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ABSTRACT

An experimental investigation was conducted to determine the
differential pressure distribution over the surface of parachute
cancpies during the period of inflation under finite mass conditions.

Full scale parachute canopies of the Circular Flat, 10% Extended
Skirt, Ringslot and Ribbon types were utilized during the free-flight
test program, and differential pressures on the gore centerline and on
the cord line were measured by means of four pressure transducers dis-
tributed over the canopy in equal distances from the skirt to the vent.

In order to analyze the relationships and dependencies between the
pressure distribution, projected canopy area, canopy shape, generated
force, and dynamic pressure, graphical displays of these quantities were
made as a function of time for each type of parachute canopy.

The results of the pressure distribution measurements permit a better
understanding of the physical nature of the dynamic process of parachute
inflation., The stress distribution in a parachute canopy can be calculated
if the corresponding canopy shape is known. For this purpose, the evolve-
ment of the canopy shape with the corresponding time is presented for each
of the canopy types.

(The distribution of this Abstract is unlimited.)
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1. INTRODUCTION

The determination of stresses in a parachute canopy, their
distribution over the canopy and their time history during the inflation
phase has as yet not been successful, neither through analytical methods
nor through actual measurements. The common method for the sensing of
stresses in a structure by means of strain measurements fails to work in
a parachute canopy fabricated from nylon material. The reasons are the
high breaking elongation and the nonelastic behavior of the nylon material.

Theoretical attempts for the calculation of stresses are all re-
stricted to the steady state phase of an idealized rigid shape (Ref. 1 and 2).
The application of these methods to the unsteady phase requires simplifica-
tions and assumptions which do no longer reflect the realities of the dynamic
process of parachute inflation.

As an alternative, the magnitude and history of stresses in a para-
chute canopy can be reasonably closely approximated if the pressure
distribution over the canopy in relation to the instantaneous canopy shape
is known. The stresses can then be calculated, using experimentally acquired
pressure distributions and corresponding canopy shapes gained from photogra-
phic recordings.

The measurement of the differential pressure over the parachute canopy
and its time history was made possible by the availability of a special small
size, lightweight, acceleration insensitive pressure transducer. The feasi-
bility of the measurement of differential pressures on inflating parachutes
was successfully demonstrated during a series of wind tunnel tests on scale
model parachute canopies opening under infinite mass conditions (Ref. 3
and 4).

This report documents the procedures for and the results of measure-
ments of differential pressures and correlating canopy shapes on full scale
parachutes during free-flight tests and while opening under finite mass
conditions.

2. TEST CONDITIONS

2.1 Parachute Types
Four basic types of parachute canopies were investigated:
Circular Flat Type Canopy, Type C-9
10% Extended Skirt Type Canopy, Type T-10
Ringslot Type Canopy
Circular Flat Ribbon Type Canopy

The Type C-9 and T-10 parachute cancopies were purchased from
Brueggemann & Brand KG, Volmarstein, Germany. Their design parameters were
based on Military Specifications.



The design of the Ringslot (G) type canopy was based on Specifi-
cation MIL-C-9401A., The canopies had a nominal diameter of 32 ft.
(9.76 meter), and incorporated 32 gores, 10 concentric cloth rings, and
a geometric porosity of 15%.

Two other Ringslot (U.8.) type cancpies were furnished by the United
States Air Force Flight Dynamics Laboratory., This canopy type had the same
dimensions and porosity as the type (G), but was constructed of 11 cloth
rings.

The design of the Circular Flat Ribbon (G) type parachute was based
on Specification MIL-P-6653, The canopies had a nominal diameter of 34 ft.
(10.38 meter), and incorporated 34 pores, 83 concentric ribbons, and a
geometric porosity of 15%,

Two other Cirecular Flat Ribbon (U.S.) type canoples were furnished
by the United States Air Force Flight Dynamics Laboratory. These canopies
were of the same dimensions and had the same geometric porosity as the type
{(G), but were constructed of 76 concentric ribbons and had a larger vent.

The cloth Used in the fabrication of the Circular Flat and 10%
Extended Skirt type parachute canopies was made in accordance with Specifi-
cation MIL-C-~7020, Type I; and for the Ringslot type canopies cloth made in
accordance with Specification MIL-~C~7350, Type I was used. The ribbons used
for the fabrication of the Circular Flat Ribbon type cancpies were made in
accordance with Specification MIL-T-5608, Type V, Class C,

2.2 Test Vehicles and Test Method

The DFL Parachute Test Vehicles, Type FB1lA and Type FB1B, fully
instrumented and recoverable by an independent parachute recovery systen,
were used throughout the experimental test program. The Type FBlA test
vehicle (Figure 1) was used for the testing of the solid cloth type parachute
canopies; the Type FB1B test vehicle (Figure 2), which is the basic Type FB1lA
test vehicle with an enlarged test parachute compartment, was utilized for
the testing of the geometric porosity type parachute canopies.

The components of the test system are shown in Figure 3. The front
compartment of the test vehicle contains the on-board 7-Channel FM/FM type
telemetry system (Figure 4). The telemetry system is composed of subcarrier
oscillators, Vector Type TL61B; a mixer-amplifier, Vector Type TA48; and a
transmitter, Vector Type T1225. The front compartment also contains the
power supply and a command recelver.

The telemetry ground station (Figure 5) contains the receiver and
diseriminators. All conditioned signais were recorded on a Honeywell
Visicorder.

A 16mm on-board photographic camera of the Photo Sonics type recorded
the frontal view of the test parachute canopy at a rate of 100 frames per



second. .The growth of the projected canopy area was determined from this
recording. A 32mm ground based photographic camera of the Vinten type
recorded the profile shapes of the inflating and inflated canopy at a rate
of 100 frames per second.

