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ABSTRACT

Opening shocks, snatch forces, opening times,
rates of descent, and down times of a number of man-carrying,
cargo, and extractioer parachutes are calculated on the
basis of analytical cquations and certain other assumptions.
Comparisons of the calculated data with full scale experi-
mental values are somewhat limited, but show reasonable
agreement when avallable. This reporf represents a first
step in an attempt to catalog full scale experimental
values from which, even®tually, more exact analytical m=thods
can be derived.
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SYMBOLS*

C effective porosity of canopy (Ref 1)
CDo drag coefficient based on canopy surface area, Sq
(CpS)p drag arez cf suspended load

(cpS)e drag area of uninflated parachute canopy or
deployment bag

(CpS)pax Maximum canopy drag area

I nominal canopy diameter, VU4 S,/x

Fo average canopy drag force

Fo opening force of inflating canopy

Fg snatch force

g acceleration due to gravity

n height or altitude

fq ~anding zone elevatiun

N dimensionless factor used in determination of

opening shock

Ly length of static 1line

Lok length of extraction line

Ig length of riser

Ly reefing line length

Lg length of suspension lines

My, mass »f suspended load

me mass of parachute canopy

P tractive force 1n suspension lines

p! bLreaklng stiength of suspension lines

ds impact pressure corrvesponding to the velocity

* under consideration of defini“*ons of Ref 1
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V1,1

Vil 2

V1,3
VET i
VIg.2
VIT,2(rel)

V11,3

SYMBCLS (CONT.)

surface area of canopy
time ratio, t/tf
time

time at beginning of deployment (time for static
line extension)

time required for suspension line extension
(deployment time)

time at the end of suspension line stretch or
snatch force occurrence

time from release to ernd of suspension line extension
canopy filling time

filling time of pilot parachute

opening time for canopy

total time from release of parachute to touchdown
velocity of suspended load at time t;

velocity of suspended load at time to

velocity of suspended load at time t3

velocity of parachute at time €,

velocity of parachute at time to

velocity of parachute relative to suspended load
at time to

velocity of parachute system at time t3

deplo&ment velocity

equilibrium velocity for descent

launching velocity - aircraft velocity

velocity at suspension line stretch, snatch velocity
free fall terminal velocity

weight of suspended load

viii




SYFBOLS {CONT.)

weight of canopy only

weight of complete parachute

number of suspension lines

total porcsity

per cent elongation of suspension lines at P!
per cent elongation of extraction lines

air density

average air density betweenrn release altitude and
landing zone elevatior




I. INTRODUCTION

In the following, an attempt has been made to
calculate the transient and steady state performance char-
acteristics of several comronly used man-carrying, cargo
and extraction parachutes.

The parachutes considered in this report are:

T-10 personnel parachute
T-10 reserve parachute
T™wo maneuverable parachutes
T-7A cargo parachute
G-13 cargo parachute
; G-12D cargo parachnte
ag with a platform load
b with an A-22 cargo container
72 G-11A
8) Three standard ringslot extraction parachutes

Wt W o

The physical parameters, deployment systems,
simpiifyling assumptions used in the calculations, governing
equations, arnd results in the rform of tables, are presented
for each of the above parschutes.

The performance of these parachute systems is con-
sidered for an aircraft velocity range between 60 and 150
knots (TAS) at altitudes of 6,500 £t, 11,500 ft, and 20,000
£t (MSL)*.

In this report. all values of aircraft velocity and
parachute system velocities as well as the related dynamic
pressure are based on true airspeed conditions.

The respective drop zone elevations are 5,000 f.,
10,000 ft, and 18,500 ft, yielding an actual altitude above
terrain of 1500 ft. The calculations for the Halo parachute,
a free fall deployment, employ somewhat different altitude
conditions which are noted where they cccur.

The calculations are performed by neans of simpli-
fying assumptions and methods which were considered and
decided upon in cooperation with members of a Tri-Service
Steering Committee and their staffs.

The more important ecuations and detailed explanations
are presented in the Appendix. In many instances, these baslc
equations have been adiusted slightly to fit the particular
parachute system. Thesze variations are noted in the text.

*¥Mean Sea Level
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II. T-10 PERSONNEL PARACHUTE

This 1s a parachute primarily used by ailrborne

Its principal characteristics are described in
Ref 1, while the specific parameters important for this
study are listed below.

Physical Parameters

Nominal canopy diameter, Dy = 35 ft - 10% Flat
Extended Skirt Canopy

Weight of suspended load, Wy = 250 lbs

Weight of canopy, We 11.7C 1lbs
Wp = 14.13 1bs

Cancpy material, nylon cloth, MIL-C-7020,
Type I, 1.1 oz/vyd2 Nominal Porosity=72-132
(Assume 100)

Load Drag Area (CpS)p = 6.0 ft2

Deployment bag drag area, (CpS), = 1.925 ft2
Bag dimensions: Length, L = 22 in
Width, W= 12 in
Height, H = 5 in

= i
cpbag = 1.05 (Ref 2)
Number of suspension lines, Z = 30

Breaking strength of suspension 1ines,
P' = 375 1bs, Type II of spec. MIL-C-50k0

Suspension line length, = 25.5 ft
Static line length, Iy =15 1t

Per cent elongation of suspension lines,
;' = 32% at rated breaking strength

Drag coefficient based on D, CDo = 0.70

Dimensionless factor, K = 1.3

Performance Conditions

In view of the practical use of this parachute,

the performance conditions for which the transient and steady
state characteristics will be investigated are as follows:

_ o e 0 5 e, ol -
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Altitudes:
h = 6,500 ft
h = 11,500 ft
h = 20,000 ft

These altitudes are defined as 1500 ft above terrain.

Aircraft Release Veloclties:

Vo = 60 knots (TAS)
Vo = 90 knots (TAS)
Vo = 120 knots (TAS)
Vo, = 150 knots (TAS)

These conditions are the same for all parachute studies
unless otherwise stated.

C. Deployment System

The T-10 personnel parachute is deployed by a
static line one end of which is attached to the aircraft
while the free end pulls the deployment bag, in which the
parachute is located, off the back pack. Upon extension of
the suspension lines, the deployment tag is separated from
the parachute and the canopy is free to inflate. The deploy-
ment system is presented schematically in Fig 1.

D, Assumptions Used in Calculations

For the velocities, altitudes, and loading con-
ditions, the following simplifications appear to be justified
and are used:

1) The snatch force is assumed to be
negligible.

2) 'The deployment and canopy filling occur

in a near horizontal flight path, and
trajectory curvature is neglected.

