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ABSTRACT

The operating characteristics of Guide Surface, FIST Ribbon, and
Rotafoil parachutes tested in the high subsonic and transonic speed range
from 450 to 862 mph are described. Associated problems such as deploy-
ment systems and harness design, encountered in parachute operation, are
also discussed. Operational and design information obtained from the var-
ious parachutes tested ia intended for application to the design of parabrakes
capable of withstanding initial high velocity deployment, and decelerating a
high velocity missile to a relatively low-speed range where a larger par-
achute can be deployed to accomplish safe recovery. All test parachutes
were designed to have a drag area of 28 sq ft. Material strengths and con-
structional details were varied throughout the test program to provide par-
achutes of minimum bulk and weight commensurate with adequate strength
characteristics for operations at the desired velocities. The tests were
conducted with a liquid fuel rocket powered vehicle on the 10, 000 foot Free
Air Test Facility Track at Edwards Air Force Base, Edwards, California.
The data obtained during the test program included inflation times, opening
shock factors, drag forces, inflated diameters, and stability of the par-
achutes at various velocities. This work is a continuation of the program
reported in Air Force Technical Report 5853 (Parts I and II) in which sim-
ilar tests were made for speed ranges up to 500 mph.
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I. INTRODUCTION

The use of parachute recovery systems on supersonic test missiles
and target aircraft is well established for effecting savings in expense and
time as well as for the recovery of information not otherwise obtainable.
In order to obtain data on parachute operation for such applications, a
comprehensive research program was initiated. The majority of the effort
has been spent on study and tests of small heavy duty parachutes suitable
for deployment at high velocity as the first stage of a multistage recovery
system. The operation of large parachutes such as would be employed at
lower speeds as the final parachute in a multistage recovery system has
been studied in conjunction with other problems, such as aerial cargo de-
livery.

This report, the third in the series concerned with development of
parabrakes suitable for deployment in the transonic speed range, is a con-
tinuation of earlier tests conducted with rocket powered test vehicles on
the 10, 000 foot Free Air Test Facility Track at Edwards Air Force Base,
California.

The first phase of the problem was concerned with parachutes of ap-
proximately 28 sq ft drag area, designed for operation at 400 mph with a
factor of safety of 1.5. This series of tests was conducted with a track-
borne solid fuel rocket propelled vehicle as described in Ref. 14, Part I.
In order to validate the data obtained from the trackborne vehicle tests and
obtain data on the effect of parameters that could not be varied on the sled
program, a series of tests was conducted with a free-fall missile, carried
to a predetermined release altitude by aircraft. Four general types of par-
achutes were considered, namely: the Guide Surface Stabilization, Guide
Surface Ribless, FIST Ribbon, and Rotafoil. Several variations of each
type were tested on the trackborne vehicle and the four parachutes which
showed the best operational characteristics were tested on the free-fall
vehicle, described in Ref. 14, Part II.

Manuscript released by the author December 1956 for publication as a
WADC Technical Report.




Phase II of the project is concerned with high subsonic and tran-
sonic parachute tests conducted at the Free Air Test Facility, Edwards
Air Force Base, California. These tests utilized a trackborne, liquid
fuel rocket powered test vehicle as described in Appendix F.

The following is a report of these tests at deployment velocities up
to 862 mph (Mach 1.11).



II. TEST CONDITIONS

A. Test Facility

In order to duplicate Phase 1A test conditions, Phase II was conducted
at the same 10, 000 foot Free Air Test Facility Track at Edwards Air Force
Base, California. Parachutes were tested by deploying them from a spe-
cially designed Liquid Fuel Rocket Powered test vehicle at a predetermined
velocity and location along the track. A complete description of the vehicle
is given in Appendix F.

B. Test Program

A series of 63 parachute tests was conducted at deployment velocities
ranging from approximately 450 mph to 862 mph T.A.S. To determine op-
erational limits and characteristics of each configuration tested, deployment
velocity, structural details, and geometric parameters were varied in the
tests. The first parachutes of each type tested were structurally strength-
ened versions of the best designs derived from Phase I tests. As the pro-
gram continued, design changes were made to obtain improvements in oper-
ational and strength characteristics of the parachutes.

Various factors imposed limitations to the test program which should
be considered when reference is made to the test data herein. These lim-
itations are listed below:

(1) Parachute Size - limited to approximately 28 sq ft drag area
(2) Deployment Velocity - limited to increments between medium

subsonic to mid-transonic, the upper range being determined by the
maximum velocity of the test vehicle

(3) Altitude - limited to ground elevation at the test facility, (230."6 &

feet above sea level)

(4) Parachute Stability - measured with respect to a fixed attach-
ment point on the sled

-

(5) Infinite Mass - vehicle mass so great in comparison to parachute




area that little velocity change occurred during opening process.

Results of each test were included in the Cook Research Laboratories'
progress reports (Ref. 15). General characteristics and performance of the
parachute types tested are presented in Section IV of this report and detailed
summaries of test results by parachute type are included in Appendices A,
B, C, and D.

C. Parachutes

All parachutes tested in the program were designed to have a drag
area of approximately 28 sq ft with ultimate structural quality able to with-
stand deployment and operation at transonic velocities.

Four general parachute types were considered:
(1) Guide Surface Stabilization

This type of parachute is manufactured from solid cloth and has
a relatively flat roof canopy with a conical surface shaped as an in-
verted truncated cone below the roof portion of the canopy. Internal
cloth ribs define the canopy shape and separate the suspension lines
from the canopy, making the shape relatively independent of the sus-
pension line arrangement. Several variations of this general type were
considered during the test period. A description, together with test
data obtained for these parachute types, is given in Appendix A.

(2) Guide Surface Ribless

The Guide Surface Ribless parachute, like the Guide Surface
Stabilization, is manufactured in solid cloth form and has a conical
surface shaped as an inverted truncated cone below the roof portion of
the canopy. Instead of internal cloth ribs to contain the suspension
lines, the roof and guide surface panels are fabricated so that the can-
opy assumes the proper geometric shape when inflated. Suspension
lines are attached along the roof panel seams on the exterior of the
parachute. A description of the various configurations tested and test
data obtained for these parachute types are given in Appendix B.

(3)  FIST Ribbon

The FIST Ribbon parachute is basically a flat circular canopy
composed of concentric bands of ribbon parachute material, supported



test.

by smaller, symmetrically spaced vertical ribbons and by radial bands
at the side of each panel. These bands transmit the aerodynamic loads
from the ribbons to the attached suspension lines. A complete descrip-
tion of a ribbon parachute panel assembly is given in Appendix C, to-
gether with test data and description of the various configurations stud-
ied in the program.

(4) Rotafoil

The term Rotafoil significantly describes the parachute type since
it is a derivation from the words rotating air foil. This parachute is in
the flat circular category with panels fabricated of solid cloth., Radial
openings in each gore transform the canopy into a system of sails which
cause rotation of the parachute during normal operation. Typicalpanel
assemblies and geometric properties of this type of parachute are de-
scribed in Appendix D. Test results of the two configurations investi-
gated in the program are also presented in Appendix D.

Instrumentation

Complete instrumentation was carried on the test vehicle during each

A magnetic tape recording system provided records of the following

parameters:

(1) Drag Force

(2) Impact Pressure
(3) Acceleration

(4) Time

(5) Position.

From these parameters other pertinent information such as opening

shock force, inflation time, and velocity was determined. Measurements of
parachute area and stability were obtained from sledborne high-speed motion
picture camera films. These were synchronized to tape recorded informa-
tion, by common time and position impulses.

Additional operational information was obtained with stationary still,




sequence, and high-speed motion picture cameras.

A detailed description of the instrumentation and photographic equip-
ment employed in the tests is presented in Appendix G.

E. Deployment System

The parachute deployment system including associated harness and
hardware, was considered to be operationally equal in importance to the par-
achutes being tested. During the program three basic methods of parachute
deployment were utilized with variations in each method being introduced as
needed. Generally, these three methods were:

(1) Forceful expulsion - rearward
(2) Projectile and pilot parachute deployment - rearward

(3) Forceful expulsion - perpendicular to airstream - to simulate a
missile side deployment system.