Initially, the flight path of the parachute-load configuration was
recorded by two cinetheodolite stations. From these recordings, the velocity
of the system and the dynamic pressure were determined. Subsequently, the
dynamic pressure was measured directly by means of a vehicle-borne pitot-
static probe and pressure transducer arrangement since this method proved
to be as accurate as the data derived from the cinetheodolite measurements.

Four pressure transducers were affixed to the test parachute canopy
(see Figure 6) from skirt to vent in equal distances. For one test series
they were located along one of the canopy cord lines, for another test
series along a gore center line,

Equal numbers of suspension lines were comnected to two short risers.
The risers were attached to the test wvehlcle at two opposite points at the
aft end of the parachute compartment, A strain gage type force transducer
was inserted in each of the two risers and the two signals were added elec-
trically,

All pertinent data were recorded on the same recording medium. The
recordings rendered by the Visicorder contain the telemetered and conditioned
signals of the four differential pressures as sensed by the DFL pressure
transducers, the force transmitted from the parachute to the test vehicle
as sensed by the two tensiometer links, the dynamic pressure as sensed by
the test vehicle-borne pitot-static tube and pressure transducer arrangement,
and the shutter opening of the on-board camera. In addition, the shutter
openings of the cinetheodolite and ground based cameras were recorded. The
time base of the recording is given by lines spanning the width of the
recording medium and produced by a 100 Hz signal generator. - By this method,
an accurate correlation of all recorded quantities is possible.

2.3 Test Procedure

The test vehicle was released from the test aircraft (Dornier 27)
at a velocity of 110 knots IAS (205 km/hr) and at an altitude of 1000 ft.
{300 meters).

An electronic timer initiated two pyrotechnic cartridges which
released the cover of the test parachute compartment. A small pilot chute
was attached to the cover and was deployed during cover release. The pilot
chute deployed a 7.8 ft (2.4 meter) diameter extraction parachute which, in
turn, pulled the packed test parachute from the stowage compartment and
aided in test parachute deployment.

As long as the test vehicle was carried by the aircraft, it was con-
nected to the aircraft's power supply. TIwo seconds before drop, the ground
based recording system was activated; one second later, the ground camera
started to operate., At the moment of drop, the test vehicle was disconnected



from the aircraft power supply and the on-board instrumentation system was
connected to the test vehicle-borne power supply. The event of power
transfer from external to internal was telemetered and recorded on the
recording medium. A fractlon of a second later, an electronic timer ini-
tiated the firing of the explosive bolts which served to keep the parachute
compartment cover attached to the test vehicle, and activated the on-board
camera,

Measurement of all quantities was continued to the moment of test
vehicle ground impact. TIn order to allow re—use of the pitot-static tube,
the probe was separated from the test vehicle at a point 200 ft. (61 meter)
above ground and recovered by a separate parachute.

During tests where cinetheodolite measurements were made, time syn-
chronization with other transmitted signals was accomplished in the same
manner: the openings of the camera shutters were tramsmitted and recorded
on the same medium,

Four identical deployment tests were made with each parachute canopy
type and location of pressure sensing element arrangement. Reproductions of
selected frames showing the evolvement of the canopy profile shapes during
the filling process, as rendered by the ground-based camera, are shown in
Figures 31 through 42, Reproductions of the original recordings of all
telemetered and other signals are given in the Appendix.

3. RESULTS AND ANALYSIS

3.1 Canopy Pressure Distribution and Corresponding Projected
Canopy Area, Force, and Dynamic Pressure as Functions of Time

Two of each four identical tests on a specific parachute canopy
type and pressure transducer arrangement were selected for detailed analysis.
The results of this analysis are presented in Tables 1 and 2 and in Figures
7 through 30. The dynamic pressure at time of snatch, the parachute filling
time, and the maximum pressure coefficients for each of the four pressure
sensing locations are listed in Table 1. Table 2 is a tabulation of the
measured snatch and opening forces as well as of the time of occurrence of
the maximum opening force for each of the tests selected for analysis.
Figures 7 through 30 are graphical presentations of the evaluated quantities
as functions of the dimensionless time, T. The reference time is the respec-
tive parachute filling time, tgf.

The four differential pressures, Ap , are made dimensionless by the
dynamic pressure at the time of snatch, P and presented as differential
T fficients, irt .
pressure coefficients CPl (skirt), sz, Cp3’ and cp4 {vent)
_ The instantaneous projected canopy area, S,, was determined from the
" on-board photographic recordings and made dimensionless by the nominal
canopy area, S;.
The instantaneous dynamic pressure, s 15 made dimensionless by
the dynamic pressure at the time of snatch, 13, and the instantaneous

4



force, F, is divided by the steady state drag force for the dynamic pres—

sure at time of snatch, (CpS) @y - This permits the direct determination
of the value of the opening shock factor of the parachute canopy from the
plotted function. The opening shock factor is equivalent to the maximum
value shown after occurrence of snatch.

The time histories of the differential pressures are shown in the
graphical presentations in Figures 7 through 30, The peak pressure values
appear shortly before or after the occurrence of the snatch force. At this
time, the quarter bag is already partially or fully removed from the canopy.
The pressure fluctuates between positive and negative values. This is due
to high local dynamic pressures caused by the flutter of the canopy material
during this early stage of filling. The highest peak can be positive or
negative at random. This peak appears first in the skirt area and then moves
along the canopy towards the vent area,

The solid cloth type parachute canopies exhibit higher pressure peaks
than the geometric porosity type canopies. The highest values are associated
with the Circular Flat Type canopy, the lowest values with the Ringslot type
canopy. On the average, the peak pressure coefficients for the solid
cloth type canoples are between the values of 2 and 3; for the geometric
porosity type canopies they are between the values of 1 and 2, :

The history of the differential pressure with respect to both ampli-
tude and frequency is different for the solid cloth and for the geometric
porosity type parachute canopies. As sensed along the cord line of the
geometric porosity type parachute canopies, the time history of the dif-
ferential pressure at the skirt and at the two adjacent points of measurement
is very smooth. Only the vent area shows considerable pressure variations.
This indicates that sufficient differential pressures are difficult to build-
up in geometric porosity type canoples due to the relatively large openings
between ribbons or concentric rings. As a consequence, the filling time is
longer for these canopy types. Especially the United States version of the
Circular Flat Ribbon type canopy exhibited extremely long filling times,
between 4 and 11 seconds; however, these long filling times may be partially
attributed to the fact that the United States canopy version had a somewhat
larger vent than the German version of the canopy.