E. Governing Equations¥*

The calculation of the performance characteristics
is accomolished in view of the following concepts.

1) The total line extension time, tpi, was cal-
culated, assuming the Jjumper travels a length of L; + Lg +

*See Appendix for a summary of equations.

3




DEPLOYMENT
BAG

1. Canopy in Deployment 2, Canopy Pulles out of
Bag Deployment Bag

YT O+

3. Suspension Lines Tight 4, Canopy Fully Opened

LEGEND: IR VT
BACK PACK

Fig. 1 T-10 Personnel Farachute Deployment Sequence
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D3/2, acted upon by his own drag a-d eravity, after leaving
the aircraft, by altering Eqn 1 of the &ppandix to
read:

AT,

2
1 (étDt 1 £
Ly + Ly + 3D, = S +HV, tpy - 7 im (1 + J1Vstp (1a)

Tre terms Jy, J,, and Jy are defined in the Appendix.
From thisz equation, t%e time tDt was evaluated by an iterative
process.

The velocity of the parachutist at this instant is
glven:

v SLvA= Yo
1,2~ %s T TV, tp, ¥ 1

(2a)

Since the snatch force 1s neglected for this type
deployment, the maln canopy begins to fill at this time. There
is a short period of time neglected from *.nen the canopy is
first out of the bag in the "sail" shape until it aligns
itself along the trajectory. With this time neglected, the
term, Vi o 1s assumed to be the velocity at the beginning of
the filling process.

2) The filling time, tg, for 10% extended skirt
canoples was determlined in accordance with the method pre-
sented in Ref 3, leadlng tc Egqn 3, which was solved* for te
by means of a computer.

T=0:80 5.271T2 + 2,597T + 0,2587
Do = tf . ﬁ\% +932£ {% (fFm %1+ %} = (3)
where
M = Wgopal +eDoo (0.009169T + 0,00006478)
N = 0.009169 ¢Dy>
P = 0.00647 (CpS)max + (CDS)p
R = HE%}él + 0.0005478 ¢Do,>
S = 0.1445 (CpS)yax

—

*This and all other computer solutions mentioned in the
following were performed at Research and Technology Division,
Wright-Patterson Air Force Base, Dayton, Ohio.

5




Vg = snatch veloclty = VI,2

density

[@)
Il

te = f111ling time

4

3) The opening force, Fy, was calculated in
accordance with Ref &, where the maximum force is:

F, = CDOSerS x K (+)
and
Qe = impact pressure corresponding to the velocity,

Vg = VI o; and X and K are dimensionless
factors’for various types of -parachutes.

4) ‘he total opening time, t,, 1s the sum,
o = D ¥ tg (5)

5) The rate of descent, or the equilibrium velocity,
Ve, was determined from the force equilibrium, expressed as

2W
2 total (6)

‘r\, L p—

€ Do TCDsPave

where @,y 1s the average density between landing zone
elevation and release altitude, and Wgotgl 1s the total

welilght of the parachute and <uspended load. This assumes

that there 1is no a._.itude loss during the opening process,

For the iarge cargo parachutes, however, where t, is relatively
large, this altitude loss may be significant.

6) The total down time, tp, is given

1500 »
tm = ty +
T = Yo T g (7)
F. Results

The results of the performance calculations per-
formed in accordance with the conditions explained above are
presented in Table I.
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IITI. T-10 RESERVE PARACHUTE, CHEST PACK

The T-10 reserve parachute 1s an integral part
of the T-10 troop parachute assembly, and the study of its
translent and steady state performance characteristics has
been accomplished essentlally in the same manner as the one
used in the preceding chapter, but because it is a canopy -
first deployment, the snatch force cannct be neglected. In
addition, this canopy 1is deployed by a pilot parachute, which
1s described and considered in the calculations.

A, Physlcal Parameters

1} Main Canopy

]
Il

2 ft - circular flat canopy
250 1bs

=]
o
Il

We = 5.93 1bs
8.06 1bs

)
I

Canopy material, nylon cloth, MIL-_-7020
Type I, 1.6 0z/yd® Nominal Porosity = 72-132

(CpS)p = 6.0 ft2

Uninflated canopy drag area, (CpS)e = 2.2 ft2

Z = 24 suspension lines

P' = 550 1bs - Type III of Spec. MIL-C-50L40
Ls = 20 ¢t

;' = 35% at rated breaking strength

Cpy= 0.75

K =1.4

2) Pilot Parachute - AF Drawing 49J 7161
Do = 3 ft Flat octagonal

Material, nylon cloth, MIL-C-7020, Typ=s I
Nomiral Porosity = 72-132 ft3/ft2-min.

Z =8
P' = 100 1lbs - MIL-C-5040B, Type I

am e ol e R

]
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g 31 in
30% at rated breaking strength
= 0.55

e
1
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)
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B. Deployment System

The T-10 personnel reserve parachute is deployed
manually by a ripcord. This releases a spring-loaded pilot
parachute which extracts the main canopy from the pack,
followed by the suspension lines (Fig 2).

c. Assumptions Used Iin Calculations

The following simplifications are used:

1) Although it is realized that this canopy in an
emergency use may deploy and open in vertical fall, the cal-
culations of snatch force and filling time utilize the existing
equations for a horizontal or near horizontal trajectory.

2) The opening shock of the pilot parachutzs is
neglected, and it is assumed that at the time tg,, the pilot
parachute is fully open and the deployment of the reserve
parachute begins at this instant.

3) Vo is considered as the velocity of the system
when the reserve parachute rincord i1s pulled.

D, Governing Equations

As before, transient and s eady state performance
characteristics are calculated in view of existing concepts
and equations,

1) The pilot parachute filling time, trp, has been
calculated from Ref 7.

2 DO
tp = (8)
f 9 ¢
p 2 -
3 Vo'ﬂ('?o '3)
The velocity of this instant is then given by:
Vo
Va = V1,1 = V11,1 = 77, trp + 1 (2)

and represents the system velocity when the main canopy
begins to deploy.




2

Man Out of Aircraft 2, Pack Opencd Manually and
Pilot Chute Released

LEGEND: MAN WITH
CHEST PACK
3. Canopy Extracted by i, Canopy Filled

Pilot Chute

Fig. 2 1-10 Personnel Reserve Chest Pack Deployment Sequence

10

A it T B

dadls o

© a1

PR S S ST,

A I S Vv -2

o gt

PR i ks




R R,

i e——— T T

2) The time for suspension line extension, t,, can
then be found by iteraticn of the equation -

1 1
Iy = 7 In (1 + JpVgto) - 7, 1 (1 + JVats) (9)

where the J, cerm includes the drag areas of both the inflating
canopy and the pi..ot parachute.

