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ABSTRACT - Summary ASD Interim Report 7-904 (VI)

Interim Technical Progress Report December 1962

STRUCTURAL FABRIC PROGRAM

J. 0. Miller
E. Bilaky

Goodyear Aircraft Corporation

The purpose of this program, as related to aerospace application,
is to provide a means of manufacturing large low-density AIRMAT*
structures made of metallic cloth and yarns capable of small vol-
ume packaging.

The work reported herein was accomplished during the sixth quar-
terly period under contract AF33(6OO)-43036. During this period
the design and fabrication of the loom was continued and the de-
sign of the horizontal take-off mechanism was initiated.

The aforementioned efforts are directed toward the development
of a loom procurement specification and the actual procurement
of a loom capable of producing a low-density AIRMAT in the order
of 20 feet wide with a maximum depth of 8 feet.

#1T.M. - Goodyear Tire and Rubber Company
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NOTICES

When Government drawings, specifications, or other data
are used for any purpose other than in connection with a
definitely related Government procurement operstion, the
United States Government thereby incurs no responsibility
nor any obligation whatsoever; and the fact that the Gov-
ernment may have formnlated, furnished, or in any way
supplied the said drawings, specification, or other data,
is not to be regarded by implication or otherwise as in
any manner licensing the holder or any other person or
corporation, or conveying any rights or permission to
manufactu-e, use: or sell any patented invention that may
in any way be relgted thereto.

qualified requesters may obtain copies of this report
froe ASTIA, Document Service Center, Arlington Hall
Station, Arlington 12, Virginia.

Copies of ASD Technical Reports should not be returned
to the ASD Aeronautical Systems Division unless return
is required by security considerations, contractural ob-
ligations, or notice on a specific document.
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FOREWORD

This Interim Technical Progress Report covers the work
performed under Contract AF33(600)-43036 from 1 October
to 31 December 1962. It is published for techinical in-
formation only and does not necessarily represent the
recommendations, conclusions, or arproval of the Air
Force.

This contract with Goodyear Aircraft Corporation was in-
itiated under ASD Manufacturinr Yethods Pro ect 7-904
"Structural Fabric Program". It is administered under
the direction of Mr. J. 0. Snyder, ASRCFT, of Methods
and Materials Division, Aeronautical Systems Division,
Aeronautical Systems Division, U.rirht-Pattt'son Air
Force Rase, Ohio, This report is thc sixth in a series
to be published quarterly for th duration of thc con-
tract.
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SECTION I - INTRODUCTION

The glide re-entry vehicles presently being designed require large low-
density structures. The use of fabrics for the structural material not
only answers this requirement but provides the advantage of being pack-
ageable in a small volume for ease of storage and handling on the ground
with the additional advantages of maximum utilization of missile payload
volume and minimum effect on the aerodynamic performance of the missile
during ascent. The rapid pace of development in the astronautics field
imposes the requirement that facilities, capable of producing quantities
of fabrics for re-entry applications, be available in the near future.
Goodyear Aircraft Corporation (GAC-) is now engaged in a program under
Contract AF33(60O)-43036 to develop a loom and associated machinery and
processes capable of producing metallic AIRIAT fabrics of such size,
quality, and shape as required for re-entry vehicle applications. This
report concerns itself with the effort during the sixth quarterly period
under Contract No. AF33 (600)-3036.

The ultimate objective of this program is a loom having the capabilities
of weaving large AIRMAT structures. These capabilities will be demon-
strated by weaving AIIUIAT specimens in two (2) categories.

l. Type 304 stainless steel flat AIRMAT, 11 feet wide, 8 feet thick
by 5' long (warp direction), 100 picks by 100 ends per inch.

2. Type 304 stainless steel contoured AIRNMAT, 20 feet wide and 10
feet long with a cross section along the 20 foot fill direction
consisting of 6 foot straight AII (AT, 4 feet deep with the re-
maining 14 feet having an upper and lower parabolic contour tap-
ering from 4 feet to 6 inches in depth. This specimen will have
a 20% slope along the 10 foot length (warpwise). The specimen
will have 100 picks by 100 ends per inch.

It is also intended that the loom shall have the capability of weaving
shapes such as open end tubes, cones of different angles and curved
surfaces of different radii of curvature such as ellipses and parabolap.