In general, the pressure distribution and pressure time histories of
all four types of parachutes show the same tendencies. There are violent
fluctuations between positive and negative pressure peaks caused by flutter
of the material during the inflation phase. As the canopy fills in the vent
area, the material flutter ends very soon in areas adjacent to the vent.
After a few early negative peaks, the differential pressure at the vent
remains mainly positive. As the canopy filling continues toward the skirt,
the material flutter diminishes correspondingly. The time where the canopy
vent area is filled corresponds to the end of the "initial" filling period.
The dynamic pressure has decreased to 207 of its value at time of snatch,
the projected canopy area has increased to approximately 6.2% of its steady
state value, and for geometric porosity type parachutes, the opening shock
has occurred. The pressure history in the vent area differs markably from



those at the other points of measurement. It has high positive values
during the entire "initial" filling phase.

Comparing all the test results, one exception becomes evident. The
pressure histories measured on the Circular Flat Ribbon (G) type canopy
show the same trends, but to the negative side (compare tests AF72, 73, 75
and 77 and Figures 23, 24, 27 and 28). No explanation can be offered for
this result. Everything possible was checked, but nc mistake in electrical
connections, calibration or sensors could be ascertained. Since all other
test parachute canopies, even the Circular Flat Ribbon (U. §.) type show
pressure trends to the positive side, a mistake in data acquisition has
to be assumed.

In general, the pressure measurements revealed that the pressure
fluctuations are more violent along the gore centerline than along the cord
line, This, again, may be attributed to the flutter of the material in the
gores.

3.2 Evolvement of Canopy Shape

The evolvement of the shape of each of the four parachute canopy
types is shown in a series of pictures selected from the photographic record-
ings rendered by the ground based camera. These pictures are reproduced in
Figures 31 through 42." Two series of pictures are shown for each canopy
typer One series represents tests where the pressure transducers were
attached to a gore centerline of the canopy, the other series was taken during
tests where the pressure transducers were attached to one of the canopy cord
lines,

Twelve characteristic stages of filling were selected for each series
of pictures. The first picture in each series reflects the canopy configura-
tion at time of smatch (T-0), the following pictures show several consecutive
stages of fi1lling, the canopy shape at the time the maximum force occurs, the
first attainment of the steady state projected diameter (T = 1,0), the maximum
projected area shape (overinflation), and the last picture shows the canopy
shape under steady descent conditions. Each of the shapes represented by
these pictures can be coordinated to the instantaneous pressure values by
virtue of the common time base.

Overall, the characteristic canopy shapes during the filling process
are reproducible with good regularity for the same initial conditions.

Idealizations of the canopy shapes can be made using basic bodies
of revolution such as cylinders, truncated cones, spherical segments, or
hemispheroids (Ref. 3 and 4). For a dimensional determination of the canopy
shape, the length of the test vehicle (without pitot-static tube) may be used.
For the Type FB1lA test wehicle, which was used for tests on the solid cloth
type parachute canopy, this length is 6.9 ft. (2.26 meter); for the Type FB1B
test vehicle used for the testing of geometric porosity type canopies, this
length is 6.75 ft, (2,208 meter).



The previously mentioned fluttering of the canopy material during
the early filling phase may be seen from these pictures.

4. CORCLUSIONS

An experimental test program was conducted to determine the values
and the time history of the differential pressure at different locations over
the surface of four types of parachute canopies while opening under finite
mass conditions. To permit a more complete analysis of the canopy pressure
distribution, the dynamic pressure and the forces generated by the inflating
canoples were measured as a function of time, and the canopy profile shapes
were derived and related to a common time base. The results of this test
phase supplement the measurements made during an earlier phase under which
similar quantities were acquired and analyzed for model parachute canopiles
opening under infinite mass conditions.

The results of the experimental test program confirm the expected
difference in the frequency and amplitude of the differential pressure
values between solid cloth and geometric porosity type parachute cancopies,
The peak pressure coefflcients for solid cloth type canopies are generally
between the values of 2 and 3, while values between 1 and 2 were measured
on the geometric porosity type canopies. Violent fluctuations of the dif-
ferential pressures between positive and negative pressure peaks are evident
during the early stage of canopy filling. These fluctuations are due to the
flutter of the canopy material., As canopy filling progresses from the vent
towards the skirt area, the material flutter diminishes and the differential
pressures show mainly positive wvalues.

Although a great deal of insight into the pressure distribution of
inflating parachute canopies was gained from this test series, which will be
of benefit to the formulation of stress analysis approaches for the unsteady
phases of parachute operation, the absolute pressure values must be applied
with caution. However, the results of these initial measurements of the
dynamic differential pressure distribution over the surface of the parachute
canopies tested will serve to gain a better understanding of the canopy stress
loading history and its distribution. It is primarily a qualitative impression
that can be gained about the stresses. For a quantitative evaluation, addi-
tional work has to be performed to improve upon methods for the numerical
reduction of the measured pressure values into stress values, Difficulties
result due to the dynamics of the parachute inflation process. For example,
the highest pressure peaks were measured during the flutter phase of the
canopy material, and the idealization of the canopy shapes during this phase
and the correlation of the measured pressure values to these shapes may yield
erroneous results, Longitudinal stresses will be predominant during the
material flutter phase. During the steady state phase, the circumferential
stresses will cause the main loading. This has to be considered in more
detail during the formulation of stress analysis approaches.