The velocities of fthe primary and secondary bodies,
man and reserve parachutes, respectively, at tims tp, were
determined from:

Erlol= :@T(;Fg‘?l' (10)
Vs

V5,5 = Tlgks + 1 (11)

VI1,2(re1) = V1,2 - V11,p and (12)

VD S =R Sl = o= (13)

3) The snatch force was determined from the following
equation (Ref 1),

Fy, =P+ F, (14)

where the aerodynamic drag is

2 + V2

Vv
Fo = & (ops), —2IL3 (15)

and the dynamic force

~ /mc[VZII,Q(rel)]ZPl
Y

Ls;' (16)

k) tpg is the time from the release to the instant
at which the deployment begins, tfp,plus the time for suspension
line extension, to.

tpy = brp + to (17a)

5) The filling time, tg, for circular flat canopies
was determined by the method of Ref 2, and a computer solution
for ty was obtained from

11
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=0.31 1.87872 + + 2.96T + 0.0886 1
T .

Do = tp M, pUr s MIM_T_I__I_’_I_‘}idT(IB)
7o Rz 2 ( st ) K[ ]

with the parameters
W
M= togal + pDo> (0.020624T + 0.0000264)

.

Ll e A el b _Wter o N

N = 0.020624 p D3
P = 0.003733 (CpS)max *+ (CpSly
R = Eﬁ%gél + 0.000026}4 gD,3

5 = 0.12237 {CpS)max
6) The opening force, T, was calculated by Eqn 4.

7) The opening time, to, 1s the t me from release
to the time the canopy is fully inflatec.

to = tpy + br (s)
! 8) The rate of descent, Ve, was determ*ned from
the equilibrium conditions (Eqn 6) where Pave is the average
density between release altitude and landing zone elevatio:n.

9) Total down time, tT, was determined by

. 1500
T = to * g (

~J
~—

where -nec —elerse altitude is 1500 ft above ground.

E. Results

The results of the performance calculations are
presented in Table IT, i
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IV. MANEUVERABLE PERSONNEL PARACHUTE

With the advancement of parachute technolegy, maneu-
verable parachutes have come into existence which, from the
standpoint of aerodynamics, are highly Interesting aerodynamic
vehicles. The following studies, however, are ma2rely concerned
with the %ransient and steady state conditions similar to those
considered in the preceding sections. Under Investigation here
is a modified T-10 troop type parachute.

A, Physical Parameters

Do = 535 ft - 10% flat extended skirt canopy with
cut-out in rear, static line deployment

Wb = 250 1bs
We = 11.87 1bs
Wp = 4.3 1bs

Canopy Material, nylon cloth, MIL-C-7020 Type I,

1.1 oz/yd2
(CpS)p = 6.0 rt2
(CpS)e = 1.925 rt2 (deployment bag)
Bag dimensions: Length, L = 22 in
Width, W = 12 in
Height, H = 5 in

CDbag = 1.05 (Ref 2)
Z = 30 suspension lines
P! = 375 1bs - Type II of Spec. MIL-C-5040
Lg = 25.5 It
L =15 ft

;' = 32% at vated breaking strength

Cpo= 0.70
K =1.3
B. Deployment System

Since this system 1s identical to the T-10 main
canopy described in Section IT, with the exception of a

14
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: cut-out area in the lower rear of the canopy, which removes
’ only 3.7% of the canopy area, all calculations and results

are lidentical. The system schematic (Pig 3) and the tabulateg
results {Table ITI} are included only for continuity.
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DEPLOYMENT BAG «— DEPLOYMENT
_ - SUSPENSON  LINES BAG
i
i
i
1. Canopy in Deployment Bag 2. Static Line Tight

“""--N____."‘---
4. Suspension Lines Tisht

A

3. Canopy Alignment With
Trajectory Angle

LEGEND: MAN WITH

5. Canopy Fully Open

Fig 3. Maneuverable Personnel Parachute Deployment Sequence
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V. HALO PARACHUTE

The Halo Parachute is the maneuverable parachute
of" IV above which, however, 1s deployed in free fall. Its
characterlistics are identified below.

A, Physical Parameters

1) Main Canopy

Do = 35 ft - 10% flat extended skirt canopy
with cutout in rear

Wp = 250 1bs

We = 12,17 1bs

Wy = 14.£ 1bs

Canopy Material, Same as IV.

(CpS)y = 6.0 £t2

(cpS)e = 4.69 ft2 (uninflated canopy)

Z = 30 suspension lines

Pt = 375 1bs - Type II of Spec. MiL-C-5040
Ls = 25.5 £t
;' = 32% at rated breaking strength
CDO= 0.70
K =1.3
2) Pilot Parachute - USAF Drawing 60J 42/9

Do = 40 in - 8 gore vane type

B, Performance Characteristics

Since this 1s a rree fall system, the transient
and steady state characteristics shall be considered for the
following conditions:

Bircraft Release Altitude:

h = 11,000 ft
h = 16,000 ft
h = 21,000 ft

18




Parachute Opening Altitude:

h = 9,000 ft
h = 14,000 ft
h = 19,000 ft

Terminal Velocity of Parachutist at Altitudes
defined above with (CpS)y, = 6.0 £t2 {Ref 5):

Vp = 125 ft/sec

Vp = 133.8 ft/sec

Vp = 155.4 ft/sec
C. Deployment System

The parachutlst free falls to a preselected alti-
tude above ground (4,000 ft). At this altitude an automatic
device, or the man, pulls the ripcord on the main parachute
pack and releases the pllot chute. The pilot chute extends
the maln canopy, the lower portion of which is retained in a
guarter bag*., The suspension lines which are stowed on top
of the quarter bag, are then extended. The canoE is then
released from the quarter bag and inflates (Fig g.

D. Assumptions Used 1n Calculations

1) Although it is realized that this canopy in
normal use may deploy and open in vertical fall, the
calculations of snatch force and filling time utilize the
existing equations for a horizontal or near horizontal
trajectory.

2) The parachutist was assumed to be at terminal
velocity when the ripcord was pulled. To make this approx-
imation valld, a free fall of about 2000 feet was required

Ref 5). For this reason, the aircraft release altitude of
000 feet above terrain was selected.

3) The quarter bag does not effect the deployment

and opening chararteristics, as defined by the governing
equations.

E. Governing Equations

1) The parachul:-t's terminal velocity was cal-
culated from the information given in Ref 5.