A complete description of these systems as used in each test run is
given in Appendix E together with pertinent details of associated harness and
hardware utilized with each system. Also included is a description of the
parachute attachment and separating device designed for the test vehicle and
used throughout the test program.



III. CONCLUSIONS

The only parachutes which operated satisfactorily during the 13 tests
conducted with the Guide Surface Ribless parachute were of the 12 gore heavy
construction classification. These were tested at widely varying velocities.
Steady state drag coefficient was 0.80 and opening shock factor averaged
1.55. Stability of the parachutes was good, with maximum displacements
less than 5 degrees.

Average data cannot be given for the 16 gore version since all tests
conducted with this configuration resulted in structural failure or incomplete
inflation.

The maximum velocity at which a Guide Surface Ribless parachute was
deployed with complete inflation and without major damage was 802 mph.

Within the limits of strength capabilities the Guide Surface Stabiliza-
tion parachutes exhibited good operation characteristics. Steady state drag
coefficient (Cp) averaged 1.05, and opening shock factor (X) was 1.19 for the
12 gore parachute and 0.94 for the 16 gore version. Stability for both con-
figurations was excellent.

Although the general construction of the Guide Surface Stabilization par-
achute gives comparatively high weight and bulk for a given diameter, the
high drag coefficient and low opening shock factor make it as efficient as the
Ribless type.

The maximum velocity at which a Guide Surface Stabilization parachute
was successfully operated was 753 mph.

Five of the 12 FIST Ribbon parachute types tested exhibited satisfac-
tory performance characteristics in the transonic speed range. The five
successful types had porosities between 21 and 24% with minor variations in
vertical and horizontal ribbon spacing and had steady state drag coefficients

L
between 0. 45 and 0.55 whentested with standard (-13--8 = 1| line lengths.
o

Tests of the Types 122 and 123 parachutes indicate that a change in



L L
suspension line length from B-s- =1 to — = 2 resulted in an increase in

o o
drag coefficient of approximately 20%, no change in opening shock factor,
and a slight decrease in stability.

The Type 124-17, with a porosity ( )\g) of 21.15% exhibited the best
and most consistent over-all characteristics. Steady state drag coefficient
(CDO) averaged 0.52 and opening shock factor (X) averaged 0. 94.

Successful operation of FIST Ribbon parachutes was attained at veloc-
ities up to and including 838 mph.

Based on results of the five tests conducted with the Rotafoil parachutes
it is evident that additional testing will be required to develop a structurally
and aerodynamically efficient Rotafoil parachute capable of operation in the
transonic speed range.



IV. PARACHUTE CHARACTERISTIC RESULTS
A. General

General geometric and aerodynamic performance characteristics of
the parachute types which operated most satisfactorily during the test pro-
gram are presented in the following paragraphs of this section of the report.
Detailed summaries of test results are included, by parachute type, in the
respective appendices of the report.

The parachute test program provided general design information about
parachute performance in the velocity ranges tested and established prelim-
inary designs for parachutes suitable for successful deployment in the tran-
sonic speed range. Design information obtained included drag coefficients,
opening shock factors, inflated diameters, filling time, and stability char-
acteristics of each parachute type. Values of these parameters for the para-
chute types successfully tested in the program are presented in Table 1.

A bar graph showing the deployment velocity ranges through which suc-
cessful parachute deployment and operation was obtained is illustrated by
general parachute category in Fig. 1. Exact deployment velocities of spe-
cific parachute types can be found in the following paragraphs in this section
and in the corresponding parachute appendices of this report.

For ease of comparison of the inflation characteristics of the basic par-
achute types tested, idealized curves have been derived from the over-all in-
flation results of those tests of particular parachute types which exhibited the
most favorable operational characteristics in their group. These are illus-
trated in the curves in Fig. 2 and are representative of the average opening
characteristics of the parachute types presented. Additional specific infor-
mation on the parachutes which exhibited most favorable performance results
within each particular type group is presented in the paragraphs which follow.
These paragraphs present the average performance characteristics for a
particular type of parachute. Primarily, such items are given in tabular
form and include the basic geometric properties as well as the pertinent
performance parameters. In addition, average performance curves which
represent the average of the summary data performance curves of a partic-
ular type parachute are presented with the tabulated data.




TABLE 1

GENERAL PARACHUTE CHARACTERISTICS

GUIDE SURFACE PARACHUTES

DIAMETER  RATIO — STABILITY —
ee | T PR om | aoee. | (onon, x 160 favcuie® BB AT £ L0
GORES (0p (Sp) c FACTOR RANGE TESTED
FEET SQ. FT. D e AVERAGE | PRIMARY MAX MEAN MAX. (FT./ SEC)
STABILIZATION [
TYPEIIL CLOTH 12 65 332 1.04 L9 972 1026 180 320 918
B 16 65 332 105 0.94 974 925 148 217 1os *
TYPE I CLOTH
RIBLESS =
TYPE TIL CLOTH 12 65 332 0.80 155 83.0 86.0 270 480 9R~ 176
RIBLESS

LR ]
16 6.5 332 075 179 875 86.6 235 550 1151- 1225

TYPE II CLOTH

FIST RIBBON PARACHUTES

GEOMETRC | NOMINAL CANOPY DRAG OPENING DIAMETER  RATIO nc'-_/xgma's‘i'"c-c_ue DEPLOYMENT
ANGULAR DISPLA NT VELOCITY
TYPE PORXT'" D'A(Moi,TER A(:f,‘ COEFFICIENT ;’éo,%: (D‘V%E’Fésu'roo DEGREES RANGE TESTED
PERCENT FEET SO.FT p 0020 AVERAGE |PRIMARY MAX MEAN M AX. (FT/SEC)
107 1462 860 5660 057 121 100.0 104.8 2.8 145 661-1128
122-123 (Lg/0#) 23.10 8.5 5546 0.50 .04 99.4 101.5 3.0 46 "o - 1227
122-123 (Ly/D =2) 23.10 851 55.46 0.60 .04 107.2 1.9 46 7.2 1080 - 1119
124-10 2118 8.60 56.60 053 1.08 100.7 105.5 5.6 82 923~ 1173
124-17 2118 8.60 56.60 0.52 0.94 982 100.9 2.2 32 1203 - 1218
125 2325 815 5094 0.48 103 100.7 1016 a8 6.4 1H74-5211
126 2330 8.92 6090 048 09I 96.9 978 22 36 1057 — 1213

® ONE TEST ONLY
® w AVERAGE OF TwWO TESTS IN WHICH PAT _HUTE NEVER FULLY INFLATED

YA PRSI,
I s s I VY

7 //,,/,// 77277777,
Kun SURFACE TAeeuzAnona

Ll L L L Lo £ Lt Lbsoaidacldl

700 750 800 850 900 950 1000 1050 1100 1150 1200 1230

Vs (FPS) —o

Figure 1 Range of Deployment Velocities Covered With Various Types of

Parachutes in Test Which Resulted in Normal Deployments and
no Parachute Damage
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B. Guide Surface Stabilization Parachutes

Available performance characteristics for the 12 and 16 gore configu-
ration of stabilization type Guide Surface parachutes are presented in Table
2. Both of these parachute configurations were fabricated from MIL-C-8021

- TABLE 2

PERFORMANCE CHARACTERISTICS OF GUIDE SURFACE
STABILIZATION PARACHUTE, TYPE IIl CLOTH

|2_GORE| 16 GORE
PROJECTED DIAMETER, Dp | ft) 65 | 6.5
PROJECTED AREA , Sp ( ft?) 33.2 | 33.2
WEIGHT , (Ibs) 271 | 33.0
BULK , ( ft*) .62 | 1.67

CLOTH PERMEABILITY , A¢ ( AT DIFFERENTIAL PRESSURE 22.3 22.3
EQUIVALENT TO Y2 INCH H,;0)

DRAG COEFFICIENT , Cp 1.04 .05
OPENING SHOCK FACTOR (X) .19 0.94
INSTANTANEOUS DIAMETER RATIO ( Dp, /Dp) %
AVERAGE 97.2 | 97.4
MAXIMUM 102.6 | 92.5
STABILITY , RADIUS OF DISPLACEMENT,(R) DEGREES

MEAN 1.80 .48
MAXIMUM 3.20 }|2.17

Type III nylon cloth with a measured permeability of 22.3 cu ft/sq ft/min at
a pressure differential of 1/2 inch of water.