Another problem for the formulation of a valid stress analysis
approach is the visco-elastiec behavior of the nylon material, which makes



the stress-strain relationship very complicated. The inclusion of this
relationship Into a practical stress analysis method should be avoided.

Additional experimental data should be acquired for differential
pressures acting between points 3 and 4 on the canopies, since the vent
area exhibits high continuous positive differential pressures. A series
of tests should also be performed at dynamic pressures which are higher
than those at which this test program was conducted and which are close
to the strength limit of the canopy material,
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Fig. 1 Parachute test vehicle ¥B 1A

Mg, 2 Parachute test vehicle FB 1B
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TABLE 1

Peak wvalues for differential pressure ccoefficients

c

=/_\.p/q's and corresponding times T = t/"bf

P
Parachute | Locationof| Test 9g ‘tf cp‘f cp2 CP3 cp4
Type pressure | No. (skizd) (vent
transduced AF Ep/mz:[ [sec] T1 T2 ‘I'5 ‘I'4
1.64 | -2.54 [-2.35 |-1.25
1 194  [1.14
-0.018(0.,00 .
cord 710.035 0,061
Ed 2,25 |-2,61 [-1.18 [0.890
é 2 188 [1.05
- L0.029 10,005 [0.038 |0.357
< 2.19. [1.63 [.85 [2.98
B 5 186 | 1,28 -
= .0.005]0.015 [0.0%3% | 0,180
0 gore
-1.80 | -1.73|-1.20 |1.30
7 201 1.16
~-0.009 0.013 (0,243 [{0.300
-1.82 1-2,92[1.19 [-1.76
24 172 11,72
3 cord 5 -0.007|0.019 |0.044 |0.062
& k@i -1.15 [1.24 (1.05 |0.94
e 26 193 |1.609
2 1 0.011 |0.032 [0.034 |0.248
2 1.39 | =1.63 1.54 |-1.12
% 14 227 | 1.795
Ex -0,003|-0.015[0,03%8 [0.212
o gore
K -2.24 | -2.60 [-2.00 {1.02
16 206 |2.158
-0.005|0.013 [0.029 |0.248
-0.42 [-0.95[-0.51 |[-1.14
33 198 |3.68
cord -0.015/0.005 | 0.050| 0.090
P 0141 0051 0057 -1'84
NS 35 182 | 3,21
£ -0.017(0.061 | 0.098|0.042
a 1,17 |-0.70 | 0.75 | -1.23
s 51 202 12,99
H
B sore -0.012]0.067 | C.027{0.095
-1.56 | =0.56 |-1.15 [ 1.0%
55 200 3.79
0.021|0.007 [0.071 10.094
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TABLE 1 (cont.)

Peak values for differential pressure coefficients

c

=Ap/qS and corresponding times T = t/tf

P
Parachute |Locationof| Test q, tf rcp1 cp2 ch cP4
Type pressure |No. kirt) (vent)
transducers| AF Ep/m%i [ﬁe% T, T, 75 Ty
-1.93 | -0.84 | 1.24 |-1.95
34 214 2.83
cord 0.001 |0.008 | 0.034| 0.120
”y =077 |1.73 |-1.97 2.76
= 36 185 2.77
o -0.003%|0.010 | 0.080|0.116
=)
= 1.57 |-0.85 |-1.04 | 1.22
O 40 206 3.37
H gore 0.053!0.007 [0.023 |0.099
-1.78 |-0.60 -0.79 |-1.08
43 190 3.62
0.019 {0.039 [0.063 [0.075
0.74 |2.32 |-0.88 |-2,22
72 181 2.04
-0.006|0.002 [0.022 10.174
Es cord 1.07 |-0.59 0.56 |-2.42
B o~ 73 186 2,32
- O -0.004|0.012 [0.117 |0.172
E§ = 1.13 [1.71 P67 |-1.13
o & 75 166 2.26
— e 0.049 |0.022 [0.053 |0,220
O ™ gore
—1.38 1.48 0.72 -2-69
77 182 1.94
0.083 [0.004 [0.131 |0.050
-0.47 '-1.20 |-0.68 |1.04
42 190 9.37
cord 0,000 [0.0C01 P0.020 |0.027
& -0.95 |=1.74 |~0.75 |-2.00
B @ 54 | 206 |10.98
e = 0.002 |0.00%1 {0,032 [0.016
3 5 1.17 |1.01 k1.45 |-1.88
5 @ 60 192 4.46
o o gore 0.056 |0.080 |-0.001]0.081
-1.28 |-0.90 [-0.75 [1.13
66 170 4.18
0.034 |0.090 0.054 [0.103
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TABLE -2

Snatch Force and Opening Shock values with corresponding times

for all parachute types

Parachute Test Snatch [Opening |Filling |(Time of occurrence
Type No. AF | Force Shock time of Opening Shock
Pb% Eb% Ee@ @eﬂ
1 703 1695 1.140 0.720
B
3
Py 2 670 1728 1.050 0.770
:
N 5 1000 1248 1.280 0.807
o
o]
7 984 1418 1.160 0.825
24 979 1573 1.720 0.478
E-
5
b 26 950 1615 1.609 0.464
Pos
A
= 14 1064 2361 1.795 0.465
&
&
16 947 1313 2.158 0.447
33 440 1150 3.680 0.340
5
~ 35 1133 1035 3,210 0.330
2
o
&
& 51 509 | 1074  [2.990 0.775
=1
55 558 1429 3.790 0.326
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TABLE 2 (cont.)

