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This report outlines the development of a parachute required to control the
descent of a pyrotechnic flare. The parachute was developed to support a pyrotechnic
flare candle with an initial mass of 1 kg for a period which enables an observer to acquire
and identify it at a distance of 15 nautical miles (27 kilometres).
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DEVELOPMENT OF A PARACHUTE FOR A

SUBMARINE LAUNCHED PYROTECHNIC SIGNAL

1. INTRODUCTION

This report outlines the development of a parachute of a relatively simple
design and low cost with the capacity of supporting a burning high intensity flare candle
during adverse weather conditions.

The Marine Marker Signal is a self-contained pyrotechnic flare suitable for
ejection from a submerged submarine. The device was developed for the RAN to
overcome the operational deficiencies of visual range and intensity that exist by using a
surface smoke candle. Unlike a surface smoke marker this signal, after being ejected
from the submarine, floats to the sea surface then using inbuilt sensors initiates the
ejection of the payload canister containing the pyrotechnic flare. The payload is
propelled to an altitude of approximately 160 metres after which pyrotechnic delays
ignite the flare candle. The gas pressure generated by the burning flare candle separates
the candle and parachute subassembly from the payload canister. The parachute is
deployed by the air stream and controls the descent of the flare candle. The flare
payload deployment sequence is shown in figure 1.

2. PERFORMANCE REQUIREMENTS

The parachute system must be capable of controlling the descent of the
burning flare candle such that it is visible above the horizon for a period of thirty
seconds at a distance of 27 km. The flare candles have typical burning times between 25
to 30 seconds.

After the burning flare candle is ejected from the payload canister near the
apogee of flight, the canopy and associated hardware must be capable of withstanding
the impulse shock loading produced by the opening parachute.
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During the controlled descent the pyrotechnic material is completely
consumed causing a change in applied load. The parachute under these conditions must
not exhibit excessive oscillatory behaviour or show undue inflight instability.

The parachute system packing volume and mass must be optimized to enable
maximum flare payload capability. Figure 2 shows the payload configuration.

The parachute must be of a relatively simple construction, low in
manufacturing cost and capable of withstanding the effects of the environment on its
performance, storage and handling.

3. PARACHUTE SYSTEM

3.1 Design Parameters

The selection of a parachute system requires the simultaneous evaluation of
interrelated variables ie. weight, allowable descent rate, and descent time.

Of the types of parachute available that may be suitable for use with a
pyrotechnic signal, there are two main categories.

(¢} Those which fully open at release speed and impose large deceleration forces
on the system.

(2) Those that decelerate the payload appreciably before becoming fully inflated.

In this simple application there is no need to decelerate the payload before
the canopy opens fully, so first category may be used.

The development of a suitable parachute system requires the combination of
both specific data and empirical details of performance of similar systems before an
intitial prototype can be obtained. The design can then be tested and refined by
experiment.

In any parachute system physical configuration is likely to involve several
trade offs; for example high stability implies a relatively low drag coeficient with the
accompanying high descent rate and reduced visible time, a lower descent rate implies a
higher drag with a lower stability and larger opening forces on the canopy and may
necessitate a high stength parachute system which requires a high cost canopy. (1X3)
The method employed to release the parachute into the air stream and the forces acting
to inflate the parachute will influence performance.

In producing a suitable canopy the following factors were of particular
importance.




() Opening shock

The deployment of the parachute is controlled by the pyrotechnic delays
which are-designed to ignite the flare composition approximately 6.5 s after the payload
is ejected from the floating signal canister. At this time the flare is approximately at
the apogee of its flight and the velocity of the 1 kg payload is minimal. The parachute is
then deployed at a time when the atresses imposed on the system are minimal and the

forces at snatch and at full canopy opening are minimized. The respective forces are
illustrated in figure 3.

(i) Rate of descent

The rate of descent is determined by the balance of forces acting on the
centre of mass of the system. These are the drag force acting upward against the
gravitational force acting on the payload canopy system mass, the transient and steady
state stresses due to aerodynamic drag, spring, damping and gravity forces during the
descent of the parachute system. The governing steady state equation for a descending

parachute system is
Ref (1D
F = Kpd?pv2/2 @
where
F = drag force upward, N
Ky = average drag coefficient, dimensionless

d calculated diameter of parachute canopy, m
p = local air density, kg/m3

v

descent velocity, m/s

The drag coefficient is not a constant value and is dependent upon the shape
of the canopy and its vertical descent rate. In the case of a flat circular configuration
the variation in its value is attributed to the following:

(a) changes in the projected diameter of the canopy,

(b) changes in the inflated shape of the canopy,

(c) the permeability of the canopy material.

