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NOTICE: When government or other drawings, speci- 
fications or other data are used for any purpose 
other than in connection with a definitely related 
government procurement operation, the U. S. 
Government thereby incurs no responsibility, nor any 
obligation whatsoever; and the fact that the Govern- 
ment may have formulated, furnished, or in any way 
supplied the said drawingj, specifications, or other 
data 1B not to be regarded by implication or other- 
wise as in any manner licensing the holder or any 
other person or corporation, or conveying any rights 
or permission to manufacture, use or sell any 
patented invention that may in any way be related 
thereto. 
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This unclassified report was prepared by Goodyear Aircraft 
Corporation of Akron, Ohio for the Parachute Branch of the 
Bqaipnent Laboratory of Air Materiel 0—< at Wright- 
Patterson Air Force Base, Dayton, Ohio.    The research pro- 
gran was authorised under Purchase Bequest Mb. 108280 and 
Contract Ho. AF33(038)11979.    The parachute drop-test models 
were constructed at Wingfoot Lake Airship Base in accordance 
with AMC ixhiM.tMCRKXB-6B-26, and the directions of Mr. 0. 
I. Aichinger, the AMC project engineer.    The tests included 
in this rspert are an extension   of the work deseribed in 
Msnorandum Report Mo. MCHBB-672-12-B, OS-D8AP Uright- 
Patterson Mo. 17$.    This program was initiated at Ooodyear 
Aircraft Corporation under Manufacturing-Order Mo. 379 and 
Project Mo. OA33*. 

Srcellent cooperation was received from the personnel of the 
Air Materiel Command related to this project, particularly 
Mr. 0. K. Aiohinger, Or. Helmut; 0. Heinrich and Captain 
Sterling K. Hight who were directly affiliated with the pro- 
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ABBTBICT 

I'M fa—I§a 1« At«« fall of 27 model parachutes of various designs was 
determined by drop tests conducted In the Qoody ear Aircraft Corporation 
airship dock at Akron, Ohio,    Modal« of approximately 16,000 sqoara 
inches of cloth surfaoa area were tastsd to determine the influence 
of the shape of the canopy (type) and the rate of descent on the drag 
and stability of specific types of parachutes.    Ihe Influence of the 
shroud-line length on the aerodynamic characteristics and the stability 
of the solid-flat 10$ extended-skirt parachute vas also investigated. 
All models were tested at vertical terminal velocitiesof approximately 
10, IS, 25, and Uo feet per second for both vertical and horizontal 
types of release» 

Over 700 drop tests were conducted at different intervals between 
February 1951 and February 195*2 with the foil «ring types of parachute 
modalst 

a. Solid flat parachutes - circular, square with pockets, and 
triangular with pockets» 

b» Solid extended-skirt parachutes - 10%, 12$$ and full extension. 

e. Airfoil parachute with $0$ vent. 

d» Solid spherical parachutes - $ sphere circular, i sphere 
circular, i sphere square, and 
i sphere triangular» 

e» Solid conical parachutes (30° angle) - circular, square and 
triangular» 

f. Quids-surface parachutes - medium-construction brake, 
stabilisation, universal ribless, 
and personnel type. 

g. Exeter Type - 12 parachute. 

h. FIST-type ribbon parachutes - circular (^T ■ 20$» 25$, and   26$), 
sqoara, and triangular. 

i.  RLng-elot parachutes - circular (AT a 10$, 13.5$ and 17$). 

The results of the drop testa are inserted in the appendices and 
include a copy of the orlginaldata sheets giving the space coordinates 
of the paraehnta throughout the descent along with a descriptive 

rk on tho parachuta performance.    The appendices also include 
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a plan-vie«, oscillation, and trajectory curv« for «ach of th« drop 
testa analysad completely, followed by a repräsentative sketch of 
the parachute canopy ia question. 

UM geometric and aerodynamic characteristic« of all the parachutes 
hare bean tabulated, aad only the drag-coefficient information «as 
directly correlated with descent Telocity variation«    In general, 
■oat of the parachutes tasted shoved an increase in C^ for a 
decrease in descent Telocity) however, above a critical ¥v value 
the drag coefficient became constant in most cases»    (buy for the 
Tery stable parachutes did the drag coefficient is—In approximataly 
constant for the VT range tested«    No constant C«   region was detested 
for the parachutes with inconsistent descent characteristics« 

At the low TT conditions    the unstable parachutes tended to glide 
with anderste ear large occillatioBs.    As the descent velocity was 
increased these parachutes appraxlasted straight vertical descent 
characteristics with little or no oscillation in most esses«    The 
logarithmic decrement could not be calculated because of the 
Incomplete nature of the oscillation curves in most eases and 
because some parachutes displa' ed undamped oscillation characteristics« 
The frequency of oscillation was calcul       i for a number of the 
parachutes and usually ranged between i    . «nd 0.5 cycles per second 
shoving an increase in value for an increase in VT over the range 
tested. 

The shroud-line length of the solid-flat lOJt extended-skirt para- 
chute was vsxled from an Ls/tfe ratio of 0.60 to l.ljO in six equal 
steps and drop tests were made on each configuration.    The resulting 
drag curves Indicated that a substantial decrease in Cjv was effected 
for a decrease in Is/E^ below a value of approximately 0.9 for the 
range tested. 

A method for det«ruing the Instantaneous angle of attack of the 
parachute system during descents was derived and calculations ware 
mads with the drop-test results of the solid flat-circular para- 
chats.    Th« angls-of-attack curves were oscillatory in nature, 
increasing in frequency as TT was increased« 

la aost eases the results of the horisontal and vertical conditions 
of release wars nearly the sans«    Conducting drop tests using the 
horisontal type of release for determining   the frequency of 
oscillation snd damping characteristic of the parachutes indicated 
the possibility of obtaining all of the important information 
from a straight vertical relesss in« a  ■fcj«x«;iiw   IWL.XDU  ru*u«a 

This report has been reviewed and is l\   f\    A^. « - 1A 

approved. 
FOR THE COMMANDER: 

W.P.   SHEPARDSON 
Chief,   Parachute Branch 
Aeronautical Accessories Laboratory 
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98 Anglea of Attack for Parachute So. 1 at 11.2 IPS aftar 
Horizontal Balaaaa    ........ 228 

99 Anglaa of Attack for Parachuta Ho. 1 at l£.2 IPS aftar 
Horlaontal Baloaaa  <i2° 

LüO Anglea of Attack for Paraohota So. 1 at 27.2 IPS aftar 
Horlaontal Salaaaa  230 

101 Anglaa of Attack for Parachute ID. 1 at 38•$ IPS aftar 
Horlaontal Balaaaa ,  231 
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°D Drag coefficient baaed on vertical Telocity of 
the load and the canopy projected area}  Op = 

fV 

t V % 

°». Drag ooefficient based on vertical velocity of tbe 
• lead and the canopy total-wurface areai On    = 

2H 
PI* S 
»To 

V Drag ooefficdent based on resultant velocity of 
the load and the canopy total-surface area} Cn     = 

*»or 
» cosd 

r*V   »• 
D • ■oninal dianeter of the parachute canopy, ft., 

D0 = loM^fs; . 

»P Projected dianeter of the inflated parachute canopy, 
ft.  (design dianeter on guide-surface parachutes and 
two-thirds of deflated dianeter on solid-flat para- . 
chutes). 

f Frequency of oscillation, cycles per second. 

I Vertical displacement  of load fron release point 
in fest, where H * 7Ü.1 - Z. 

l. Free shroud-line or suspension-line length neaaured 
from the canopy skirt to the shroud-line confluence 
point. 
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Ibtal surft?* area of parachute cmaopj, square 
f Mt (includes rant ITM if smaller than 1% of 
total and for ribbon models includes apaoa be- 
tween ribbona)| 

»• = TT»« 

r 

s 

Projactad araa of tho inflatad parachute canopy, 
aquara faat. 

Una alnea release, aaoonda. 

Horisontal Telocity along tha trajectory of the 
suspended lead of the parachute, ft/aee. 

Baaultant Telocity along the trajectory of the 
suspended load of the parachute, ft/sac. 

Vertical Telocity of tha anapended load of the 
parachute, ft/sac. 

Ibtal weight of parachute ayatam, lbe. (Including 
parachute, instrumentation, and suspended lead). 

Coordinates of the ropreasutatlTo shroud-Una point. 

Coordinates of the lead point > 

Angle of attack of tha parachute measured at the 
lead, degrees (angle between the resultant Telo- 
city of the lead and the parachute axis). 

Angle of oscillation aeaeured between the Tsrtioal 
and tht axia of the parachute, degrees. 

Logaritbmic decrement which ia an indication of the 
deeping of the angle of oscillation currea, defined 
as log, *i/*2 where a, and I. are the aaplitudee of 
oonaeeutiTo     oscillations one cycle apart. 



22  
ATTft.5867 

"5S5B  
~-_B=fiZL 

P 
4 

Tot«! porosity in percent (equals actual «atari*! 
porosity for solid fabric designs and ths sn of 
aaterlal and geometric porosity for ribbon designs) 
(1* of gccctria porosity s 27-U on. ft/sq. ft/s 
at J* water prsssora). 

Mass density of air, slags par cubic foot 

(Hide angla of the paraohnte ■easored at the load, 
degree» (angle beteeen resaltant Telocity of the 
lead and the vertisal)| 

-1   ¥h 

*J«I   Irlaed symbols mill refer to am 
paraobate eaaopy rafarena« point« 

a nmdo at 
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Although the Inception of the parachute occurred many years 
ago It was not until the past faw dasadaa that an/ systematic 
effort was aada to develop a completely satisfactory design. 
Tha assantlal oharaetarlstics to bo oonsidarad In fulfilling 
tha requirements of tha Ideal parachute aystea arc low weight, 
low balk, simplicity, reliable opening, low opening shook, 
high drag, and good stability.    Iran though several parachute 
designs have nany of the before mentioned characteristics, no 
one type of parachute seams to possess all of than simultaa- 
aoualy whan compared with other dasigns.    Tha actual choice 
of parachute type depends entirely on the intended use, since 
in general sown characteristic» are more important than others 
in the various phases of application. 

Considerable parachute research has been conducted relatively 
recently with full-scale and nodal tests in the United States 
and abroad.    Most of tha tests were conducted under limited 
conditions, thus offering data which are not comparable and 
transferable in nany respects.    la general, no definite trends 
had been established satiafaetorlly as to the effects of the 
perachut« geometry on the aerodynamic and stability character 
iatias of the system.    In order to combat this problem, the 
Parachute Branch,  Equipment Laboratory, IMC, initiated a para- 
chute test program to study the  influence of various design 
factors on parachute perfoxmanee (Reference 1).    Model and 
fuU-sise parachutes having different types of canopies were 
tested in wind tunnels and free-fall drops under transferable 
conditions in an effort to establish design criteria.    The 
variation of drag coefficient with rate of descant and shroud- 
line length was determined for these different types of parachutes. 

The present report concerns a free-fall drop-test program on 
different types of parachute modala of 16,000-aquare-inch 
canopy surface area and Is considered a continuation and ex- 
tension of the before-mentioned IMC parachute work.    The general 
purpose of the overall coordinated research effort is to da- 
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tsrmlne completely the design crl teria of parachutes far various 
applications based entirely on full-sis* and model paraehnts 
tests im frss-fall and wind-tunnel rsasareb work nndsr comparable 
oonditions.    The present work Is the second step in the nodal 
phase of this general program.    The future contemplated schedule 
includes wind-tunnel tests to be conducted on these 16,000-aquare- 
incn sodels, fallowing which full-sise parachutes are to be 
tested in free-fall and wind-tunnel tests.    At th* completion 
of the coordinated program it is hoped to be able to predict 
Intelligently the effect of parachute sine and Baynolds number 
om the drag and stability characteristic« for any of the types 
of parachute design« considered to date. 

The inTcstigation of the effect of ahroud-line length on the drag 
and atability of the solid-flat \0% extended-skirt parachute for 
an La/Db range of 0.6 to 1 .U is alao am extension of the general 
program.    A definite approach for measuring the different velo- 
cities, the frequency of oscillation, the oscillation damping, 
the angle of attack, and the glide angle of the parachute system 
im free fall has been determined in the present report. 

Terminology and definitions used in this report correspond to 
ABC standards ss noted in the DSAF Parachute Handbook (Bef< 
2). 
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A free-drop space utth a height of approximately 172 fcm. and a suit- 
abla floor aroa vaa supplied lnalda tha (body ear Aircraft Corporation 
airahlp dook «hare a minimum amount of air disturbance from thermal» 
and drafts axistad.    Adäquate instrumentation vaa required to measure 
and record the teat data within the requested tolerances.    Moasure- 
ments of the Tartieal velocity, the horiaontal and resultant velocities 
along tha trajectory,, the glide angle, ths angle of attack, the angle 
and frequency of oscillation («hare applicable), the drag coefficient, 
and the trajectory plan Tie« «ere desired from the drop tests of the 
varloua type» of parachutes under all test conditions of speed and 
release. 

Im order to facilitate accurate, economical, and efficiemt measurement 
during the drop tests, it «as decided to utilise the two-camera system 
of recording, giving test data in the form of ■sequence-still-photo- 
graphs".    It «as also necessary to have the test equipment as automatic 
as possible since the program «as long and it was imperativ« to main- 
tain consistency in the test procedure. 

9M general layout for 
shown in tha schematic 
special hoist assembly 
dook making it possihli 
172 feet. Two Bastman 
from ths drop point at 

the equipment used in the drop-test program is 
view of the airship dook in figure 1.    A 
«as erected along a main arch of ths airship 
i to obtain a free-drop height of approximately 
D-2,  8" x 10" cameras «ere mounted equidistant 
approximately 98 feet above the floor. 

A bygrograph recording continuous relative-humidity readings and a 
thermometer for temperature measuremsnts were located at the control 
panel.    Thermemeters vers also located at each camera station to measure 
average air conditions in ths overall drop area.    The prevailing baro- 
metric pressure reading along with the average temperature in the drop- 
test area permitted the determination of ths actual air density for each 
drop. 
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Hoist 8ystsn 

Fran the standpoint of safety and efficiency it was necessary  to uti- 
lise a mechanical hoist system to raise the parachute to the top of 
the dock and provide automatic release at this point.    The horlsontal 
hoist bar shown on Figure 2 «as employed In order to simulate syste- 
matically the two desired conditions of release defined in Figure 3* 
Figure 2 shows the actual installation of the parachute system on the 
hoist bar assembly for both the Tertical and horlsontal release con- 
ditions.    The hoist bar consisted of aluminum, channel-type construction 
and waa approximately 2JU feet long.    Two l/8-inch stainless steel cables 
ware attached to the bar at points approximately 21 feet apart.    The 
automatic release unit was located on the north end of the horlsontal 
hoist bar and was actuated by a buffer plate located on Arch 2 near the 
top of the deck»    The buffer plate depresses two Tertical pins acting 
against springs to effect the release of the parachute system.    The 
north cable establishes the ecntsrllnc of drop for the test program 
and the contact point of the two horlsontal retaining pirn of the re- 
lease mechanism when held against the buffer plate is defined as the 
point of release or drop. 

Since the distance between the apex of the collapsed canopy and the 
suspended load connection varied for the different types of parachutes 
tested it waa necessary to provide amoTsbls hook near the south end of the 
hoist bar for the efficient manipulation of the horizontal release con- 
dition. 

Using s system of pulleys, the two cables went from the horlsontal bar 
to the top of the dock, then down along Arch 2, and finally were con- 
nected to separate sections of the hoist drum which was sppreximately 
8 inches in diameter.    Figure U shows this hoist drum installation 
which allows the hoist bar to be raised horizontally from the floor to 
the top of the dock at a speed of approximately 2Jk ft/see.    Toe belt 
connection between the one-horsepower electric motor and the speed re- 
ducer acted as a flexible coupling to allow slippage as the release 
mschanisn became engaged by the buffer plate at the top of the dock« 
Tae magnetic-type brake controlled the start and stop aharactsrlstles 
of the hoist system» 
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The two >! 10» «nuns wva located a» shown on Figaro 1 and desig- 
nated oast and woat n— aroa beeauso of thotr position In the airship 
dock.    There is s system of oatsslks on the sldss of ths dock  running 
the foil axial length,    ha order to position the out eras at the approx- 
laato Bonn distsnoe of the f rao-fall height, it was necessary to locate 
the« off ths second satvalk on oaah aids of the dock.    Figures $ and 6 
show ths installation of ths east and west camera* respectively .    the 
camera snonts wore constructed of hoary stool ■«■hers securely connected 
to the dock structure.    Ihe critical parts of the easerss were looked 
in position and firmly fastened to prevent any calibration change dar- 
ing ths test program.    A telephone head sot installed at each of ths 
caster* positions and at ths control panel located at the dock floor per- 
Kitted continuous contact between the three test stations  and  facilitated 
safe and efficient operation of ths drop-test progrssi»    Figaro 7 shows 
ths control panel and ths rsaote-eontrol switches utilised in the tests. 