Snatch Force and Opening Shock values in lbs with corresponding

times in sec for all parachute types

Parachute | Test Snatch |QOpening | Filling | Time of occurrence
Type No. AF |Force Shock time of Opening Shock
[y
Ebﬂ Bbﬂ Feﬂ &eﬂ
34 473 1396 2.830 0.330
w
2 36 565 1275 2,770 0.350
EH
()
n
g 40 595 1071 5.370C 0.3%19
=
43 476 969 3.620 0.674
72 1304 1294 2,040 0.368
=
E 73 493 1412 2.%20 0.850
o
[ oJAS
<5
=
52 75 460 1403 2.260 0.843
~ M
[an1 H
oo
77 1002 1445 1.940 0.83%5
42 394 936 9.370 0.494
E
<
oo 54 565 9507 10.980 0.426
r
g
=
=
S 60 1176 887 4.460 0,850
o m
66 466 936 4.180 0.990
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Looation of prespure transducers
15 TEST NO. AP 1 on the cord center line

'A

/. 3 1 =« gkirt
10 / 2 | 4 = vent
05 !

\m/me -

szo 1LY ————

05 | A
§E 0 N\I/\A \/\——
Soo So = 58 [.2}
3
0.2 /
01 E—
0 * 10

g; - ;9#5[kp/uz]
008 = 08
006 *’/\ \‘\-.//\ 06 -
004 CD,&% /j ><,< | q {04
002 5 W/ \\\ \L/i:juz
0 0

0 0.2 04 06 08 T 10

Pig.7 Differsntial pressure coefficient c’ -/_\.p/g. and corresponding
projected area ratie s'/s.. opening shoek faotor F/C,8 ¢  and
dynamic pressure coeffioieat q,/g. versus time yatie for 20 ft

Ciroular Flat Parachute. Filling time t‘ « 1,14 [seel
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TEST NO.

AF 2

Looation of pressure transducers
cn the cord center line

4

T8

1 = akirt

4 = vent
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0 02 0.14 0.6 08 T 1.00

Fig. 8 Differeatial pressure ceeffioieat c, -A y/q. and corresponding
projscted area ratie !’/I.. opening shook factor !Vcnsoq. and
dynanio pressure coeffisiemt q/g. versus time ratio for 28 f4
Cireular Flat Parachute. Filling time tr = 1,05 [see]
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TEST NO. AF §

Looation of pressurs transducers

on thes gore

center line

[

1 = skirt

4 = vent

Mj\ﬂw

8o = 58 [

,o——-Ay-——**"*VJP_“AY’//
\TT\ i qs = 186 [kp/m?]
] | Cp = 0.75
ffn£;§qs A\\ﬁ;:::\\' TN \ i
/ [T ~—
71 L/ N 9
==/ :\\\““~‘ Qs
___J v f ““ﬁhh-‘di;“““ﬂw
0 02 04 06 08 T i

Differantial pressure oceefficient c’ -Cs)/\' and corresponding
projectsd area ratie a’/s.. opening shoek faotor !chn‘q.-lnd

dynamic pressures sosffiocient q/q' versus time ratio for 28 ft
Ciroular Piat Parachute. FPilling time §_ « 1.28 [sec]
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Location of pressurs transducers

TEST NO. AF 7 on the gore center line

&

| //”f 3 1 = skirt

H— ,-«} AQ/M [\\[1/\A. | A AN I~ /)
VA A N

N

\Vad r\ﬁ/A~v\/«r\/——#-_\JV\“ﬁ\J\fa\’J <

| //
e
— qg = 201 {kp/m?] 10
T~ Ch = 0.15 08

7
f\ﬂ ~J 04
/*”“‘thj \\“-_ jii; 02

0
0 02 04 06 08 T 10

Differential pressure oeefficient C_ =A »/a, snd oerresponding
projestsd area ratio l,/l., epening shook factor !Vcnp’q. and

dynamis pressurs ceefficient q/q. versus time ratie for 28 £t

Circular Flst Parachute. Pilling time tr e 1,16 [nesl]
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TuST NO. AF 24

Logation of pressure transducers
on the cord center line

,/"ﬁ 3 1 = skirt
// 4 = vant
l ﬂ R 1
WA L
|
[H/ H VA__AYWWQ\}V N T
_!\AAA.A {M“ A — . f—-vh‘-l-_-"h'_'_“—
T' F V WV L T e
Mn A
vV
¥ - /’““*-—74f
8o = 88 [m?] i

Differential pressure cosffiocient c’ -ZX)/Q. and ocorresponding
projeoted area ratio a’/n'. epening shock factor z/cnsoq. and
dynanio pressurs coefficieat q/q. versus time ratio for 3% ft

Extonded 3kirt Parschute. Flllimg time ¢
22
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Cor TSR No. AP 26 P o e
/4 3 1 = akirt
/ Y 4 = vent
1
P e "
S G P
Ao
05 ‘
0 A.‘:‘.AM e e
Cry, “ i
1.0 |
05
Sp o AN A TN T %
-S% ‘ M 5 = 88 [mz] /
03 i ° v
0.2 /O/,/
0.1 . : -

0 qs = 1935 [kp/m?] 1.0
008 = ‘o= 013 0.8
0.06 - \ q 06

CpSogs /\‘ P /s
0.04 ,J ~J ~ 0.4
0.02 v / < \\——\ f//ﬂ/L 0.2
0 — w“uka,/”/’ T 0
0 0.2 0.4 0.6 0.8 T 10

Pig.12 Differentisl preasure ooeffiocient cp -Ap/q. and correspending

projected ares ratio 8’/8.. opening shook factor r/ens

oy

and

dynamic pressures coeffiolent q/q- versus time ratio for 35 It
Extended 3kirt Parachute. Filling time t!. = 1,608 [sea]
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Fig.13 Differential pressurs ocoefficient c’ -/ p/q. and ocorreeponding
projected area rstio 8'/8., opening shook factor !‘/Cnaol. and

dynanie pressure coefficlent q/gl versus time ratio fer 3% ft
Extended Skirt Parachute. Pilling time t, = 1.795 [eeo]
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TEST NO. AF 16

on the gore

Location of pressure transducers

center line

//,—‘

[

1 = gkirt

4 = vant
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\ E

06

CoSet 0%
\ N

0 02 04 06 08 T 1.00

Differential pressure occefficienmt c, -Ap/q. and serresponding
projected area ratio l,/l.. opening shook faotor ,Vcb'o‘l and

dynasic pressure coefficient q/q. versus time ratio for 3% ft

Extended Skirt Parschute. Mlling time &, = 2,158 [see]
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Location of pressurs transducers

TEST ¥O. AP 33 on the cord oenter line

4

=8 | 1= ekirs
/’ [ 4 = vent
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POAA G PP N .