*Ref 1
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1. MAN OUT OF AIRCRAFT 2. PILOT PARACHUTE DEPLOYED '
AUTHOMATICALLY AT PRESELECTED
K ALTITUDE
3. PILOT CHUTE EXTRACTS !i. CANOPY FILLED

MAIN CANOPY

LEGEND: MAN WITH
BACK PACK

Fig. 4 Halo Free Fall Personnel Parachute Deployment Sequence
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altitude lost from =2xit to terminal velocity

h — -
iy time ¢ reacn terminal velocity

where the altltude lost t=otween exit from the alrcraft and
where terminal velocity 1is reached was found from a graph
(Ref 5) of Jjump altitude versus altitude lost from exit

to terminail vertical velocity. Aico Irom Ref R, it was
possible to determine the time it takes the Jjumper to reach
terminal vertical velocity after he has left the aircraft.

2) The deployment time for the pilot parachute
has been neglected. However, the filling time has been
calculated from Egn 8.

3) The deployment velocity of the canopy was
then calculated from Eqn 2.

4) The time for suspension line extension was
calculated by the iteration process of Egn 9.

5) The remaining calculations proceeded exactly
as those shown in Section IIXI, but utilizing the parameters
characteristic of the extended skilrt parachute. It should be
pointed out, however, that although a snatch force was cal-
culated 1t may be a considerably higher value than that
experienced in actuality with a quarter bag deployment.

R, Results

The results of these calculations are presented in
Table IV.
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VI. T-7A CARGO PARACHUTE

As a static line deployed cargo parachute for
light loads, 1ts Important parameters are: i

A. Physical Parameters

Dy = 28 ft - circular flat canopy

Wp = 500 lbs
We = 12.62 1bs
W, = 15.46 1bs

D

Cannpy Mategial, nylon c¢loth, MIL-C-7020, Type II,
0z/yd< Nominal Porosity = 90-176

{cpS)p = 7.125 rt2

A-2]1 cargo container dimensions:

Iength, L = 30 in

Width, W= 30 in

Height, H = 20 in
CDp_oy = 1.14 (Ref 2)

(CpS)e = 3 £t2 (uninflated canopy)

Z = 28 suspension lines

P! = 550 lbs - Type III of Spec. MIL-C-5040
Ly = 22 ft, 10 in

Ll = 15,5 ft

;' = 35% at rated breaking strength

Cp,= 0.75

K =1.4

B. Deployment System

Thz parachute-lcad system 1is released in such a
manner that the parachute canopy 1s deployed first, follow.
by the suspension lines. The deployment is accomplished by
a static line attached to the alrcraft. Upon full extension

{ of the suspension lines, the skirt hesitator* tie is broken

¥Ref 1




and the tie between the canopy and the statlc line is also
separated (Fig 5).

C. Assumptions Used 1n Calculations

1) The deployment and opening sequence was assumed
to take place 1n a near horizontal condltion.

2) The snatcﬁ force 1s negligible compared to the
opening force for the static line deployment.

3) Effects of the skirt hesitator were not considered.

D, Governing Equations

With these assumptions, the following equations can
be used. -

1) The time, t1, for static line extension is found
by means of an iteration of the Eqgn 1:

roj-

2 o2
gt,

2
Ly =K_§7_) + [Votl = 3 In {1 + leotl)J (1)

The time, tj, 1s then used to determine the velocity
at the instant of static lire o~xtension, Vg, from Eqn 2.

2) Time, tp, for suspenslon line extension can be
found by an iterative solution of E¢.: 9, and the related
velocity Vi o = Vg was calculated from Eqn 10.

3) The time, tpy, was found from Eqn 17.

by The filling time, tg, of the T-TA cargo para-
chute was determined by the method of Ref 3 and the related
computer solution for te was obtaincd from Egn 18.

5) The opening force, Fy, was calculated from
Fan 4.

6) The opening time, ty, was found from Egn 5.

7) The rate of descent, V., was determined from
the equilibrium condition (Egn 6).

8) Total down time, tp, was determined from Egn 7.
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4 . Cargo Out of Aircraft 2. Canopy and Suspension Lines

| \

Fig 5

Pulled From Pack by Static Line

f i - HESITATOR

Suspension Lines Tight . Canopy Free to Open

J P

Canopy Alignment With 6. Canopy Filled
{ Trajectory Angle

T-7A Cargo Parachute Deployment Sequence
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EL Results

The results of the performance calculations are
presented in Table V.
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VII. G-13 CARGO PARACHUTE

The cargo parachute type G-13 1is a2 static line
deployed hemispherical parachute for light loads. 1Its
important parameters are listed below.

h. Physical Parameters
Do = 32 ft - hemispherical cancpy
Wp = 500 1bs
We = 23.89 1bs

Wp = 33.89 ibs
(CpS)p = 7.125 rt2

A-21 cargo container dimenéions:

Length, L = 30 in
Width, W =30 in
Height, H = 20 in

Cpp_p1 = 1.14 (Ref 2)
(CpS)e = 3.92 £t2 (uninflated canopy)
Canopy Material, cotton muslin, 4.25 oz /yd2,

MIL-C-4279 Type II Nominal Porosity = 153-
253 ft3/ft2-min

Z = 20 suspension lines

P' = 400 1bs - Type I of Spec. MIL-Cc-4232
Ig = 30 ft

I, = 15 £t

¢ = 12% at rated breaking strength

Cpy= 0.75

K =1.3
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B. Deployment System

The deployment system is exactly like the one
described in the preceding section related to the T-7A
parachute (Fig 6).

C. Assumptions Used in Calculations

1) The deployment and opening sequence was
assumed to take place in a near horizontal condition.

2) The snatch force was negligible compared %o the
opening force for the static line deployment.

3) Effects of the skirt hesitator were not con-
sidered.

4) The extended skirt equations were used in the
filling time calculation.

D. Governing Equations

1) The %ime, t,, for static line extension is
determined from an iterat}on of Eqn 1. This time is then
used to determine the velocity at the instant of static 1ine
extensfon, Vg, from Egqn 2. The time, to. for suspension line
extension can then Pe found by a ftrial and error solution of
Eqi. 9. Finally, the velocity of the system at the beginning
of the [illing process, Vg, was determined from Egn 1C.

2) The deployment time, tDt, was found from Egn 17.

3) The filling time, tp, was determined by the
method of Rel 3, and in view of assumption 4, the related
computer solution for ty was obtained from Egn 3.

3 4) The opening force, F,, was calculated from
Egn 4.

5) The opening time, t,, was found from Egn 5.

6) The rate of descent, Ve, was determined from the
equilibrium conditions (Eqn 6).

7) The total down time, tp, was determined from
Egqn 7.

