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through loss of internal pressure, Replacement of a chordwise portion of the
rib was not chosep as it would concentrate the crossflow in onc location.
Simply cutting holes in the ribs was viewed as probably aggravating the already
observed problem of inflight profile distortion. Cutting holes and replacement
of the removed material with a suitable high porosity material was feit to be an

acceptable compromise.
c. Approach

For selection of a canopy material the approach established was to evaluate
readily available low porosity materials and conservatively select that material
having the lowest permeability, vet, having strength and elongation characteris-
tics felt to be adequate. For selection of the crossflow ventilation port material
the approach established was to evaluate readily available high porosity materials
and select that material most nearly matching the strength and elongation charac-

teristics of the canopy material.
d. Test Facility and Instrumentation

The air permeability standard (flow of air in cfm/sf through the cloth) nor-
mally used for parachute materials is based on a differential pressure of 0.5
inch of water. Since the inflight pressure differential across the Para-Foil
fabric was greater than this standard, the air permeability for fabrics under
consideration had to be evaluated through a greater range of differential

pressures,

A Frazier High Pressure Diffe rential Permeaometer was used to determine
air permeability. Schematics of this type test device are presented in Figures

27 and 38, This machine has the facility to measure permeabilities up to 5, 000

R

cfm/sf and can determine permeability at differential pressures up 0 2UTIMT tres
of water (Reference 7). The locking ring and plate are so designed that extra-
neous air leakage paths are minimized and so that the test specimen, which can
be as small as 7 inches by 7 inches, is loaded under a slight repeatable tension.
The test specimen does not have to be cut to permit using this machine, Dc-

pending on the permeability of the cloth and the pressure range desired, two
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6. MATERIALS INVESTIGATION
a. Purpose

The purpose of the materials investigation was to determine the range of
strength and permeability characteristics of various types of calendared,
treated, and coated fabrics, The experimental data was to be used as the basis
for selecting the material to be incorporated in both the Para-Foil flexible
models and the full-scale designs,

b. Background

Early undocumented tests with various gliding canopies had scemed to in-
dicate a reciprocal relationship between glide performance and porosity of the
lifting surface. Scale model tests such as those discussed in Section 1I1-2 pro-
vided trend type data confirming this relationship, Sufficient tests were not
run, however, to develop specific mathematical relationships between fabric

porosity*, geometric porosity** and optimum acrodynamic performance.

Early full-scale Para-Foil inflation tests conducted with Para-Foils PF-4
and PF-10*** revealed that obtaining a cross flow of air from an inflated cell
to adjacent cells not yet inflated would assist the overall inflation process.
The availability of a crossflow between cells would also reduce the potential of
damaging Individual cells due to overpressurization during the inflation process,
Replacement of the entire rib with a high porosity material was felt to be risky
in that damage to any one cell might then allow the entire canopy to collapse

*Fabric porosity effects would be theose related to 1flow of air through the
fabric itself,

**Geometric porosity effects would be those related to flow of air through i
openings of specific size, shape and location,

*** These full-scale Para-Foils are described in Section IV-3,
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Figure 37, Material Air Permeability Measuring Device - Overall
Schematice
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differential pressure measuring orifices are available; 0,564 and 2,75-inch
diameter and nine flow rate mcasuring orifices are available; 1,0, 1.4, 2.0,
3.0, 4,u, 6,0, 8,0, 11,0, and 16,0 mm diameter, Calibration charts, based
or the specific pressure meusuring orifice and the flow rate measuring orifice
utilized during the test, were employed to convert the actual manometer readings

to their corresponding values,

The strength and elongation characteristics were determined by the standard
ravel scrip technique, test method 5104 of Reference 8, In this test technique,
a 6-inch long by 1.5-inch wide rectangle of fabric is raveled to one-inch width
by removing from each side approximately the sare number of yarns and then

pulling it in a tensile test machine at 12,0 + 0,5 inches per minute until failure,
e. iscussion of Data

The results of a portion of the air permeability tests are presented in
Figure 39. An average of two to four tests on each sample material was used
to establish the range. The strength and elongation of the Lamport* S/55CLT
low permeability 2-ounces per square yard calendared and polyurethane coated

nylon cloth are as follows:

Breaking Strength Elongation_
warp 100 pounds 31 percent
Fill §7 pounds 50 percent

The two materials which were evaluated for the interior rib crossflow ven-
tilation ports were Pioneer** 1,6 ounces per square yard nylon marquisette
and Wire Cloth Enterprises*** 25/2/280 "window screen type open weave"

» a——.