1 Lt e ~
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Pig.15 Differential pressure cosfficient c, -Ay/q. and ocorresponding

projected ares ratio BP/I,,, opening shoek factor P/CpSgq, and
dynamic pressure coefficient q/q, versus time ratio for 32 ft
Ringslot Parachute (G). Pilling time ty = 3.68 [wec]
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Cor | | mswoars e e e
/14 3 1 = skirt
10 | 4 = vent
05 | 11
_,:4%#:!&41,&&._& A
Coz O
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05 '
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Pig.16 Differential preasure coefficlent C, =/p/q, and corresponding

projected area ratio S;/S,, opening shook faotor F/CpS,q, and

dynanic pressure ccefficient q/q, versus time ratio for 32 ft
Ringslot Parachute (G). Pilling time ty = 3.21 [seo]

27



}Looation of pressurs transducers

TEST NO. AF 34 on the cord oenter line

A

4 = vent

-

N

/. 3 1 = skirt
; [ 1Y

\f\j N

o

—+ P

T

Ml'U'J | \ A

1 //"’/so - 76.6 (x2]

M

008

C__E_ Qs = 214 [kp/a%]
LD 209s . Cp = 90.55

006
004

o.ozj'f — |

o

s : — i

Pig.17

0 0.2 0.4 0.6 08 T

Differsntizl pressure coeffioient CP -Ap/q. and corresaponding
olg and
dynamic pressure coefficient q/q, versus time ratio for 32 ft
Ringslot Parachute (US). Pilling time ty = 2.83 [sac]
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Location of pressurs transducers

TEST NO. AF 36 on the sord center line

//”44 3 1 = skirt
/ lﬁ 4 = vent

006

N

004

/
Wa I —

002

|

0

0 0.2 0.4 06 08 T 10

Fig.18 Differential pressure coefficient Cp -Ap/q. and corresponding

projsoted area ratio sp/so, opening shook faator r/cna,q, and
dynamio presaure coeflfioient q/q. versus time retio for 32 It
Ringslot Parachute (UB). Pilling time ty = 2.77 [seoc]
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Location of pressure transduocars

TEST NO. AF 51 on the gore center line

A

P 3 1 = skirt
/7 4 = vent
| 1

—_—

I T

m o
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J<’A _% Qg = 202 [kp/m?]
Cp SoGs Cp = 0.55

1.0

08
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004

VAR = i

!

0

0.2

0 0.2 0.4 06 08 T

74g.19 Differential pressurs coeffisient Cp -Ap/q. and corresponding

projected area ratio sp/SO, opening shock factor F/Cnsoq. and
dynamic pressure ocoefficient q/qe versus time ratio for 32 ft
Ringslot Parachute (G). Filling time ty = 2.99 [sec]
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¥ig.20 Differential pressure coeffioient Cj =A\p/qe and corresponding

projected ares ratio 8p,/95, opening shock factor F/CpS,qe and
dynamic pressure occeffiolent q/q, versus time ratio for 32 ft
Ringslot Parachute (G). Pilling time tr = 3.79 [sec]
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Differential pressure coefficient Cp «/p/qe and corresponding
projected area ratio 9p/8g, opening shook facter ¥/CpSoqs and
dynamic pressure coefficient q/q, versus time ratio for 32 ft
Ringslot Parachute (US). Filling time tp = 3,37 [sec]
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C 20 Location of pressure transducers
9115 TEST NO. AF 4 on the gore canter lino!
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10 // | 2 4 =~ vent
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Fig. 22 Differential pressure coefficient Cp »)\p/qe and corresponding
projected area ratio sp/so. opening shock factor l‘/(:psoq. and
dynamic pressure coefficient q/q, versus time ratio for 32 ft
Ringslot Parachute (US). Pilling time tp = 3.62 [mec]
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Yig. 23 Differential pressure cosffisient Cp =Ap/qe and oorresponding

projected area ratio B,/S,, opening shock factor F/CpSgqe and
dynamio pressure coefficient q/q. varsus time ratio for 34 ft
Ciroular Flat Riddon Parachute (G). Pilling time tg = 2.04 [sec]
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Fig. 24 Differential pressure coeffiolent Cp =\p/qe snd corresponding
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projested area ratio Bp/Se, opening shock faotor F/CpSgqs end
dynamic pressure acefficient q/qg versus time ratio for 34 ft
Circular Plat Ridbbon Parachute (G). Filling time tp = 2.32 [seq]



