 
M . 

fll (fl ► 
u üa 

c 
o * 

•H • 

fi O 
D U 

■fl' 

rO 

CO vO (M 

O 
U 
» 
y 

•H 
■M 

n 

cti 
(“H 

PL. 

y 
TJ 
•H 

43 
u 

(d 

U 
C 
0 . 
'3 .£ 
P Q 

CO 

o i] 
U o 
■w P 
3 S 

(fl Vh 

O o 

® S.' 
^ -H 

1d Q 
4-» 
CO w 
TJ .2 
2 » 
'3 JS 
P PL. 

CO 

y 
3 'Ü O 
>4 

0. 

U. 
o 

TJ 
y 
h 
h 
y 

>H 

y u 
>s 
y 

43 
Eh 

Í*. 
< 

co 
vO 

r~ 

00 

o 3 
Õ y 

43 
«U 

^ *À 
(J O0 

ë 2 
y y 

4= P 
U ^ 4J 
rH W 

.2(3 
h ^ 

4-> i—I 

(0 (fl 
3 C 

TJ O 
fi 'H 
- tfl 

w 

ft 
|4 

O 

s ^ 
..h 

P Q .2 

ü 
• H 

H 
y 

43 
u 
<4 

co 
(fl 

C 
y 
(0 CO o 

PL. in 

ai o' 

y 
m 

•H 

(fl 
fi 
fi 
O 

•H 
4-> 
CO 

3 
O* 

vh 
O 
J* 
ft 
O 
y 

u O 
SH 
TJ 
y X 
co 

< 

U. 
< 

fi 
y 

3 
y 
m 

• H 

3 
cr 
y 
»4 

y +4 
(fl 

S 
0 
Z 

CO 
CO vO 
sO 
^ if) 

00 (4 

00 O' 

X 
y 
3 
(fl 

oo 
3 
(fl 
Z 

o 
U 
Ih > 
q; -h 

43 Q 

-3^ « S 
ai p< ai ~ 

h y 

• O .43 
PU PU 

y *-> 

o 
ai 

o 
U 

y 
43 
43 
3 
ai 

ai 

P PL. 

00 (4 CO co 

B-20 

la
s
ti

c
 
P

ro
d
u
c
ts

 



c 
o 
h* 
U 

< 

* é . 1 « c 
d> 

»“H 

v£) 

vO 
(NJ 

(0 C 
Q) 'iH 

jL rt CT* +J 
a; m 
h >0 

rt! « 
M 0 

IX 

•U « 
U <U 

M 5 
C rtJ . 

•rt > ci, « 

10 
a; Æ 

ai 

U 

ni 
Q 

m ûo 
(fl ß 

**—I *H 
(XÆ 

<u 2 
^ - 
3 S 

U uo 
(fl tK 

S ß 
2 o 
£ ß 

gï 

Q CQ 

m 

o 
♦-* 

C 
• H 

CO 

0 G »-h 
(fl IX 

“Ë c 
o 

( 
O V 

£ 3 

(U U 
X Ifl 

0 
fi 

¿Q 

ES 
O T* 

-*-> TT CO w 
3 (T> .T f-H 

U a 

(Ú 
CO 

£ 
"3 
(0 

O . 
(O 

ß ^ 

^ a» 
& * 

m 
sO 

O 
(NJ 

vO 

(K 
X 
Fh 

h 

0/ >> 
Li 

(1 °,j U oc 

•o 
U 

IV 
>4 
(fl 

IV 
fi 
o 
*— 
w 

w 

CO 
vO 

Nû 

(0 
h 
O 

*-> 

(fl 
U 

c 
Æ 
(fl 

(0 
U 

■ r"4 
-*-> 
CO 
m 

ro 

(¾ 

(H 

h 
D 

PO 

(NJ 

CO 
nO 

>-H 

vO 

h 
(fl 

U 

fi 
o 

fi _ 
^ o' 

00 
s ^ 
2 .Ë 
Qæ 
„U 

0 . 
U (X 

h 
00 o 

.5 0 
X jj 

“'S 
>x 

Tt* 

CO 

(V 
X 
h 

o 
U 

m 

£ 
m 

£ 

(X 

0 
U 

00 
c 

• rH 

X 
u 
a 

CQ 

C 
»H 
(V 

m 
(V 

■s 

IT> 

(Nj no 

C 
(V 
«J co 

vO 

ft( m 

W O' 