-1-
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SECTION II - DISCUSSION

A. Work Completed During the Sixth Reporting Period

1. General Loom Design

The design of the basic loom is now essentially complete
with parts procurement and fabrication currently underway.
Approximately fifty percent of the detail drawings for the
Structural Fabric Loom, except for the take-off mechanism,
are now complete. A number of design changes were made
during this period to increase the versatility of the
loom. These design changes will be discussed in detail inIsubsequent paragraphs covering the individual design areas.
In addition to the design changes on the loom itself, a
change in the demonstration fabric specimens has been pro-
posed which will eliminate the need for a spare set of
beams, spare reed and a spare set of harnesses since it is
proposed to weave both the flat and contoured specimen
from the spme stainless steel warp wire yarn rather t 'ian
change warps from Rene' 41 to stainless steel during *&he
weaving trials. Considerable savings in material and
loom set-up costs are effected without reducinc' the loom
demonstration.

2. Jacquard Mechanism

The Thomas Halton Sons Company are currently building four
Jacquard machines capable of controlling 652 ends per
machine. These Jacquard machines will be capable of three
or four position weaving. It is noteworthy that no known
four (4) position Jacquards are now in existence, thus
the development of the four (4) position Jacquard represents
an advance in the state-of-the-art. Two (2) of the four
Jacquard machines will be driv'n from each side of the loom
with provisions for adjusting the timing of the Jacquard
operation with the basic loom cycles. Space will also be
provided to increase the number of Jacquards from 4 units
to 7 units should the requirement arise. Delivery of the
first Jacquard unit is expected the end of January 1963.

-2-
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3. Dobby Mechanism

The design of the Dobby has been completed and parts are be-
ing fabricated. The Dobby will be provided with gears and
levers sufficient to activate 18 harness frames and will have
a total capability of 24 harness frames by the addition of
the necessary operating gears and levers. This additional
capability is provided to enhance the versatility of the loom
for future weaving programs.

The Dobby mechanism will be capable of either a two (2),
three (3) or four (4) position operation and also represents
an advance in the state-of-the-art.

4. Creels

The creel design is comnlete, Each creel frame will have a
capacity of 400 spools. Seven creel frames will be provided
with the loom complete with stop motions and yarn tension-
ing arrangements.

Yarn delivery from the creels will be accomplished tangent-
ially from the spool since overhead delivery from the spools
will cause twist insertion in the yarn which could cause
wire weaving problems.

Yarn tensioning will be done by means of hanging specially
designed weights on the yarn at several locations along the
yarn path depending on the amount of tension required. Con-
ventional post and disc type tensioning arrangements have
been rejected because of the possibility of cold working the
wire yarn using such a system.

5. Let-Off Mechanism

The let-off mechanism is currently being detailed. The let-
off is a positive type which will be adjustable to match
the let-off rate with the rate of take-up within reasonable
limits.

Each of the four main beam sections is advanced in let-off
by an amount dictated by the eccentric position on a crank
disk. The amount of eccentricity is adjusted by means of

I-3-
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screws. Although these screws cannot be expected to be as
sensitive as the counters on the take-off, the jumboes can
absorb considerable error before a re-setting would be
necessary.

Loom stop-motion systems will be incorporated into the let-
off motion which will provide a means for stopping the loom
should the loom let-off be improperly set and warp tension
becomes excessive. Under such conditions the let-off weight
lever an will gradually change position from the normal
horizontal position and engage the stop motion thus stopping
the loom and signaling the operator to make a let-off adjust-
ment.

6. Lay Notion

A 200 - i inch double beat reed stroke will be incorporated
to assist in controlling the weft shot at beat-up while the
harness frames are crossing over. With this methodthe
maximum loom speed will be reduced by approximately 10%.
The complete lay motion cycle will be as follows:

650 - 10" Forward reed stroke
100 - j Rearward reed stroke
100 - . Forward reed stroke
650 - 10" Rearward reed stroke

2100 Reed dwell in rear position

The double beat system has been included to insire that a
higher number of picks can be woven into the fabric. The
system is being designed such that single beat cams can be
installed should the need arise.

7. Loom Drive

One of the areas of design change as previously mentioned
is in the loom drive. It was decided to eliminate the
variable speed drive units and replace them with constant
speed motors and drive nulleys of different diameters to
effe6t changes in speed. Two sets of drivin7 components,
one on each side of the loom, will be provided as noted in
detail on the following page.