Looation of pressure transduoere

TRST NO. AP 42 on the cord genter line
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Pig. 25 m!‘rcrontisl pressure cosfficient (g »Ap/q, and corresponding

o and
dynamic pressurs coefficient q/q. varsus thme ratio for 34 It
Circular Flat Ribdbon Parachute (US). Filling time ty. = 9.37 (sec)
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Looatien of pressure transducers
15 TEST NO. AF 54 on the cord eenter lime
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Fig. 26 Differential pressurs coeffioient Cp »Ap/qa and corrupomiing
projected area ratio Sp/Sp, opening shock factor F/CpSoqs and B
dynanio pressurs ooefficient q/q. versus time ratio for 34 ft
Circular Plat Ribbon Parachute (US). Pilling time t¢ = 10.98 [sec]
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Pig. 27 Differential pressurs coefficient Cp =Ap/q, &nd corrssponding
prejeated ares ratic Sp/Bs, opening shock factor P/CpSoqe and
dynasic pressure cosffioient q/q. versus time ratio for 34 ft
Ciroular Plat Ribbon Parachute (G). Pilling time ¢ty « 2.26 [sec]
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¥ig.28 Differential pressure coefficient Cp =Ap/qs and corresponding

projscted area ratio BP/SO. opening shock factor F/CpS,q, and
dynamic pressure coefficient q/gg versua time ratio for 354 f%
Circular Flat Ribbon Parachute (G). Pilling time ty « 1.94 [sec]
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Looation of prsssure transducers
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Pig. 29 Differential pressure coefficient Cp -Ap/q. and corresponding

projected area ratio SP/SO, opsning shock factor F/CpS.q, and
dynsaic pressure coeffioient q/q, versus time ratioc for 54 ft
Ciroular Plat Ribbon Parachute {US), Pilling time ty = 4.46 [meqg]
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TEST HO. AF 66

Looation of pressure transducers
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Fig.30 Differential pressure coefficient Cp =\p/q, and corresponding
projected area ratio sp/so, opening shook factor ¥/CpS,q, and
dynamic pressure ooefficient g /q. versus time ratioc for 34 ft
Circular Plat Ribbon Parechute (US). Pilling time ty = 4.18 [seq]
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TEST NO. AF 2-FILLING TIME t. = 1.05 [SEC
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-
it

STEADY DESCENT
FIG.31 EVOLVEMENT OF THE CANOPY SHAPE-28 FT CIRCULAR FLAT PARACHUTE
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FIG.32 EVOLVEMENT OF THE CANOPY SHAPE-28 FT CIRCULAR FLAT PARACHUTE
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FIG.33 EVOLVEMENT OF THE CANOPY SHAPE-35 FT EXTENDED SKIRT PARACHUTE
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FIG.34 EVOLVEMENT OF THE CANOPY SHAPE-35 FT EXTENDED SKIRT PARACHUTE
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TEST NO. AF 35-FILL

T = O (SNATCH FORCE T = 0.0280
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FIG.35 EVOLVEMENT OF THE CANOPY SHAPE-32 FT RINGSLOT PARACHUTE (G)
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FIG. 36 EVOLVEMENT OF THE CANOPY SHAPE-32 FT RINGSLOT PARACHUTE (US)
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TEST NO. AF 51-FILLING TIME t.=2.99 [SEC]
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FIG.37 EVOLVEMENT OF THE CANOPY SHAPE-32 FT RINGSLOT PARACHUTE (G)
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FIG.38 EVOLVEMENT OF THE CANOPY SHAPE-32 FT RINGSLOT PARACHUTE (US)
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TEST NO. AF 72-FILLING TIME t_.=2.04 [SEC]
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FIG.39 EVOLVEMENT QF THE CANOPY SHAPE-34 FT CIRCULAR FLAT RIBBON PARACHUTE (G)
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FIG.40 EVOLVEMENT OF THE CANOPY SHAPE-34 FT CIRCULAR FLAT RIBBON PARACHUTE(US)
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FIG.41 EVOLVEMENT OF THE CANOPY SHAPE-34 FT CIRCULAR FLAT RIBBON PARACHUTE (G)
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FIG.42 EVOLVEMENT OF THE CANOPY SHAPE-34 FT CIRCULAR FLAT RIBBON PARACHUTE (US)
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6. APPENDIX
Reproductions of the original oscillographic recordings with

differential pressures, force, dynamic pressure, openings of the camera
shutters and time base are shown in Figures 43 through 66,
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TEST NO. AF 1 - 28 FT CIRCULAR FLAT PARACHUTE
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ground camera shutters

Openings of the on-

board camera shutters

Openings of the cine-
theodolites shutters
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Dynamic Pressure

Snatch Force

Time base 100 cps

Fig. 43 Original registration. Pressure transducers on the cord center line
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TEST NO. AF 2 - 28 FT CIRCULAR FLAT PARACHUTE
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Fig. 44 Original registration. Pressure transducers
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(vent)
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on the cord center line



TEST NO. AF 5 - 28 FT CIRCULAR FLAT PARACHUTE
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Openings of the on-
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theodolites shutters

Force

Dynamic Pressure

Snatch Force

Time base 100 cps

Fig. 45 Original registration. Pressure transducers on the gore center line
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TEST NO. AF 7 - 28 FT CIRCULAR FLAT PARACHUTE

(skirt)
Differential

Pressure

(vent)

Openings of the

ground camera shutters

Openings of the on-
board camera shutters

——~Openings of the cine-
theodolites shutters

Dynamic Pressure

Snatch Force

Time base 100 cps

Fig. 46 Original registration. Pressure transducers on the gore center line
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TEST NO. AF 24 - BS?FT-EXTENDEDHSKIRQ PARACHUTE
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Time base 100 cps