Is order ts obtain efficiently the test quantities desired it wss neces- 
sary to have a simple,  accurate, and eeononicsl method of data recording. 
Figure 8 is a composite slow of ths complete photographic system of 
recording used for the tests.    As the result of s thorough analysis of 
several methods which ware considered for obtaining the drop-test data, 
it wss decided to employ s constant light source on ths parachute system 
and hare ths timing aeobanisa located at the fixed camera positions. 
Seall light bulbs were fastened to the parachute system to define ths 
location and attitude of the parachute axis throughout ths drop.    For 
timing purposes it was decided to use constantly rotating perforated 
circular discs In front of the open camera shutters.    With this arrange- 
ment, it was necessary to conduct the drop tests st night while ths in- 
side of ths airship dock was relatively dark. 

A 1/loth-inch aluminum disc 19.75 inches in diameter was used as ths 
timing means.     Sight truncated radial slots approximately 3  inches long 
wsre located symmetrically about the disc at an inner radius of 7 inches. 
Seven of ths slots had s central angle of U.5 degrees while one slot had 
S central angle of 13.$ degrees.     The disc was rotated st a oenstant 

of 30 rnm in front of the ssmmrs, lens. 
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Since there was a constant light source on the parachute system, it can 
be seen that there would be eight sets of Barks defining the parachute 
system produced on the fiLs for every two seconds of drop test time dur- 
ing one rotation of the disc.    The dash produced by the large slot pro- 
Tided an easy neans of coordinating the photographs taken by the east 
and west cameras for each drop test*    The circular hole opposite the 
large slot was intended for balancing purposes only and did not pass in 
front of the lens.    Kach disc was directly connected to a synchro-motor 
(similar to a Selsyn) and mounted underneath the camera in such a way as 
to permit covering and uncovering of the lens by the rotating disc with 
its radial slots. 

Bach Eastman D-2, 8" x 10« camera had a Kodak Wide-Field Bktar 190-OB 
Hex Acme Synchro shutter (f6.3).    The shutter solenoid of each camera, 
utilizing a 6-volt battery source and a 110-volt relay, was controlled 
at the floor panel by an "on"- "off" dial switch thus making it neces- 
sary for the camera operator only to load and unload the camera and 
cock the lens shutter.    Electrical lines between the control panel and 
each camera terminated at quick-disconnect type plugs which permitted 
the use of the camera cover as protection of the photograph equipment 
when not in use. 

In order to provide constant reference points on each photographic negative 
it was necessary to install in the airship dock fixed markers in the 
field of view of both cameras to establish the exact location of the 
center of drop on every photograph.    The fields of view of the east and 
west cameras are shown in Figures 9 and 10 respectively and accentuate 

the clear drop-test area.    Three position signs of the type shown in 
Figure 11, located at widely scattered points, were used far this photo- 
graphic coordination.    Each illuminated cross remained fixed in position 
for the drop-test program. 

The large number of drop tests  in the program necessitated an accurate 
and simple method of drop identification along with camera distinction 
on each negative.    Figure 12 shows the marking or identification sign 
employed for these tests.    The sign was positioned in the drop-test area 
in such a way that the identifying letters E and W, fastened at a hS- 
dagree angle to the main board were seen only by their respective cameras. 
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Ihr«« groups of two numbers each(as shown on the photograph) ware used 
to d«slgnat« th« month of the year, the day of the month and the drop- 
teat number (reading fron left to right), i.e., Figure 12 identifies 
the serenth drop made on October 12th.     The illumination of the marking 
sign as well as the position signs was controlled from the operator's 
panel. 

Parachute System 

Ihe parachute models were constructed basically with 16,000 square inches 
of total canopy surface area and free shroud-line or suspension-line 
lengths of 12 feet.    RLp-Stop nylon cloth defined in Bureau of Aeronautics 
Specification 27MU (Aer). and 100-pound tensile strength nylon shroud lines 
(specification AK-C-63a Type I) were used on all the solid canopy type 
parachutes.    Ihe ribbon parachutes were constructed of nylon ribbon and 
webbing determined by specifications MH.-BV£608A and MJL-T-5038 respective- 
ly.    In general, sixes A and E nylon thread following specifieation AN-T-9» 
were used in sewing the parachute models.    Individual construction details 
of the parachute models are given in the appendices at the end of the re- 
port by sketches of the complete parachute or a representative gore 
pattern which excludes allowances for the seams. 

Standard sewing practice was employed in the fabrication of the model para- 
chutes as smch as possible.    Figure 13 shows a few of the construction de- 
tails defined early in the program thus insuring consistency of design. 
Beinforoing webbing 9/16 inches wide was inserted into all the radial load- 
bearing, vent, and skirt seams while a standard 1/2-inch French-fell «ean 
was used for the general gore construction of the solid-type canopies.    The 
construction details of the skirt and vent seams were identical.    The sewed 
shroud-line loops provided an efficient means of attaching the suspended 
load*    The shroud lines were attached to the outer edge of the canopy for 
a distance of $ inches above the skirt with both ' straight and sig-sag type 
stitches for added strength.    The shroud-line attachments were made st radial 
seams except for the square and the triangular solid canopy-type parachutes, 
where it was necessary to strengthen the fabric in the 1—»illsi w vicinity 
of the attachment points with ribbon material placed in a finger-like manner 
to distribute the stresses. 
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The suspended load of the parachute system consisted of a fabric bag 
for variable loadings of lead shot and a top unit housing the battery 
power source for the lighting arrangement,  as shown on Figure lit. 
United Carr fasteners were used to fasten the reinforced bag to the top 
unit thus facilitating addition or removal of the lead shot bags between 
the drop tests.     This type of suspended load arrangement was used because 
of ease of construction combined with ruggedness,  efficient use of space, 
and negligible drag effect when compared with that of the parachute 
canopy.    No interference effect was anticipated between the suspended 
load unit and the parachute canopy.    The harness snap provided an efficient 
connection of the suspended load to the shroud-line loop. 

Figure 15 shows the construction of the fabric weight bag into which lead- 
shot sacks were placed to obtain the weight variation desired for the 
drop-test program.    The top part of the suspended load is shown in Figure 
16 accentuating the battery supply for the electrical system of  the para- 
chute along with the location of the flashlight bulbs defining the para- 
chute load point for the  drop-test program.    A toggle switch increased 
efficiency by permitting the lights of the parachute to be turned off 
while getting ready for each drop teat.    Photoflash type dry-cell batter- 
ies were used because of their large current capacity, thus givi"g a 
brighter light and having a longer life than ordinary flashlight batter- 
ies. 

In order to establish the parachute axis location at any time during the 
drop tests, flashlight bulbs were added to some of the shroud line? of 
the parachute system in addition to having them located on the suspended 
load unit.    For the circular and square-type parachutes a flashlight bulb 
was mounted to each of two diametrically opposite shroud lines at a point 
eight feet above the shroud-line confluence point as shown on'Figure 17. 
For the square-type parachute the lights were mounted on the shroud lines 
fastened to the center of opposite ride» of the canopy since there appear- 
ed to be more uniform tension in these lines throughout the complete drop 
test.    For the triangular-type parachute a light was mounted at the end 

of an eight-foot line located along the axis of the parachute system aa 
shown on Figure 18.    The lower end of this line was fastened to the 
shroud-line loop while the upper end was held on the parachute center- 
line during inflation by three flat rubber bands 1/8 inch wide which ran 
from three symmetrically located shroud lines to the light socket.    The 
attachment points for the rubber bands were 9 feet above the confluence 
point of the shroud lines« 
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In order to connect the shroud-line flashlight bulbs to the battery source 
in the suspended load two strands of 26-gage enameled copper wire were 
wound around each respective shroud line from the shroud-line loop to the 
light attaohment point.    The upper ends of the wires were connected to a 
screw-base type electrical sooket while the lower ends were fastened to 
quick disconnects.     The sockets permitted replacement of the light bulbs 
with a minima« of trouble.    The quick disconnects permitted easy disen- 
gaging of the lines from the power source «very time the weight unit was 
removed from the parachute system.    The shroud-line lights consisted of 
one or two 2.3-volt flashlight bulbs while the load unit had three, 3.8- 
volt flashlight bulbs symmetrically located about the strut of the weight 
top.    This arrangement of flashlight bulbs resulted in maximum, uniform 
brilliance for the power source supplied.    Each light socket was taped to 
its respective shroud line to eliminate interference with the parachute 
opening process. 

The average bulk in cubic inches of each canopy and complete parachute 
was determined with the instrument shown in Figure 19.    The cylinder of 
the bulk tester consists of a 3/32-inch-thick fiber tube approximately 
5-3A inches in outside diameter and 21-1/2 inches long with one end 
closed.    The wooden piston has a calibrated scale mounted on one side 
giving volumes directly from 0 to UOO cubic inches.    The notch in the 
side of the piston head permitted bulk readings of the parachute to be 
taken with and without shroud lines included. 

An average porosity valus of the parachute canopies was determined on a 
Sherman V. Frailer Company fabric permeability machine which is shown on 
Figure 20.    Porosity readings in cubic feet of air per minute per square 
foot of cloth at a static head of 1/2 inch water pressure were required 
for at least every separate piece of cloth in the canopy with a desired 
Minimum of approximately 16 points. 

Analysis System 

For purposes of evaluating the photographic drop-test data a maohanioal 
analyser as shown in Figures 21 and 22 was developed, giving the coordi- 
nates of the parachute lights according to an established 3-plane ortho- 
gonal system of axes.    The general principle of the analyser design is 
explained in Reference 3.    By use of these coordinates, the instantaneous 
location and attitude of the parachute axis becomes available. 
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The instrument basically consists of a system of simple levers whose 
location and length «re determined by the angle between the line of eight 
of the tvo oajMraa and the camera focal length.    Two grid lerere gire the 
plan-Tie« location with respect to the drop point while the third grid 
lerer la need to determine the distance from the drop point.    The actual 
drop-teet-camera setup is duplicated in a siallar smnner by the analyser 
and thus it is possible to graphically locate a point on the parachute 
system by lining up representative dots on the two photographs with the 
given levers« 

Both negatives «net be laid flat on the analyser board in such a manner 
that the same view is obtained as would be seen by looking through the 
rear of the cameras at the ground-glass projection.    The plastic levers 
and indicators have thin lines accurately marked on both sides as a means 
for preventing parallax in locating the position of the parachute lights, 
la this two-dimensional setup, Figure 22, the indicators extending in 
the direction of the longer side of the negative are used to determine 
the plan-view location of the parachute with reference to the center line 
of drop.   Uhen tha grid levers are at zero the negatives must be positioned 
so that the hairline on the indicators is on the center line of drop« 
When the instrument is in its sero position (grid levers crossing the grid 
origin) the distance between the sliding Junction of the negative indi- 
cator assembly with the rod extension of the grid lever and the pivot 
point of the grid lever is equal to the focal length of the cameras of 
7.U8 inches as defined in Figure 22«    The sliding parts utilised ball 
nushings while the rotating parts utilised precision ball bearin»assemblies« 
Accurate motion perpendicular to the eenterline of drop is provided for 
the plan-view indicator used to align the negative.    Reversible eleotrie 
motors with integral gearboxes facilitate rapid movement of the levers 
with the fine adjustment being obtained by rotation of the knurled.knob 
placed in the sliding plate.    Each circuit has a DPDT center-off-position 
toggle switeh for the rapid manipulation of the levers and indicators« 

Provisions for graphically measuring height from the negative necessitated 
that an indicator moving along the center line of drop be installed over 
either negative.    The general construction of the height indicator arrange- 
ment is similar to that of the other indicators and sliding plates.    The 
motion of thxa sliding plate is transferred by cable and pulleys to a 
sliding carriage located under the grid table where motion is provided 
parallel to that of the respective plan-view sliding plate of the si 



J3  
tf«-«67 

„«      »to. 

negative.    Kar« again the dlatanaa between tha fulcrum point and tha 
alldini Junction ia equal to tha oaaara focal length of 7 J*8 lnoha« 
whan tha grid lever ia at lta sero poaition. 

Both the plan-view and height indicator« aaaoelated with the eaat caaera 
negatiTe are connected to a differential gearbox with a one-to-one ratio. 
In order to determine the height graphically it ia basically neceaaary 
te duplicate the similar triangle relationship established in the verti- 
cal plane of projection by the Measured photograph height, the camera 
line of sight, the caaera center line of sight and the actual height of 
the point in question*    la the analyser, tha correct projection angle la 
pre«erred and then the Vertical height la Measured by placing a calibra- 
ted scale perpendicular to the eaat eanera plan-view lerer and tha 
diatanoe Measured between the intersection of the plan-view levers of 
both cameras and the intersection of the height lerer and the calibrated 
grid axis.    (Figure 21).    Ihe gearbox ia arranged in such a Banner that 
the height lerer and the east plan-Tiew lerer move together whenever 
rotation of the east plan-view lever is effected} however, only the 
height lever moves when ita rotation is initiated.    Ihe scales of the 
plan-view and height grid are designed to permit readings direct j in 
feet according to the fall-seale airship dock setup*    The grid axea 
definitions and their correlation with the actual drop-test setup can be 
seen in Figures 1 and 21. 
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Because of the inherent instability of son« of tha paraobata models 
In sideslip, tha requirement of —king horisontal releases, and tha 
heavy weights needed to obtain a daaeant apaad.of ljO ft/aao many 
difficnltlae were encountered In trying to select a suitable drop- 
teat alte in the Goodyear Aircraft Corporation airship dock on tha 
baala of safety and efficiency.    Fortunately the design'of the air- 
ship dock (embodying: nnaaual unobstructed interior height and a 
series of axial catwalks along the aides of the bonding) lands it- 
self quite readily to the test requirements of the present r   sereh 
program* 

Baaed on past experience, tha decision sas made to utilise a two- 
camera system of data recording which would give a complete drop test 
on each sheet of file,    "mis, so oalled, ■seqaanoe-still-photograph* 
system of recording was chosen for reasons of economy and ease of 
data redaction when compered with other photographic systems in use 
today*    Since the cameras had to be located accurately it waa neces- 
sary to first establish the center line of drop by installation of 
the hoist system and the corresponding sables» 

An eleotrie light and a communication system ware installed at each 
camera position for convenience,   efficiency,  economy, and safety 
since all drop testa ware conducted at night with the inside- of the 
airship dock in a semi-dark condition,    the thermometers located at 
each camera station and at the floor panel ware read at the begin- 
ning, middle, and and of every teat period as was the hygrograph 
located at the floor panel*    Charta of dally barometric pressure 
were obtained from the 0, 8. Weather Bureau to determine tha tree 
mass density of the air daring each drop test» 

Holst System 

The hoist drive (including a one-horsepower eleotris motor, a speed 
reducer, a magnetic  brake,  the required flexible couplings, and a 
winding drum assembly) was fastened to a mounting bed and located at 

tha outer periphery of the drop-test area directly under a/ main 
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structural «ruh of the airship dock.    The control panel and storm«« 
eablnst war« sat up near the hoist drive as a natter of convenience 
and efficisusy.    Ihe two l/8-inoh cables «ere threaded along Arch 
lo. 2 through a system of pulleys    and ultimately connected to the 
horiaontal hoist bar»    Because of the horlsontal^release condition 
and the high suspended-weight requlrenents for the UO-ft/see drops 
it «as necessary to construct a light, »tardy bean fron which the 
parachutes could be released automatically at the top of the dock 
for both specified conditions of parachute    release.    Ihe variation 
in design of the parachute canopies and the length of aone of the 
shroud lines necessitated that a movable attachment point be esta- 
blished to hold the parachutes taut in a horiaontal «aimer.    This 
«as achieved by utilising a rectangular, aluminum plug muvable be- 
tween two aluminum beans of channel-type construction placed back- 
to-back «1th the appropriate spacers inserted.    The two cables «ere 
separated at the pulley plate on the arch eventually to be connected 
to the hoist bar at two points approximately 21 feet apart«    One cable 
«as connected directly to the release mechanism at the north and of 
the bar and was designated as the center line of drop* 

Beta Recording %stem 

Ihe cameras «ere positioned equidistant from this center 11ns of 
drop at the second catwalk up from the airship dock floor as ex- 
plained previously«    All measurements were made with a transit end 
checked against the available structural drawings of the airship 
dock«    The samara lenses were loeated 17U.5 feet from the drop center 
line and 96.3 fast above the dock floor«    Ihe original intention was 
to have the included angle between the camera lines of sight equal 

to 90 degrees} however, because of structural interference it was 
necessary te make this angle equal to 95.8 degrees.    It is important 
to note that once the cameras were fastened to the dock structure 
and properly adjusted all the Titel parts were locked in poaitlon to 
prevent any change in calibration of the drop-test setup. 

