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z = -225.0. This (Y -aq) trim of 13,6 degrees could be obtained with any of

the following, representative ¥ (or glide ratio) and @ combinations:

_y°(L/D) a®
17.6 (3.2) 4
19.6 (2.8) 6
21.6 (2.5) 8
23.6 (2.3) 10
25.6 (2.1) 12
27.6 (1.9) 14

(2) Reefing Design (Riser Reefing): A practical means of achieving a
low opening force for the Para-Foil type parachute was, as discussed in
Section IV, a combination of suspension line rigging to provide zero angle of
attack during inflation (designated as riser reefing) and closure of a percentage
of the inlet area (designated as inlet reefing). The inlet reefing design will be
discussed in a subsequent section, Figure 43 shows a profile view of the Para-
Foil with the suspension lines and node point determined as described in (1)
above, The X-X line denoted on this figure lies along the span center line of
the Para-Foil bottom surface. The riser reefing technique requires the sus-
pension lines fo lie on this line and to theoretically be under equal tension
thereby permitting the Para-Foil to exit the deployment bag and remain at zero

degrees ang’e of attack,

To arrive at the line length change necessary to achieve this attitude the
following procedure is offered. On Figure 43 swing arcs from the trailing edge
(pts a, b, c and d) of the four flares up to the line X-X, The points of inter-
section are a', b', ¢', and d'. To the length dd' add the length of the trailing

edge suspension line, OD', This establishes point P 3 in the X-X line. Simi-

I
larly add OC’, OB', and OA' to lengths de', db', and da' respectively. This

then establishes points PC, PB, and PA‘ The lengths 1.1, L2, and L3 represent

slack in the line arrangement, unless removed, permits the Para-Foil to take

a prohibitive angle of attack the instant it begins to exit the bag, To eliminate
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this slack line condition, it is required that the lines from Rowe A, B, and C
of the Para-Foil be shortened by lengths equal to 1.1, L2, and L3, respectively
as shown in Figure 43. Therefore, the object of the reefing system was to
provide a lire arrangement such that the confluence point was at point PD in
Figure 43 during the deployment and reefed opening stages, and then provide a
line arrangement compatible with the nodc point location, O, after disreef,
Basically, this could be accomplished by placing rings on the lines at distances
up from the node point in Figure 43 equal to L1, L2, and L3, then threading a
reefing line through these rings and through reefing cutters located at the node
point, O, The Para-Foil deploys and opens in this configuration and after a
predetermined time the cutter fires releasing all lines and allowing them to
extend to the arrangement required for gliding descent, However, rather than
placing rings on 30 of the 40 suspension lines, it was decided to utilize two
four-legged risers, one each for the port and starboard side of the Para-Foil,
Rings were then required oi. only six riser legs to achieve the same results, A
design technique for rigging this line-riser system was established as follows:

(a) Graphically lay-out to scale a frontal and profile view of the
Para-Foil (see Figure 44), Note the bottom surface of the Para-Foil is curved
in the frontal view representing the crown rigging achieved wheze the lines in
any one spanwise row are of equal length,

(b) Locate a previously calculated node point,

(c) On the frontal view extend lines c¢own from the outboard flare
tips to the node point and vertically down from the two cenier flare locations
until these lines intersect with the tip lin2s, Thiz represents the start of the
four-legged risers,

(d) From the profile view establish the length L1 a8 shown ‘n
Figure 43, To this length an additional foot of length was added to allow for
fabrication and future minor adjustments, This total will be the length of the
leading edge riser and will be designated as 1’1"
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(e) On the profile view construct a line through the point estak
lished in {c) above, This line represents the plane in which the riser-suspen

line connector links lie,

(f) On the proiile view draw the resultant force line through the
CP and the node point,

(8) On the profile view draw a line from the tip of the leading
edge flare to a point on the line of ..ction. This lire should be drawn so that
the length of this line from the plane of the connector links down to the poiat
intersection with the line of action is equal to the leading edge riser length,
Ll*. This now establishes the riser confluence point, Q, and the lines from
the three remaining flare tips should be drawn to this point,

(h) The Para-Foil suspension line and riser leg lengths can no
be deteriained by measuring the distance from the flare tips to the connector
lirk plane and from the connector link plane to point, Q, respectively, Belo
this point, Q, an additionzl length of 8 inches is added to provide a mounting

location for the reefing cutters.

The location of the reefing rings on the riser legs remains to be determir
One each mechanically actuated pyrotechnic reefing cutier is affixed to the
trailing edgce of the base leg of each of the two four-legged risers as shown in
Figure 45. The two cutters are used for reliability and are attached as near !
riser confluence point as practical. For practical reasons routing of the ree
line through the rings and cutters required that the reefed position of the ring
be at some distance, h, up from the lower tip of the riser base leg. Locating
the reefing rings above the hole in the cutter through which the reefing line
passes and locating the force support rings below this hole relieves the cutter
from having to withstand the entire opening force, The distance h, which was
established as 5 inches, when added to the <lack lengths established as dis-

cussed relative to Figure 43 represent the distarce above the riser lower att:

T s Nl

ment point that the reefing rings should be locat>d on the individual riser legs
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Normally, the ring location was specified as a distance down from the suspen-
sion line connector links which is easily obtained by subtracting the above
lengths from the total riser leg length,