Tabulated and graphical information presented in this section on Guide
Surface Stabilization parachutes should be evaluated with the knowledge that
the characteristics shown are representative of only one test in each configu-
ration group and should be considered as typical rather than average. With
the exception of the two tests presented in the summary all Guide Surface

12



Stabilization parachutes tested in the program suffered severe canopy or line
damage during inflation.

The curves in Fig. 3 represent the general dynamic characteristics of

T T T T T T I T T | |
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o -,
o -y,
- 80 o
-4 v /
J e0 -~ 7
a ' 4
e a - //
/ 12 GORE —M8M8
20 I6 GORE — — ——
le—— POINT OF MAX. FORCE
(b)) AVERAGE INSTANTANEOUS FORCE RATIO
1.4
. AN
v L
® 08 !’
o
K /]
W 06 1
r
0.4 G
74
i
0.2 . 717
|
002 SEC—e»| -wle- }@e—0.20 SEC g

Figure 3 General Dynamic Characteristics - Guide Surface
Stabilization Parachute
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the 12 and 16 gore parachutes tested on test run Nos. 31 and 54, respec-
tively. Averaged curves of the inflation process and transition to steady
state operation are presented. As these curves indicate, both parachutes
inflated to a steady state diameter ratio of approximately 97% and attained

a steady state drag coefficient of approximately 1.05. Opening shock factor
of the 12 gore parachute was 1.19 while the factor for the 16 gore parachute
was 0.94. The latter figure may not be representative of the normal opera-
tion of this parachute since a hesitation was present in the inflation process,
approximately at time of maximum force. This irregularity during opening
is further substantiated by the fact that the instantaneous diameter ratio was
lower at maximum force than that of the average steady state figure.

Stability of the Guide Surface Stabilization parachutes was generally
‘good. As shown in Table 2, the tests considered indicate that the 16 gore
parachute had slightly better stability characteristics than the 12 gore con-
figuration.

(& Guide Surface Ribless Parachute

Satisfactory performance of Guide Surface Ribless parachutes was ob-
tained on only two of 13 tests conducted with various configurations of the
parachute. In the remaining tests the parachutes failed structurally or did
not fully inflate. The parachutes used in the two tests in which satisfactory
operation occurred were both 12 gore configurations, manufactured from
MIL-C-8021, Type III nylon cloth with a permeability of 22.3 cu ft/sq ft/
min at a differential pressure equal to 1/2 inch of water. Average perform-
ance characteristics for these parachutes from test run Nos. 30 and 40 are

shown in Table 3. Average dynamic characteristics are graphically illus-
trated in Fig. 4.

The drag coefficient of 0.80 was identical for both tests although the
opening shock factor of 1.55 was the average of a high and a low value.
Parachute stability figures were of normal magnitudes attaining maximum

displacements slightly under 5 degrees with mean values approximately half
of this figure.

The average steady state drag coefficient of similar 12 gore parachutes
which did not fully inflate was 0.75 with a corresponding opening shock factor,
based on the low drag coefficient, of 1.22.

All tests conducted with the 16 gore Guide Surface Ribless parachutes
resulted in structural failure of the parachute or incomplete inflation.

14



TABLE 3

PERFORMANCE CHARACTERISTICS OF THE 12 GORE GUIDE
SURFACE RIBLESS PARACHUTES, TYPE III CLOTH

PROJECTED DIAMETER , Dp ( ft) 6.5
PROJECTED AREA , Sp ( t1?) 332
WEIGHT , ( Ibs) 22.0
BULK , ( ft3) 1.25
CLOTH PERMEABILITY , A¢ ( AT DIFFERENTIAL PRESSURE 22.3
EQUIVALENT TO Y2 INCH H, 0)
DRAG COEFFICIENT , Co 0.80
OPENING SHOCK FACTOR (X)) 5%
INSTANTANEOUS DIAMETER RATIO ( Dp, /Dp) %
AVERAGE 83.0
MAXIMUM 86.0
STABILITY , RADIUS OF DISPLACEMENT,(R) DEGREES
ME AN 2.7
MAXIMUM 48

The graph presented in Fig. 5 shows a plot of opening shock force vs.
dynamic pressure at peak snatch force for all tests in which Guide Surface
Ribless test parachutes were successfully deployed. If the opening shock
forces of test run Nos. 30 and 40 are based on an opening shock factor equal
to the average factor attained in the two tests the opening shock force for
average operation in this series of tests would fall on the solid line indicated
in the graph. The locations of the various groups of points on the graph now
become significantly related to the operational behavior of the various con-
figurations tested. For example, the early 12 gore parachutes which did
not fully inflate appear as an approximately linear group with opening shock
force values approximately 30% below the average expected values. Simi-
larly, the curve also shows that the latter group of 16 gore parachutes, which
suffered structural failure during inflation, failed at or near the expected
opening shock force values.

15
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Figure 4 General Dynamic Characteristics - Twelve Gore Guide
Surface Ribless Parachute

Figure 6 is a curve showing the relationship between time to maximum
load ty,] (seconds) and the velocity at snatch force, Vg (fps). With the excep-
tion of one test in this series all values fell within the band shown inthe curve.
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The bandwidth obtained by enclosing the normal scatter of points indicates
that a variation of approximately +0.01 second can be expected for normal
operation within the velocity range covered by this series of tests.

D. FIST Ribbon Parachutes

Of the 12 types of FIST Ribbon parachutes tested in the program, the
most favorable characteristics were exhibited by the Type 124 parachute con-
structed with 2 inch 1700 pound T. S. nylon horizontal ribbons and having a
geometric porosity of 21.15%. Average performance characteristics for this
parachute are presented in Table 4 and average dynamic characteristics are
presented graphically in the curves in Fig. 7.

The similarity of inflation characteristics of the tests from which the
average curve was derived are clearly evident in Parts (a) and (b) of the
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chutes

detailed performance curves in Fig. 39 of Appendix C. The drag coefficient,
CDo based on the total polygon area of the parachute remained relatively
constant over the velocity ranges of the tests and little difference is noted in
the drag coefficient curves of the tests conducted. The average value of
0.52, shown in Table 4, is therefore considered quite reliable for this par-
ticular Ribbon parachute.

None of the FIST Ribbon type 124-17 parachutes tested in the program
exhibited positive overshoot during inflation and opening shock factors were
under 1.0 in all cases.

The velocity envelope shown in Fig. 8 illustrates the range of deploy-
ment velocities covered in this series of tests of FIST Ribbon parachutes,
with respect to parachute type and geometric porosity. It is apparent from
this graph that as test velocities were increased during the program, most
successful parachute deployment and operation were obtained with parachutes

18



TABLE 4

PERFORMANCE CHARACTERISTICS OF THE FIST RIBBON
TYPE 124-17 PARACHUTE .

NOMINAL DIAMETER , Do ( ft ) 8.60
POLYGON AREA, So (ft?) 56.60
WEIGHT , (Ibs) 21.5
BULK , ( ft?) ‘ 1.00
GEOMETRIC POROSITY , Ag (%) 21 .15
DRAG COEFFICIENT Cp, 0.52
OPENING SHOCK FACTOR (X) 0.94

INSTANTANEOUS DIAMETER RATIO (Dp /Dp) %
AVERAGE 98. 20
MAXIMUM 100.90

STABILITY , RADIUS OF DISPLACEMENT, (R) DEGREES

MEAN 2.20

MAXIMUM 3.20

in the higher porosity groups. The curve is included here to indicate the
trend followed to obtain the most satisfactory operation rather than impose
operational limits on any group of parachutes. It should be noted that none
of the FIST Ribbon parachutes with geometric porosities over 20% had
reached their structural limitations at the highest velocities tested in each
group.