Considerable research was Initiated in finding a system of data re- 
cording which offered economy, simplicity, and accuracy.    For pur- 
poses of measuring the desired descent velocities of the parachute, 
it was decided to attach some small electric lights at several de- 
fined key points of the parachute system and to take all test photo- 
graphs at night in the darkened airship dock«    Since the cameras were 
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located approximately half way between the floor and the point of 
release it was necessary to establish a light system capable of 
being detected by the camera« throughout the complete range of the 
parachute free fall, especially in the lover half or terminal ve- 
locity son«.    For this reason it 'vas decided to attach a light to 
each of two diametrically opposite shroud lines (for all but the 
triangular type paraebntes) approximately h feet below the skirt of 
the parachute canopy as described previously to prevent shielding 
of the lights by the canopy itself,    the three other flashlight bulbs 
located in the weight-unit top made it possible to detect two load 
lights simultaneously throughout the complete drop irrespective of 
any rotation. 

A dosen different types of small light bulbs were tested for brilli- 
ance under various conditions of normal overload} however, it was 
found that apparently the best dots and dashes were prodnced on the 
negatives by using 2.3-volt flashlight bulbs on the shroud lines and 
3.6-Tolt flashlight bulbs at the suspended-load point.    The resis- 
tance of the electrical lines connecting the shroud-line lights to 
the battery power source in the suspended load prevented failure; of 
the 2.3-volt flashlight bulbs.    For obvious reasons every effort was 
made to keep the time of illumination down to a mini »mm during the 
drop tests and this resulted in the installation of a toggle switch 
in the weight unit. 

In an effort to obtain a direct measurement of the parachute angle 
of oscillation during descent, ideas concerning the possible use of 
a gyroscope and a scratch-gage system were investigated.     It must be 
remembered that the gyroscope would have to be erected and activated 
from a power source at the floor and would be under coasting conditions 
during the ascent and descent of the parachute.    Experiments showed 
that the gyroscope equipment available for these tests would not 
operate within the angle-accuracy requirements of i 2 degrees during 
the coasting condition for the times  involved.    The deiioatenees and 
expense of the equipment required in an operation of this type was 
another reason why this development was discontinued.    Excessive and 
repeated impact loads were expected during these drop tests and would 
have required the design of an expensive shock-absorption system for 
this type of recording mechanism. 
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The next  Important decision was to dateraine just how the «lenient of 
time would be correlated with the drop-test negatives.    Initial 
attempts were made to design an accurate light-blinking system by use 
of a small d-c motor,   cam,  and microswitch assembly.    Considerable 
difficulty was encountered in obtaining a constant-speed motor cap- 
able of being mounted satisfactorily in the suspended load unit.    The 
number of blinks per second was limited by the necessity of distinct 
dots appearing on the photographic negative.    An intricate system was 
designed to blink the lights four- times per second} however, this 
method was discontinued in favor of the timing process used in the 
actual drop tests at the request of the Air Forces. 

The timing system used in the drop tests essentially involved a per- 
forated dice rotating at a constant speed in front of the open camera, 
lass.    The discs were mounted as close to the camera lens as possible 
and were directly connected to electrical  synchro-motors.    The east 
camera synchro was connected to a synchronous a-c motor which rotated 
the disc at 30 rpm.    Experiments conducted to determine the amount of 
angular lag of the driven disc behind the driver disc showed that 
the follower disc was approximately 7 degrees behind the driven disc. 
This lag angle remained the same when electrical resistance was in- 
serted into the connecting lines In an effort to duplicate the effect 
of the very long electrical lines needed between the cameras and the 
control panel.    After advancing the follower disc the necessary 7 
degrees, the synchronisation was verified by measurements of photo- 
graphs taken with the discs mnning side-by-side.    The discs were 
carefully balanced about their axis of rotation to insure consistent 
motion. 

After installation of the camera assemblies in the dock the disc 
synchronisation was accomplished in a simple and accurate manner*    In 
the dark, e flashlight bulb was attached to the north end of the 
hoist bar near the cable establishing the center line of drop.    After 
the rotating discs had attained a constant speed, the camera shutters 
were opened and photographs taken as the light was raised vertically 
on the hoist from its starting position near the floor.    At approxi- 
mately five equal intervals the hoist was stopped and a stationary 
point of more than usual brilliance was picked up on the photographs. 
Comparison of the photographs taken by both cameras by matching the 
respective dots, dashes, and stationary points indicated the degree 
of synchronisation attained during the test.    At least one or two 
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synchronization checks wer« Bade during each test period particularly 
whenever the power source had been turned off or the follower disc 
accidentally disturbed.    In this way it was possible to determine 
the reliability before starting  the analysis of the photographic 
test data. 

In order to control the opening of the camera shutters fron the 
floor panel it was necessary to install a solenoid arrangement 
on each camera.    The proper adjustments were made so that both 
camera shutters could be opened simultaneously at the beginning 
of a drop test and closed by the panel operator after the 
parachute had completed its descent.    A UO-volt a-c electrical 
line was installed between the floor panel and the  camera stations 
along with the necessary electrical connections for  the synchros. 
This 110-Yolt a-c source was used to energize an electrical 
relay thereby closing the d-c circuit needed to operate the' 
camera shutters.    Since the cameras were  operated under 
time-exposure conditions during  the drop tests it was necessary to 
trigger- the shutter mechanism twice for each test negative, once to 
open the shutter and once to close it.    This was accomplished by 
installation of a rotary type switch at the floor panel.    This 
switch rotated through ai  angle of approximately 60 degrees and 
closed the 110-volt a-c circuit at the ndd point of travel.    In 
order to prevent the solenoid from burning  out because of 
prolonged switch contact at the panel a buzzer was  inserted into 
the circuit and became energized at the same time the  solenoids were 
energized.    Therefore, the  sequence of operation consisted of 
rotating the switch knob clockwise through its full trawel for 
opening the shutters at the beginning of each drop test and 
then returning the dial to its  original position upon completion 
of the descent to close the  shutters, each  time energizing the 
electrical circuit as the mid-point is passed and thus initiating 
the buzzer warning.    By observing the switch position at any time 
it was possible to detect whether the shutters were open or closed. 

Tests were conducted to determine whether any distortion existed in 
the field of  the wide-angle   lensea used.    Photographs  of grids were 
taken and analyzed for consistency.    All results indicated that no 
corrections  for distortion would be required for the present tests. 

Several lighting systems were tested for the identification and 
position signs in order to get satisfactory exposure for the 
time  range involved. 
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Drop-time» ranged fro« approximately h to  20 seconds 'Upending on 
ths dMCent velocity and flight characteristics of the parachute 
system*    On this basis cumulative exposure times of approximately 
1/U to 1-lA seconds «ere involved since the film «as exposed i/o 
of a second for each revolution of the synchronizing disc,    k "'-1/2 
watt bulb properly shaded with Basking tape provided sufficient 
light for the position signs which were illuminated during the com- 
plete test period»    The three position signs were placed at strategic 
locations in the drop-test area and could be detected by each of the 
cameras.    One sign was located at the top of the dock, and the two 
other signs were located near the floor level at the north and south 
ends of the drop-test area.    Several locations of these signs were 
investigated in an effort to spread these  important reference points 
as far apart as possible In the field of view of both cameras.    For 
any position signs designed In the future, efforts should be made 
toward stressing more clearness of the lighted cross-points but It 
was found that the present simple setup was satisfactory.    Each ex- 
posed cross consisted of two black stripes approximately 2 inches 
wide and 12 inches long painted at right angles on a white back- 
ground. 

Similar investigations were made to determine the appropriate letter 
size and lighting for the marking or identification sign.    The Vlack 
stripes were 2 Inches wide and made into letters and numbers approxi- 
mately 13 inches high.    A continuous beam of light across the fulD 
length of the sign was produced by a single row of fluorescent light 
tubes placed end to end.    Experiment at ion  resulted in the proper 
amount of masking tape being placed on the glass cover plate above 
the light tubes in order to eliminate unwanted high spots or glare 
on the lighted background.    The marking sign was located on the floor 
in the drop-test area to facilitate changing the drop and date numbers 
as the tests were conducted.    Ihe lights were controlled by the panel 
operator and were illuminated during the complete test, run. 

A simple and accurate method of calibrating the camera setup was de- 
vised,*» A flashlight with its bulb illuminated and exposed va.i fasten- 
ed to the hoist bar near the release mechanism at the north end of the 
bar. A transit was set up at a known location on the catwalk neat one 
of the cameras and used to measure the distance of the flashlight buLr. 
above the floor at various points along the center line of drop by 
determining the angle the line of projection made with the horizontal. 
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At approximately  «quäl intervals along the C enteil in« of drop between 
the floor and ceiling of the airship dock the flashlight bulb and 
hoist sere held stationary and exposures mads with each camera.    A 
single sheet of film was used in each camera and multiple exposure« 
made of approximately one second duration,  one for each light-bulb 
location.    lach timing disk was held stationary throughout the cali- 
bration and positioned so that tha large radial slot uncoTsred the 
camera lens.     The exposure time and light location «as controlled by 
the operator at the floor panel.    Usually seven to nine exposures were 
■ade on any one sheet of film for the calibration and a transit angle 
reading was also taken at each point.    It was immaterial whether the 
data were taken with the light moving up or down fro a the starting 
position] however, both methods were used during the extensive drop- 
test period and similar results were obtained in each case.    The 
height of the test point closest to the floor was measured by the 
operators which in turn made it possible to determine the actual 
height of each point above the floor by use of the transit angular 
measurements.    After two exposures during any one calibration the 
lights of the position and marking signs were turned off to prevent 
over-exposure on the film. 

Using the light  position closest to the floor as the aero pointi  the 
distance in inches was measured between this sero point and the other 
test points on each negative.    In turn, the actual height in feet of 
each of these points above the floor was determined from the tranyji 
measurements, since the exact location of the transit leas pivot w1'.' 
reference to the aero test point was known.    A typical calibration 
curve of the drop-test photographic setup is given in Figure 23 which 
is a plot of measured height (inches) on the photograph against the 
actual height  (feet) above the floor.    The straight-line curve indicated 
that one inch of measurement on the drop-test negative equaled 23.7' feet 
of actual measurement at the drop-te-rt   site.    After the cameras were 
positioned so that their principal line of sight was horizontal and 
centered on the oentarline of drop it was only necessary to oaJ ibcate 
this particular setup once,    mhensver the cameras or position signs 
were disturbed from this original setup a check calibration was made! 
however, because of the rigidity and accuracy of the clamping units the 
calibration curve remained constant. 

Several types of film, developers, and processing methods were investi- 
gated during the early stages of the drop-test program in order to ob- 
tain test negatives which accentuated tha minute dots and dashes.    Be- 



ja  
AFTR.5667 
5108 
E-621 

tremely clear test negatives war« desired to simplify the analysis by 
eliminating any unnecessary eye strain for the operators of the analyser. 

experimentation indicated that  Tri-I, Panchromatic film developed for 
ten minutes in D-ll developer accentuated the dots and dashes in a very 
satisfactory manner.    It must be appreciated that the flashlight bulbs 
which produced the dots «ere approximately 200 feet or more from the 
camera lenses during the drop tests and that the exposure time on the 
film vas in the neighborhood of less than one-fortieth of a second»    in- 
other important factor influencing the selection of the proper film was 
the descent Telocity range of 10 to U0 ft/sec which was to be investi- 
gated during the program. 

throughout the test program it was required to measure any thermal or 
goat conditions that might exist in the drop-test area.    As a first 
approximation several weighted conical paper drinking cups were dropped 
into the drop-test area from the catwalk at the top of the dock and 
their flight path observed in the plan and side view.    Results indicated 
that little or no air disturbance was present in the dock area investi- 
gated.    In order to determine quantitatively the air disturbance?   pos- 
sibly existing at night during the actual drop tests, a right circular 
cone was constructed of fiberglas laminate material approximatej;' 0.01.0 
inches thick with a base diameter of approximately 3h inches and a 
height of 19 inches.    Ihm cone was instrumented with a flashlight hull» 
at its apex mounted in a balsa-wood plug,    the cone was hung from t,he 
hoist-release mechanism and photographs taken of it    following its auto« 
matio release and descent fros the top of the dock.    By the use of f>« 
analyser, it was possible to determine the descent velocity and sideslip 
of the cone and thus to detect any effect of vertical and horizontal 
gusts on its flight path.    For the minimum descent velocity of approxi- 
mately 1Q to 15 ft/sec of the cone no apparent disturbances were de- 
tected during the drop-test  program.    Before the check for gusts and 
during the drop teats, it was imperative that all outside doors leading 
into the neighboring dock area be closed thus eliminating the cause for 
air distrubanees in the drop-teat area« 

Although the cone teats covered the lower velocity range investigated in 
the drop-test program and seemed to give satisfactory results it was 
suggested that better equipment or some system of suspended particles 
such as a smoke column or bubbles filled with a gas be utilised in am 
effort to detect extremely minute air disturbances that could be present 
la the drop-test area.    A commercial vane-type anemometer capable of de- 
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tecting air flows as low as approximately on« foot par second waa attach- 
ad to the hoist bar and lifted to aeveral heights between the floor and 
the top of the airship dock,    so aovaaent of the vane «as detected Indi- 
cating the apparent absence of air disturbances in this area.    Aa a 
farther check, a ssjoka column extending fron the floor to near the re- 
lease point «as created by the use of titanium tetrachlorlde and obser- 
vations shoved that there «as no visible movement of the snoke for several 
minutes before its final dissipation.    This smoke-column method vas used 
during the res tinder of the drop-test progrsa to insure that tha sur- 
rounding air possessed stable conditions for accurate detersdnation of 
the .aerodynamic characteristics of the parachutes. 

Parachute jfetgm 

All the parachute models vera oonstmcted f roa sketches sisdlar to those 
exhibited in the appendices of this report, where usually the gore pattern 
or the complete canopy pattern la given.    These pattern sketches do not 
include the seam allowances but give only the center line or overall di- 
mensions of the canopies or their components.    The various nylon panels 
used in assembling the parachute gores vere connected vith French fell 
aeams 1/2 inch vide.    Both left- and right-twist type nylon thresi was 
used in the double-needle machines so aa to obtain a tight seam connection. 

In order to check the strength of a typical radial load-bearing French 
fall seam perpendicular to the direction of the included webbing,     »rails 
teats vere performed until rupture of the fabric or the seam.    The "J «da 
vere applied to the fabric through standard wooden clsmpa.    A few seconds 
of tiavs vere permitted to elapse before the addition of each new load, 
since the time of load application itself is a critical factor in testing 
the strength of any fabric.    Bssults indicated that the seam strength in 
this direction vas greater than that of the actual canopy fabric. 

Testa were also conducted to check the strength of a typical connection 
betveen a shroud lino and the skirt of the canopy. The element of time 
was again oonaidared during the loading of the specimen by permitting 
the load to remain constant for a few seconds after each addition. The 
Joint proved to be spprorismt ely aa strong as the shroud line which it- 
self operated under a substantial margin of safety for the load con- 
ditions imposed during the drop-test program. 
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la addition to using reinforcing webbing in the radial,  skirt,  and v«nt 
gem for tho solid-canopy typ« of parachute models, th« square and 
triangular designs utilised finger-llke patches of ribbon to distribute 
th« load« exerted by the suspension Unas to th« canopy at the skirt and 
treat.    A ■inJJ— of four Tent linos, sewed to tho parachuta in a Mannar 
similar to that used for tho suspension line, war« oa«d on tho parachuta 
model* to faoilitat« attachment of tho parachut« to tho hoist bar for 
tho two required condition» of release.    The rent linos ware threaded through 
a snail natal ring nada of l/B-lnah natorial approximately one inch in 
dianoter.    For the Tartloal-ralaase condition this ring was placed in tba 
hoist-bar release mechanism while the parachuta systan hung lisp below 
tho bar along the center line of drop.   For tho horiaontal-relaasa con- 
dition tho weight unit was attached to the hoist release nechanian while 
the ring was hooked on a bent natal pin near the opposite end of the 
hoist.    In this manner the parachute nodal was held tant In an approcdL- 
nately borlsontal position between these two points of attachment of the 
hoist bar«    Yxperlmentation Tarif lad that satisfactory horisontal re- 
lease of the parachute was affected whan a release pin was used with its 
axis at U5 degrees to tho hoist bar. 