E. Results

The results of the performance calculations are
presented in Table VI,
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1, Cargo Out of Aircraft

3. Suspension Lines Tight

5, Canopy Filled

2.

k,

Canopy and Suspension Lines
2ulled From Pack by Static Line

N\

L]

Canopy Free to Open

Fig. 6 G-13 Cargo Parachute Deployment Sequence
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VIII. G-12D CARGO PARACHUTE (PLATFORM LOAD)

When the G-12D cargo parachute is used in connection
with cargo platforms, its principal parameters are as follows:

A. Physical Parameters

Do = 64 ft - circular flat canopy
Wp = 2,200 1bs
76.79 1bs

=
(¢
I

Wp = 109.5 1bs (inc. wt. of risers - 4,75 1bs)
(cpS)p = 76.8 rt2
Platform dimensions: L = 8 7t, W = 8 ft
Cppiatrorm = 1:2 (Ref 2)
(CpS)e = 7.146 £t2 (deployment bag)

Bag dimensions:

Length, L = 40 in

Width, W = 24.5 in

Height, ¥ = 15 in
CDpag = 1:05 (Ref 2)

Canopy Material, nyion, 2.25 oz/yd2, MIL-C-7350
Type I Nominal Porosity = 90-165 ft3/ft2-min

7 = 64 suspension iines

P* = 1,000 1bs - Type IV of Spec. MIL-C-7515
Ly = 51 f¢

ZLE 20% at rated breaking strength

L = 5 ft, 5 in - Type X, Class R - MIL-W-27265
gﬂpiser = 28% at rated breaking strength

Cpy= 0.75

K =1.4
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B. Deployment System

The G-12D parachute wlth a platform load is extracted
from the aircraft by a standard 15 £t extraction parachute,
reefed with 2 260 in. reefing line. (See Section XI) As the
cargo platiorm leaves the alrcraft ramp the extraction force
is transferred from the platform to the deployment bag of the
main canopy, thus initiating a suspension lines first deploy-
ment sequence (Fig 7).

C. Assumptions Used in Calculations

1) The initial velocity, Vo, is assumed tc be the
veloclity of the platform as it leaves the aircraft, and not
the aircraft velocity. This 1s a necessary assumption since
the platform veloclity relatlve to the aircraft varies consi-
derably with operating conditions.

2) The releasze time, t = 0, is assumed to be when
the platform leaves the alrcraft ramp. The elapsed time for
the extraction parachute cpening sequence has been calculated in
Section XI and can be inc¢luded as an additive term pricr to
cargo exit from the aircraft. 1In addition to this, the time
necessary for the cargo to traverse the distance inside the
alrcraft, under the influence of the extraction parachute drag,
must be consldered.

3) The deployment and openirg sequence was
assumed to take place in a near horizontal parachute attitude.

D. Governing Equations

1) The suspension line extension time, tp, was
determined from Eqn 9 and since there is no static line,
tl = 0. Therefore:

The drag area--mass ratio terms of Eqn 9 are:
Jp - based on platform characterilstics
Je = the sum of the G-12D deployment
bag and extraction parachute
characteristics
2) The velocities of the platform and parachute
required for snatch force calculations were determined from

Eqns 10 through 13.

3) The snatch force was calculated from Eqns 14,
15, and 16.
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EXTRACTION

§ sl

DEPLOYMENT
Extraction Parachute Force BAG
Transferred to Bridle of
G-12D Parachute Assembly

e—— SUSPEHSION
LINES

2. Suspension Line
Deployment

MAIN
“—C ANOPY

Carnopy Begins to Fill

3. Line-Stretch: Canopy
is Extracted from
Deployment Bag

A, Canopy Filled

G-12D Cargo Parachute Deployment Sequence - Plat-

Fig 7.
form Load
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AT W

4) The filling time, ty, was determined by the
method of Ref 3 and a computer so{ution for te was obtained
from Eqn 18.

S Y AR B

5) The opening force was found from Eqn 4.

6) The rate of descent, Ve, was determined from
the equilibrium condition (Eqn 6).

7) The total down Lime, tp, has been calculated
from Egqn 7, but it should be viewed with some doubt since
the altitude loss during openilng may be significant.

E. Results

The results of the performance calculaticns are
presented 1n Table VIT,

35




050" 91 a0 G T 11 GE"S €8 1 2G* | 7°3¢ [g ace| oat
186 0T YT 4T 8L TH al*e g80°¢c 79° [§°8E € 9L Oct
06079 QLESTT 9L°2t 0L ¢ 18 2 98° | f1*ee [2°6ET| 06
v65"¢ 869 . €S ff LG"G g8c " 62 Ty gt 11°¢6 | 09
2J 00631 = Ty ‘uorqBASTH dUOZ Jujpue] 13 00002 = y *opn3TlIy osesatay
0sZ°LT THR 6T 0E° Ly 6€°2 6°1T gi7* | #°€€ |s°gee| ost
cSYTT GHg ot Gl Ly f18°2 er @ 09° [H#°€t |g°e2gt!l o2t
[ €ES¥’9 028 1T 63° QY% 8L ¢ R6°2C 08° [ ¢t |2 LET) 06
43 4 7067/ 867064 L9°G Lty 0Tl x°et |G°T6 | 09
. 14 000°CT = Ty ‘uorjeasTq suoz Juypue] 1J 00G°TT = U ‘»T4[3TY ss8aTey
A A eteoe G604 & e S6°T 9f® |60t |8 Gee | 0GT
G997 L1 €2T191 € TS 6g8°e ce'z LG° |6°0E |g°0RT| ocT
G66°9 olo‘et Le°2G £g8°¢ L0°¢ 9L* |6°0E 9o GET| 06
g§06°¢ ch0'8 cE NG 8L'G €57 q GT'TI[6°CE |€°06 | 09
(#) (#) (#) (#) [(o®8) |(o88) [(o@s) |(o28) | (o8s)| (09s)] (098) |(09s) | (298 [(o2s | (svVi
dxa,, . dxag, . dxag, = o0, | =gy dxaq, /33) Mumv sjoux)
e d T 2 (Weg | st e Rl i sl Foea e & A | ©a
33 000°¢ = Ty ‘uotzeasty suoz Suipuel 3J 00G°9 = U ‘5pn3T3TV OseaTsy

avoT WdOodIvVId -

HLNHOVHVd ODHVO dST-D

HAHL J0 SOTLSTHHLOVHVHD HONVIWHOAYHd WLAHOVHVd

ITA IV

36




IX. G-12D CARGO PARACHUTE {A-22 Container)

The G-12D 4argo parachute is also used in connectilon
with the A-22 cargo contalner. Iv this comblnatlion the
performanc: characteristics of the parachute are slightly
different from those observed with the platform, as presented
in the preceding section. The typlcal parameters are:

A. Physical Parameters

1) Main Canopy
Dy = 64 £t - circular flat canopy
Wy = 2,200 1bs

T€.T9 1bs

=
o]
I

= 109.5 1bs (including risers)

3
|

Canopy haterlal, lon cloth, MIL-C-7850,

Type I, 2,25 oz/gd Nomipal Porosity =
665" £53 /pt2omin

(cpS)p = 16.31 ft2

4-22 contaliner dimensions:

Length, L = 52 in
Width, W =143 1in
Height, H = 50 in

CDA-22 = 1.05 (Ref 6)
(CpS)e = 7.146 f£t2 (depl ~yment bag)
Bag dimensions:
Length, L = 40 in
Width, W =24.5 1in
Helght, H = 15 in
" 5 ir I
Cnbag = 1,05 [Ref 2)
Z = b4 suspension lines

P! = 1,000 1bs - Type IV of Spec. MIL-7-7515

Ly = 51 f¢

15 ft

=
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;' 20% at rated breaking strength

Lg = 5 ft, 5 in - Type X, Class R - MIL-W-27255
grdser = 28% at rated breaking strength

Cpg = 0.75

K =1.4

2) Pilot Parachute - Drawing No. 53E 6803

D, = 5.66 ft - octagonal canopy
zZ =8
Lg = 5.5 ft - MIL-C-7515 Type II
Ll = 15 ft
Ig = 9.25 ft
Cpy= 0.75

B. Deployment System

After the parachute-load assembly 1s released from
the alrcraft, the plliot chute is deployed from its pack by
a static line. The pi" £ parachute extracts first the
suspension lines of the main parachute from its deployment
bag and then the main canopy. The deployment bag is then
separated and the canopy 1is free to 'inflate (Fig 8).

C. Assumptions Used in Calculations

1) The calculations are limited to the cases of
near horizontal deployment.

2) The pilot parachute f:liing time has been
neglected.

D. Governing Equ~tions

1) The cargo is assumed to free fall, acted upon
only by 1ts own welght and drag while the static 1lins and
pilot parachute are deployed. The time for this occurrence
is obtained from a modified form of Egqn 1 of the Appendix,
where the length L; 1s the sum of the static line length
(15 rt), the piiot chute suspension line length (5.5 ft), and
the pilot parachute riser length (9.25 ft). The J, term is
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1\

STATIC LINE

PILOT CHUTE
PACK
«@— PILOT CHUTE
DEPLOYMENT
BAG
1. Pilot Chute Deployed 2. Suspension Lines Out
L
3. Main Canopy Out 4, Canopy Opens and Separates

From Deployment Bag

Fig 8. G-12D Cargo Parachute Deployment Sequence - A-22
Cargo Contailner
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the sum of the G(-12D deployment bag and the piiot parachute
characteristics.

2) The deployment .clocity of the main caropy is
determined from Eqn 2, using the time calculated in 1) above,
and neglects the small veloclty change and time increment
during the filling time of the pilot chute.

3) The snatch velocities, snatch force, main
canopy filling time, opening force, and equilibrium charac-
teristics are then calculated by the standard methods outlined
earlier.

Bl Results

The resuits of these calculations are presented in
Table VIII.
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X. G-11A CARGO rARACHUTE

The G-11A cargo parachute is normally used in
conjunction with a load piatform. The significant para-
meters of this parachute operation are listed below.

A, Physical Parameters

Do = 100 ft ~ circular flat canopy

Wp = 3500 1bs
W, = 133.7 1bs
Wp = 193 1bs (inc. wt., of risers - 38.64 1bs

(CpS)p = 76.8 ft2
Platform dimensions:

Iength, L =8 ft
Width, W =8 ft
(

= 1.20 (Ref 2)

CDplatform
(CpS), = 12.25 £t2 (deployment bag)

Bag dimensions:

Iength, L = 48 in
width, W =235 1in
Height, H = 12 in

Canopy Material, nylon, 1.6 oz/yd2 - MIL-C-7020
Type II Nominal Porosity = 70-176

Z = 120 suspension lines

P' = 550 1bs - Type LII of Spec. MIL-C-5040

Lg = 35 ft

Ly, = 20,5 ft

Ig = 60 ft webbing - Type XVIII of Spec. MIL-V -27265
Class R

g = 35% at rated breaking strength

§Hﬂser = 21% at rated breaking strength
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Cpe= 0.5
K = 1.4

B. Deployment System

The platform load is extracted from the ailrcraft
using a standard 15 ft dlameter extraction parachute with a
260 in. reefing line. As the load exits the aircraft the
extractlion parachute force is transferred to the bridle of
the G-11A assembly. The main canopy deployment bag is separ-
ated from the load, payling out the risers and suspension lines
in a lines first deployment. When the canopy skirt leaves the
bag, two reefing cutters are armed. The remainder of the
canopy 1s éxtractzd from the deployment bag breaking the tie
that connects the apex of the canopy to the deployment bag.
After a period of two seconds from cutter arming, the reefing
line 1s severed 1In two places and the canopy continues its
inflation process (Fig 9).

C. Assumptions Used in Calculatlons

1) The initial velocity, V5, is that of the cargo
platform, and not necessarily the aircraft speed.

2) The release time, t = O, is assumed to be when
the platform leaves the alrcraft ramp. The elapsed time for
the extraction parachute opening sequence has been calculated
in Section XI and can be included as an additive term prior
to cargo exit from the ailrcraft. In addition to this, the time
necessary for the cargo to traverse the distance inside the
alrcraft, under the influence of the extraction parachute drag,
must be consldered.

3) The deployment and opening sequence takes place
in a near horizontal condition.

4) The filling procedure, for the period where
the inlet of a reefed canopy grows from the reefed diameter
to.fully open, is identical to that ¢f an unreefed parachute
over the same filling period.

D. Governing Equations

1) The extraction time, until the platform crosses
the aircraft ramp 1s given in Section XI. For this calculation,
t = 0 occurs when the platform leaves the aircraft.