*0 
(V 
> 

•rH 

(V 
o 
(V 
Jh 

V 
Jh 

■ iH 

S 
C 
O 

Vi 
0 
a 
CT 

(0 

(fl ¿J 

” fi fi S 
.2 g 'C aj 

(fl M CT 

Ëâsü „• 

ü |£ 

CT 
4-> 
(fl 

E 

CT 
•M 
(fl 

o 
a. 
o 

Z *0 

CT 
3 
O* 

o 
£ 

(fl 

(fl , 

0 
(fl *3 vi U( U 
fi (V 0 -h ^ 
0 ^ 2 iS 2 
CT W Oh ‘r* a; 10 
h O “ o 
ï N“' U CT (H h 

2 M ü >H ™ a, 
(fl (fl o -h S ï 
S ^ ? 2 S -s 
Zî U 7 (U • «J 

• H 5 fl> y CT O 
J M ffi (fl U ^ 

Só 

to U) 
H-> H-> 
y y 
2 =3 T3 -y 
O O 
Vi Jh 

Oh Oh 
y y 

•f“! 
H-< tH 

Ss 0) 
Oh H 
c c 
Vi Vh 
CT CT 

H-' to to 
CT CT 

£ I 
s ~ sr 

co co 
nO vO CO \ — vO 
-• o 
(NJ CO 00 
^ \ 
00 O' 00 

IX 

O 
U 

co 
'O 

(NJ 

v£5 

y 
IV 

i—i 
W 

CT 
2> 

00 (fl 
'S tí ..-I Vh 

o 
U 

co 
y 
(H ■M 
CO 
aj 

r-H 

Oh 
CT 
X 
(tf 

co 

¿i 

^ tí 

(*) 

CO 
<D 

H* 

co 

y 
fi 

co 
CT 

ta 
3 

T> 

2 

co 
XI 
o 
o 
£ 

B-21 



APPENDIX C 

FIRMS SURVEYED WHICH ARE NOT INCLUDED IN ALPHABETICAL 
LIST TAKEN FROM MODERN PLASTICS ENCYLOPEDIA 
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TO: Suppliers of Plastic Film (unsupported, laminated and supported) 

SUBJECT: Request for Product Information, Contract No. AF 19(628)-2944 

Air Force Cambridge Research Laboratories have long been active in conduct 
of high aHitude investigations in which balloons have served as the vehicle. 
Asa result, they have become recognized authorities on most aspects of bal¬ 
looning, being consulted by other government agencies and civilian scientists 
alike regarding balloon systems. Over the years, many research and develop¬ 
ment programs have bsen sponsored by the Laboratories with the principal 
objective of advancing the state of the balloon art in such areas as materials, 
design, and manufacturing techniques. The Laboratory is currently engaged 
in a survey of films (supported, laminated, and unsupported) for potential use 
in balloons. This work is being carried out under contract with General Mills# 
Inc., Aerospace Research Department. Several weeks ago, in an attempt to 
determine whether your firm has products which merit consideration for bal¬ 
loon use, General Mills submitted an explanatory letter and questionnaire. To 
date, your response has not been received. 

Perhaps knowledge of one or more of the following facts will encourage your 
participation: 

1. Copies of the survey report will be distributed to all balloon fabricators. 

2. A copy will be available (upon request) to any firm which submits a 
complete questionnaire covering a material which meets the minimum 
requirements for consideration. 

3. General Mills, as a balloon fabricator, is a user of materials of the type 
dealt with by the survey. They are neither engaged in nor equipped for 
production of plastic films, laminates, or supported films. They have no 
intention of engaging in such activities. 

, 4. The market for balloon materials is appreciable. Polyethlene usage runs 
' into hundreds of thousands (or in some cases millions) of pounds per year. 

A supported film of reasonable cost, utility and reliability would also find 
a worthwhile market. 

Assuming that you produce materials fulfilling the minimum requirements, it 
is requested that you complete and return the questionnaire to GMI as soon as 
possible. Some firms have declined to complete the questionnaire on the 
grounds that too much testing would be required, particularly with equipment 
not available to them. If you have materials which satisfy stated requirements, 
we would prefer to receive a partially completed questionnaire than a negative 
response. Preference must naturally be shown to candidate materials sup¬ 
ported by complete data. However, should we not receive complete data on ten 
materials which merit being considered for testing, the most promising of 
these materials not supported by complete data will be given attention, Should 
you have nothing suitable to report, it is requested that GMI be so notified. 
Your cooperation will be appreciated. 

Very truly yours. 