The total cloth area of tho »olid-type parachut« canopies used in the 
determination of the drag coefficienta  (Cn ) also included the areas of 
tho Tent, pockets, skirt extensions, ribs, and guide-surface panels« 
The total cloth area of the ribbon and ring-slot parachute canopies in- 
cluded the areas of tho Tent and the Toids between ribbons.    These voids 
between ribbons are accounted for in tba total porosity value given for 
the ribbon-typo canopies.   All parachute model ■ were measured and tho 
cox responding dimensions checked with the design drawings.    In the cases 
where the important dimensions ware within the 2-percent tolerance re- 
quirements the design total area was used in the drag coefficient  (Cp ) 
determination». Several parachute models had radial dimensions ° 
sufficiently diffarant fron the doaign values to warrant a re-eraluation 
of the canopy surface area.    In general the Tent areas were approximately 
one percent of the total canopy surface area.    The Tent areas of the guide 
surface parachutas ware approximataly one percent of the canopy roof total 
area.    For strength purposes,   „ae nyxon cloth was used on the bias in 
the solid-type parachute canopy construction with the direction of warp 
or fill placed at U5 degrees with the center line of the gores or the 
skirt of the canopy» 

Following completion   each of the parachute models was inspected and check- 
ad with the design specifications,and the various construction  features 
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investigated for conalstencj of eazruf actur«.     Tha models we. » weighed 
and their bulk or volume determined.    By using the bulk teeter de- 
scribed previously, the average bulk of each parachuta canopy and of 
each complete parachute (ahraud line* Included) «as determined as the 
result of three reading» for each of these condition«.    After arrange- 
ment of tha canopy is the tube of the balk teeter the piston «as in- 
serted and a constant «eight applied to the top of the piston.    The 
bulk or volume of the canopy was determined in onbie inches by reading 
tha attached scale at the side of the piston«.   Bulks «ere determined 
by using both 10 and 2$ pounds of «eight on tha piston and the average 
of these readings taken.    Ihesa veighta represented piston pressures of 
approximately OJi *nd 1.0 lbe/sq. in» reepeotiTely«    The average bulk 
values obtained «hen using tha 25-pound «eight have been recorded in 
Table I«   For purposes of information tha aTeraga bulk values obtained 
using tha 10-pound «eight «are approximately 8 cubic inches larger 
than the tabulated values,    the bulk of the parachute-model shroud 
lines «as approximately lb cubic Inches.    For purposes of obtaining 
consistent results only one person «as responsible for making the bulk 
tests. 

The porosity of tha cloth of each parachuta canopy «as determined by a 
Frasier fabric permeability machine and recorded in terms of cubic 
feet of airflow per minute through one square foot of the fabric for a 
pressure drop across the fabric of 0.$ inches of vater.    An effort «as 
made to obtain a reading in every panel of the parachuta canopies with 
a minimum number of approximately 16 test points for the triangular 
and square types of parachutes.    By the use of consistent material and 
fabrication methods, in general, the porosity value« «ere kept within 
the range of 80 to 120 cubic feet/min/sq. ft. as given in the specifi- 
cation on rip-stop nylon parachute doth (MTL-C-7020).    For the ribbon 
and ring-slot parachutes the total porosity is given In percent and •in- 
cludes the material and geometric porosity.    Tha accepted conversion 
factor of one percent of geometric porosity equal to 27.1* cubic feet 
per min per sq. ft. material porosity (Reference h) «as used in the 
present report« 

Considerable difficulty was encountered during the preliminary drop *.eets 
because of tangling of the suspension lines in retrieving the parachutes 
after their descent,  storage of models between tests, and the system of 
instrumentation utilised.    A very effective means of eliminating this 
trouble was developed by Installing thin circular wooden disks approximately 
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3 inch«« diameter into the shroud-line system as dose to th «Lr con- 
flumut point as practicable.    Around th* outer periphery of thss« 
disks was looatad a aarlas of small holas of l/l6 inch diameter into 
which th« shroud llnss were plaoad in th* same sequence as they «era 
attaohsd to the skirt of the parachute.    Therefore, after every drop 
test the parachute with load was suspended vertically from the hoist 
bar and the shroud lines untangled merely by tugging at the lines in 
a systesmtls Banner»    By beginning at ona point of the disk and tugging 
successive  shrood lines ehe trouble was easily detected and rectified* 
While the parachute systen was suspended TertisaUy fron the hoist bar 
the disk installation caused th« shroud lines to hang in a "bird-cag*" 
manner which eliminated lnterferene« with lnstrunented shroud lines 
sad also facilitated the inflation of the parachutes during th* drop 
tests. 

Ins   installation of the lights on the shroud lln*s as well as on th* 
weight unit is the result of nauy investigation» to determine an affi- 
cient,  inexpensive, and accurate method of defining th* axis of th* 
paraobnt* systen during th* complete descent from th* top of th* dock. 
Th* light sockets were taped to th* shroud llnss in order to minimise 
tangling of th* suspension lines and interference with the inflation 
characteristics of the parachute. 

Several  items of importance considered during th* design of the sus- 
pended load unit war* th* necessity of rapid weight variation in ob- 
taining the dssoent velocity range required for the tests, the tine 
needed to replace batteries sad light bulbs after failure and ruggod- 
ness needed to withstand the repeated impact loads at landing.    For 
th* high-speed tests wh*r* approximately 200-lb leads war* required 
round-headed screws and appropriate washers were used in place of th* 
quiok-disoonnect fasteners to attach th* weight bag to th* weight-unit 
top in a safe manner.    Also for th* higher losds th* efficient harness 
■nap used to connect th* suspended load te the parachute was replaced 
by a more positiv* cable ahackle.    On* eatra weight-unit top and seven 
extra fabrie weight bags ware constructed to eliminate unnecessary da- 
isy between drop tests. 

Analysis &yst— 

Curing th* construction of th* analyser, precision machining and proper 
alignment were the important considerations.   All sliding and rotating 

parts were made with a tight fit using bearings in order to increase 
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the accuracy of   th* ««chine.     Effort* were Mid« to  eliminate  alack  In the* 
cable for the »7«tern which determine« height.     The analyser levers and 
dimensions simulated th« camera setup used in the drop- test program 
and provided a graphical —an» of determining the location of th* para- 
chute in th« airship dock at any time during its descent.    All the 
components «ere fastened to a common hoard of 3/U-ineh plywood to 
facilitate accurate location and eliminate the need of constant adjust- 
ment. 

The order to calibrate th« analyser, including its lovers and th« grid, 
th« camera calibration film« were used.    From Figur« 23  it vas found 
that one inch on the test negative equaled 23*7 ft of actual distance 
in th« drop-test area.     The sero on th« grid of th« analyser was repre- 
sented toy the intersection of the principal line of sight of the cameras 
with th« center line of drop.    This s«ro point was marked on the camera 
calibration films sine« it was known that the principal axis of «ach 
camera was 98.3 ft above the floor measured along th« 0enter line of 
drop which was 172 J4 ft long.    Each lerer on the analyser was calibrated 
separately with these camera calibration films by setting th« film »ero 
point (98.3 ft above floor) under the respective meroed indicator with 
the center lin« of drop at right angles to th« indicator.    As the indi- 
cator was moTad from point to point th« deflections of the grid lever 
from th« grid «ero were Measured perpendicular to th« seroed lerer 
axis in terms of grid divisions.    These analyser readings ware plotted 
against th« actual distance in fact from th« «ero point on th« earner» 
calibration film (98.3 ft from th« dock floor).    Figur« ?lt It in «<■ 
ampl« of a typical analyser calibration curve indicating that on« grid 
division represents on« foot of actual distance in th« drop-test area. 
This was accomplished by producing a grid such that 0.615 inches  (10 
divisions) represented 10 ft of distance in th« drop area.    Th« grid- 
axis definitions and their correlation with th« drop-test setup can b« 
seen on Figur« 1 and 22. 

In order to offer a better understanding of the function of the analyser 
th« following aethod of procedure in data analysis is presented:    Re- 
ferring to Figaro 22, after th« grid levers wei-e plao«d on s«ro the 
camera calibration negatives were inserted under the proper indicators. 
All films wore placed on the analyser board in th« same manner that they 
war« viewed if looking at th« ground-glass projection from the rear cf «ach 

A set of camera calibration films were used in order to define 
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the eenter line of drop and the principal axis location of the camera. 
The center line of drop on eaoh f 11« vaa aligned with ita  respective 
plan-view indicator while the principal axis of the camera was align- 
ed with the height indicator.    After positioning this calibration 
film as accurately as possible it was taped to the analyser board. 
The drop-test f Has were placed under the indicators and over the 
calibration fUrn and then fixed in place with tape after the position 
signs on the two films were mated.    In this way, once the calibration 
films were fixed on the analyser,  it was possible to locate accurately 
any of the drop-test negatives by the use of the position signs, cor- 
relating the eenter of drop on each film with the sero grid reading 
of the plan-view levers. 

The coordinates of the ■load1' dots were determined first, starting 
with points near the floor (top of negative) and ending near the top 
of the dock where the parachute inflation was incomplete,    The in- 
dicators were always aligned on the test dots from the same di- 
rection to improve the analyser accuracy by eliminating any play in 
the mechanical system.    When the center line of the same set of load 
dots in both films was covered by the hairline of each of the olan- 
vlew indicators the location of the load from the center 1 Ine    f drop 
was given directly in feet by the coordinates at the intersect 'on of 
the plan-view grid levers.    After aligning the height Indies-'.-r vith 
the eenter of this  same set of load dots on the east film th« he.L^ht 
of the load above (positiv*) or below (negative) the principal »xi* 
of the cameras was determined by measuring the distance between tue 
intersection of the plan-view grid levers and the height grid lever 
in a direction perpendicular to the east plan-view grid lever.    This 
was conveniently accomplished by the use of a movable scale whose 
divisions were the same size as those of the fixed grid.    The scale 
was marked on transparent paper so that coordinate readings could 
be determined with a minima« of movement of the scale when tra- 
Tersing between test points.    This same procedure was  followed for 
each set of load points through the acceptable range of points on 
the test negative. 

Whenever a complete analysis was desired of any set of test negatives 
the coordinates of the eenter of the shroud-line lights were also 
determined in a manner similar to that described above,    for these 
complete tests, therefore, the parachute axis location and attitude 
was defined throughout the descent from the top of the dock.    It 
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was important to analyse only the test points where the parachute 
was completely inflated and in free fall In order to get consistent 
terminal velocity carves.    The plan-view indicators had an extra 
pair of parallel lines scribed one eighth of an inch apart and 
equidistant from the original hairline to facilitate the location 
of the center of the shroud-line points.     These three parallel lines 
were extremely helpful in determining the center of the load and 
shroud-line points in an accurate and efficient manner. 

Die else trie motors were used for expeditious traversing over the 
test film between dots and dashesj however, the final adjustment 
of the hairline at any point was made by rotating the knurled knobs 
by hand.    Although the dots and dashes were of variable length de- 
pending on the speed of parachute descent the height-indicator 
hairline was always aligned with the center of the point for the 
analysis. 

Typical Drop-Test Procedure 

In order to understand better the method of procedure of drop- test- 
ing the parachute models and the use of the allied equipment it 
seems advisable to present the program for a typical testing period 
from start to finish.    After obtaining a maximum supply of film for 
the holders available, the camera operators manned their stations, 
uncovered the cameras, and connected the electrical instrumentation 
and communication lines.    The timing discs were set in rotation 
immediately by a switch at the floor panel in order to provide ample 
time for warmup whil« the rest of the equipment was readied for the 
tests.    The parachutes scheduled for testing during this period were 
removed from the storage cabinet and the canopy and shroud lines .set 
in proper order.    In general, the parachute models were tested in 
two phases,    the first phase including the drop conditions of approxi- 
mately 10, 1$, and 25 ft/sec for both vertical and horizontal re- 
leases while the second phase consisted of all UO-ft/sec drops.    The 
obvious reason for this phasing procedure was that the high speeds 
necessitated very heavy suspended loads which highly stressed the 
parachutes and their instrumentation and caused failure in marry cases 
during the violent descents.    The weight unit and the required lead- 
shot bags were also assembled in the test area. 
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The naxt step was to prepare the drop area and sake BOBS routine 
cheeks of equipment before drop testing could proceed.     The position 
and photo-identlfieatlon sign« ware illuminated and readied for the 
teats.    The floor of the drop area was eleared as auch as practi- 
cable to prevent damage to the parachutes and injury to the re- 
trieving personnel«    All outside doors In the issiedlate neighbor- 
hood were closed and a test for gusts or thermals aonduoted by on« 
of the previously explained methods.    Oaring this period the temper- 
ature was reported from each test station and recorded by the panel 
operator along with the relative humidity. 

Before actual drop tests could proceed it was necessary to cheek 
the synchronisation of the timing discs.    This condition of synchro- 
nisation could usually be verified by visual observation of the 
follower disc by experienced personnel} however, a standard synchro- 
nisation cheek was always made in the manner described previously. 
At the sane time it was found convenient to check the operation of 
the ft«»era shatters. 

After the parachute system was connected to the hoist bar In Its 
proper position snd with the desired weight, the lnstrumentatL on 
lights were turned on and the parachute started on its ascent to the 
top of the dock.    Oaring this ascent the proper numbers ware dis- 
played on the illuminated Identification sign, film was loaded Into 
the o*mer», the film-holder slides were removed, the camera shutters 
were soaked, and all the lights in the Immediate drop area ware 
turned off to prevent fogging of the test films,   when the hoist was 
near the top of the doek the camera shutters were opened by the panel 
operator.    The parachute was than automatically released and started 
its descent.    After the parachute landed, the camera shutters were 
closed by the floor-panel operator and the area lights were turned 
on to facilitate recovery of the parachute system.    The instrumentation 
lights were turned off Immediately and the parachute again hung from 
the hoist upon its return from the top of the dock.    The parachute 
oanopy and shroud lines were straightened and readied for the next 
scheduled test.    After the shutters were closed the film-holder slides 
were replaced and the exposed film removed from the camera.    During 
the descent of the parachute the east eamera operator timed each 
descent for approximately the lest 100 feet of height with an electri- 
cal stop watch, thus enabling the panel operator to check the ve- 
locities attained with the various weights used.    These measurements 
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of velocity were only used for facilitating the selection of the 
proper suspended weight and were not used in the drag-coefficient 
calculations.    Die drop tests were continued in this Banner until 
either the film supply was exhausted at the camera stations or 
mechanical difficulties were encountered with the parachutes or 
the drop-test equipment.     The last film of the drop-test period 
was usually reserved for a synchronisation check.    In addition to 
recording the relative humidity and temperatures periodically the 
time was also marked on the data sheet.    After the films were de- 
veloped, dried,  and prominently marked they were processed through 
the analyser.    Although the identification sign provided an ex- 
cellent means of permanently marking each test film it was decided 
to transfer this  information to a piece of masking tape for con- 
venience of filing.    Ihe parachute number, the nominal descent 
velocity, and the type of release were also marked on this masking 
tape, which was then placed on the proper test negative« 

Figure 2lia is a photographic copy of a set of representative drop- 
test negatives snowing the actual dots produced by the data re- 
cording system explained previously.    The complexity of the data 
along with the enormous amount of data to be analyzed necessitated 
the design and construction of a machine to cut calculation costs 
to a minimum.    It was found that with the present analyzer the 
iata reduction time for any representative test negative was lesa 
than one-twelfth the time needed to measure the distances by hand 
on the negatives and calculate the coordinatesof the parachute 
system during descent. 
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ACCURACY OF RESULTS 

Because of the large amount of data that was to be analyzed, 
great care was taken to provide a system by which both the 
experimental and human errors could be reduced to a minimum* 
Besides being accurate, the system had to be practical, efficient, 
and relatively inexpensive to build and to operate.    A reasonable 
compromise of all of these requirements was accomplished in the 
combination photographic and mechanical drop-test system 
previously described.    It might therefore be interesting to note 
the degree of accuracy which was attained. 

Since photographic film was to be used in the process,  the problem 
of possible errors due  to  film shrinkage in the developing process 
was considered.    Although this error appeared to be small,  the 
possibility of its occurring at all was eliminated by calibrating 
the test negative after it was developed and placed on the analyzer. 
To make sure that all negatives remained the same size as the 
calibrated negative, each new drop-test negative was checked against 
previously mariced stations on the original negative.    The error 
örtlich could occur because of negative stretch or shrinkage v; >s 
always found to be smaller than could be detected on the mechanical 
analyser* 

The equations upon which the design of the mechanical analyser  WAS 
based assumed that the camera lens was perfect for its entjrt.  .i'j.»ld 
of view.    Errors which could be due to the lens were therefore 
checked by taking a picture of a grid and examining the distortions 
resulting in the negative.    It was found that in the extreme cornerG 
of the picture the distortions, when compared to the center part, 
were less than ■♦ J of one percent.    Since almost all of the drop 
measurements were made along the centerline  of  the  negative, the 
error from the lens system of the camera was  considered to be 
negligible. 