As an example of the results of the procedures cutlined above, design in-
formation shown in Table XI is for a PF-300 series Para-Foil ata (Y -@) trim
of 13.6 degrees,

e. Inlet Reefing

The flexible model reefing tests indicated that in addition to the force re-
duction obtainable through use of riser reefing an additional force reduction
could be obtained by a 307 reduction of the inlet area. These tcsts further
indicated that for practical reasons Type A, full spanwisc reduction of inlet
opening height, was better than Type B, full closure of individual centerspan
cells, or Types A and P combined.
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TABLE XI
RISER REEFING SUSPENSION SYSTEM DIMENSTONS™*
REEFING RING LOCATION

SUSPENSION RISER LEG ON RISER LEG (FROM
LINE LENGTH** LENGTH*** RISER-LINE CONNIZCTOR
ROW FT__IN FT__IN LINK) FT__IN
A (front 27 0.5 7 0.5 0 5
row)
B 27 5.0 7 15 P 8.0
C 28 3.75 7 3.5 5 0.0
D (rear 28 11.5 7 6.0 None
row)

*Dimensions are for a PF-300 series Para-Foil at (y~a) t-im of 13.6
degrees. Para-foil configuration details are as shown in Tables VII and
X.

**M[L-C-7515, Type IV (1000-pound), length to be measured after 15
seconds with a 20-pound tensile force applied.

wikM|L-W-4088, Type Xil! (6500-pound) condition U used as rise: material for
all systems.

NOTE: MiL-W-LOY8, Type XVIII (6G00~pound) condition U used as reefing line
materlal for all systems.
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(1) Continuous line: The initial mechanics of arriving at the Type A
inlet area reduction for the full-scale Pura-TFoils were the same as for the
model tests and were described in conjunction with Figure 22, Instead of the
small nylon loops as shown on this figure 0.5 inch diameter reefing rings were
sewn to the canopy. For 307 wilet reefing with the PF-300 series Para-Foils
the distance, Ll, on Figure 22 is 6.75 inches. Figure 46 illustrates a frontal
view of the Para-Foil inlet reefing arrangement with the continuous reefing line
threaded loosely through the reefing rings and the reefing line cutters. MIL-C~
5040, Type 11 (550-pound) was used for the reefing line on all systems incor=-
porating this veefing tecnnique. Three pencil type, mechanically actuated, pyro-
technic reefing line cutters are used to reduce the risk of the reefing line fouling

on a reefing ring during the disreef process,

(2) Chain Link: During free flight tests of systems incorporating the
continuous line inlet reefing technigue it was observed that on occasion a
"bunching up'' of the cells would oceur at intervals along the span, Accompany ing
this was a more complete opening of adjacent cells which occasionally resulted
in their being damaged from overpressurization, To alleviate this, a technique
was employed that provided the required area reduction by individually reefing
each cell. The mechanics of this technique, which is designated as chain link
reefing, are illustrated in Figure 47. Figure 47a depicis a typical chain link.
M1L-C-5040, Type I, (550-pound), was initially used, however, friction burms
encountered during disreef necessitated use of the Nomex type material, Each
link is stitched to the Para-Foil upper leading edge, The use of these links to
reef the irdividua) cells is shown in Figures 47 b and ¢. In practice the outhoard
cell on each side is recfed first (Vigure 47b) then the next cell towa rd the center
and so on across the span finally tieing off the center cell through the two redun-
dant pyrotechnic cutters as shown in Figure 47c¢.  The amount of reefing using
this technique can be varicd if desirca, by changing the location of the lower

ring or the length of the chain link itself,

f. Aerodynamic Turn Control

Several methods of distorting the Para-Foil canopy to obtain turning moment:
were quantitatively compared, The control methuds selected for evaluation were

based on the constraining guideline of remaining within the capabilities of
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STITCH UPPER LEADING EDGE

TOWARDS

CENTER
(FROM BOTH SIDE*
RINGS
RIB
PO TE———

OUTBOARD CELL

o

~— FLARE
A, Jb-

ARROW PATHS REPRESENT ROUTING OF INDIVIDUAL CHAIN LINKS
CLOSED ARROWHEAD REPRESENTS LOOP AT END OF CHAIN LINK

Figure 37b,  Chain Link Reefing - Outer Cell Routing
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existing guidance and control gubsystem servomotors, The techniques were
evaluated through observation of the Para-Foi''s response to manual actuation
of the control system while the Para-Foil was being towed behind a truck, A

brief descrintion of each control method is listed below,

(1) Suspension Flare: Warpir\kg the Para-Foil by palling on steering
lines attached to individual suspension line flares at the point of suspersion line

attachment,

(2) Auxiliary Flare: Warping the Para-Foil by pulling on steering
lines attached to a small triangular (12-inch base length) auxiliary flare sewn
to the Para~Foil along the base attachment seam of the existing suspension line
flares,

(3) Constricting Leading Edge: Figure 48a shows this method of
warping the Para-Foil through constriction of the forward portion of the third
and fourth cells in-board from the wing tips and deflection of the entire forward

corner of the canopy.

(4) Upper Leading Edge: Figure 48b illugtrates this method of
warping the Para-Foil through constricting the inlet and deflecting the canopy

corner,

The results of truck tow evaluation of these various steering mechods are
present:d in Table XII. These results were obtained during truck tow testing
of a PF-300 series Para-Foil at speeds of 30 to 60 fps,

The evaluation of steering methods using the truck tow technique is usgeful
only as a measure of relative comparison, The conditions prevalent curing
towing are not identical to corditions of free flight and sophisticated methods
for measuring steering line travel, forces and parachute turning rates were

not used, Effects of wind, gusts, parachute instability and changes in flying

attitude were not considered. Steering lines were pulled manually using a spring

scale to meagure forces,