James F. Dwyer 
Technical Project Monitor 
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HEADQUARTERS 
AIR FOICE CAMBRIDGE RESEARCH LABORATORIES 

OFFICE OF AEROSPACE RESEARCH 
UNITED STATES AIR FORCE 

Laurano« G. Hanaoon Flald Badford, Maaaachuaatta 

Reply to 
Attn of: CREB/J. Dwyer/3076 

Subject: Survey Queationnaire, AF 19(628)-2944 

To: 

!• The Air Force Cambridge Reaearch Laboratories has, for many years, 
been engaged in both plastic balloon development and the conduct of atmos¬ 
pheric research using balloon carriers. Extensive experience in this field 
has made us a prime source of information for other Government agencies, 
universities and private industries engaged in research and operations in the 
balloon field. 

2. With the current emphasis on space and "near space", the demands 
being placed upon plastic balloons are fast exceeding the capabilities of 
proven balloon materials. In an effort to open new roles for balloons and 
to adapt the balloon to existing requirements exceeding the state of th^ art, 
this Laboratory has initiated a contract to evaluate, for balloon application, 
the nost promising plastic films of both commercial and experimental 
status. 

3. This contract was awarded on a competitive basis to General Mills, 
Incorporated, of St. Paul, Minnesota. To insure objectivity, no companies 
eng*g6d in the production of plastic films or resins were solicited. In this 
way the Government can be assured that the selected films do not represent 
the contractor's product and that the contractor accrues no competitive 
advantage by virtue of the work performed. Accordingly, a survey question¬ 
naire was prepared and distributed by-our contractor. Response to date 
appears to be associated with two aspects of the stated "action desired", 
(1) the performance of tests and (2) the standardisation of reporting units. 



,„ „'1* ’ ‘ ,h*' « bur<1'" b« Placed on the pro.pecttve film eupnli,,. 
Ra”h«r It T h y 'b*1';'"'»““«a tnclu.ion In the teet phaee of the contract, 
be e„c '«lee budget, permitted, the euppliere could 
. , ^ eubmlt the more detailed information through which the 
In I “mb« of could b« "«>« dlacrlmlnating . Thi. hae indeed been true 
nrohihiiiv .t* How'v'r' « 1» your caee the deeired effort ie 
aide ble e'th' '“bmleeion of your commercial literature will etlll be of con- 
stdeiable value in achieving our goals. 

commeníThoulH ¡lhÍCh .yOU ^ay c°n9i*** proprietary need not be furnished, but 
omTtTed nfîr h ™d*^*r* »here might be reason to suspect that the 
mm lnformation ii «ttieal to the selection or elimination of the subject 

because ofitVh« T ^ ^ imPortant "««*rch program, not only 
Of this Studv Im K ng °A OUr 1n1atl0nal caPabilitie8- hut also because the results 
of ycmr"products! b°th t0 y°U and to Prospective processor. 

Ini k" “i7 Cf#e' yOUr reply to the queetionnaire, whether positive or negative 
will be of value in programming the schedule of thi. effort M«*tive, 

¿trya 
TAMES F. 
Task Scientist 
Aerospace Instrumentation Laboratory 
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■LBCTRONICS DIVISION • aCNIRAL MILLS. INC. 

■ WAVNUt STRUT • ST. RAUL 19. MINNSSOTA • RHONS TSI-S09S 

Attention : 

Subject: Survey of Potential Balloon Material 

Contract AF 19(628)-29^4 

Reference 1: Request for Product Information 3 June I963 

Reference 2: Your Letter Dated 

Gentlemen : 

We wish to thank you for your response to reference 1, indicating your decision not 

to submit the questionnaire on balloon materials due to unavailability of certain 

requested data, and lack of test equipment or budgeted funds to obtain this inform¬ 

ation. We agree that for many (perhaps most) firms contacted, submitting requested 

information would represent a significant effort. Vie hoped that by supplying rather 

complete information on the program, those firms with reàl candidate materials would 

be motivated tc make this effort. 

Obviously the government should not fund a contractor to test indiscriminately all 

specimens submitted in quest of superior balloon materials. Hence, screening on the 

basis of data supplied by vendors is essential. You would also probably agree that 

it would be impossible to make a fair comparison of potential materials based on use 

of data sheets of the type distributed for sales purposes; owing to difference in 

test methods and conditions, as well as in the characteristics on which information 

is presented. We feel that even with standardization of test methods, reporting 

units, and characteristics considered, proper ranking of candidate materials will be 

difficult due to impracticality of assigning fair weight to various characteristics 

and to different degrees of excellence in each. 