The shutters of the  two cameras used in this system had  to operate 
in unison and at a definitely known speed in order to provide a 
basis for timing the parachute drops.    The rate of rotation of one 
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of the shutter disks was determined by a synchronous motor 
operating off a standard 60-cycle supply line, making the  timing 
accuracy as close to perfect as possible.    The synchronization 
between the two cameras was checked by photographing a light 
source moving along the drop centerline.    Comparison between the 
negatives of the two cameras indicated that the error in the 
synchronization was les3 than the analyzer operator could detect. 

A shutter opening of l/UO of a second was required to provide 
sufficient lighting during the high-speed drops.    The records 
obtained from these tests could be read to within 4 of the 
length of the mark on the negative or to within approximately* 
I/I60 of a second.    Thi3 indicates  the timing accuracy which is* important 
in the determination of the accuracy of the velocity measurements. 

Perhaps  the largest errors which existed in the  system were those 
human and mechanical errors which occurred in the operation of the 
analyzer itself.    The mechanical design and operation of the machine 
appeared to follow the calculated predictions exactly.    However, it 
was possible to check only the  combination of human and mechanical 
errors by calibrating the analyzer through the actual measurement of 
the locations of known stations photographed by the two cameras. 
Repeated checks of the calibration negatives by different pople at 
different times indicated that a known point in space could be 
located at least to within ♦ 3 inches.    This value include?  i.r.e 
summation of all the errors-in the determination of a position 
in space and on the average would be about one half as large ■,* 
this. 

Using 3 inches as the worst possible error which would be recorded, 
and observing that the terminal velocity was determined from the  slope 
of the vertical distance-vs-time curve for a period of at least three 
seconds, it can be stated that the velocity was accurate  to within 
approximately*   1/12 ft/sec.    The determination of the angle of. 
oscillation of the parachute depended on the location of the 
relative position of the  lights on the shroud line with  respect 
to those on the weight unit.    Since these lights were approximately 
8jj feet apart far almost all of the parachutes tested, ana an 
accuracy of 3 inches could be obtained in the  8j foot distance, 
an average angle  of oscillation error of approximately * 1-2/3 
degrees could be expected.    The only drop test in which-this  error 
would have been increased would be  the drops on the  parachute 
using the smallest shroud-line lengths where it could have 
been as high as two and one half times  this amount. 
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Th« eccuracy of the geometric characteristics of the pirichnU 
could be generally dlrid-ä into three pertej th» material Itself, 
th« construction nd th« measurements «ad«.    Th« porösity and 
weight of th« d oth parohasad for th« construction af th« mejorlty 
of th« parachat« followad «pacification MTL-C-. 7020.    1ha finlshad 
velicht of th« paraehut» was measured and ia •eouraA.« to within * ljt, 
9» average bulk of th« parachute la accurate to wlthia f 2$ baaad 
on th« nathod daserlbad elsewhere In tha roport.    An attempt waj 
to kaap all th« dimensions of tha parachute« within ± 2% of tha d«- 
aiga Talnas.    Any variation froai this «as no tad» 

^t is apparent, tharafore, that tha determination of all basio data 
«as aeeoapllshad vail within tha allowable «rror «anally obtained 
Is experimental tasta.    Th« us« of th« basic data to obtain dariTad 
information is as accurate as the jnrigm—t of thos« «ho analysed tha 
information.    UM accuracy of ths actual drag-coeffleaat points 
plotted on tha enrr« aheeta depend a primarily oa tha aoenracy of the 
oarachut« «eight and Telocity measurements and   is   «stiaatad to b« 
within 1 2.2^»    Th« «range glide angle «as found froai the slope of 
the ▼artioal ▼« horiiontal Telocity carre and ia baaed entirely on 
th«   portion of the oarre analysed.    An attempt vas Bade to consider 
only the section at which terminal-Telocity condition» existed.    In 

«his Is wlthia * 1° Kaon enrr« is ked so that the 
■on for the choic« of angle is indicated.    Die frequency of oscil- 

lation «as taken from the oscillation aarree «nd, as explained pre- 
Tioualy, was an engineering evaluation which would be accurate to 
within   f 10»;. 

The — -^—^ angle of oscillation was based entirely on th»  estimate 
of th« analyst rewarding the nature of tha oscillation oarre giving 
careful consideration to both ends and was probably accurate to with- 
in I lOji for most of the conditions.    Thearerage or constant angle of 
oscillation was not calculated at all|Ohly eeiimated, and should 
a«fr« only as an indication of the apparent angle exhibited by that 
drop.    The logarithmic decrement is baaad on «ha peak angles which 
are of tha seme order of accuracy  as th« mwadaanl angle mentioned 

rliar. 

It should be pointed eat that away of these neaiiui amen» a are being 
■ads far tha first time and «hat ia «ha future, whom tread« are more 
readily recognised,better  eaglaaerlag eraluatlone «ill be posslbl«. 
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PHEsnm.no* or RESULTS 

In vie* of the fact that over 700 drop torts vere «ado during this 
project it became necessary to ortabliah in addition to the main 
rsport a system of appendices which Included tha drop-tart data, 
miscellaneous curve sheets, and design sketches for tha parachutes 
tested. 

Tha amber, type of design,  shape,  and cross-sect ion of each para- 
chute Model tested are defined in Table 1 and it is in this order 
that tha appendices, parachmte photographs, and general curve sheets 
are presented and discussed in the text.    In all, there ware 27 
different parachutes  (and 32 different configurations) tasted during 
this drop-teat program.    The additional configurations vere a result 
of varying tha length of the suspension lines of tha solid-flat 10)1 
extended-ekirt parachute in six equal inerenante between O.&DQ and 
lJin». 

Theoretically, 21* drop tests were to hare been conducted on each con- 
figuration daring this program)  however,  for reasons of unsatisfactory 
parachute performance,  high suspended load requirements,  and exten- 
sive damage to tha models, some of the high-speed drops were eliminated. 
A drop number baa been allocated in sequence for each drop-test con- 
dition beginning with parachute Mo. 1 and ending with parachute Mo. 31 
on the basis of twenty ^f our drops per configuration bringing the 
theoretical total number of drop tests to 768.    Tha drop numbers for 
parachutes Mo. 7 and 8 ware reversed accidentally daring the analysis 
and ware not changed daring checking of the data and test results. 
The drop conditions of each parachute were tabulated first according 
to the Tertieal type of release for nominal descent velocities of 10, 
1$, 25 and 1»0 feat/sec respectively and then for the horisont&l type 
of release in tha same teminal-veloeity arrangement.    Three drop 
testa were planned for each condition of terminal velocity and release. 

Because of the bn Urines« of the complete report it was decided to 
separate the material into sera» volumes in which Volume I would in- 
clude the text of the report and Volumes II through Til would contain 
the appendices grouped in the following mannen 
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Appendices Included 

1, B, C 
D 
B, F, 0,  H,   I, J 
I, L, M, M, 0, P 
q, B, 8, T, Ü, V 
W, X, I, X,  AA 

Volume HI contains the data for all six configurations of the solid- 
flat 1(# extended-skirt parachute (No. It)«    Th« grouping of appendices 
chosen for these volumes van based entirely on convenience providing 
a reasonable nmsber of volumes in a size not too difficult to handle. 

Each appendix contains a list of the tables and figures included for 
each parachute configuration.    The data, tables,  and figures are 
identified by the drop numbers and are numbered consecutively accord- 
ing to the sequence of nominal velocity and release conditions mentioned 
previously.    It is important to note that the respective table and 
figure numbers for the various appendices represent si.mila-.- con'ltiona 
of nominal descent velocity and release, thus making it easier to com- 
pere the similar data of the different parachutes.   Wherever drop tests 
have been eliminated from the test program the respective table or 
figure numbers are replaced by a dash and the numbering sequence re- 
tained. 

all of the tables of geometric and aerodynamic characteristics sum - 
mariiing the data of the appendices are included in Volume I.    It is 
important to note that Table 5 giving the aerodynamic characteristics 
of the solid-flat 1051 extended skirt parachute contains six sections 
fro* (5a) through ($f) to account for the various shroud-line configu- 
rations tested for this type of parachute. 

Figures 25 through 5l are photographs of the parachutes taken during 
descent to accentuate the inflated form of the various types of parachutes 
tested.     Wherever    possible a side-view and a plan-view projection 
are presented.    These photographs were all taken during one drop-test 
period for economy reasons and suspended loads were used te give approxi- 
mately 20-ft/see vertical descent velocity for each parachute. 
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0——trie Characteristics 

The gwtrig characteristics of the aodel parachutes ere given In 
Tehle 1 «here the parachute numbers used in the present report are 
associated with the design terminology and the canopy shape of the 
parachutes tested daring this drop-test program. The coins» on 
parachute shape and cross section show schematically the plan view 
and cross-sectional Ties respectively of the parachute canopy when 
all the crisp is taken out of the cloth in essentially the anlnflated 
condition. This procednre accentuates the difference between pre- 
formed and flat-type canopies as usually defined in the literature 
of today. 

The total surface area is the actual cloth area used in the con- 
struction of the parachute canopy neglecting any internal Sean structure 
and includes such itsas as the roof panels, rib panels, pockets, vents, 
guide panels and the spaces between ribbons for the designs tested. 
In general, the vent areas were one percent of the total surface area 
or of the roof-panel ares.    The noalnal diameter is calculated as the 
equivalent disaster of a disk whose area is equal to the canopy sur- 
face area of the parachute.     The construction disaster is a desig- 
nation of the slse of the parachute based upon actual Hwa-ign distensions. 
For the square and triangular types of paraehstea the construction 
disaster represents the length of a side of the canopy.    The construct- 
ed skirt diaenslon is another Indication of parachute canopy slse and 
represents the average distance on the skirt between the shroud-llne 
attachment points.    For the circular-type parachutes this distance 
equals the bass of the canopy gore while for the square and triangular 
types this distance represents a segment of the parachute side which 
Is divided equally by the shroud-line attachment points.    For the 
circular-type parachutes the number of gores and number of shroud -lines 
ware the same and ranged from 10 to 2k as shown on Table 1.    The square- 
type parachutes bad 16 shroud lines and the triangular type parachutes 
had 1$ shroud lines equally spaced around the skirt periphery. 

The average porosity of each parachute canopy is given In cubic feet 
per square foot per minute ■assured st 1/2-inoh water pressure differ- 
ential for the solid canopy designs, while for the ribbon types the 
total porosity is given in percent.    The porosities of the ribbons of 
the ring-slot parachutes were also measured In cable feet per square 
fact per minute terms and ars included in parentheses in the table. 
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The average balk of the complete peracnute,  including canopy and 
abroad lines, and that of th* parachute canopy alona is given in 
cable inohea for the Modal* tests.    9M weight of each eonplete 
paraehnte i* given In panada.   Calculations of the apeoifie density 
of these paraehnte models, «eight divided by balk, give value* rang- 
ing fron 0.010 to 0.012 lbs per ea. in. 

Aerodynamic Oharacteristias 

The aerodynamic oharaoterlatioa of the parachute models are presented 
in Table* 2 through 28 where the results are oatalognod according to 
the drop-aDatoer sohaaa smplalamd previously.    The anbiant air temper- 
ature, air relatlTe humidity,, and baronatrie pressare prevalent in 
the drop area at the tine of the teats were recorded and used to de- 
termine the nass density- of the air in sings per en. ft.    The total 
weight, W, Includes the weight of the parachute, the instrumentation, 
and the suspended load.    The Instrumentation consisted of the flash- 
light bulbs,  sockets, wires,  and electrical clips mounted to the 
shroud lines and the plywood disc used to facilitate untangling of 
the parachute.    The average weight of all the instrumentation was 
approximately 0.10 lbs.    The suspended load Included the weight unit 
and the miscellaneous lead weight used inside the fabric bag. 

The velocities, drag coefficients, and miscellaneous flight character- 
istics of the parachute* as explained in the reminder of these tables 
of aerodynamic terms were determined from the data and curve sheets 
contained in the append!*es of the report.    The tables of drop-test 
data show the coordinates of the load point and also those of the shroud- 
lins point, for complete analysis as defined on the analyser grid of 
Figure 22.    The x and 7 terms define the plan-view location of the de- 
sired point from the center of drop.    The s tea gives th* distance 
of the desired point above or below the height of the cameras with a 
positive s defining points above the plans of the cameras.    The load 
point Is defined as the geometric center of the three lights mounted 
on the weight-unit top while the shroud-line point represents the geo- 
aetrlo center of the light or lights fastened either along the axis 
or to the shroud lines of the parachutes respectively, as described 
previously. 
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Station No. 1 represents the parachute system close to the floor while 
still in the terminal or constant-Telocity region.     Die highest station 
number represents a location close to the top of the dock or during the 
early part of the drop-test flight path where the parachute inflation 
is such that the terminal-velocity condition has not yet been reached. 
Sie station numbers Barked with an asterisk represent the parachute 
eystem as defined by dashes on the film for purposes of coordinating 
the two test negatives of each drop test.    Also included in the tables 
is the number of seconds elapsing between the release of the parachute 
and arrival at the parachute location defined by the highest tabulated 
station number of the drop test.    Remarks covering the observed descent 
characteristics of the parachute system were also recorded on the 
tables of data.    Bach system of points was numbered consecutively in 
ascending order taking Mo. 1 for the starting point near the floor. 

For the lower velocities of descent it was only necessary to analyze 
every other station number to obtain the required curves and data be- 
cause of the large number of test points obtained,    alsc included in 
the tables is the vertical displacement (H) of the load point from the 
release point near the top of the dock.    Since the plane of th-   camera 
lines of sight was 7k J- feet below the release point, the following 
formula was used to calculate Hi 

H   =    7UJ. - 2 

In order to determine the vertical terminal velocity of the parachute 
system as requested, the vertical distance of the suspended load from 
release   point, H, was plotted against time since release, and the 
slope of the straight line or terminal velocity portion of the curve 
determined and recorded.    Each station number represents one quarter 
of a second of time sis»« the camera discs rotated once every two 
seconds and possessed eight radial slots. 

Three drop tests were to be conducted for each of the defined conditions 
of release and nominal terminal velocity of the parachute.    It was only 
necessary to analyse completely (determine both the coordinate« of the 
load and shroud-line points) one representative drop of the three.    Tor 
the drop tests where just the load-point coordinates were determined, 
the vertical terminal velocity, TT, and the drag coefficient, Cn , were 
the only dynamic properties recorded in the table of the aerodynamic 
characteristics of the parachutes.    The tables of drop-test data for 
each parachute were placed in consecutive order according to the drop 
numbers. 
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The three following curves are presented in the appendices for «n 
the drop tests which ware analysed completely* 

1) Plan view of the path of the suspended load. 
2) Top Tiew of the oscillation of the parachute 

with the suspended load as the origin. 
3) Vertical displacement vs horizontal displacement 

along trajectory. 

These figures are presented in the order mentioned above according 
to drop numbers.    In each appendix the list of figures explains the 
method of grouping and nunbering the curve sheets so that similar con- 
ditions of descent velocity and release for the different types of 
parachutes can be compared by using the -•ee figure somber between 
appendices.    An attempt was made to use      'y one scale sise for each 
type of curve throughout the report for convenience in w»|Hng compari- 
sons 8 however,  it was found necessary to use two different scales for 
the plan-view curves because of the extreme limits of flight-path 
variation existing for the types of parachute tested with the two 
methods of release. 

The plan-view curves of the path of the load were plotted on the (I, T) 
axes as defined and correlated with the drop-test area in Figures 1 
and 22.     (The position of North was  inserted for correlation purposes 
only).    On all the curves of the appendices the measured test points 
are identified by the intersection of small dashes with the curve It- 
self.    Points representing the synchronisation dash on the drop-tent 
films (station numbers with asterisk in drop-test data tables) are 
differentiated from the other test points by increasing the length 
of the identifying dash on the curves.    Bach plan-view curve includes 
the horizontal projection of the parachute axis at intervals of on« 
second.     This projection of the axi* is accomplished by plotting the 
plan-view location of the shroud-line point for any desired load point 
and is identified by a cross symbol.    The line drawn between the load 
point and the respective shroud-line point represents the parachute 
axis and thus defines the parachute attitude throughout the descent. 
An arrow has been added near the curve wherever needed to clarify the 
data to show the direction of flight of the parachute.    The method of 
point representation utilised in the curves of the appendices facili- 
tates correlation of test points between curves.    In the drop tests 
when the parachutes had essentially a vertical descent the plan-view 
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curwmm were plotted «Ten though a congestion of point« resulted. 
There may eeea to be SOBS discrepancy between the final point on -the 
plan-view curve and the remark on the drop-test data table concerning 
the landing point of the parachute} however, it mat be remembered 
that the plan-view data do not include points very near to the floor 
in all cases in order to eliminate any ground effect from the para- 
chute drag data.     The important item considered in analysing the drop- 
test data was to reproduce the flight path of the parachute during the 
terminal-velocity range,  omitting as much as possible the conditions 
where the parachute was opening or approaching the airship dock floor 
during the drop teats. 