*Lamport Sail Fabric, Jefferson Street, Putnam, Putnam, Connecticut
06269,

**Pjioneer Parachute Co., Hale Road, Manchester, Connecticut 06040,

***xWire Cloth Enterprises Inc., 3408 Pern Avenue, Pittsburgh, Pa, 15201,

73



PO oy e e v

S ———

AFFDL-TR-71-31

50

45

PERMEABILITY (cfm/ sf)

B o e —

Ladnietedos o R g St R ———— 1 ——. ——_ | - g -

YV

51 ’2 0 0Z. RED & WHITE - (%ﬁ;\:?]ORT
i A RIC (
g ' CARNDEREU & POTY-HREFHARE
oLl S e o e NI WA \~\
.5 5 10 15 20

DIFFERENTIAL PRESSURE ( IN. OF WATER)

Figure 39,

Permeability of Representative Candidate Para-Foil
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nylon mesh, The properties of the 25/2/280 mesh, as well as those of the

1.6-ounce marquisette, are presented below:

Permeability

(at a pressure differential of 0.5 inches of water)

Pioneer 1,6-ounce marquisette - 1402 cfm/sf

Wire Cloth 25/2/280 mesh - 1276 cfm/sf
Pioneer 1, 6-ounce marquisetts Breaking Strength Elongation
Warp 44,3 1b/in 29, 8
Fill 41,7 Ib/in 33.9%

Wire Cloth 25/2/280 mesh
Warp 98.7 Ib/in 34,77

Fill 108,8 1b/in 34,3

The Lamport 2-ounce .naterial was selected for the Para -Foil material
based on its low permeability characteristics accoss the pressure differential
range from 0.5 to 20 inches water.* The Wire Cloth Enterprises 25/2/250
mesh material was selected for the crossflow ports based on the compatibility

of strength characteristics with the Lamport material,

*Two observations gained from use of this Lamport material are offered:
. (1) In full scale free flight testing when two surfaces would snap fogether
" (like snapping a towel) there wus a tendency for them to fuse together, Then,
in attempting to separate them, a small section would tear from cne piece and
remain with the other either leaving a Lole or initiating a tear, This was
observed in only a few instances and was apparently overcome by eliminating

a tlagging type situation which occurred during a portion of the inflation process,
(2) The other observation concerns duration of the low perneahility charac-
teristics, Permeability tests were conducted on one Para-Foil when the item
was new and again about ore year later after it had been tested to destruction,
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Footnote (Cont'd) from Page 75

The results from these initial and final tests, which are an average of 5 to 10

tests in each case, are shown below:

Permeability at a pressure
differential of 20.0 in.
of water (cfm/sf)

Permeability at a pressure
.differential of 10,0 in.
of water (cfm/sf)

Initial Final Cloth Color Initial Final
1.69 - 2.55 White 3.03 - 3.96
Red 0,82 - 2.26

0.53 - 2,00
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SECTION IV

SYSTEM DESIGN

1. GENERAL

The system design phase of the program included defining a probable
functional event sequence, designing and fabricating the full-scale Para-Foil,
incorporation of existing guidance and contrcl hardware and establishing a
payload configuration, The desired system capability characteristics, and the
constraining guidelines which were used were previously listed in Table I of

this report,
2, SYSTEM FUNCTIONAL SEQUENCE

The functional sequence of events for system performance was established

as follows:

al) Gravity extraction of the payload from the aircraft, or

az) Extraction chute extraction of the payload from the aircraft,
bl) Static line deployment of pilot chute, or
b2) Transfer of extraction chute force to act as pilot chute,

Cl) Pilot chute deployment of Para-Foil, or
Extraction chute deployment of Para-Foil.
d) Reefed Para-Foil inflation,

e) Para-Foil disreef sta,es as necessary,

fl) Giide with automatic homing control, or
fz) Glide with manual control, or

f3) Glide with no control,

g) Impact,
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