In the event that you have materials which meet the minimum requirements and which 

have no other obvious disqualifying features, it is suggested that you complete the 

questionnaire to the extent possible based on existing information, and submit it 

along with your standard sales data. While preference must be shown to materials 

supported by complete questionnaires, other materials will be considered, particularly 

if ten really promising materials are not found among those entitled to first consider¬ 

ation. We hope you will carefully reconsider your potential role in this program. 

Very truly yours, 

AEROSPACE RESEARCH DEPARTMENT 

W. B. Parsons 

Senior Engineer 
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RESPONSE TO DOUBLE POSTCARD SURVEY 

(including list of all firms contacted) 
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APPENDIX I 

"STREAMLINED SURVEY PACKAGE" MATERIAL 



'General' 

Mills 
ELECTRONICS DIVISION • GENERAL MILLS, INC. 

2205 WALNUT STREET • ST. PAUL 13, MINNESOTA • PHONE 781-6022 

To: Suppliers of Plastic Film (unsupported, laminated, and supported) 

Subject: Request for Product Information 

Gentlemen: 

Air Force Cambridae Research Center has engaged the Aerospace Research Depart¬ 
ment of General Mills to conduct a program related to balloon materials. This ef or 

is being carried out in the following sequence: . * 
1 Obtain data on those characteristics of available materials which is pertinent to 
their potential performance in balloon applications. (See questionnaire attached) 

2. Select the ten most promising materials on the basis of available data. 
3 Test these materials to permit strict comparison with materials presently used. 
(Attributes tested will be generally those covered by questionnaire). 

Before concerning yourself with the questionnaire you will benefit by this background: 

Minimum requirements for candidate materials: . 
1. Cold brittleness temperature - not higher than -68 C. 

2. Tensile strength, machine direction . 
a. Unsupported film and laminates - greater than 2000 psi @ 20 C. 
b. Supported films - greater than 10 Ibs/inch @ 20 C. 

3 Weight per unit area - not more than 3 oz/yd . 

Types of balloons involved, presently used materials, and comments: 

1 Vented hi ah altitude polyethylene balloons. The market - hundreds of thousands 
li nounlróerSear Polyethylene is low in cost, readily sealable, and uniformly 
high in quality7 Greater strength for given weight, and even lower cold brittle poin 

desired. 
9 nr» h sure balloons provide unballasted long duration flights at constant alti- 

form Mvlar i» low in tear resistance and the adhesive seal required, though strong 
ín.".ar Uwéa¿m £.1. The market should grow rapidly, particularly if a more 

suitable material is found. 
3 Vented heavy load balloons are presently fabricated of Myla^adhesive laminated 
i. Vemeu neavy 1.1/2 oz/vd2 composite is marketed by GT 

cnÎ-8î!ÎVi0rnX ís S-CÍ20n It ofTers a high strength to weight ratio and excellent tear 
resistance The pin hole formation and sealing disadvantages are isherent ^ylar, 
Ind mo“ solar energy is absorbed than desirable. Hthe ^ar 
be lowered modestly and reliability increased somewhat, a market of 200,0 y /y 

would appear conservative. 

If your material(s) fulfill the minimum requirements above’ j'1"“1’'prS'‘d',“ 

Very truly yours Very truly yours. 

Walter B. Parsons 



SURVEY QUESTIONNAIRE 

(Please return in attached envelope within 2 weeks following receipt) 

(Return even though you have no materials suitable to report) 

Individual Responding_ 

Firm_ 

Add re s s___ 

Product Identification_ 

Thickness of film for which data reported below applies -_mil. 

(Interest confined to material potentially available at 3 oz/sq yd or less) 

1. Cold brittleness temperature (must be -68°C or less) -_°C. 

Method: ASTM D 1790-60T_or other (specify)_ 

Unsupported Film Supported Film 

Machine Transverse Warp Fill 
Direction Direction Direction Direction 

2. a 

2. b 

3. a 

3. b 

4. 

5. 

6. 