All of the above parameters are affected by the pressure differential across
the canopy (11

The nature of the velocity time graph for a Payload canopy system is shown
in figure 3 (1].




(i) Oecillatory behaviour and flight stability

The stability of any fully inflated parachute canopy is affected by a number
of interrelated factors, for example canopy shape, line length, fabric permeability and
canopy porosity (1). Air which is not able to permeate the canopy fabric is forced to
escape by spilling out from underneath the lower edge of the canopy. The spilled air is
carried up the outside of the canopy where it attaches itself to the sides of the canopy.
The higher local velocity of this air generates a local reduction in air pressure
(Bernoulli’s Principle), and this pressure differential creates a side force on the canopy
pulling it in the direction of the area of lower pressure. Because of the flare’s inertia the
load on the canopy lags behind this motion causing a tilt of the canopy which results in
the canopy spilling the entrapped air on the opposite side. This spilt air attaches itself to
the canopy before producing a low pressure region on an other area of the canopy thus
pulling the canopy again in the opposite direction. This second swing may be much higher
in amplitude than the first. The result is a self perpetuating oscillation where the
amplitude increases until the payload and line length act to damp out any further
increase.

With flat circuiar canopies constructed of low permeability fabric the
oscillations impressed on the descending motion of the canopy can produce a gliding
angle of about 38 degrees.

Improved stability can be achieved by using higher permeability materials,
but this increases the descent rate and can also reduce the inflation rate and inflation
reliability. An alternative approach is to vent the excess air by cutting equally spaced
vents around the periphery of the canopy. This technique aims to permit the ven:ing of
just enough air to prevent spilling but should the vents be too large for the load and
environmental conditions then the descent rate will increase.

(iv) Environmental Protection

The design of the complete signal offers considerable protection for the
parachute canopy from the external environment. It is physically protected by an
external casing and by the payload canister. The material recommended for use is
ripstop nylon fabric. The material used to make the trials canopies was manufactured by
George G. Harris Corp. (USA) to a company specification F 111. The fact that nylon is
capable of withstanding temperatures up to 190° C and has a wet strength that is 90% of
its dry value enables it to be used as a reliable canopy material [4].

(v) Packing volume and mass

Storage can have quite a substantial effect on the reliability and performance
of a parachute deployment system. Any tangling of shroud lines which produces a delay
or failure of the parachute to deploy will result in a catastrophic failure of the marker,
With advice from a commercial parachute designer and manufacturer a method of folding
and packing of the parachute and shroud lines was developed using folding instructions
for similar stores.

This procedure involved stretching out the canopy und lines before folding
them up in concertina fashion.




(vi) Cost

The parachute is deployed from the payload canister only when the payload is
moving at very low speed and the parachute is subjected to low grab and snatch forces by
the air stream. This allows the use of cheaper materials and production techniques than
are required for parachutes designed for personnel and heavy cargo.

3.2 Canopy Size

The pyrotechnic flare candle is approximately 70 mm in diameter, exhibits a
particularly high luminous intensity and flame temperature and burns for a period of not
less than 30 seconds.

The estimated total mass of the payload is approximately 1 kg including
attached hardware of 0.2 kg.

Consideration of the optimum propulsive loading, launch gas pressure and the
space available in the base assembly determined that the payload could be expected to
attain an altitude in excess of 165 metres. Using this estimate of payload performance
the size of parachute can be calculated.

The load on the parachute is not constant because the mass of the flare
decreases as it is consumed. The thermal lifting effect of the burning pyrotechnic
materials has not been considered in the calculations. Major perturbations of the descent
rate are only dependent upon parachute stability and the prevailing wind conditions and
are only noticeable as the load approaches the flare-all-consumed stage.

Assuming 3 co&xstant supported load, the distance "y" in metres the parachute
with canopy area of dj m“ descends in time "t" seconds can be expressed.

y=ty——£0 @
d , P K

g is the acceleration due to gravity, 9.81 m/sz,
m is the combined mass of parachute, fittings and flare candle, in kg
p and Kp previously defined.

Considering the case when the mass of flare candle is diminishing with time
we need to generate a function for descent of the system which is no longer linear with
time.

For a burning flare the mass to be decelerated can be expressed as a function
of time

M(t) = ( Mc + Mp ) - Mp t/tp @




where
M = total mass of the system with respect to time, kg
Mc = combined mass of the parachute canopy and fittings, kg
Mp = mass of pyrotechnic, kg
tp = time to consume pyrotechnic material, s

descent time, 8 ( valid only if t > tp)

Substituting (3) into (2) and integrating between t, and to

t
o 2 -1/2 1 1/2
y =v2g (d pKy j M) “de (4
t
2
2g Lo 21tp My 2/3 %2
- A )2§MPE<(MC+M>-;P-H 1, 3
do“aKo P p 1
For our case let
a2 - 0.66 m?  Area of circular canopy of 0.915 m diameter

0
P = 1.2372kg/mS3
K = 0.75 (This value is only approximate as the drag coefficient is

variable dependent on inflated shape and porosity of the canopy but this value is
considered average for a flat circular canopy.)