Several performance parameters illustrate a noted effect of porosity
change. Paramount among these is perhaps the effects on parachute stabil-
ity. In the illustration in Fig. 9, which shows the variation of average angu-
lar displacement for FIST Ribbon parachutes of various geometric porosities,
it is readily apparent that the stability of the higher porosity parachutes was
superior to that of the lower porosity types. The rate of increase in stability
as porosity increases, is notably greater in the lower porosity region, di-
minishing with porosity increase until, at values of A g in the low 20's further

19




T I T T T Tl T 1 T T
(a) AVERAGE INSTANTANEOUS DIAMETER RATIO

e

o
o

g 3
\ :
N

3
AN

20
1
le—— POINT OF MAX. FORCE
1
(b) AVERAGE INSTANTANEOUS FORCE RATIO
1.0 | ;
0.8 i i

o
o)

el

0.02 SEC— +— js—0.20 SEC

Figure 7 General Dynamic Characteristics - FIST
Ribbon Type 124-17 Parachute

decreases of porosity apparently have minor effect on the stability character-
istics of the parachute. It should be noted that the test points shown in Fig.

9 indicate the mean angular displacement for each test that they represent
but do not indicate the magnitude of oscillatory variation about the mean

point during each test. Therefore, the increase in bandwidth (shaded area

on curve, Fig. 9) at the higher porosity end of the curve is not an indication
of decreasing oscillatory stability but a function of the normal expected var-
iation due to the number of tests made and the varying velocities at which
they were conducted. If a greater number of test points were available at
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the low porosity end of the curve, it is probable that the normal data varia-
tion would present a more uniform bandwidth throughout the curve; however,
the general trend and indicated average of angular displacement would not
alter appreciably from the average presently shown. '

Another parameter in which a noted effect of porosity was observed
was in the drag coefficient. The average drag coefficient for all FIST Rib-
bon parachute tests in which satisfactory steady state information was ob-
tained are plotted in Fig. 10 as a function of the geometric porosity. The
resulting band shows that the average drag coefficient, Cp,, decreases with
increasing porosity, from an average value of approximately 0.58 at the low
porosity end to an average value of approximately 0.50 at the high or poros-
ity end. This corresponds to an average difference of approximately 15% in
Cp, values, between the high and low porosity parachutes. It appears, from
this curve, that the average drag coefficient of 0.52 for the FIST Ribbon Type
124-17 parachute is consistent with general FIST Ribbon parachute character-
istics and is a reliable figure for such a parachute having reasonable stability
and inflation characteristics. It is also pertinent to note that there was essen-
tially no variation of drag coefficient with dynamic pressure through the ranges
of parachute test velocities.

Several tests were conducted with FIST Ribbon parachutes in which two

different line length configurations were tested. These line length configura-
tion changes were tested on Types 122 and 123 parachutes and were varied
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between the normal Lg/D ratio of one and Lg/D ratio of two. A summary of
the average performance characteristics of the two line length configuration
groups of Type 122 and 123 parachutes is tabulated in. Table 5, and average
dynamic characteristics of the two groups are graphically illustrated in the
curves in Fig. 11.

From the information presented in the table and curves it is apparent
that inflation characteristics vary considerably with Lg/D ratio. The long
line group inflated to a 16% greater drag area than the similar short line
group and reached the inflated state an average of 0.05 second, or approxi-
mately 30% faster than the group with the normal Lg/D ratio of one. A sig-
nificant increase in drag coefficient is noted. The short line group averaged
0.50 while the long line group averaged 0. 60. The average for all tests of
both configurations was 0.54. Slightly less angular displacement (R) was
observed for the short line parachutes. Mean displacement for this configura-
tion was 3.1 degrees with oscillating variations of 1.5 degrees while the
long line configuration had an average displacement of 4. 6 degrees with var-
iations of +2. 6 degrees.

The only parameter which was identical for both groups was the open-
ing shock factor (X) which averaged 1.04 in both groups.

22



0.8

o7
)

0.6 ——&\\\\\\\

! N\ \\\\\ \\\\\\
05 st
| I
| |
| | .
" 04 ~ 1 1 e =y
8 ] = i s |
0.3 o T = ~8
= Q a ~ [

02 E - v LY
ww
g¢

0.1 =

14 15 [} 17 18 19 20 21 22 23 24
GEOMETRIC POROSITY- Ag- PERCENT
Figure 10 Variation of Steady-State Drag Coefficient (CDO) with
Geometric Porosity { A g) for FIST Ribbon Parachute
Types
TABLE 5
PERFORMANCE CHARACTERISTICS OF FIST RIBBON TYPE
122 AND 123 PARACHUTES
' Dp' /Dp R
TEST NOY Cp X t¢ AVERAGE | ™Mean max.
bt (PR e ™| 050 | 104 | oua | 988 3. 4.6
“$/p:2 | 36,37 | 0.60 1.04 | 0.09 |107.2 4.6 7.2
ﬁ
ALL TESTS 0.54 1.04 0.12 102.0 3.6 o
Detailed performance summaries of the individual tests in these groups
are presented in Section C.7 of Appendix C.
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figurations

E. Rotafoil Parachutes

Five tests, details of which can be found in Appendix D, were conducted
using Rotafoil test parachutes. In the tests of the original B7-8-20 configura-
tion, suspension line system failure during inflation of the parachute led to
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collapse and destruction of the parachutes.

The modified version of the Rotafoil B7-8-20 parachute, tested later
in the program, suffered major canopy damage during inflation, and also re-
sulted in collapse and destruction of the parachutes.

Since none of the Rotafoil parachutes tested in the program operated
successfully in the steady state condition, aerodynamic parameters could
not be obtained for comparison with other Rotafoil parachute information or
with parachutes of other general classifications.




APPENDIX A
GUIDE SURFACE STABILIZATION PARACHUTE

A. Introduction

+ The Guide Surface Stabilization type of parachute is distinguished by a
relatively long conical surface shaped as an inverted truncated cone below the
roof portion of the canopy. Internal cloth ribs are used to separate the sus-
pension lines from the canopy so that the canopy might form the Guide Sur-
faces and the flow separation edge required for stabilization. This also al-
lows the canopy form to be variable, since the ribs define the canopy shape
and make it independent of the suspension line arrangement. A typical para-
chute of this type is shown in operation in Fig. 12, and Fig. 13 shows the de-
sign profile. A complete description of the parachute is given by Heinrich
(Ref. 3) and general specifications for the construction of the parachute are
presented in Ref. 7.

|

FF T ——

Figure 12 Deployment Sequence - Guide Surface Stabili-
zation Parachute
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- Figure 13 Design Profile - Guide Surface Stabilization
Parachute

B. Test Program

Six tests were conducted in which Guide Surface Stabilization Test para-
chutes were deployed from a liquid fuel rocket powered test vehicle at veloc-
ities varying from 615 mph to 825 mph. All tests were performed on the
10, 000 foot Free Air Test Facility Track at Edwards Air Force Base, Cali-
fornia. The parachutes tested on the program were fabricated from MIL-C-
8021 Type III nylon cloth in accordance with Military Specification MIL-P-
5905A (Ref. 7), from design and revision information provided by the con-
tracting agency. Parachute failures during the early part of the test program
suggested the need for revisions in the thread sizes used on canopy seams and
general improvement in suspension line attachment methods. Cook Research
Laboratories engineers devised an improved suspension line attachment which
incorporated a metal ring, similar to a reefing ring, and located at each line
attachment point at the parachute skirt. This ring, which was attached to the
skirt by a separate loop, allowed the suspension line to move unrestrained
under normal loading conditions but restricted movement which would tend
to tear the line away from the canopy. A photograph of a typical ring instal-
lation on a Guide Surface Stabilization parachute is shown in Fig. 14
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Figure 14 Ring Type Skirt Connection for Guide Surface Stabiliza-
tion Parachute

Other changes, which occurred later in the program, consisted of
strengthening the vent band reinforcing and the use of higher tensile strength
line webbing. Ultimately the number of gores in the parachute was increased
from 12 to 16.

Physical details and material specifications of the Guide Surface Stabil-
ization parachutes tested in this program are listed in Tables 6 and 7.

(253 Parachute Performance

Guide Surface Stabilization parachute performance data as measured
on the high-speed sled test program, are presented in Table 8 and graphic-
ally illustrated in Figs. 15 and 16.