Ultimate strength _P8^ 

Ultimate elongation _^ 

Yield strength  psi 

Elongation at yield _% 

Method: ASTM D 882-61T 

psi lb/in lb/in 

% % 
Ib/in Ib/in 

% % 

Other (specify strain rate, sample size)_ 

Tear strength _lb_lb _lb_lb 

ASTM D 10Ü4-61 Graves_, or ASTM D 1922-61T Elmendorf_ 
or other_ 

Cold flex characteristics 
Test Method_Value_ 

Comments_ 

Toughness 
ASTM D 1709-59T, Impact failure weight_g, or_ in-lb 

Other Method Value 

7. Heat 8. Thermoplastic 9. Liquid Adhesive 
adhesive 

Sealable (yes or no) _ _ 

10. Seal strength, lb/in-mil (unsupp »rted), Ib/in. (supported) 

Peel _ _ 
Shear _ _ 

Strain rate, in/in-min _ _ 
Test temperature, °C _ _ 
Sealer or adhesive used 



SURVEY QUESTIONNAIRE (Continued) 

Aging characteristics 

Do film properties change appreciably under normal storage conditions over 
a period of 1 yr_, 3 yrs_? Which properties change? 

__Storage conditions to be avoided _ 

Any high altitude conditions (low pressure, low temperature, UV radiation, 
ozone concentration, etc. ) likely to prove detrimental within: 1 dav 
1 month ? 1-’ 

Absorption of solar radiation (0. 2 to 15 micron range) 
Submit plot of % transmission vs. wavelength. 

Creep characteristics 
Submit strain vs. time curves (0-48 hr) foi the following conditions: 

(a) Constant load 50% of yield strength as determined by ASTM D 882-61T 
(b) Temperature, room and -60°C. 

“ hrS <0mit ^ 

Weight of film_Ib/sq ft. 

Construction of supported films and laminates. 
(a) 

(b) 

Film 
Type (Mylar, etc. ) , thickness_mil, layers 

Supporting material 

Yarn (nylon, etc. ) 
Yarn type (high tenacity, etc. ) 
Type weave (leno, etc. )_ 

Weight of supporting material 

Warp Fill Warp Fill 
_ _ Count (yarns/inch 
_ _ Denier . 

, Stabilizing material (Geon, etcT) 
_oz/sq yd 

(c) Composite 

Means of combination - heat and pressure only 
Adhesive (identify)_ 

Film applied - intact 
Weight of composite_ 

or 

Availability - Experimental 
Width - Present max. 

_, or extrusion laminated 
~oz/sq yd 

_ Production 

Thickness (mils) - Present max._ 
Present min _ 

Manufacturing tolerance - Thickness ± 
Form - Tube_ or Sheet 

in. Planned max. in. 
Planned max_ 
Planned min_ 

mil, Width ± in. 

Sample s 
Twenty pieces 8-1/2 x 11 are enclosed for report purposes- 
Fifteen sq yd will be supplied on request for test comparison 
Seal samples will be supplied on request for test purposes 

Cost 
Film $_/ib for_mil $_/lb for 2 mil 
Supported film - $_/sq yd. 



APPENDIX J 

RESPONSE TO STREAMLINED SURVEY PACKAGE 

(including list of all firms contacted) 
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APPENDIX K 

GENERAL MILLS FORM LETTER NO. 3 

(for firms indicating, in response to Air Force Follow-Up, 
the unavailability of initial Survey Package) 



ELECTRONICS» DIVISION ♦ qbnbaal mill*, inc. 

• ••■ WALNUT ■TNBBT • «T. NAUL IS. MINNB30TA . NHONB TBI-BOBB 

Attention: 

Subject: Survey of Potential Balloon Materials 

References: 1) Survey package dated June 3, 1963, 
distributed by General Mills 

2) Recent Air Force Cambridge Research 
Laboratories follow-up letter 

3) Your response to Reference (2) 

Gentlemen: 

General Mills, Inc. is conducting the subject survey under sponsorship 
by Air Force Cambridge Research Laboratories and in acco^*n^* 
the terms of Contract AF 19(628)-2944. In performance of this program, 
reference (1) was distributed. When response to the questionnaire included 
therewith did not meet expectations, the sponsoring «flieted by^ 
distribution of reference (2) to those original recipients who had not re 
sponded. 

It is definitely recognized that many of the addressees are large companies 
and that a follow-up would not necessarily reach the recipient of the origina 
"Survey Package". We are pleased to have received your response to 
reference (2) and to enclose herewith, for your convenience, an additiona 
copy of the survey package. We will certainly appreciate ^' assistance 
in this program as rendered by consideration oi this material and submis 
."on of the completed questionnaire, assuming that you have one or more 
candidate materials. In any event, return of the questionraire is desired 
and will be appreciated. 

Very truly yours, 

Aerospace Research Dept. 

Walter B. Parsons 

Enc. Survey Package 