-4-
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Loom Drive

a. 7j HP 1750 rpm induction motor supplied with 5 different
V-belt pulleys.

b. No. K-12 Cycledyne electro-magnetic clutch and brake
unit equipped with 20 inch P.D. V-belt pulley on input
shaft driven by motor pulley.

c. 4.167 inch P.D. or 8.250 inch P.D. gears mounted on
output shaft of clutch-brake unit driving 15.833 inch
P.D. or 11.750 inch P.D. gears mounted on input shaft
reducer unit below.

d. 20.48 to 1 ratio Foote Bros. speed reducer unit driven
by gear sets listed above.

e. 8 inch P.D. gear mounted on output shaft of reducer
unit driving 12 inch P.D. gear on loom main drive
shaft.

f. Input or high speed shafts of reducer units on each
end of loom coupled together with traverse shaft.

g. The loom speeds available with the pulleys and gear
sets supplied with the loom are listed below:

Motor Pulley Gear Sets
Diameter 4.167" & 15.533" 8.250" & 11.750"

3.6 Inches 2.7 ppm 7.2 ppm
4.0 Inches 3.0 ppm 8.0 ppm
5.0 Inches 3.75 ppm 10.0 ppm
6.0 Inches 4.5 ppm 12.0 ppm
7.0 Inches 5.25 ppm 14.0 ppm
8.0 Inches 6.0 ppm 16.0 ppm

8. Drop Yarn Extension Mechanism

Layout and design effort is now being concentrated on the
pile extension pile delivery and the pile wire inserter.

I-5-
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drive assemblies. The pile wire will be pushed into the
shed by a hopper slide type inserter driven by an oscil-
lating cable drum actuated by a rotating crank adjustable
in stroke for various width weaves. The inserter will be
located on the left side of the loom. It is proposed to de-
sign a hopper capable of holding a minimum of 10 pile wires
for consecutive insertions before reloading. The pile wire
will have a size of .093" x .375" x 21' appraimately. The
back side of the wire will be serrated eliminating slippage
of the movable gages. The front surface will be covered
with a material, probably looped nylon tape, for reducing
pile yarn slippage during extension. The wire will be of a
corrosion resistant metal and contain a head on one end,
similar to the pile wires used in making pile fabrics, for
positive control for insertion. A series of wire lengths
will be required to handle the range of fabric widths. '

It is proposed to drive this mechanism from an independ-
ent source of variable speed p6wer to provide for adjustments
to obtain optimum performance of the mechanical extension
mechanisms during start-ups and during weaving trials.

Two pile wire pressure plates, one for each side of the
Loom, will be provided for use with the pile extension wire
holding racks. The pressure plates on the left hand side
of the Loom will be stationary and the right side will be
adjustable.

Both a left hand and right hand mechanism will be provided
for holding the pile wires and moving them along the pres-
sure plates at the same rate that the fabric will be woven.
The exact method of placing the bars into a slot or similar
retaining device has not yet been established. The racks
will be driven fron the draw bars on the Loom take-off.

a. Movable Gages

These gages will have a maximum travel of 48 inches (to
produce 96 inch AIRKAT) and an additional 10-12 inches
to handle the travel the gage must make from the reed
to the fell of the cloth.

1 -6-
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The gages will be located across the Loom on 4 inch
centers. The gages will be .011-.013 inches thick
by 1-3/4 inch high by 9 feet long and will be made
from stainless steel. The shape of the gages has not
yet been firmly established but will approximate the
improved design used on the GAC Experimental Loom.

Two dummy heddle frames, one behind the reed and the
other located to the rear of the harnesses, will be
provided for holding the movable gages. Either or
both of these frames will be used, as required.

Retraction of the movable gages will be accomplished
by means of a pulley and weight system located at the
rear of the Loom in front of the bottom warp beam.

b. Fixed Gages

One fixed gage for each movable gage is being con-
templated. This gage is to be constructed of 7/16
inch O.D. by 20 gage wall, steel tubing flattened
for 8 feet in front of the weaving edge. Two flat
gages .011 inch thick by J inch high (302 S.S.) will
be brazed to the tubing on the flattened end extend-
ing through the reed and heddles to attachment at the
rear of the Loom. The attachment at the front end
will be adjustable for tensioning these gages. It
is planned to pass the cable wire through the tube
of the stationary gages to eliminate any direct con-
tact between the pile yarn and the moving cables.

c. Programming Mechanism

A mechanism for programming the amount of travel of
the movable gages in the extension mechanism which
determines the c-ntour and heights of the AIRMAT is
currently under consideration. The programmer util-
izes a small scale profile model of the desired AIRKAT
specimen with a profile tracing system to control the
amount of pile displacement which in turn determines
the depths and cintours of the finished AIRMAT Speci-
mens,

-7-
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9. AIRMAT Specimens

As noted on Page 1, two (2) specimens are to be woven as
part of the Structural Fabric Program. The configuration
and construction of these two specimens have been revised
as noted on Page 1 and Figures 1 and 2. The newly propos-
ed specimens will be entirely suitable to demonstrate the
capabilities of the Structural Fabric Loom at considerably
less cost and time than would have been required for the
specimens previously proposed.