The 12 gore version of the parachute operated successfully at 625 mph
but severe canopy damage was incurred in attempted operation at 800 mph.
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TABLE 6

PHYSICAL DETAILS OF GUIDE SURFACE STABILIZATION

PARACHUTES

PARACHUTE DIAMETER - Dp-(ft) 6.5 6.5 6.5 6.5
DESIGN PROJECTED AREA—Sp—(frz) 33.2 33.2 33.2 33.2
NO. OF GORES AND SUSFl’-Elrr:l‘?SON 3 2 12 6
CANOPY MATERIAL TYPE II-600 Ib(TYPE II-600IbJTYPE II-600 Ib.|TYPE I -600 Ib.
SUSPENSION LINE MATERIAL Ix 6000 | x 6000 | x 12000 I x 9000
SUSPENSION LINE LENGTH (ft) 8.125 8.125 8.125 8.125
VENT DIAMETER (IN.) 8.35 8535 8.35 8.35
VENT LINE LENGTH (IN.) 6.83 6.83 6.83 6.83
VENT BAND REINFORCING I x 3000 Ix 3000 Ix 600Q I x 6000
SLOT LENGTH (IN.) NONE NONE NONE NONE
THREAD SIZE ( CANOPY SEAMS ) SIZE F 5 CORD 5 CORD 5 CORD
THREAD SIZE (LINE ATTACHMENT) 3 CORD 5 CORD 6 CORD 6 CORD
PATTERN DETAILS A A A A
WEIGHT (lbs) 21.9 21.9 27.1 33.0
BULK (Ft3) 1.20 .20 .62 .67
USED ON RUN NO. 9 20 31,39 49,549

A - REFERENCE 7

The steady state drag coefficient, Fig. 15 (c), averaged 1.04 and the average
opening shock factor for this parachute was 1.19. Excellent stability was ex-
hibited by the parachute in the successful test, Fig. 15 (d). Early tests of the
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TABLE 7

MATERIALS USED IN GUIDE SURFACE STABILIZATION PARACHUTES

TENSILE
PART MATERIAL SPECIFICATION SIZE STRENGTH
CANOPY CLOTH, NYLON MIL-C - B8021A 14 0z./sq. yd. 600 1b/in
MATERIAL TYPE I
WEBBING, NYLON MIL-W- 4088 WIDTH-lin 6000 Ibs
TYPE XVIII
SUSPENSION MIL-W- 4088 C : :
LINES WEBBING ,NYLON TYPE XX WIDTH - lin 9000 Ibs

W-EBBING,NYLON NON - SPECIFICATION | WIDTH - Lin 12,000 Ibs

NYLON MIL-T - 7807 F I Ibs

3 CORD 24 Ibs

FRWNERD 5 CORD 40 Ibs

6 CORD 50 Ibs
WEBBING, NYLON|  MIL-w - 5625 WIDTH- tin | 3000 Ibs

REINFORCING | TUBULAR
e WEBBING, NYLON|  MIL- W- 4088 WIDTH - tin | 6000 Ibs
TYPE XVIII

12 gore Guide Surface Stabilization parachute suffered significant damage
when deployed at 600 to 650 mph. The canopy seams of the first parachute

of this type that was tested were sewn with size "F' thread and were severely
damaged in the canopy. The following parachute was manufactured of identi-
cal material with 5 cord thread used in the canopy seams. This parachute
was undamaged in the canopy but several of the 1 inch - 6000 pound suspen-
sion lines and risers failed. The possibility exists that if an improved keeper
of the type described in Appendix E had been available the line failure might
not have occurred. Since ! inch - 9000 pound webbing was not yet being man-
ufactured, the next parachute was fabricated with 1 inch - 12, 000 pound sus-
pension lines. Figure 12 shows the successful deployment and inflation of the
12 gore Guide Surface Stabilization parachute on run No. 31.

The Guide Surface Stabilization parachute was modified to the 16 gore

30



TABLE 8

TEST RESULTS OF GUIDE SURFACE STABILIZATION PARACHUTES

el e |2 GORE—- STANDARD PANEL AR L
STABILIZATION TYPE STANDARD PANEL
RUN NUMBER S 20 3| 39 49 54
' Vs AT PEAK SNATCH ARE NG APPROR. 918 nr? 1208 1104
E v 950 900
8 a
€ " | vo AT PEAK OPENING SHOCK - - 910 ner 170 1082
ggh Qg AT PEAK SNATCH - 862 886 1520 1570 1297
z§§’
B | 9 AT PEAK OPENING SHOCK = 845 870 1495 1473 1246
1s DEPLOYMENT TO 5
3 e <08 0.298 0357 0.330 0232 0.200
w2
S& & | tr SNATCH TO PRIMARY _
zud b B vl 0.092 0098 0050 0067 0080
Zn
=P 1 tm SNATCH TO pé
v 0067 0042 0040 ons 0076
W o | Fs SNATCH FORCE = 8,950 12,700 17,750 30,150 26,650
39
b Fy OPENING SHOCK = 29,050 36,300 62,600 51,400 42,500
& o Dp,
ok (-0—-)m MAXIMUM = 747 1026 86.8 84.6 925
w = P
358 (0"'\ = -~ 97.2
2w | (55, Averace ; = = 97.4
> » | MEAN RADIUS OF
- — - ® - —
5 i | DISPLACEMENT 1.80 1.48°
D O
2 MAXIMUM RADIUS OF d 5 z i 5
% & | OISPLACEMENT 3.20 217°
Cp AVERAGE DRAG COEFFICIENT = = 1.04 = = 105
X OPENING SHOCK FACTOR = = 119 = = 094
SEVERE SEVERE
CANOPY DAMAGE MINOR NONE DAMAGE 6 PANELS MINOR
PARACHUTE DAMAGE THROUGHOUT THROUGHOUT | SEVERELY
DAMAGE
LINE LINE LINE MINOR LINE| ALL LINES DAMAGED
DAMAGE DAMAGE DAMAGE | DAMAGED
NORMAL | NORMAL NORMAL NORMAL
DEPLOYMENT | DEPLOYMENT DEPLOYMENT | DEPLOYMENT
PARACHUTE OPERATION e EAED NORMAL | ~oawaced | oamacen | NORMAL
AT F, 0.015 SEC. DURING DURING
o AFTER Fo INFLATION | INFLATION
RECORDERS
INSTRUMENTATION  PREFORMANCE 2 Meras | NormaL [ NormaL | NommaL | NormaL | NomMmaL
JAMMED

configuration to secure greater canopy strength at the higher velocities by
cutting down over-all panel sizes. The parachute as tested on test run Nos.
49 and 54 had material and constructional details similar to the final 12 gore
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Figure 16 Summary Data - Guide Surface Stabilization Parachutes
(Test Run Nos. 39 and 49)

version, except that the suspension lines were fabricated from the newly
available 1 inch - 9000 pound nylon webbing. Satisfactory operation attained
at a deployment velocity of 753 mph but severe canopy damage occurred dur-
ing inflation at a deployment velocity of 824 mph.

The drag coefficient of the 16 gore parachute was 1.05, which is nearly
identical to that of the 12 gore version. Opening shock factor, however, was
0.94 for the 16 gore parachute tested at 753 mph, or 25% lower than the open-
ing shock factor of the 12 gore parachute tested at 626 mph. The lower open-
ing shock factor for the 16 gore parachute was probably caused by an apparent
hesitation in the opening process. At the time of maximum force the parachute
had attained an inflated diameter of 92% of the design diameter. An additional
0.2 second elapsed before a true maximum diameter of 102% was reached.
During this time increment the dynamic pressure, q, decreased approximately
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200 psf (from 1246 psf to 1051 psf) because of vehicle deceleration. Stability
of the 16 gore parachute, graphically presented in Fig. 15 (d), was excellent
generally and slightly better than that of the 12 gore parachute.

On test run Nos. 39 and 49 in which canopy failure occurred, the para-

chutes had inflated to approximately 85% of their design diameter at time of
failure. This is graphically illustrated in Fig. 16 (a).