Curves shewing the top view of the oscillation of the parachute uaing 
the suspended load point as the origin were obtained by plotting the 
(x-X, y-T) coordinates of the parachute axis.    These coordinates were 
determined by subtracting the plan-view coordinates of the load point 
from the corresponding coordinate« of the shroud-line point of the 
parachute system.    Here again the method of point representation ex- 
plained previously was used for correlation purposes.    The distance 
between the load and shroud-line points was calculated for every type 
of parachute tested and circles were drawn on the oscillation cirves 
giving the range of oscillation angles  ( T ) for the parachute axis 
in 10-degree increments.    The marlmum and average or constant angles 
of oscillation, if definable, have been determined and added u> the 
tables of aerodynamic characteristics of the parachutes,    wherever the 
parachute oscillation essentially takes place in one plane  (two- 
dimensional motion) the frequency of oscillation and logarithmic de- 
crement have also been determined and tabulated. 

Finally,  a curve of vertical displacement vs horizontal displacement 
along the trajectory for the suspended load was plotted for each drop 
test analysed completely, incorporating the previously described method 
of point representation along with t-he time scale.    The horlsontal 
displacement along the trajectory was determined from the plan-view 
curve by summation of the trajectory increments between the measured 
test points.     This horizontal dinplacement curve was plotted against 
time on a work sheet and the average horlsontal velocity of the sus- 
pended load (Vh) determined by taking the slop* of the curve.    The 
initial point on the curve was located by assuming the horlsontal. dis- 
tance to be equal to the length of the radius vector of the correspond- 
ing point on the respective plan-view curve.    The average glide angle 
for the parachute during descent was determined by taking the slope 
of the trajectory curve such that by definition the glide angle becomes 

*   ■   tan-1   Jb 
»7 
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Therefor«,   it oan be ■••a that a parachute possessing a vertical tra- 
jectory curre is said to hare saro gild« angle.    The value of the 
average glide angle in degrees was noted on each trajectory carve and 
also tabulated in the tables of aerodynamic characteristics. 

Initially the resultant velocity along the trajectory of the suspended 
load «as obtained by first graphically determining the resultant dis- 
tance along the trajectory at each test point from the known horizontal 
and vertical distance quantities and then taking the slope of the re- 
sultant distance curve when plotted against time.    In view of the fact 
that the average resultant velocity obtained in this manner was for 
all practical purposes the same as the value obtained by the formula 

= f » »i 

it was decided to utilise the latter method for the majority of the 
drop tests.    The values for Vr were recorded on the tables of aerodynamic 
characteristics for the drop tests analysed completely. 

The drag coefficient, 0n$ was determined and tabulated for every drop 
test, where a vertical terminal velocity was established, according to 
the following formulat 

The drag coefficient,  On    , was determined and tabulated only for the 

drop tests vhioh were analysed completely according to the following 
formulae 

W eos _£_ 
°D or 

/* 
»r*«. 

Drag Coefficients 

In view of the fact that this drop-test program was an extension of 
research work conducted previously (Bafersnoe 1) it was decided to pre- 
sent the drag-ooeffieent data in a similar manner by first displaying 
the drag-coefficient curve for each model tested of a particular para- 
chute family or general type on a summary-curve figure, then following 
with a separate drag-coefficient versus vertical-velocity curve for 
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each of these parachutes tested.    This method of presentation 
offers an excellent means far comparing  the different parachute 
designs belonging essentially to the same type or parachute family* 
The actual test points will be shown with the drag-coefficient 
curve for a particular parachute model« whereas   the  summary-curve 
sheet will present the average 
average of these test points. 

CJJ    curve determined from the 

Figure 52 shows the summary curves of OQ   vs. Vy for the models 
of the solid-flat parachute family.    Figures 53» 5U, and 55 are 
the drag-coefficient curves for  the circular  (No.  1),  square 
(No. 2), and triangular  (No. 3) parachutes, respectively, 
and include the test points obtained from both horizontal and 
vertical types of release.    In general,  one suspended load was 
used to determine the six drag coefficients at any nominal 
descent-velocity condition for a parachute.    This is characterized 
by the test points being positioned in a definite line, provided 
the air density remains  the same during   the tests.    In some 
cases it was necessary to adjust the suspended load during  the test 
run in order to obtain a velocity closer to the desired nominal 
velocity thus  causing these test points to be in a jumbled group 
rather than in a definite line. 

Figure 56 gives the summary curves of Cn    vs. Vy for  the solid, 
extended-skirt parachute family where the models range from 
10$ to full extension and the LB/D0 ratio is equal to 1.0. 
Figure 57 presents the summary curves of drag coefficient for 
the 10J» extended-skirt parachute  (No. U) for the suspension- 
line ratios investigated ranging for I^A^o ^ron 1»U0 to 0.60. 
Figure 58 gives the relationship of drag coefficient with the 
suspension line ratio for parachute No. U on the basis of the 
constant CQ    obtained at the higher speed range from Figure 57» 
Figures  59 through 64 are the CQ    VS. 7T curves of the various 
configurations tested of parachute No. h giving the drop-test 
points.   Wherever  the drawn curve deviates noticeably from the 
calculated average of  the test pointst the curve is dotted.    It 
must be noted that considerable difficulty was encountered 
during the UQ-ft/sec drop tests and that since the parachute 
system was very heavily loaded the CDQ value should probably not 
be as representative of the parachute characteristics as that 
obtained near a velocity of 30 ft. sec.    Figures 65 and 66 are the 
drag coefficient curves  for the 12^ (No. 5) and fully (No. 6) 
extended-skirt parachutes, respectively. 
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Figure 67 Is the drag-coefficient curve for the airfoil parachute   (No. 
7).    Considerable difficult/ was encountered obtaining test data at 
speeds above 15 ft/sec beoause of the inconsistent opening character- 
istics of the parachute at the high speeds.    The dotted part of the 
curve waa drawn on the basis of published data from previous tests on 
this type of parachute. 

Figure 68 gives the summary curves of the drag coefficient for the four 
models of the solid-spherical parachute family investigated during the 
test program.    Figures 69 through 72 present the On   VS. VT curves for 
I/Ensphere circular (Ho. 8), lA-sphere circular (Mo. 9), l/2-sphere 
square (No. 10), and lA-«phere triangular (No. ll)  parachutes,  respective- 
ly. 

Figure 73 presents the summary curves of drag coefficient for the three 
models of the 30° solid-oonioal parachute family.    Figures 7k through 
76 are the On   v« Ty curves for the circular  (No. 12),  square (No. 13), 
and triangular (No. Ik) parachutes,  repseotively, belonging to this 
family. 

Figure 77 gives the On vs Vv summary curves for the four types of guide- 
surface parachute models tested.    The On curve was presented here rather 
than that of the On   values since it is more common in the literature 
and this facilitateS making comparisons with other test data.    Figures 
78 through 81 are the dreg-coefficient curves,  both On   and On, for the 
medium-construction brake-type (No. 16),  stabilisation-type (No. 17), 
universal-type ribless (No. 25), and the personnel-type (No. 26) guide- 
surface parachute models respectively.    The actual test points were 
used to determine an average Op   vs VT curve in each case.    The On curves 
were obtained from the On   curve's with the following formula for each 
of these parachutest 

°D '-•  Ja  °D, 

Figure 82 gives the On vs VT curve for the Beater Typ*-12 shaped para- 
chute model (No, 2U) al determined from vertical and horliontal types 
of release in the drop tests. 
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Figur« 83 presents the summary drag-co efficient curves for the    five 
models tested of the FIST ribbon-parachute family including variations 
of oanopy shape and porosity.    Figures 8U through 88 contain the Cju 
TS VT curves for the circular brake (No. 21),  square  (No. 22), tri- 
angular (No. 23). 2031 porosity circular (No. 27), and 25% porosity 
circular (No. 28) FIST type ribbon parachutes.    Th* three circular para- 
chute«  (Nos. 21,  27,  and 28) were used to Investigate th« effect of 
porosity variation for X,- between 20% and 26$. 

Figure 89 gives the summary drag curves for the three circular models 
of the ring-slot parachute family.    Figures 90 through 92 are curves 
of On   vs. VT for the parachutes with 10)1 total porosity  (No. 29), 13.5% 
total°porosity (No. 30), and 17* total porosity (No. 31), respectively. 

In general, the Cp   va V« curves were drawn through the average values 
of the test points°for the various nominal descant-velocity conditions 
for the parachutes tested.    Whenever a considerable spread of test points 
existed for any one nominal-descent condition due to the erratic motion 
of the parachute,    an attempt was made to obtain help in drawing the CD 

curves on the basis of previously published data. ° 

Angle of Attack 

A method waa devised for determining the angle of attack of the descend- 
ing parachute throughout its complete flight path.    Figure 93 defines 
th* axes and veotor terminology used In this calculation and also includes 
th* actual vector formulas.    When determining the angle of attack of 
the paraahut* (angle between th* instantaneous resultant velocity Vr of 
th* load and th* parachute axis A) at any point  "n", it is more accurate 
for the velocity veotor to be obtained by using th* coordinates of the 
(n-l) and (a t 1) points.    In the present test program tha consecutive 
points considered in the calculations were lA second apart.    Standard 
vector notation is used in the formulas  (Reference 5) where the letter 
with the dash above It signifies a veotor quantity while the letter alone 
signifies a scalar quantity, veotor magnitude.    The angle ex    was de- 
termined by the   use of the "dot" product of the parachute axis and re- 
sultant velocity vector.    This method of calculating angle of attack 
can be applied to any of the drop tests which were analysed completely. 
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Th« angle of attack «as datomlned for all eight drop-test condition« 
of tho aal liWflat-oirealar praohnto nodal darin« the eonplete de- 
saent.   Figure« 9b through 10CL represent tho angle of attack Ttrna 
tlms eurvaa for th« noadnal 10, 15, 2$ and kO-it/««o vertical-release 
and tho lmsrlnsl 10, 1$, 2$, and IjO-ft/aoe horlsontal-release drop tests, 
respectively.    Tho angle of attaek «as calculated at tho various 
•tatloos aa given in the   tahlaa of drop-toot data la tho appendices of 
the report»    Bach aaloalated point is ■arkort by an open drooler svsjbol 
«nils thoss repressntlnf the srnohronisntlon point (narked with asterisk 
in tables of drop-test data) la a solid or "filled* circular symbol. 
Jhis again facilitates comparison of points between the various eurrs 
sheets and tables of data«   An average onrve «aa drawn through the test 
points and shoved the oscillating natnrs of the angle of attack for the 
parachute daring lta descent. 
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AMAUSIS AND DISCUSSIDH 

This drop-test information,  collected under controlled conditions. 
Tor approximately 700 drops, prorides a wealth of data vhioh can be 
readily analysed to indicate overall parachute performance.    To 
show the potentialities of the test method employed, a partial 
analysis has been made of typical drops and is presented in tabular 
and curve form. 

Space coordinates for the weight unit of the parachute system were 
determined for all the drops so that parachute drag coefficients 
could be evaluated.    Bach different drop condition was further ana- 
lysed in regard to parachute stability to establish typical flight 
operational trends for all the designs tested.    A sample analysis 
was made of parachute angles of attack.    Although the analysis 
presented in this report Is perhaps the most extensiv« of its type 
ever attempted, It should by no means be considered to exhaust the 
possibilities, but merely to indicate the value of the data, and 
what can be done in several types of evaluations« 

Because of the many different solid and ribbon types of parachutes 
tested it is considered desirable to catalogue them according to 
oanopy design characteristics as an aid for discussion purposes. 
The term "solid" refers to parachutes possessing no interruptions in 
the main canopy surface other than the vent.    The term "flat" signi- 
fies that the unlnflated oanopy can be spread out on a flat surface 
with all the crimp taken out of the material.    Several of the para- 
chutes tested had a "shaped" canopy such as the conical and spherical 
designs and these will only spread out evenly over a predetermined 
form or pattern and not on a flat surface. 

During the drop tests, the descent characteristics of the parachutes 
were observed and the corresponding remarks entered cm the data 
sheet by the test engineer at the floor panel,    The term "drift* im 
the remarks designates the horisontal distance of the parachute 
landing spot measured from the center of drop location on the floor. 
Al^o in the remarks on the data sheets will be found the tern 
"sideslip" which is synonymous with glide.    It is suggested that 
more emphasis be placed on the actual test results and plotted curves 
than on the remarks of the data sheets for reliability and complete- 
ness. 
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In general, there did not it« to be any significant difference between 
the tabulated test r«suits of the parachutes for the two conditions 
er types of release used in the program except in a few special eases. 
Some of the presented cures have features characteristic    of the 
type of release used on the parachute system and must be Interpreted 
with the following limitations in mind»    All the flight-path    curves 
for the vertical release usually start near the centerllne of drop or 
(I, I) = (0, 0).    For the horizontal condition of release the plan- 
view-curve starting point varies somewhat but usually begins    in the 
neighborhood of (X, T) = (30,-10).    Because of the high drift char- 
acteristics of some of the parachutes it became necessary to use two 
different scales for the plan-view curves.    It is important to keep 
this fact in mind when comparing the characteristics of the various 
parachutes by Just observing the flight-path curves.    The starting 
point of the oscillation curves for the horisontal release condition 
depends on how close to the drop position the test points are analyzed. 
Usually the starting point of this curve lies In the second quadrant 
Indicating a large angle)and this fact was taken into account when the 
maximum and minimum angles of oscillation ware determined for the 
parachutes.     9M plotted trajectory curves far the horizontal release 
condition look approximately the same as those of the vertical types of 
release except for a displacement of the curves about 30 feet from the 
drop oenterllne.    The average glide angle was determined by taking the 
slops of the lower part of the trajectory curve, since this section of 
the curve was usually fairly straight and represented the terminal 
velocity condition of the descent.    In many oases for the parachutes 
with erratic descent oharactaristios the trajectory curves seamed 
to indicate two different si opus, depending on how far up the curve 
the terminal velocity condition of the descent prevailed.    This fact 
was considered when analysing the trajectory data, and the glide-angle 
line was put on the curve only after the complete history of the drop 
was known.    For the trajectory curves of the horizontal release conditions 
the tendency was to consider more of the complete curve when obtain- 
ing the necessary slope*    It is believed that in some of the high- 
speed drops only a small portion of the terminal-velocity condition 
may have been attained.thus complicating the velocity and glide-angle 
determination.    This was particularly    true for the horizontal types 
of release where the parachute seamea to lob into the impact point on 
the floor.never reaching straight vertical descent.    In acme cases, 
during the horisontal release condition, the parachute became dis- 
engaged prematurely during the first quadrant of its swing.    This has 
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been termed In "Improper raises«" on the data sheets.    Drop teats 
completed under these conditions ware used for drag detendnatlon} 
however, efforts ware made always to attain a good horisontal re- 
lease for the representative drop which was analysed   completely. 
Whenever the remark on the data sheet referred to an inflation 
Irregularity for any particular drop test, the Infonaation was analysed 
only if it was felt that the parachute had reached the terminal 
velocity condition and thus give satisfactory drag infonaation. 

Since the logarithmic    decrement usually describes the damping char- 
acteristics of a system and is obtained from the measurement of sucis- 
sive amplitudes of oscillation, this tern was used to describe tiie 
motion of those parachutes which showed a reduction In oscillation 
amplitude in any one complete cycle.    If an increase of amplitude 
was experienced, the term "negative* was used to describe this un- 
stable tendency.     This term usually indicated that a small angle of 
oscillation of the parachute system early in the drop steadily grew 
to a larger angle where it remained throughout the rest of the test. 

Both the frequency of oscillation and the logarithmic decrement as 
obtained from these data Indicate order of magnitude rather than 
absolute value.    Still it is interesting to note how consistent this 
information 1s for any one type of parachute and how narrow a range 
encompasses all the types tested. 