2) The suspension line extension time, to, 1is
given by Eqn G, where the term Lg includes the riser line
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1. Deployment Initiated

»/— BREAK TIE
SEPARATES

REEFING LINE

3. Main Cancpy Reefed

5. Canopy Fllled

4 DEPLOYMENT
BAG

2. Line Stretch

SEVERED
== REEFING
LINE

4, Canopy Disreefed

Fig 9. G-11A Parachute Deployment Sequence




o

length and the term J, contains drag area and mass terms of
both the deployment bag and the extraction parachute in its
fully inflated condition,

B (CpS), + (Cp,So)

I ext
c 2(m, + Mext)

3) The velocity terms necessary for the snatch
force calculations are determined from Egns 10 through 13,
assuming the deployment velocity term, Vg, equal to the initial
platform velocity, Vo, at exit from the aircraft.

4) The snatch force was then calculated from
Eqni 14, 15, and 16.

5) The total filling time of the G-11A parachute
System was determined by the following method.

First, the filling time of the unreefed G-11A
canopy was obtained from the method of Rel 3, and a computer
solution of Eqn 18. Then, the time elapsed while the inlet
area increases from the reefed area (Sj =mDp2/4) to fully
open was determined by using an experimentally determined
curve of instantaneous inlet area versus time for the unreefed
canopy (Fig 10).

Assuming that the reefed and unreefed canopies
have identical filling procedures during this period, the
calculated value represents that portion of the filling time
from disreef to fully open. Adding the two second reefing
time yilelds the value for the total filling time. This
method, then, assumes that the reefing cutters are armed
at about the time of snatch force occurrence.

" 6) The opening force, Fy, was calculated from
Egn 4.

7) The rate of descent, Ve, was determined from
the equilibrium condition (Eqn 6).

8) The total down time, tp, has been calculated
from Eqn 7, assuming equilibrium conditions exist during a
fall of 1500 ft. However, the altitude loss during opening
may be significant and the total time must be viewed with
caution.

E. Results

The results of the performance calculations are
presented in Table IX.
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XI. EXTRACTION PARACHUTES

Extraction parachutes are used to extract load
platforms out of the cargo compartment of the zircrart. As
a characteristic fzature, it can be assumed that these para-
chutes are so small and inflate sc rapidly that the velocity
of the relatively heavy load does not vary during the period
of parachute inflation. This condition is usually character-
ized as infinite mass condition.

Extraction parachutes of 15 ft, 22 ft, and 28 ft,
nominal diameters, are under cdonsideration. The 15 ft canopy
is used both reefed and unreefed and the calculations have
been performed for both cases.

A. Physical Parameters

1) 15 ft Ringslot parachute - unreefed
W, = 6.06 1bs Wy = 8.0 1bs
Canopy Mateérial, nylon cloth MIL-C-735C Type I,
2.25 og/yd? Nominal Porosity = 90-165
£t3/ft2-min
(CpS)e = 1.425 (deployment bag)

Bag dimensions:

Iength, L = 18 in
Width, W =10 in
Height, H = 3.5 in
= iy (
CDbag 1.14 (Ref 2)
Z = 16 suspension lines

P' = 1,000 1bs - Type IV of Spec, MIL-C-7515

Ls = 15 rt

Loy= 60 ft

§' = 20% at rated breaking strength

;” = 28% at rated breaking strength of 12,000 lbs

xK = 1.05 (infinite mass) (Ref 1)
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2) 15 ft Ringslot parachute - reefed

Unless noie . here, the parameters are thoce
noted in 1) above.

Effective diameter, Doeff = ¥2.0 ¥
Lp = 260 in

3) 22 ft Ringslot parachute
We = 19.3 1bs Wp = 27.5 1bs

Canopy Material, nylon cloth, MIL-C-7350,
Type I, 2.25 oz/grd2 Nominal Porosity =
90-165 t't3/ft2-min

(cpS)e = 1.425 (deployment bag)

Bag dimensions:

138 in
10 in

3.5 in
= 1.14 (Ref 2)

Iengtin, L
Width, W
Height, H

CDbag

Z = 28 suspension lines

P' = 1500 1bs - Type V of Spec. MIL-C-7515
Ly = 22 't

Lex= 60 ft - 6 ply
;‘ = 25% at rated bresking strength

28% at rated breaking strength of 40,000 1lbs

Nn
I

Adapter Web length = 5 ft, 6 ply
Atotal = 17%
Cho= 0.°7
xK = 1.05 (Ref 1)
4) 28 ft Ringslot parachute
We = 22.55 1be Wy = 36.55 1bs
Canopy Material, nylon cloth, MIL-C-7350, Type I

2.25 oz/yd<e Nominal Porosity = 90-165
£t3/ft2-min
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Bag ¢imensions:

ILength, L = 23 1n
Width, W =14 in
Height, ¥ = 10 in

CDpag = 1-1 (Ref 2)

N
I

30 suspension lines
P' = 2,000 1bs - Type VI of Spec. MIL-C-751%
28 't

&
It

Lex= 60 £t - 8 ply

g = 30% at rated breaking strength

£ = 28% at rated breaking strength of 52,000 1lbs
Adapter Web length - 9.0 ft, 8 ply

Atotal = 17%

CDo= 0.55

xK = 1.05 (Ref 1)

B. Deployment System

The extraction parachute assembly is supported in
the rear of the cargo section on a bomb shackle. Upon * :2ase
the deployment bag swings aft and is subjected to thz ai:i-
stream behind the alrcraft. The aerodynamic drag on the
deployment bag extends the 60 ft extraction line to its full
length at which time the canopy deploys, lines first, and
inflates.

The payload in the aircraft is released at a
predetermined extraction force and moves aft through the
cargo compartment.. As it passes over the exit ramp of the
aircraft a mechanism transfers the extraction force from the
cargo to the bridle of the main recovery canopy, and after
this time, the extraction parachute functions mvoh like a
pllot parachute (Fig 11).

C. Assumptions Used in Calculations

1) The deployment and opening sequence occurs in
a near horizontal condition.
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EXTRACTION PARACHUTE
CARGO

/L/ T77TR 777 EXTRACTION LINE
PLATFORM_\ ///////77\

1. Aircraft Cargo Compartment

LLt L LLLLLLL L1 10t R T T 77T BOMBSHACKLE
MAIN RECOVERY
PARACHUTE. I i

LLLLLIJ AL LI )] ) 111

L 1)
LT TTT f////fT\t_AIRCRAFT RAMP

2. Bomb Shackle R~leases Deployment Bag

////////////////////[_‘

%gﬁ#//@

—l
///////’////////\

3. Load Moves Through Cargo Compartment

(Lr L2001 1]))

/

/*— LOAD TRANSFER

TTTTTTTTTT T T

b, Load Exits Aircraft and Extraction Force Initiates
Deployment of Main Canopy

Fig 11. Extraction Parachute Deployment Sequence
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2) The filling times and opening forces are
calculated on the basis of iInfinlte mass relationships.