34



APPENDIX B

GUIDE SURFACE RIBLESS PARACHUTE

A, Introduction

The Guide Surface Ribless parachute has a conical surface shaped as
an inverted truncated cone below the roof portion of the canopy, which is
gimilar to but slightly shorter than, the guide surface of the Stabilization
type of parachute. As the name implies, there are no internal cloth ribs to
contain and separate the suspension lines from the canopy. Instead, the roof
and G. S. panels are fabricated so that the inflated shape of the canopy as-
sumes the geometric form most conducive to good flow separation and sta-
bility. The suspension lines are rigidly attached to the exterior of the canopy
along the roof panel seams.

The general shape of the roof and Guide Surface panels are shown in
Fig. 17. Figure 18 shows a typical parachute of the Guide Surface Ribless

type in operation. p—

B. Test Program

Thirteen tests were conducted in
which Guide Surface Ribless test para-
chutes were deployed from a liquid fuel
rocket powered test vehicle on the 10, 000 }

foot Free Air Test Facility Track at Ed- |e i o ¢ fo
wards Air Force Base, California. Test
velocities ranged from 501 mph to 862
mph T.A.S. Specifications and revision
information for fabrication of the para-
chutes tested on the program were pro- .
vided by the contracting agency. /
With the exception of one parachute
manufactured from MIL-C-8021, Type |———.—-
II - 300 pound T. S. nylon cloth all test
parachutes in this series were manufac- marnei | b c ‘ .
tured from MIL-C-8021 Type LI - 600 a 59 | 438 | e.2 230 | 237
pound T.S. nylon drag parachute cloth. s e Lone ]| S L Su LS
58.2 44.5 5.6 220 18.3

Physical details and material specifica-
tions for the Gvide Surface Ribless Para- Figure 17 Panel Shapes and Basic

chutes are presented in Tables 9 and 10. Dimensions of the 12and
16 Gore Guide Surface

Ribless Parachute
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Figure 18 Deployment Sequence - Guide Surface Ribless Parachute
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TABLE 10

MATERIALS USED IN GUIDE SURFACE RIBLESS PARACHUTES

TENSILE
PART MATERIAL SPECIFICATION SIZE STRENGTH
CLOTH,NYLON MIL-C- 802I1A Toz./sq. yd. 300 Ib/in
TYPE I
CANOPY
MATERIAL
CLOTH , NYLON MIL-C- 8021A 14 0z./sq. yd. 600 Ib/in
TYPE IIT
WEBBING ,NYLON MIL- W- 4088 WIDTH - lin 6000 Ibs
TYPE XVIII
SUSPENSION MIL-W- 4088 C R S
WEBBING, NYLON - lin s
s : TYPE XX
WEBBING, NYLON NON - SPECIFICATION | WIDTH - lin 12,000 Ibs
3 CORD 24 1bs
THREAD NYLON MIL-T-7807 5 CORD 40 Ibs
6 CORD 50 Ibs
WEBBING , NYLON MIL-W-5625 WIDTH - lin 3000 Ibs
TUBULAR
REINFORCING WEBBING, NYLON MIL- wW-4088 WIDTH - lin 6000 |bs
TAPE TYPE XVITI
WEBBING, NYLON MIL- W- 4088 WIDTH - | %ain 10,000 Ibs
TYPE XIX

Structural changes were incorporated in the 12 gore parachutes tested
in the early part of the program, because of suspension line failure, vent
band failure, and/or noninflation of several roof and Guide Surface panels.
When damage still occurred to the strengthened 12 gore version the number
of gores in the parachute was increased to 16.

The 16 gore parachute was tested on seven test runs with three major
modifications incorporated. Three of the tests were with a standard 16 gore
pattern detail, two tests were with parachutes with Guide Surface widths re-
duced 10% from the standard, and two tests were with the latter parachute
with 15% spoiler flaps added to the Guide Surface edges in alternate panels.
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G. Parachute Performance

Guide Surface Ribless parachute performance data, as measured on
the high-speed sled test program, are presented in Table 11 and graphically
illustrated in the performance curves shown in Figs. 19 through 24. Where
several tests have been made with parachutes of similar configuration and
construction, multiple sets of performance curves have been plotted on the
same graphs. This allows rapid comparison and quickly highlights the com-
mon characteristics as well as pointing out departures from normal opera-
tion.

In all the tests made with G. S. Ribless parachutes five basic configura-
tions were tried, some having structural modifications without a configuration
change. Performance of the five configurations is listed below in order of
their changes.

1., 6.5 Foot Diameter, 12 Gore, Type II Cloth

Only one test run (No. 15) was conducted with this parachute at a
deployment velocity of 501 mph. Two Guide Surface panels failed to in-
flate at deployment and remained uninflated throughout the major por-
tion of the test. Although the parachute maintained a steady state diam-
eter ratio of 80% , a relatively high drag coefficient of 0. 82 was held
through the corresponding time interval. This is 10 to 15% greater
than might be expected for such operation but apparently little or no
loss in drag force was experienced due to the pushed-in Guide Surfaces
and lack of full inflation. Also, despite the unsymmetrical shape of the
guide surfaces the average maximum and mean radius of displacement
indicated excellent stability. Performance curves giving inflation, drag,
and stability data from this test are shown in Fig. 19.

Since this parachute seems to be marginal in inflation character-
istics, and doubtful structurally at higher velocities, no more tests
were made with this configuration.

2. 6.5 Foot Diameter, 12 Gore, Type III Cloth

Five tests were made with parachutes in this category. In test
run No. 11, suspension line failure at maximum force resulted in col-
lapse of the canopy. In test run Nos. 17 and 19 roof and guide surface
panels did not inflate in the normal way, and in test run Nos. 30 and 40
there were normal deployment and operation, with minor damage to
parachute lines.

39




oo | veweon | vewon ] wewon | wewow | ewon | Tewwon woon | o wwon | vowon | o | Tesewon TONVNONIY  NOLIVLNIRWLSN
2 ov
ouiss | mouvies % v WL | souvies ASNINOINI avo1 xvm
wano wano X aves [ wen o | A¥IVTROROPIIS 3 Lowd 1v 0TI i) Fimor
awww | aaewwva a@wi | cuvse | sow w |_asmwwo | ooesva030 100ree Jon| oMy | M 036s3ud] NOLLIBNOD
DEMOWEE | IO WIGIOTEA 80T DERATWI0 (K T0 :’Ijuﬂ INBAOWIG| SO ® | Gluwarsw | §13Nve | 03sevTi00
wonon | vewon | casowee | wemon [aumones | vemeon | vemeon Tmuon | w2 | vz Dz f 1w
mm 20wwwa 0vmva | Joveva | Jowwva
fodl Adorerd sa (| IN0. O 3. 6% b W
aowe won| wrw L WO T s gt NINowe . VG IOV
oW SP ave_uoa | ove e | vow bl oM oM ) 0§ poat
w0 W0 [eeoovea af J0VRNG | SPWNO o LN NDOWS e wvavo | 0
DA 2oAx | amowsao | waam o vomn | naew < | ove waa vorm
e - - - e W - ®1 vy a v » - VOLOVS HOOWS OMWGO X
. - - - L) o - oe0 os0 Lo o w0 - INIOIAI00 VN0 3oVu3AY -85
- - - - oe [ - - " 3 oy T - PO oo [ m
= - “ , = = ~ INIIN IS0 m
T o e 1] 3 2 20 o van| &
= W i = " ’ =3 = K 2
vis L1 e h v ) IowwIM A._u.m_.v mm i
3 wf d -]
e o - 2 vee 1ve ) ) o oos rve e moncw (123|334
ooras 008%S - 00526 oorss oores ooe'ze 00w 25 oovor 008's2 ooe*'zz oovm ootz NIOHS DNINGHO M
-
.. 713 ocoo'se - 00512 008’12 005'9E ooviz 000" oow'st 008 008's 0¥ 0089 35u04 rouvs 4 | ¥
900 w00 - ov00 9500 os00 00 »s00 »v00 €500 L0 00 00 b Dol I N
nn
€000 w00 - $¥00 2000 os00 2800 »900 0900 000 2 w00 L mwm
; 5 HILVNS XV3d oF
osro o - %00 020 - sceo 2620 0 o uzo tez0 »oc0 A INamronaag %
oo o5 - oom = ce6 o001 o» s e 3 00 2 HOOMG DNINIJO WVId IV O -uo
wd
€N oM - (-] 2061 3 ] o e o8 9 oot 228 HILYNE Wv3d AV Sp Jmm
wa o - o L ] =1 o 206 10 22 Y [ NIOMS ONINIGO W34 AV % ...m
»
=2 "2 on von 0 s221 ” e toe e s6L e HouVNE wedd av S | * 32
£9 29 19 09 8s 2S (14 ov ot 6l 21 Sl (1] H3IGWON  NNY
H10Mm SY3N0d 3dAL  SS3INEAWN
% 06 % Sl TINVd  QHVANVLS — 3509 9l A3NVd QHVONVLS — 3409 21
OO 91 3309 913809 9i | 3809 91 3dviyns QN9