In order to determine a value for the oscillation frequency and log- 
arithmic decrement of any particular drop, it was necessary to es- 
tablish a meaning for these terms in regard to the parachute action. 
If the parachute axis tended to remain essentially in one plane, the 
frequency was based on the amount of time it took the parachute to 
travel from a position of maximum angular deflection through a com- 
plete cycle and back to the original position.    If the parachute • 
axis followed a conical motion, the oscillation frequency was based 
on the time it took for the parachute axis to traverse the entire 
motion from any starting position around the cone and back to the 
original point.    If only half a cycle was available an estimate was 
still made of the probable frequency of the system. 

The terms "maximum angle of oscillation" and "average angle of 
oscillation" used in the description of the parachute attitude dur- 
ing its descent refer to the angle the parachute axis makes with the 
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vortical.    This includes all motion of th« parachute system except 
the Initial  angle imparted to th« parachute in the horizontal re- 
lease. 

If the parachute axis tended to follow a conical action, th« average 
angl« was defined as on« half of th« con« angle.     If it was a two- 
dimensional notion,  th« arithmetic average of th« SUB of th« oscil- 
lation amplitudes was used.    In th« analysis of th« data th« oscil- 
lation rang« of th« parachut« is taken to be from th« «1 nlmum value 
of th« average or constant angle of oscillation to the »"-«—^i value 
of th« tabulated ■aadaaai angl« of oscillation experienced by th« 
parachute during th« drop tests  (see tables). 

In general, th« very stable parachutes possessed straight vertical 
descent with little or no oscillation.    The unstable parachutes 
tended to glide at the low TT rang« and possessed a trend toward 
straight vertical descent as th« descant Telocity was increased. 
At th« lower VT range th« unstable parachutes seemed to oscillate 
about a point near th« canopy skirtj however, as th« suspended load 
was increased for the higher VT rang« th« parachutes oscillated with 
high frequency about th« load.    In general, as the descent velocity 
was Increased the average glide angl« became smaller for th« para- 
chutes which possessed sideslip characteristics. 

In an effort to submit all th« test curves required, it was neces- 
sary to Include son« curves for the Tory stahl« parachutes which 
when plotted did not s««a to show auch or lend themselves to further 
analysis.    Although these plan-view and oscillation curves appear 
as a aass of points about the origin of the ex«s they serve as doc- 
umentary evidence of the good descent characteristics of th« parti- 
cular parachutes involved.    For many of the drop tests analysed fully 
it was  either impossible or impractical to determine some of th« 
required data}  therefore, these voids wer« noted on th« tables of 
aerodynamic characteristics as    dashes (-).    Although the spread of 
th« data was greater for the unstable parachutes or th« one« with 
erratic descent characteristics, it was found that, in general,  th« 
data spread was within th« accepted limits of experimental test re- 
sults.    Except where mentioned, all parachutes tasted had an Lg/ft0 
ratio equal to on«. 
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The unstable parachutes showed a significant Increase in drag coefficient 
for decrease in descent velocity,  metimas not ever reaching a con- 
stant Cn value throughout the velocity range tested. The stable para- 
chutes either presented a moderate increase In drag coefficient for a 
decrease in descent velocity or approximately had a constant Cp0 value 
for the VT range tested. In cases where the drag coefficent based on 
the projected area is better known than that based on the surface area 
both the Cj) and Cn curves were presented along with the conversion 
formulas used. 

The maximum and average spread of the test points from the estimated 
drag curve were calculated and the values of each recorded in the 
analysis section of the respective parachutes. In general the aver- 
age spread of the test points is in the neighborhood of I 15%  for 
the parachutes with erratic descent characteristics, t lOJt for most 
of the parachutes, and 1 $%  for some of the very stable parachute 
systems. Except for the special series of tests on the 10% extended- 
skirt parachute (No. U),  the drag coefficients recorded were for para- 
chutes with a suspension-line ratio equal to unity. Since no points 
are shown on the summary drag curves presented for each parachute 
family it shoulu ue noted that the curves were drawn exactly JS their 
respective drag curves plotted with all the test points. Whenever 
the plotted curve did not go through the average values of the test 
points obtained for the separate velocity conditions the estimated 
curve was dotted, thi~ being particularly true at the higher Vv range 
tested. Although On  was recorded on the tables of aerodynamic 
characteristics of the parachutes«the results were not discussed in 
the present report, and no trends were investigated. 
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Solid-Hat Parachutes 

lb« drop-teat results for the circular (No. l), square (No. 2) and tri- 
angular (Ho. 3) parachutes of the solid-flat family are presented in Tables 
2 through U.    The square and triangular parachutes had pockets on each of 
their corners whose area was approximately nine percent of the total canopy 
surface area.    The summary drag curves of Figure $2 indicate that the Cjv 
Talues for the circular parachute are larger than those of the square and 
triangular parachutes.    This apparent higher efficiency of the circular de- 
sign may be due to the canopy pockets used with the square and triangular 
canopies.    Ho definite differences appear between the Cn   ourres of the 
square and triangular paraohutea.   For the solid-flat type parachutes there 
seems to be a substantial increase in CD   for a decrease of descent Telo- 
city particularly below TT of 30 feet per second for the range tested. 

The average horizontal Telocity varied from 9 to 3 feet per second for the 
average resultant Telocity range of 12 to hi feet per second.    In general, 
the horizontal Telocity, Vh, decreased for an increase in descent Telocity 
except for the square parachute (No. 2) which seemed to have a constant VQ 
value    of approximately 7 feet per second for all conditions of Vv tested. 
The average glide angles Taxied from approximately IiO to 3 degrees with 
the higher angles preralent at the lower VT conditions.    Although each of 
these parachutes had flight characteristics peculiar to the design of the 
canopy, the ranges of their maxi— and average angles of oscillation 
seemed to be approximately the same.    The maximum angles of oscillation 
Taxied from 16 to U0 degrees while the average angles of oscillation 
ranged from 10 to 32 degrees for the VT range tested. 

la general, the oscillation frequencies of these parachutes ranged from 
approximately 0.2 to 0.5 cycle« per second for the descent Telocity range 
tested, an increased frequency resulting for an increase lnVv. Ihr fre- 
quency results obtained for the circular parachute (No. 1) seemed to be the 
same for both conditions of release.    The frequency of oscillation for the 
square parachute (No. 2) apparently remained fairly constant around 0.3 
cycles per second for the lower descent speeds tested, no values being 
readily   available for the UO-foot-per-second conditions.    The frequency 
of osolllation for the triangular parachute (No. 3) although within the 
range of Talues mentioned previously was not as consistent as that for the 
circular design of canopy.    Here again some difficulty was encountered for 
the high-speed descent condition. 
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It was not possible to obtain any. conclusive information concerning the 
d—plag oharaot aria tics (logarithmic decrement) of tbaaa three parachutes 
on the basis of the recorded test data.     Ina oscillation currea presented 
no consistent pattern needed for calculations of this kind. 

Figure 53 gives the constant value of C"D0 as 0.97 for the circular para- 
chute while Figures 5b and 55 give constant On   values of 0.75 and 0.82 
for the square and triangular parachutes respectively.    The spread of 
the drag data averages about f 12% for the velocity range tested with sovt 
of the point spread occurring at the lower V   values.    The marl mum spread 
for these points from the curve ranges froa 15 to 1831. 

These parachutes all tended to sideslip and oscillate at the lower VT 
range,  then exhibited straight vertical descent with high-frequency oscil- 
lation about the load for the upper FT range tested.    In general, good 
Inflation characteristics ware found except for the slow inflating of the 
tips of the triangular parachute at the lover descent speeds.    For both 
the circular and triangular parachutes there was a tendency toward conical- 
type oscillations for the harisontal release conditions. 

The curve« of angle of attack vs tine (Figures 9u through 101) determined 
for the circular parachute are oscillating in nature and show an increase 
in frequency for an increase in parachute descent velocity.    In general, 
better results seen to be available for the vertical release conditions 
of the drop-test program.    The average angle of attack was determined for 
each test condition and varied between Uo to 20 degreua, decreasing for an 
increase* VT for the range tested.    It was noted that whenever the para- 
chute oscillated in the plane of the flight path the average angle of 
attack was approximately equal to the average glide angle of the drop test. 
'Ihla will naturally be true so long as the parachute axis swings about the 
vertical and does not oscillate out past the glide path where the angle of 
attack would become negative.    According to the definitions established 
earlier in the report, the angle of attack (because of the complications 
of conical motion) is not calculated as negative.    Moat unstable parachutes 
exhibit large glide angles at the low usable VT range, and the observation 
that the average angle of attack equals the glide angle becomes applicable. 
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Solid. axtonded-8kirt Fmraohutos 

m« drop-test results for the three solid-flat extended-skirt parachutes 
t«Ud - 10* extension (Mo. h), 12& extension (*>. 5), and fall ex- 
tension (No. 6) - axe presented in Tablar, 5 through 7 respectively. 
Although the 10% extended-skirt parachute (■©. k) was not tested «1th an 
I«AV> ratio equal to unity, a general comparison of this parachute with 
the results of the other extended-skirt parachutes «as determined by 
Interpolating the data of the lOJt •xtended-skirt parachute« with Lg/tfe 
equal   to 1.08 and 0.92 •   Far the extended-skirt range tested in this 
program, 10J( to full extension, the overall flight-path eharmcteriatlos 
of the three parachutes seam to be the same with no definite pattern be- 
ing indicated.    The usual gliding tendency decrease   with Increase of 
TT «as observed.   Although only s limited number of logarithmic decrement a 
«ere calculated for these parachutes because of the undamped oharaeter- 
istles of the oscillation curves it was possible to determine the emu- 
lation frequencies in most oases,    lb inflation difficulties were m- 
eoumtared during these drop tests. 

The average horizontal velocities varied between 3 and 10 feet per second 
at random while the average resultant velocities ranged from 12 to 52 feet 
par second.    The average glide angles decreased from approximately 3U to 
3 degrees as TT was increased over the tested range.    The frequenciea of 
oscillation varied from approximately 0.2 to 0.5 cycles per second as VT 
«as increased for the tests.    The few logarithmic decrements calculated 
varied between 0.5 and 0.7 and aignlfy only order of magnitude to be 
expected for parachtes of this type when damping does occur. 

The summary drag curves for the extended-skirt parachute family are given 
in Figure 56.   Although the QD© curve for the 12fe( extended-skirt para- 
chute ia lower than the others it must be pointed out that mo constant 
trend can be determined.    Probably an average On     of 0.77 would be 
acceptable for design purposes above a V

T of 2$    feet per aeoond.    There 
seems to be a sharp decline of Oju for an increase of TT over the lower 
tested range after which a constant Cn^ ia attained.   An average spread 
of about £ 10* was detected for the drag-curve test points for all the 
parachutes of this family tested during the program except in a few extrem« 
eases. 

A series of tests «as   conducted with the 10% extended-skirt parachute where- 
in the LR/DQ ratio was varied from 1.1(0 to 0.60 in six equal steps for the 
same nominal descent-Telocity range used throughout the overall teat program« 
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All the configurations tested of this parachute seemed to possess a 
gliding tendency at the low VT range combined with moderate angles of 
oscillation.    As Vv was Increased the parachutes approached straight 
vertical descent combined with moderate oscillations»    Several cases of 
conical-type oscillation were noted during the test.    In general, un- 
damped oscillations prevailed and the angles of oscillation grew larger 
as Vy was increased. 

For the configuration with the smallest shroud-line length (Lg/Bo = 0.60) 
lie parachute canopy had decided breathing tendencies particularly for 
the heavier suspended loads used.    In addition erratic oscillation 
patterns were noticed.    As the shroud-line length is decreased it is im- 
portant to note that the coordinate distances on the oscillation curves 
represent larger values of angle of oscillation.    Also the frequencies of 
oscillation are more difficult to determine for the configurations with 
the shorter line lengths. 

In general the average horizontal velocity varies between 3 to 10 feet 
per second for the average resultant velocity range of approximately 11 
to 53 feat per second obtained with tests of the various configurations 
of the 10$ extended-skirt parachute.    The average glide angles varied 
from approximately 3U to 5 degrees for an increase in VT over the tested 
range.     The summary drag curves for the configuration of the 10$ extended- 
skirt parachute are presented in Figure 57 and show a consistent pattern 
for the L8/D0 range.    There is a definite increase in On    for a decrease 
in VT at the lower values.    A constant On   value for each curve seems to 
be reached in most cases above a Vv of approximately 2k feet per second. 
These constant values of the drag coefficients are plotted against the 
suspension-line ratio  (LB/Eb) in Figure 58 which indicates that On    ranges 
from 0.65 to 0.85 for the tests, increasing in value for an increase in 
Le/D0,     The drag coefficient becomes fairly constant above an £g/Do of 
approximately 0.95.    This indicates that above a critical suspension-line 
ratio the increase in drag coefficient of the parachute system is apparently 
only due to the drag of the increased length of the suspension lines, 
which is small.    As L8 /D0 is decreased below the oritical value the oanopy 
projected diameter appears to have been made smaller and this results in a 
decided drag decrease of the parachute system. 

In the following statements an attempt is made to describe the properties 
peculiar to the various configurations of the 10$ extended-skirt parachute 
wherein shroud-line or suspension-line lengths were varied from 16 feet 8 
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Inches to 7 feet 2 inches to cover an La/D0 rang« from l.UO to 0.60 re- 
spectively! 

The configuration with a shroud-line length of 16 fact 8 inches (L»/D0 
s 

l.UO) oscillated between 20 and k2 degrees in an unstable manner 
particularly for the vertical types of release making it impossible to 
determine any logarithmic decrement values.    For the vertical types of 
release the angles of oscillation seemed to become smaller for an in- 
crease in descent velocity.    The frequencies of oscillation increased 
from approximately 0.2 to 0.U cycles per second as VY was increased for 
the tests.    The drag-coefficient curve shewn on Figure 59 depicts a con» 
stant 0Q    of 0.85 above a VT of 2ii feet per second.    The increase in 0nQ 
for a deSrease of v_ is not as large as experienced with the rest of 
the configurations of the lOJl extended-skirt parachute used in the tests. 
The curve is dotted above a descent velocity of 30 feet per second when- 
ever it doesn't coincide with the average values of the test points re- 
corded for the higher VT range.    The point spread of the data seems 
fairly consistent,  the maximum value being around 13$ for the highest 
VT condition. 

The model with a shroud-line length of Hi feet 9 Inches (Lg/DQ ■ 1.2k) 
oscillated between 12 to 35 degrees with frequencies ranging from 0.21 
to 0.U5 cycles per second as Vv was increased for the tests.    While the 
unstable type oscillations seem fairly constant for the vertical types 
of release, there seems to be a tendency for the oscillation to increase 
for an increase in VT for the horizontal condition of release.    The 
erratic pattern of the oscillation curves permitted the calculation of 
limited logarithmic decrement data.    The drag-coefficient  curve in Figure 
60 shows a constant Cj^ of 0.8k above a Vv of approximately 25 feet per 
second.    The point,   spread seems fairly regular for the curve with a 
maximum of about ll& being measured at the high VT range. 

The configuration with a shroud-line length of 12 feet 10 inches 
(L8/D0 e 1.08) oscillated between 12 to 1|0 degrees with frequencies of 
oscillation ranging from approximately 0.3 to 0.50 cycles per second in- 
creasing for a descent velocity increase during the tests.    The angle of 
oscillation tends to increase as VY is increased, particularly for the 
vertical release conditions.    Since no definite damping characteristics 
were observed it was not possible to calculate any logarithmic decrement 
for this configuration.    Figure 61 shows that a constant CD    of 0.83 exists 
above a Vy of about 26 feet per second.    Here again the drag curve was 
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dotted at the higher VT rang* because It was not drawn through tha aver- 
aga point indicated by tha test data.    A maxima point spread fron the 
ourve of l6jl vas measured at a low YT value. 

For a shroud-line length of 10 feet, 11 inches (Ls/D0 - 0.92) the 105f 
extended skirt parachute oscillated between 22 and 35 degrees in most 
cases and exhibited undamped characteristics.    It was only possible to 
determine the frequency of oscillation for the vertical conditions of 
release which varied from approximately 0.3 to 0M5 cycles per second 
as Vv vas increased over the test range.    In general, it was not possible 
to determine wich information on the logarithmic decrement of this para- 
chute system.    A constant CQ0 of 0.82 above a VT of 27 feet per second 
is shown in Figure 62.    The curve is dotted in the upper VT region for 
reasons mentioned earlier.    A marl mum point spread from the curve of 
about 15% was determined at the lower VT range 

The configuration with a shroud-line length of 9 feet, 1 inch (LB/D0 a 
0.76) oscillated between 10 and $0 degrees for the tests.    In most cases 
the angle of oscillation remained between 20 and k0 degrees and its 
undamped characteristics permitted limited calculations of the log- 
arithmic decrement.    Although a slight increase in frequency of oscil- 
lation seems evident for an increase in Vy, the average value seems to 
be around 0.30 cycles per second.    Figure 63 shows a constant C«    of 
about 0.76 above a VT of 28 feet per second.    A maximum point spread 
from the curve of about 11% was detected at the low Vv values. 