Mp = 0.800 kg
Mc = 0.200 kg
tg = 308
ty =08
tp = 308

Substituting into equation (6) gives the distance the parachute will descend in
30 seconds as 128 metres. This was considered adequate when compared with the ideal
value of 165 - 45 = 120 m as the above calculations do not take into account any lift
which would be produced by the burning flare candle and the fact that only the white
flare candle in fact has a mass approaching 0.8 kg. The red and green flare candles have
masses half that or less of the white candle.

3.3 Suspension System

The suspension system consists of the flare candle, parachute and a
suspension cable or riser which is fitted between the parachute suspension lines, shroud
lines, and the flare candle. Its purpose is to protect the parachute from the extreme
heat produced by the burning flare candle.




For our purposes the riser needs to be able to remain intact despite high
temperatures and be flexible enough to allow easy packaging in a confined space.

The riser is constructed from 5/64 inch diameter or 2 mm diameter 304
austenitic stainless steel wire rope of 7 x 9 construction, ie 7 strands 9 wires per strand,
750 mm in length with copper swaged loops at each end. The specified breaking strength
of the wire rope is 2258 N.

A tensile test of a sample riser indicated that failure began at a load of 2300
N but outright failure did not occur until 3400 N.

The riser is fitted to the top of the flare candle using a spring pin between
two lugs on the flare candle top, at the other end the wire is
secured to the parachute by a steel split ring.

3.4 Canopy Manufacture

The canopies prepared for quantitative evaluation were all of parasheet
construction (a parasheet is a flat canopy in the shape of a regular polygon (1)) due to the
prohibitive cost of manufacturing a segmented parachute. The extra strength of
parachute construction with the small increase in performance provided by this
parachute configuration is not justifable on a cost basis.

The canopies produced were as follows.

(6Y] Two flat circular parachutes one 915 mm diameter and the other 1067 mm in
diameter. Figure 4 shows details of the construction of the 915 mm diameter
circular parasheet. The 1067 mm diameter parasheet is a scaled up version.

(i) Two cruciform parasheets, (figure 5) were also prepared. This type of canopy

is inexpensive to manufacture and is more stable than circular types typically
having oscillations of only + 3 degrees and being inherently stable (5).

4. TRIALS RESULTS

A sgeries of development trials were conducted to determine the most
appropriate configuration to satisfy the operational requirements. These were as
follows.

4.1 Parachute Selection

This trial was conducted to determine the most suitable parasheet from four
candidate models. Inert payloads representing various loads that occur through the flare




burning range were used as loads for each of the configurations of parachute. The
parasheet, support and load were packed into a canister similar to that intended for use
in the payload of the marine signal. The parachutes were released into the air stream at
an altitude of 120 metres from a tethered helium filled balloon. Their free fall times
were recorded.

The results are tabulated in table 1 and a graph of Average Descent Rate vs
Supported Mass plotted (figure 6). As might be expected the larger 1066 mm diameter
canopy has the lowest descent rate. However being a larger canopy it also occupies a
larger volume and reliable packing into the canister was difficult. All the canopies
performed reasonably well but in the tests the cruciform parasheets had the higher
average descent rates. This was because they had less surface area than either of the
circular canopies.

4.2 Launch Performance

On the basis of tests conducted the 915 mm diameter circular parasheet was
chosen for the testing of the completed prototype at sea.

The trial was conducted in fine weather with the sea state varying between
smooth and sea state 2, visibility was assessed as greater than 20 km. In these weather
conditions it was not possible to evaluate the performance of the canopy in a high wind
conditions. Of the six experimental models successfully ejected from a submerged

submarine, only four signals successfully launched a payload after reaching the sea
surface.

With each of the successful payload launches the parachute and flare candle
were correctly ejected from the payload carrier near the apogee of their flight. As
predicted, the relatively low velocity enabled the correct streaming of the parachute and
flare candle permitting the canopy to unfurl and fill with air. The burning candle very
quickly aligned itself below the centre of the canopy and no substantial flight
instabilities were recorded. Video records of the trial confirm that stability of the
system is dependent on the mass of the payload and as the flare is consumed and the load
on the parachute approaches zero, system oscillations were recorded but did not reach an
unacceptable level. Video records of the burning flare candle indicate that a peak
amplitude of oscillation of about + 45 degrees occurred near burn out of the flare.