STLNHOVYEVd SSTTHIY IDVIAINS FAIND A0 SLINSHY LSHL

IT I19dV.L

40



{o) INSTANTANEOUS DIAMETER RATIO

120 LR R Rt e e JEC : d
T | T BEE?
100 v 4 of l 2 | & L
8 | ESTIMAT/Eg PATH | |
FOR_Dp, /Op CURVE |
= 80 4= %L_ o T : :
s -
£ 3 SCIEDE K S N o O ) E
2 {7 ]
o R A
f | Symbot | Run [SnotchVelocity INUMBER OF  JopeningShack [Filling Time
20 2 4 No. | va.tFps.) GoRes | Factor (%) | t¢ sec.
—_—_ s 735 12 1.2 i
o | f | l | ]
le——PT. OF MAX. FORCE
1 ® 2 G.S. PANELS NOT INFLATED
{(b) INSTANTANEOUS FORCE RATIO
4 10 y I
o8 ! =
| 4
a / \,~
? 0.6 .
< | /
/ 5
02
\ ; |
o}
0.02 sec 0.20 sec.
EXTENDED TIME SCALE - SECONDS
(c) DRAG COEFFICIENT VS. DYNAMIC PRESSURE
f 1.2
£ l
& 10
o
i o8 e
8
© o6
(L]
.4
g [eX0)
S o2
| e 200 400 600 800 1000 1200
DYNAMIC PRESSURE - q - LBS./FT? ——o
(d) STABILITY - ANGULAR DISPLACEMENT VS. VELOCITY
wl2 .
@ ‘[ERf /xtsvt X- HORIZONTAL ANGULAR DISPLACEMENT
[g.o Y Y- VERTICAL ANGULAR DISPLACEMENT
€8s !
3 l
gg ¢ ] I
<z T =
LR —
g ° A
= 1200 1100 1000 900 800 700 600 500 400 300

g

VELOCITY - FT./SEC.

Figure 19 Summary Data - Guide Surface Ribless Parachute (Test
Run No. 15)
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Test run No. 11, the initial test in this category and parachute
type, was made at a deployment velocity of 608 mph. Since three 6000
pound T.S. suspension lines failed at a maximum force of 21, 715 pounds,
it is pertinent to note that the inflation process was abnormal, with one
panel in a collapsed position during inflation. This may have caused
unsymmetric load distribution, allowing a few lines to absorb the open-
ing shock force and ultimately fail. Curves of the diameter ratio and
force ratio during inflation are shown in Fig. 20.
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Figure 20 Summary Data - Guide Surface Ribless Parachute
(Test Run No. 11)

With the exception of the utilization of straight cut rather than
bias cut canopy material in the parachute used on test run No. 17,
structurally identical parachutes were tested on test run Nos. 17 and
19. Both had strengthened vent band reinforcing and vent diameter in-
creases contributing to an added fullness at the parachute vent,

On each test inflation difficulties were encountered with two pan-

els. The parachute on test run No. 17, hesitated slightly during the in-
flation process, after which apparent normal operation was resumed.
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On test run No. 19, two roof and guide surface panels remained unin-
flated for the first 2 seconds of operation. After thistime the guide surface
panels inflated but over-all panels did not inflate until low velocity end
of test was reached. Steady state diameter ratios averaged 84.3% on
test run No. 17 and 77.8% on test run No. 19 with corresponding aver-
age drag coefficients of 0.72 and 0.77. For their respective test runs
these figures are reverse of what would be expected, although the gen-
erally reduced average drag coefficients correspond to the reduced
average inflation figures. Opening shock factors for the two runs were
nearly identical, 1.21 and 1.24. Performance curves for these two
test runs are shown in Fig. 21.

Two more parachutes within this configuration group were tested
on test run Nos. 30 and 40. These parachutes had no pressure relief
slots in the round seam, and the central vent was covered on the para-
chute tested on test run No. 30. Increasing velocities and higher ex-
pected opening shock forces suggested changes in the suspension line
assemblies to withstand the anticipated load increases. Although 9000
pound T.S. webbing would undoubtedly have been strong enough it was
not commercially available at that time, so 1 inch - 12, 000 pound T.S.
webbing was used on these parachutes. It was also suspected that the
original four line keeper was contributing to uneven line elongation and
loading, due to its inherent four line method of attachment. This was
alleviated by installing an improved keeper, which attached to all lines
going through the confluence point. Both of these keepers are described
in detail in Appendix E. Dimensional changes, decreasing the fullness
at the vent of the parachute, was also made to the parachutes on these
two tests.

The most satisfactory operation of a G.S. Ribless type of para-
chute in the test program was obtained with this configuration in test
run Nos. 30 and 40. Both tests yielded a steady state drag coefficient
of 0.80 although the opening shock factor from the two tests varied
widely. On test run No. 30, which deployed at a velocity of 622 mph,
the opening shock factor was 1.78 while on test run No. 40 which was
deployed at the higher velocity of 802 mph the opening shock factor was
1.33. If a relationship between deployment velocities, or dynamic pres-
sure, and opening shock force can be assumed it is evident that the open-
ing shock force producing the high opening shock factor can be found in
the inflation process, which shows that the parachute reached its peak
force in approximately half the time required for the corresponding
higher deployment velocity of test run No. 40 and approximately two-
thirds the time of other comparable tests. This is graphically illus-
trated on the performance curves for these two tests, shown in Fig. 22.
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3. 6.5 Foot Diameter, 16 Gore, Type III Cloth

Since considerable over-all strain damage was evident in the
final 12 gore configuration a 16 gore version was designed to continue
the higher velocity tests. The additional gores in the parachute were
theoretically to add strength to the unit by decreasing over-all panel
size as well as add total line strength. Basic gore dimensions for the
standard 16 gore configuration are shown in Detail "B'" in Fig. 17.

Test run Nos. 45, 52, and 58 were performed with this configura-
tion at deployment velocities of 795, 835, and 785 mph, respectively.
On test run No. 45 the parachute was severely damaged at opening
shock. On test run Nos. 52 and 58 the parachutes suffered minor dam-
age during inflation and did not fully inflate. Four seconds was re-
quired to inflate all panels of the parachute on test run No. 52 during
which time the dynamic pressure had decreased from 1630 psf to 287
psf. This corresponds to a velocity decrease from 1225 to 514 fps
T.A.S. On test run No. 58 a total of 13 panels were inflated through-
out the test. Both tests yielded an average steady state diameter ratio
of 87.5%. Despite the partically inflated condition of the parachutes on
both tests an average steady state drag coefficient of 0.83 was realized
on test run No. 52. Corresponding opening shock factor was 1. 47.
Graphical representation of the operation of the parachutes in this
group is presented in the performance data summary curves in Fig. 23,

4, 6.5 Foot Diameter, 16 Gore, Type III Cloth, 90% G. S. Width

The parachutes in this configuration group were identical to the
standard 16 gore parachute except that the width of the guide surface
panels was reduced 10% from the standard 16 gore pattern as shown in
Detail "C", Fig. 17. This reduced the inlet area at the mouth of the
parachute and slightly altered the angle of the cone formed by the guide
surfaces. Introduction of these alterations was designed to eliminate
the apparent looseness of the canopy material in an attempt to induce
full inflation at high deployment velocities.