10. Weaving Techniques

During this quarter, much of the output of the GAC experi-
mental loom was devoted to stainless steel wire plain
cloth and AI!OAT. During this time much was learned with
regard to weaving tensions and fabric design as related
to wire fabric construction which will prove beneficial
to the design and operation of the Structural Fabric Loom.

As a result of studies conducted during the above mention-
ed weaving program and after a thorough evaluation of the
Structural Fabric Loom specifications and other design
data, it is believed that the Structural Fabric Loom will
have metal weaving capabilities as shown in Table 1. Al-
though the Structural Fabric Loom is specifically being
designed to weave metal yarns it is believed tirt it will
also successfully weave textile yarns. The range of yarn
sizes, widths, lengths, etc. shown in Table 1 for wire
yarns are applicable to textile yarns also.

The major problem in adapting this loom to textile weav-
ing is the type filling inserting mechanism that will be
used on the loom. This mechanism does not provide for a
fabric selvage which could cause some unraveling of the
textile warp yarn at the fabric edges. This is not a
serious problem with wire yarns. Means for overcoming
this problem with textile yarns can be accomplished with
the use of a special weave (leno) at the fabric edges to
help lock these ends in place. Also, the Structural Fabric
Loom is being designed such that it will be possible to
modify the filling inserters for incorporation of another
type filling inserter which will provide a selvage.
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Figure 3 shows three (3) inch stainless steel AIRMAT be-
ing woven on the GAC experimental loom. The final dimensions
of the AIRMAT shown on the take-off mechanism in Figure
are 5 feet by 14 feet.

TABLE 1

STRUCTURAL FABRIC LOOM
WEAVING CAPABILITIES

Metal AIRMAT
(Flat or Contoured) Explanation

a. Pile Height Limited by design of extension mechanism.
Max 96" Increased heights possible but will require
Min 2" (approx) equipment changes. Lower pile heights poss-

ible when weaving flat AIlrAT w/o extension
mechanism.

b. Fabric Width Usable width will be approximately 20'.
Max 21' Smaller widths than 3' possible but not con-
Min 3' sidered practical on such wide equipment.

c. Unit Length Limited by length of take-off and length of
Max 35' extension mechanism gages.

d. Wire Yarn Sizes Includes either mono or multifilament yarns.
(dia)

Max .032"
Min .0015"

e. Fabric Construct- Higher constructions possible and depends
ion on yarn size and weave.
Max 200 x 200

f. Type of Weave All varieties o' plain, twill or sateen
weaves within a 9 harness capability. Can
be increased to a 12 harness capability with
purchase of additional parts.

g. Pile Density 2 10 ends across width and 4 ends along warp
Max 40 ends/in2  will be rossible using ,mechanical extension

system. Higher pile density (60-70/in ) poss-
ible w/o extension mechanism.
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TABLE 1 (Cont.)

Metal AIRMAT
(Flat or Contoured) Explanation

h. Loom Speed Selection of speed is dependent on size of
Max 1- picks/min yarn and fabric width. A general operating
Min 2.7 picks/min speed of 10 picks/Min. is contemplated.

11. Take-Off Mechanism

The take-off mechanism design has been finalized as shown
in Figure 4 . The complete mechanism consists of a support
structure containing side rails on which in turn are mount-
ed the service platform, draw bar mechanism carrier tables
and the drop yarn extension programmer.

a. Service Platform

The service platform is roller mounted on the two side
rails and is so constructed to straddle the draw bar,
carrier tables and programmer thus permitting complete
access to all areas of the take-off during weaving. In
its position closest to the front of the loom, the
platform will be used when tying-in and when adjusting
the Jacquard heddles.

b. Draw-Bar Mechanism

The draw-bar mechanism will be constructed to have a
total travel of 60 feet with a position closest to the
weaving edge of 13 inches for tie on. A schematic dii-
gram of the draw-bar drive is shown in Figure 5.

c. Carrier Tables

The carrier tables are suspended between the two side
rails on rollers which run on the side rail lower
flanges. The tables are provided to support the woven
AIRMAT and to provide support for extension mechanism
pile wires.