5. DISCUSSION

Although the cost of the parachute was small by comparison to some
multigore parachutes (a multigore parachute is one made up of multiple pieces of shaped
fabric sewn together) found in other pyrotechnic stores, it may still be feasible to further
reduce the cost of the parachute. With this application we are dealing with relatively
low grab and snatch forces which indicate that less specialised materials and production
techniques may produce a parachute at lower cost.

——— ——

A



Because of the limited volume available in the payload canister and the
support tube running through the parachute stowage area it is difficult to achieve proper
stowage of the parachute. Although these difficulties did not affect the performance or
reliability of any of the experimental devices, it is an area which should be addressed in
any future development. Possible remedies involve changes to extend the length of the
payload or changes to the payload design to eliminate the need of the central support
column.

In the trials and selection of the canopy, descent rate and stability are
considered to be the more important of the performance criteria. Although the canopy
performed well in keeping the flare aloft for periods exceeding the specified time
required during sea trials of experimental devices, video records show that at low
payload masses when the candle is exhausted, severe oscillations and instability were
observed.

The design of the suspension system may be improved by the following.

() Venting of the parachute canopy

Venting of the canopy, apart from increasing the critical opening velocity can
also be used to improve canopy stability and distribution of opening forces (3). This can
be achieved by cutting equally spaced holes around the skirt of the canopy to vent the
excess air which at some times seemed to build up in the canopy and spill out setting up
unwanted oscillation of the canopy. Another method of improving stability may be to
construct canopies of more porous materials.

(i) Riser lengths

Line length also influence stability of the system (3). By shortening the lines
the dynamic stability of the system is improved, however the current lines are only
762 mm in length, which is already less than the normal practice of having the line
lengths just longer than the open diameter. It would not be wise to further restrict the
open diameter of the canopy by shortening the suspension lines. It may however be quite
possible to reduce from 750 mm the length of the riser or suspension cable without
exposure of the parachute to any further risk of being burnt by the flare candle.

6. CONCLUSIONS

Theoretical and experimental work carried out resulted in the development of
a "parasheet” of circular configuration. The canopy flat diameter is 914 mm and the
material is ripstop nylon fabric.

A numrber of these canopies were tested by drops from a tethered helium
balloon and by ground based firings of development marker prototypes. In all cases the
canopy provided the required descent rate for the payload, that is, the flare was above
the required minimum altitude for the specified period of 30 seconds.
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The preliminary results were confirmed by firings of development prototype
markers from a submerged submarine.
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TABLE 1

Results of Canopy Selection Trial

Parachute Type Supported Mass 0.70 kg 0.35 kg 0.10 kg
CIRCULAR
915 mm dia 4.65 2.84 -
1066 mm dia Average 4.29 2.47 -
Descent
Rate m/s
CRUCIFORM
Type A 5.05 3.50 -
Type B 5.30 3.55 2.20
Note: When a 0.10 kg mass is attached to the canopy the system becomes so unstable

that no meaningful results are obtained. This indicated that the behaviour of
the flare at end of burn could not be predicted.




o W
DEPLOYMENT

QELAY & IGNITION 165 m 160 m
6 s

BURN 20 - 30 s

7 oY
f
E

o
f

STABILIZATION
- - ﬂﬂ :
iEE- te? EEE Seselels % ll: : 2 :
5 S8 e 22 s
'n:- *ele > - - pe
i=== ooesel 2o3 0350
PAYLDAD £ 3%
e _e_
LAUNCH SEReises RK
[y >

FIGURE 1 Parachute Deployment Sequence




) Gl

Llquassy peojded 7 JUNDIA

dV] 310NV 34V 3801 1¥0d4dNS YILSINVI aV0lAvVd dv1 av0iAvd

370NV] 33V

N
AN
NN
AY130
JINHI3L0N¥Ad
Nid 9NI¥dS 378v] za_mzummnm J1INHIVYVd

INIY INIUHIVLLY




JELSTITY
P

\:.‘“Eun
~ o eaacwtE 96 s
Q) STAGE AT PARACHUTE E.EASE
(Z) STAGE AT SNATCH
(3) STAGE DURING SQUIDDING
(L) STAGE AT PARACHUTE QPENING

(5) STAGE QURING STEADY STATE

Fo = SHOCK FORCE AT OPENING

Fo = SHOCK FORCE AT SNATCH

W« LOAD FORCE (STEADY STATE)

Vo = VELOCITY AT SNATCH

Ve = CRITICA. JPENING ZELICITY

Ve TERMINAL YELICITY (STEAQY STATE!

FIGURE 3

03 04 05 06 07 0.8 0.9

T RElATIE INGEX

Force vs Time Graph of Parachute Suspension System




FIGURE 4
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