Test run Nos. 61 and 73 were made with the modified 16 gore
parachute. Rocket engine malfunction on test run No. 61, resulted in
extremely low deployment velocity and caused the test parachute to be
destroyed by dragging along the track. On test run No. 63 five panels
were blown out of the parachute when deployed at 858 mph. The open-
ing shock force of 52,149 pounds, corresponded to a maximum diameter
ratio of 82. 6% at time of failure. It is interesting to note that the open-
ing shock force causing failure of this parachute was approximately 20%
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below that of the standard 16 gore parachute which did not inflate fully
under similar conditions.

5. 6.5 Foot Diameter, 16 Gore, Type III Cloth (90% G.S. Width -
15% Spoiler Flaps)

This configuration, tested on test run Nos. 60 and 62, was a
modified 16 gore parachute as described in paragraph 4 above, with
the addition of spoiler flaps measuring 0.15D in length and placed in
alternate gores, below the guide surface panels and between adjacent

suspension lines. A photograph of this type of parachute is shown in
Fig. 24.

Figure 24 Guide Surface Ribless Parachute with Spoiler
Flaps
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Both of the tests with this parachute resulted in severe damage
to the canopy and lines during inflation. The inflation and force curves
shown in Fig. 25 are unique in that they illustrate almost identical char-
acteristics of the two parachutes up to time of failure. Also pertinent,
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is the fact that the two parachutes with spoiler flaps, which are intended
to slow the opening process and reduce opening shock, had opening shock
forces approximately equal to the identical parachute without spoiler
flaps, under comparable test conditions.
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APPENDIX C

FIST RIBBON PARACHUTE

A. Introduction

The FIST Ribbon parachute is basically a flat parachute, assembled
from triangular panels which form the regular polygon configuration of the
parachute. Each panel is a grid of horizontal ribbons spaced and retained
at close intervals by one or more vertical ribbons. Radial bands, extending
from vent to skirt at the sides of each panel, join the panels together and
transfer the forces developed in the canopy to the suspension lines. A typical
FIST Ribbon parachute is shown in operation in Fig. 26. Figure 27 illus-
trates a typical panel assembly. A complete description of the FIST Ribbon
parachute is presented by Knacke (Ref. 5) and general specifications for the
construction of the parachute are given in Ref, 8.

B. Test Program

A series of 33 tests was conducted in which various configurations of
FIST Ribbon type parachutes were tested on the 10, 000 foot Free Air Test
Facility Track at Edwards Air Force Base, California. All tests were per-
formed with the liquid fuel rocket powered test vehicle described in Appendix
F at deployment velocities ranging from 450 and 840 mph T.A.S. The para-
chutes tested in the program, with the exception of a 6.57 foot special purpose
design, ranged in size from 8.06 to 8.92 feet in diameter. Fabrication was
in accordance with military specification MIL-P-6635 (Ref. 8) with design
and revision information being furnished by the contracting agency. Major
dimensional details, materials, and material specifications of the various
FIST Ribbon parachutes tested in the program are listed in Tables 12 and 13.
Geometric variations in the series of parachutes tested included diameter,
number of panels, and the number and spacing of horizontal and vertical rib-
bons. The latter factors are primary determinants of the geometric porosity
and influence some of the important operational characteristics of this type
of parachute. Variations in these geometric parameters during the test pro-
gram resulted in a total of 12 parachute types with geometric porosities rang-
ing from 12.86% to 23. 30%.

50



Figure 26 Typical FIST Ribbon Parachute in Operation on Test
Vehicle

@ Parachute Performance

FIST Ribbon parachute performance data for the 12 parachute types
considered in 33 test runs, are tabulated in Table 14 according to parachute
type number and corresponding geometric porosity. Summary curves which
give the important performance characteristics are graphically presented
for each test and type number. For rapid and accurate comparison, mul-
tiple sets of performance curves have been placed on graphs common to any
one configuration group. This serves to highlight erratic operation as well
as indicate the average characteristics of the type being presented. Per-
formance details of the 12 configuration groups are listed below in order of
type number. This approximately coincides with the order of design and
testing. Within each group the velocity increases closely parallel the increase
in run number as each type was tested.
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1. FIST Ribbon Type 107 VENT RIBBON
(Ag = 14.62%) |

8§
The FIST Ribbon Type 107 ¥

parachute tested in this program
was a strengthened version of the
Phase I, subsonic, Type 107 par-
achute. The heavy material re-
quired for the anticipated higher M
deployment velocities of Phase II
tests, eliminated the porosity ad-
dition due to material permeabil-
ity. This resulted in a signifi-
cant decrease in the total poros-
ity (>\ g DOw equal A t) of the high-
speed design over that of the final
Phase I design (from 17. 6% to s
14.6% ).

I SKIRT
L jl'n RIBBON
A total of six tests, test . L&'

run Nos. 7, 8, 10, 12, 13, and . € |
18, was conducted with the 107 Figure 27 Panel Layout - FIST Rib-
configuration. On two of the bon Parachutes

tests in this group insufficient

information was obtained for complete analysis. On one of these tests,
test run No. 8, it was observed that the parachute inflation appeared
improper, with one section of the parachute remaining pushed in. On
test run No. 10, an extremely low deployment velocity caused para-
chute to be damaged by dragging along the track. Good performance
data were obtained on test run Nos. 7, 12, 13, and 18 at deployment
velocities of 450, 577, 645, and 770 mph, respectively. Performance
curves for these tests are plotted in Fig. 28. On test run No. 18, how-
ever, severe damage to parachute and lines, at a maximum force of
35, 803 pounds, rendered the information useful only through the infla-
tion process. In the three tests where steady state analysis was pos-
sible, the drag coefficient CD0 averaged 0.57 and the opening shock

factor (X) averaged 1.21. This opening shock factor appears to be of
greater magnitude than would be expected when compared to over-all
FIST Ribbon results. In this respect, it should be noted that one of
the three tests from which the average was determined exhibited an
unusually high opening shock factor, and contributed greatly to the high
average result. If this test is eliminated from the average results, the
drag coefficient would not be greatly affected but the average opening
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TABLE 13

MATERIALS USED IN FIST RIBBON PARACHUTES

MINIMUM TENSILE

PART MATERIAL SPECIFICATION SIZE e
RIBBON; NYLON |MiL-R-5608A |WIDTH =2 in 1000 Ibs
HORIZONTAL | PARACHUTE
RIBBONS | TAPE, REINFORC-|MIL-T-5038 |WIDTH= 2in 1700 Ibs
ING
WEBBING ; NYLON |MIL-W-4088 [WIDTH= I34in | 3600 Ibs
TAPE
RADIAL NYLON REINFORC{MIL-T - 5038 |WIDTH = 2 in 1700 Ibs
RIBBONS | ING
RIBBON; PARA- |MIL-R-5608A |[WIDTH =2 in 1000 Ibs
CHUTE
VERTICAL | TAPE ; NYLON |MIL-T-5038 |WIDTH = %ein 500 Ibs
RIBBONS REINFORCING
HORIZONTAL | WEBBING, NYLON | MIL-W-4088 |WIDTH:= (% in | 3600 Ibs
REINFORCING
WEBBING
VENT WEBBING , NYLON | MIL-W- 4088 | WIDTH = lin 6000 Ibs
REINFORCING
St WEBBING , NYLON [ MIL-W - 4088 |WIDTH=1%in | 3600 Ibs
REINFORCING | wgBBING , NYLON | MIL-W - 4088 | WIDTH = 1 %ain | 6000 Ibs
WEBBING, NYLON [ MIL-wW- 4088 | WIDTH = 1in 6000 Ibs
SUSPENSION
LINES WEBBING, NYLON| NON - SPEC WIDTH = 1in 12000 ibs
WEBBING , NYLON| MIL-W-5625 | WIDTH= Iin 3000 Ibs
POCKET
o TUBULAR
WEBBING , NYLON| MIL-W-4088 | WIDTH = 1¥%ain | 3600 Ibs
THREAD; NYLON |MIL-T- 7807 | SIZE F Il Ibs
e SIZE FF 14 Ibs
3 CORD 24 Ibs
5 CORD 40 Ibs
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