Fig. 47 Original registration. Pressure transducers on the cord center line
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TEST NO. AF 26 - 35 FT EXTENDED SKIRT PARACHUTE
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Fig. 48 Original registration. Pressure transducers on the cord cente:r line
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TEST NO. AF 14 - 35 FT EXTENDED SKIRT PARACHUTE
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Fig. 49 Original registration. Pressure transducerg on the gore center line
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TEST NO. AF 16 - 35 FT EXTENDED SKIRT PARACHUTE
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Fig. 50 Original registration. Pressure transducers on the gore center line
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TEST NO. AF 33 - 32 FT-RINGSLOT PARACHUTE (G)
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Fig. 51 Original registration. Pressure transducers on the cord center line
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TEST NO. AF 35 - 32 FT RINGSLOT PARACEUTE (G)
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Fig. 52 Original registration. Pressure transducers on the cord center line
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TEST NO. AF 34 - 32 PT RINGSLOT PARACHUTE (US)
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Fig. 53 Original registration. Pressure transducers on the cord center line
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TEST NO. AF 36 - 32 PT RINGSLOT PARACHUTE (US)
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Fig. 54 Original registration. Pressure transducers on the cord center line
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TEST NO. AF 51 - 32 FT RINGSLOT PARACHUTE (G)
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Fig. 55 Original registration. Pressure transducers on the gore center line
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TEST NO. AF 55 - 32 FT RINGSLOT PARACHUTE (G)
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Fig. 56 Original registration. Pressure transducers on the gore center line
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TEST NO. AF 40 - 32 FT RINGSLOT PARACHUTE (US)
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Fig. 57 Original registration. Pressure transducers on the gore center line
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TEST NO. AF 43 - 32 FT RINGSLOT PARACHUTE (US)
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Fig.58 Original registration. Pressure transducers on the gore center line
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TEST NO. AF 72 - 34 FT CIRCULAR FLAT RIBBON PARACHUTE (G)

i
{ o

(skirt)

Differential

Pressure
(vent)

Openings of the

ground camera shutters

Openings of the on-

board camera shutters

-~ e ————————— —
e ——— A —————

P

\i
)

e ———

:k /
{
&\.,

P

Force

Dynamic Pressure

}

“""\-—'\-n_-_

Snatch Porce

|

{

e

kLA
e

i %

1

Time base 100 cps

e A S e e

—
F

Pig.59 Original registration. Pressure transducers on the cord center line
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TEST NO. AF 73 - 34 FT CIRCULAR FLAT RIBBON PARACHUTE (G)
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Fig.60 Original registration. Pressure transducers on the cord center line
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TEST NO. AF 42 - 34 PP CIRCULAR FLAT RIBBON PARACHUTE (US)
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Fig.61 Original registration. Pressure transducers on the cord center line
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TEST NO. AF 54 - 34 FT CIRCULAR FLAT RIBBON PARACHUTE (US)
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Fig.62 Original registration. Pressure transducers on the cord center line
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TEST NO. AF 75 - 34 FT CIRCULAR FLAT RIBBON PARACHUTE (G)
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Fig.63 Original registration. Pressure transducers on the gore center line
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TEST NO. AF 77 - 34 FT CIRCULAR FIAT RIBBON PARACHUTE (G)
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Fig.64 Original registration. Pressure transducers on the gore center line
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TEST NO. AF 60 - 34 FT CIRCULAR FLAT RIBBON PARACHUTE (US)
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Fig.65 Original registration. Pressure transducers on the gore center line
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TEST NO. AF 66 - 34 FT CIRCULAR FLAT RIBBON PARACHUTE (us)
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Fig.66 Original registration. Pressure transducers on the gore center line

78



UNCLASSIFIED

Security Classification

DOCUMENT CONTROL DATA-R&D

{5ecurity classilication of title, body of abstract and indexing annotation must be entered when the overall report ia classified)

1. ORIGINATING ACTIVITY {Corporala author) 2#. REPORT SECURITY CLASSIFICATION
Deutsche Forschungsanstalt fuer Luft-und Raumfahrt UNCLASSIFIED
E. V. (DFLR), Braunschweig, Flughafen, Germany z6, GRoOUP v

A

3. REPORT TITLE

Pressure Distribution During Parachute Opening
Phase IT - Finite Mass Operating Case

4. DESCRIFPTIVE NOTES (Type of report and Inclusive dates)
Final Scientific Report February 1966 - February 1968

5. AUTHOR(S) (Firat name, middle Initial, last name)

H, D. Melzig and C, Saliavis

8- REFORT DATE 78. TOTAL NO. OF PAGES 7b. NO. OF REFS
rebruary 1969 18 L
B4, CONTRACT OR GRANT NO.AF61(052)_922 94, GRIGINATOR'S REPORYT NUMBER(S)
6065

b. PROJECT NO.

<. Task No. 606503 ob. 31{3“::9:0?#? FORT NO{S} (Any other numbers that may be assigned

AFFDL TR-68-135

d,
IMSTR BUTION STATEMENT,

s document is subject to speclal export controls and each transmittal to forelgn
governments or foreign nationals may be made only with prior approval of the Vehicle

Equipment Division, AF Flight Dynamics Laboratory (FDF) Wright-Patterson AFB, Ohic.

1. SUPPLEMENTARY NOTES 12. SPONSQRING MILITARY ACTIVITY
AFFlight Dynamics Laboratory
Wright-Patterson AFB, Ohio L5433

13. ABSTRACT

An experimental investigation was conducted to determine the differential
preseure distribution over the surface of parachute canopies during the
period of inflation under finite mass conditions.

Full scale parechute canopies of the Circular Flat, 10% Extended Skirt, Pingslot
and Ribbon types were utilized during the free-flight test program, and differen-
tial pressures on the gore centerline and on the cord line were measured by mesans
of four pressure transducers distributed over the canopy in equal distances from
the skirt to the vent.

In order to analyze the relationships and dependencies between the pressure distrid
bution, projected canopy area, canopy shape, generated foarce, and dynamic pressure
graphical displays of these quantities were made &= a function of time for each T
type of paracihmte canopy.

The results of the pressure distribution messurements permit a better understanding
of the physlcal nature of the dynamic process of parachute inflation. The stress
distribution in a parachute canopy can be calculated if the corresponding canopy
shape is known., For this purpose, the evolvement of the canopy shape with the
corresponding time is presented for esch of the canopy types.

(The distribution of this Abstract is unlimited).
DD &.1473 UNCLASSIFIED

Security Classification




Security glassiﬁcation

tg. LINK A LINK B LINK C
KEY woRDS ROLE WT ROLE wT ROLE wT
Parachute Opening Dynamics
Parachute Fllling
Pressure Distribution
UNCLASSIFIED

Security Classification