D. Governing Equations

1) The time for extraction line extension is
determined from Egn 1 where:

I) = Loy = 60 ft

2} The deployment bag velocity at extraction line
extension 1s glven by

v
O

VIT,1 " Tt ¥ 1

3) The time for suspension line extensiorn, tp,
is given in Egqn 9, where Lg includes the length of the adaptor
web,

k) The velocity of the canopy at time to 1s given
hy Egn 11.

5) With this information, and realizing that lhe
alrcraft flies at a constant speed Vg, which in thils case 1is
V%,g, the snatch force can be caiculated from Egns 14, 15 and
16.

6) The filling time for the infinite mass case 1is
given by the equation

8D

tp = o ¢ (Rer 4)
rTio0p

D

7) The opening force 1is calculated from Egn 4
vtilizing a constant infinite mass xX factor of 1.05.

8) The steady state rate of descent and velocity
are not calculated for the extraction parachutes, since their
functioning 1s essentially completed with the deployment of
the maln recovery parachute.

E. Results
The results of the performance calculations for the

15 ft, 22 ft, and 28 It extraction parachutes are presented
in Tables X through XITI.
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XII, 7ONCLISION

An attempt has been made to calculate the transient
and steady state performance characteristics of a2 number of
conventionally used man-carrying, cargo, and extraction
paracnutes. In view of the n- :rous assumptions, the pre-
dictions shouid be consideresd as approximations, based on
currently availliable solutions.

It is recommended that this report be reviewed and

r>vised as better analytical metheds and expesrimental data
become available.
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APPENDIX
GOVERNING EQUATIONS

This section presents the general equations used
for the preceding calculations. In many cases in the main
text these equations have been altered sligntly for adapta-
bility to a specific system. 7The altered equation number in
the text is then shown with a lower case "a'.

The equations shcwn in this Appendix are numbered
as they appear in the main text, where an attempt has been
made to maintain chronological order. However, since several
systems have been considered. some deviations necessarily
exist.

The governing equations for the extraction para-
chutes have been set down in Section XI, and since these
canopies have identical deployment and filling characteristics,
they have not been repeated in this Appendix.

1. Static line extension time, ty. (Ref-1)

This time was found by an iteratian of the equation

i
2

2,2
gt
ik il 2
I3 —(2—) + [votl - :TI in (1 + leotl)} (1)

where
Ij = lengvh of static 1liue
J1 = p(CpS), /2mptc

my4c = mass of suspended load plus complete
parachute system

The velocity at this instant is given by:

v

._ - (o]
Va = V1,1 = 5v5ey 7 1 (2)

2. Pilot parachute filling time. (Ref 7)

If a pilot parachute is employed, it may be deployed
by a spring action or static line. In either case, the
£filling time may be calculated using:

21)O
bp = 30, (9770 - /37 (8)
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The opening force of the pilot parachute is very
small comparel to the main canopy force, and has not been
calculated.

3. The suspension line extension time, t,. (Ref 1)

The time for suspension line extension is found from
an iteration of the equation

1 1,
Ly = i In(l + JyVats) - T In(1l + J.Vg4to) (9)
where
/
Jp = p(CpS)p/2m,
and

Jb p(CDS)C//QmC
4. The time, tDt, 1s the time from release to

the instant which the deployment begins, ©1, plus the time
for suspension line extention, to. Therefore, one may write

If a pilot parachute 1is an integral part of the system, its
pertinent times must be included in Eqn 17.

5. Component velocities. (Ref 1)

The velocities of the primary and secondary bodies,
load and parachute, respectively, can be determined from:

Va

Vi = e L (10)
v

v R S (11)

II,2 = T8 ¥ 1

=V (12)

ViI,2(re1) = V1,2 -
and
V1,3 V11,3 V1,0 = ¥, (13)
6. Snatch force calculations. (Ref 1)

The snatch force was calculated by the method of
Ref 1, from which
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*xj

where

2 e
+V
=
F =2 {cps), 11,2 . 11,3 (15)

\'

€ A

and

2 ﬁ'
P =\/;nc [VIILE(LI‘GI)]ZP (16)

L’

The various velocity parameters in the equations
above were found in the preceding sectilon.

7. Main canopy filling time, tp. (Ref 3)

For canoples opening under finite mass condlitions
the filling time was determined from computer solutions of
the following equations:

a) 10% flat extended skirt canopies.

=O.25 2
5.2700° + 2,597 + 0.2587 (3)
D =¢ T dT (3
0 M L p’f[SM M _ PT
-0 R, T2 [fEmE-D+F
where
M = sum of system and included alr mass r
wt 3
=5 + pDO (0.009169T + 0.0000€"75)
Wt = sum of parachute and suspended load weights.

N = rate of change of included 2ir mass wifh respcct
to dimensionless time, T = 0.009169pD,

P = sam of initial drag areas of vehicle and canopy .=
0.00647 (CpS)pax + (CpS)p where
CpS)max = maximum canopy drag area and
CDS5b = drag area of suspended load.

R = sum of initial masses of system and the included
alr =
W

t 3
= + 0. 00006478pDO
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S = rate of change of canop
to dimensionless time,

drag area with respect
= 0.1445 (CpS)max

y
T

b) Circular flat canopies.

‘T*0-3[ 1.87°T° + 2,96T + 0.0886
£ 183
D =t L M 9_1_<S M. M PTB dT (18)
o f e -t = (x1lnzg - T) + ==
7o KU 2 \F'W "R J
where
W, =
M= 2= pD,> (0.020624T + 0.000026M4)
N = 0.020624pD_3
P = 0.003733 (CpS)pmax + (CpS)op
W
R = =% + 0.000264pD_3
S = 0.12237 (CpS)mpax

8. The opening time 1is, by dofinition of Ref 1,
the time from the release to the time the canopy is fully
inflated.

to = tpg + tp (5)

9. The maximum opening force for all the parachutes
was calculated by the melhod of Ref 4 with

Fo = CpySoasxK (4)
where

a) Cp.So is the drag area of the fully inflated
canopy

b) dg = %PVSQ

¢) K is a dimensionless factor

d) x denoted the relationship between actual
opening shock F, and the constant force
Fo, x = FO/FC

10. The rate of descent, or the equilibrium

velocity, for the parachutes was determined from force
equilibrium expressed as
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W
2 total
V. = w— R 6

where Wgot 3 1s the sum of rarachute weight and suspended

load weigbh*, and pave 1l& the average density between para-
chute opening altitude and landing zone elevation.

11. The total down time, tq, was determined from

_ 1500
by = to + (7)

where the release altitude is 1500 ft above ground.
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