.1 -12-
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FIGURE 3
3"1 STAINLESS ZTEEL A IRMAT
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B. Program for Next Quarter - 1 January 1963 through 31 March 1963

The anticipated effort for the next quarter will cover the fol-
lowing items:

1. Loom Design and Fabrication

All of the manufacturing drawings will be completed. Pro-
curement and fabrication of parts and subassemblies will
continue. Assembly of the complete Structural Fabric Loom
will be initiated.

2. Take-Off Mechanism

The design of the take-off mechanism will be completed and
parts fabrication will be started.

3. Miscellaneous

GAC will continue to monitor Lansco's effort and will con-
tinue to study wire weaving techniques. A site will be
chosen for loom installation at GAC and site preparation
will be initiated. GAC will also order yarn and begin
drawing in t1- warp.

.1 -16-
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Organtzation 73-01 34 Rohr Aircraft Corporation
Building 102 Attnt B. F. Raynes,
Attnr Dr. L. H. Ferrish Exec. Vice-Pres.
P.O. Box 504 P.O. Box 878
Sunnyvale, California Chula Vista, California

28 Iycoming Division 35 Ryan Aeronautical Company
AVCO Manufacturing Corporation Attnt R. L. Clark, Works Mgr.
Attn: W. H. Panke, P.O. Box 311.

Sup. Mfg. Engeering Lindberg Field
Stratfbrd, Connecticut San Diego 12, California

29 Marquardt Corporation 36 Temco Aircraft Corporation
Attnt J. S. Liefild, Attnt e F. Bushring,

Dire of M(fg' Plant Manager
16555 Saticoy Street P.O. Box 1056
Van Nuys, California Greenville, Texas

30 Pratt & Whitney Aircraft 37 Thompson Ramo Woolridge, Inc.
Div. of United Aircraft Corp* Attn: C. Wo Goldbeck,
Attn: e T. Seaward Asst, Staff Dire
East Hartfbrd 8, Connecticut Ind* Engr.

23555 Euclid Avenue
31 Northrop Corporation Cleveland, Ohio

Norair Division
1001 East Broadway 38 Armour Research Foundation
Hawthorne, California 10 West 35th Street
Attnt Technical Information, Attnt N. A. Wil, Director

3924-31 Mechanics Research
Chicago 16, Illinois

I
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39 Solar Aircraft Company 48 Boeing Airplane Company
Attnt J. A* Logan, Mgro Aerospace Division

Facilities Div. Attn: F. P. Laudan, Vice-Pres.
2200 Pacific Highway Manufacturing
San Diego 12, California P.O. Box 3707

Seattle 24, Washington
40 Materials Advisory Board

Attn: Mr. Bennett 49 Space S ystems Divisibn
2101 Constitution Avenue Attn: SSKR (Mr. F. Becker)
Washington 25, D. Co AF Unit Post Office

Los Angeles 45# California
41 Professor *rlan We.Boton

2021 Vine$tod Boulevard 50 Chance-Vought Aircraft, Inc.
Ann Arbor, Michigan Attn: Chief Librarian

Engineering Library
42 Vanadium-Alloys Steel Co. P.O. Box 5907

Attn: Dr. G. A. Roberts Dallas, Texas
V-Pres. Technology

Latrobe, Pennsylvania 51 Crompton & Knowles Corporation
200 Bershire Street

43 General Electric Company Holyoke, Massachusetts
Attn: D. A. Stewart, Supv.

Machinability Unit 52 Draper Corporation
Building 500 Hopedale, Massachusetts
Cincinnati 15, Ohio 53 Fabric Research Laboratories

44 Defense Metals Info Center 1000 Providence Highway
Battelle Memorial Institute Dedham, Massachusetts
Attn: Webster Hodge
505 King Avenue 54 MAssachusetts Institute of
Columbus 1, Ohio Technology

Attn: Dr. S. Backerp
45 Defense Metals Info Center Textile Division

Battelle Memorial Institute Cambridge, Massachusetts
Attn: Francis W. Boulger
505 King Avenue 55 Mr. J. H. Ross
Columbus 1, Ohio Fibrous Materials Branch,

ASRCNF
46 Goodman Manufacturing Company Directorate of Materials

Attn: K. W, Stalker, and Processes
Mgr. of Engineering Wright-Patterson AFB, Ohio

48th and Halsted
Chicago, Illinois 56 Leesona Moos Laboratories Div.

Leesona Moos Corporation
47 Aeronautical Systems Division Attn: Dr. S. M. Chodosh

Attn: ASRCE (Mr. Teres) 90-2B Van Wyck Expressway
Wright-Patterson AFB, Ohio Jamaica 18, New York
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