Thel0%extended-sldrt parachute with a shroud-line length of 7 feet, 2 
inches  (L8/D0 = 0.6Ö) oscillated between 10 and kS degree* in an erratic 
pattern and displayed undamped characteristics throughout the test range. 
A limited amount of oscillation frequency data was calculated, but no 
logarithmic decrements were determined.    Figure 6U shows a constant Cr> 
of 0.66 above 29 feet per second.    A maximum point spread of about        ° 
20$ was calculated in the intermediate VT range. 

The 12$£ extended-skirt parachute (No. 5) oscillated between 12 and 36 
degrees and displayed undamped characteristics thus permitting only a 
limited calculation of the logarithmic decrement.    For the vertical re- 
leas«- condition the oscillation    angle tended to remain the same in- 
dependent of a VT change.    For the horizontal release condition there 
seems to be an increase in oscillation angle for an increase in Vv over 
the range tested.    The frequency of oscillation tends to increase from 
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about 0.22 to 0.U0 cycles per second for an increase in VT daring the 
tests.    Figure 65 shows a constant CQO of 0.66 abora a VT of 28 feat 
per second.    In general, the scatter of test points seams to be small, 
with a maximum spread of about 18$ being calculated at the upper VT 
range.    The drag curve for this parachute has practical ly the same 
shape as those obtained for the 10$ and fully  extended-skirt parachutes 
except that the constant Cp   value is about 20 percent lower. 

The fully extended-skirt parachute (No. 6) oscillated between 1$ and 
50 degrees and also displayed undamped char act eristics in flight. 
There seamed to be no consistent trend of oscillation angle variation 
with descent velocity for the vertical type of release; however, an 
increase in angle of oscillation seemed apparent for an increase in V 
over the tested range for the horizontal release condition.    The oscil- 
lation frequencies varied from about 0.18 to 0.1& cycles per second 
respectively for an increase of VT during the tests.    The erratic 
nature of the oscillation curves permitted only a limited analysis of 
the logarithmic decrement.    Figure 66 defines a constant On    of about 
0.83 for a VT above 2ii feet per second.    The maximum point scatter was 
calculated as about 17$ at the upper Vv range.    In general,  the drag 
coefficient curves for the 10$ and fully extended-skirt parachutes are 
almost identical and indications are that the drag coefficient is in- 
dependent of extended-aldLrt length for the range tested. 
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Airfoil Parachute 

The drop-test results for the $0% vent airfoil parachute (No. 7) 
are presented in Table 8.    Considerable difficulty was encounter- 
ed during the testing of this parachute since it descended In an 
erratic manner and had critical opening characteristics.    Several 
attempt a vere made to shorten the Tent-line lengths to eliminate 
this difficulty vith some success.    However, the scope of the 
project did not permit further work along these lines.    Since the 
actual test data were limited, no specific trend* were established. 
In general, the flight-path characteristics were approximately the 
same as measured for other circular canopy designs tested except 
that no definite oscillation pattern seemed predominant.    Several 
values of 0.3 cycles per second oscillation frequency were calcu- 
lated; however,  the determination of the damping characteristics 
was not possible. 

Because only a limited amount of drag data was determined for 
this parachute during the present program it was thought advisable 
to rely on previous test results for constructing the Cn   curve 
presented in Figure 67 as was mentioned earlier in this    report. 
Results indicated that a decided increase in 0^ exists for a de- 
crease in VT.    A constant value of Cn    equal tc 0.83 seems to 
exist above approximately hO feet per second.    The average point 
spread for this Cn   curve seemed to be about x 10JL with a —j&— 
of \9% being measured for these tests made only at the lower Vy. 

Although the tested airfoil parachute design was not  satisfactory 
it is felt that a little more investigation on the proper rent- 
line length might help create a dependable system.    Several 
different vent-line lengths were tried in the present program, 
each showing a slight improvement In performance.    However, none 
of the combinations proved entirely successful and the drop tests 
had to be eliminated for lack of time. 
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Solid Spherical Parachutes 

The drop-test results for th« \ sphere circulmr (Mo. 8), \ sphere 
circular (No. 9), \ sphara square (No. 10), and th« \ sphara tri- 
angular  (No. 11) parachutes JTi given in Tables 9 through 12.    In 
general,  these parachutes had a tendency to sidealip with moderate 
oscillation during descent at tha lover VT range; however, in tha 
upper descent-velocity range tha parachutes possessed approximately 
straight vertical-descent characteristics with slight oscillation* 
No Inflation difficulties were encountered with these parachutes 
except aa noted with tha square canopy design.    While hanging on 
tha test bar of the drop-test setup in an uninflated condition 
only four shroud lines of the square-type parachute supported tha 
suspended load, resulting in a large number of shroud lines hang- 
ing limp with varying loop lengths.    The tangling of these unloaded 
shroud lines could wall be the reason for the inflation diffloruiti as 
encountered, rather than the actual canopy design.    In some oases 
there was a tendency for the parachutes of this family to execute 
conical-type oscillations at tha lower VT range tested. 

The average horizontal velocities ranged from h to 1$ feet per 
second with no consistent pattern being established.    The average 
resultant velocities varied from 11 to 1^3 feet per second for these 
parachutes.     The average glide angles showed an apparent decrease 
from approximately U2 to 6 degrees for an increase in VT over the 
tested range.    The parachutes of this family seemed to oscillate 
between 20 to 30 degrees from the vertical unless otherwise noted. 
In general the frequencies of oscillation varied between 0.25 and 
0 JiO cycles per second for the range of descent velocities tested, 
increasing in value for an Increase in velocity.    In a few noted 
cases it was not possible to calculate the frequency values because 
of the nature of the oscillation curves.    It was impractical to 
determine the logarithmic decrement for almost all test conditions com- 
pletely analyzed for these parachutes. 

The summary GQQ curves given in Figure 68 show that the i sphere circular 
rrachute is more efficient than the J sphere circular design.     In the 

sphere parachute group the triangular canopy design seems to have 
tha best drag characteristics, followed in order, by the square and 
circular canopies.    There is a substantial increase in On   for a de- 
crease of VT for these parachutes, the drag curves reaching a constant 
value only aft.-r approximately 28 feat per second.    The average spread 
of data for the drag curves of the solid-spherical parachutes is almost 
t 103.. 
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1h« £ sphere circular parachute (No. 8) oscillated between 20 
and 30 degrees daring most of tha drop tests for both conditions 
of ralaas«.    Figur« (ß indicates a On    of 0.78 .ibove the critical 
?T vain« of the curve.    P amxjam spread of 20$ was detected at 
the intermediate speeds on the On    curve. 

The \ sphere circular parachute (Ho. 9) osdilated between 20 and 
30 d«grees in most tests particularly for the vertical  types  of 
release, while for the horizontal types of release several   cases 
of small oscillation angles of 10 degress or less were measured. 
Figure 70 gives a constant value of Op    a 0.85 for this parachute 
and indicates a «a*lam point spread o? about 13% in the inter 
■«diet« velocity range. 

The i sphere square parachute (Ho. 10) in the different teats 
oscillated with amplitudes between 12 and itO degrees, but the 
range In amplitude for «ach particular cass was small, thus show- 
ing poor damping characteristics.    Ho definite tendencies of oscil- 
lation-magnitude variation with descant velocity can be presented. 
Figure 71 gives a constant value of Cjv  - 0.88 and shows a ■»»*«■■ 
point spread of approximately 21% at the low VT range. 

'ihe i sphere triangular    parachute (Ho. 11) oscillated within th« 
range of 1$ to 25 degrees during most of the tests, tending to- 
ward conical oscillation at son« of th« lower VT values.    Since no 
consistent oscillation patterns were established it was only 
possible to obtain limited oscillation-frequency data and no damp- 
ing data for this parachute.    Figure 72 gives a constant On    of 
0.92 and indicates a maxi— point  spread cf about 20%. 
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Sol-Id Conical Parachutes 

A circular (No. 12),  a square  (Mo. 13), and a triangular (No. lit) para 
chut« with   >Ü- -degree con* angles were tested and the  results präsent ad 
In Tables 13 through 15 respectively.     In general the motion of the 
parachutes during descent  Is two-dimensional with undamped types of 
oscillations prevalent.    There seemed to be a tendency to glide con- 
siderably at the lover TT range along with a slight oscillating action. 
As the descent speed was increased the angles of oscillation tended to 
increase particularly for the vertical types of release.    Ho Inflation 
difficulties wrre encountered with these solid conical parachutes. 

The average horlsontal velocities varied fron h to 13 feet per second 
in no consistent pattern as the average resultant velocities ranged fron 
13 to 1)2 feet per second.    The average glide angle« decreased from 
approximately h2 to 6 degrees as VT was increased through the test 
range.    The circular parachute had smaller glide angles than the square 
and triangular type canopies for aost of the VT conditions tested. 
Since undamped types of oscillation existed in most cases it was only 
possible to determine the oscillation frequency values and not  the 
logarithmic decrements for the parachntes.    The frequencies of oscil- 
lation varied from approximately 0.2 to O.ii cycles per second,usually 
Increasing in value for an increase in VY. 

The summary Cn    curves presented in Figure 73 indicate that the tri 
angular canopy is slightly more efficient than the circular and square 
canopies which follow In the order mentioned for the constant section of 
drag curves.    The drag curves for the circular and square parachutes are 
practically the same for the lover TT conditions and differ substantially 
only after a ¥v of approximately 28 feet per second.    Here again there 
Is in evidence a considerable increase in Cn    for a decrease in V   for 
the range tested.    For the triangular and circular design the Cp    be- 
comes approximately constant above a VT of about 30 feet per second while 
for the square parachute this constant condition only seems to exist at 
the extreme end of the test curve near a VT of around kit feet per second. 
In general,  the average spread of test points for these drag curves la 
about £ 13% with a larger spread being experienced at the low Vv range. 

The 30    circular conical parachute (No. 12) oscillated between 20 and l£ 
degrees in almost all of the tests the magnitude of oscillation tending 
to increase for an increase in VT particularly for the vertical release 
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condition.    In general this parachute exhibited two-dimensional motion 
with regard to oscillation and possessed a tendency toward conical 
motion for the horizontal conditions  of release.    Figure 'Ik indicates 
a constant On    of approximately 0.87 above a VT of 3k feet per second. 
A maximal point spread of approximately 23% exists at the extreme ends 
of the tested 7T range. 

The 30    square conical parachute (No. 13) oscillated between approximately 
10 and 30 degrees for the vertical types  of  release,the angle increasing 
for an increase of Vv„    In several of the horizontal release tests the 
oscillation angles show no apparent change with VT particularly at the lower 
range investigated.     The On    curve given in Figure 75 tends toward a 
constant value only at the extreme end of the Vv range.    Ä Cp    of 0.81$ 
seems to be indicated above a Vy of hk feet per second.    A ma&laum point 
spread of approximately 30$ was measured at the low Vy end of the drag 
curve. 

The 30° triangular conical parachute (Mo. Ik) oscillated between approx- 
imately 5 to 25 degrees for the vertical release condition,increasing 
for an increase in VT.    For the horizontal   types of release the oscil- 
lation angles ranged approximately between 20 to iiO degrees» again dis- 
playing no definite damping characteristics.    Figure 76 indicates a Cn 
of about 0.89 above a TT of 30 feet per second.    A maxi mm point  spread 
of approximately 2k% was measured at the lower TT range. 
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Quide-Surface Parachutes 

The drop-test results of the medium-construction brake-type 
(No. 16), the stabilization-type (No. 17).  the universal-type 
ribless  (No. 2$), and the personnel-type (No.  26) guide-surface 
parachutes are given in Tables 16 and 17 and Tables 12  and 23 
respectively.    In general, the parachutes exhibited practically 
straight vertical descent with slight or moderate oscillation 
during the drop tests.    The small magnitude and nature of the 
oscillation curves prevented the calculation of  the oscillation 
frequencies and the logarithmic decrements in many cases.    No 
inflation difficulties were encountered with these parachutes 
during almost all the drop tests. 

Average horizontal velocities up to 6 feet per second were de- 
termined)  however, no consistent variation with Vv seems readily 
evident.    The average resultant velocities ranged from 11 to 5k 
feet per second for these tests,    lhe glide angles varied from 
13 to 2 degrees for the tested Vv increase for most of the 
parachute) however,, they Increased to a range of 22 to 6 degrees for 
the personnel-type guide -surface parachutes which during the 
tests seemed to be a little more unstable than the other para- 
chutes of the guide-surface family in many respects.    These 
parachutes oscillated from approximately 3 to 30 degrees during 
the tests;  however, the logarithmic decrement could be calculated 
for only the stabilization type parachute. 

The summary drag curves of Figure 77 are presented in the form 
of Crj vs VT rather than Cn   vs Vv< since the drag coefficient 
based on the projected area is more familiar for guide-surface 
parachutes.    On the individual drag curves of the parachutes both the 
Cp and Cp0 curves are presented along with the necessary conversion 
formula used.    The constant term in these formulas represents the 
ratio of the parachute surface area to its projected area.    Generally 
the Cjj    curve was determined from the test points and then converted 
to Cp by the given formula.    As can be seen from Figure 77, the 
stabilization-type guide-surface parachute tested seems to have the 
highest drag efficiency^ followed in order by the medium-brake, the 
universal ribless, and the personnel guide-surface parachutes. 
The drag curves range from a negligible C^    change(for the tested 

Vy values) to a considerable Cn   variationjror the family of guide- 
surface parachutes  investigated.     The medium brake (No. 16)  and 
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tha universal ribleas (Ho. 25) guide surface parachutes have 
drag curves with a fairly constant C~ and saatad to be tha most 
stable members of this parachute family during these testa.     The 
average speed of the test points from which these curves were 
determined range from I 6% to I 15%.    It seems that larger point 
spreads occur at the intermediate V    values of the tests for the 
drag curves In general. 

Th« medium-construction brake-type guide-surface parachute  (He. 16) 
oscillated between 11 and 25 degrees for the first three TT con- 
ditions for both types of release in such a manner that only the 
frequency properties could be calculated.    The oscillation fre- 
quencies ranged from 0.2 to 0.4 cycles per second, Increasing for 
an increase in TT.    Figure 78 shows a constant Cn of 1.01 above a 
VT of about 35 foet per    second.    An average point spread of 
* lOJt was determined for this e    ve while a —-r-ii^i spread of lß% 
was detected at the intermedia..     ,'v range. 

Th« stabiliaation-type guide-surface parachute (No. 17) oscillated 
np to 22 degrees during the drop taste, the oscillations getting 
smaller for an increase in ?v.    The frequencies of oscillation 
varied from about 0.3 to 0.6 cycles per second as Vv was increased. 
Although several logarithmic decrenents ranging from about 0.2 to 
0.9 ware calculated no definite trend could be detected for a VT 

increase.    The oscillation frequencies and damping characteristics 
could not be -calculated at the higher ?T conditions»   Figure 79 
shows no tendency toward a constant drag coefficient for the range 
of Vv tested.    Although the results of the CQ curve may seem high 
the test-point average spread of i 1$% is within reason and all 
the calculations have been checked in an effort to verify the re- 
sults.    A maxim« point spread of 30£ was determined for the in- 
termediate Vv range. 

The universal-type ri bless guide--surface parachute (No. 25) oscil- 
lated between 3 and 19 degrees in no consistent manner with the 
Vv variation of the tests.    Although this parachute exhibited vary 
good descent and damping characteristics no values of logarithmic 
decrement could be    determined.    The limited ntnber of calculated 
values of oscillation frequency showed a variation between 0.2 and 
0.3 cycles per second for the two lower Vv conditions.    Figure 80 
shows a negligiblt increase in CQ for the Vy range tested.    The 
average point spread was about t 8% with a maximum of 10$ recorded 
for the lower Vv values. 
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The personnel-tjp* guide-aurfacs parachute   (So. 26)  osciUaUd 
between 5 and 31 degrees for th«  testa,  th« angle of osdilation 
tending to increase for an increase In VT-    Th* frequenciee of 
oscillation increaa« from 0.2 to 0.5 cycles par s«cond for an 
increaa« of V   over th« rang« tasted.    The undamped oscillation 
curvea made it impossible to calculate the logarithmic decrement 
values.    This para chut« exhibited more gliding tendencies than 
any other parachute tested of the guide-surface family.    Delayed 
opening characteristics were detected for some of the horizontal 
releases) however, in general most of the drop teats performed 
satisfactorily.    Figure 81 indicates a constant Cn »f 0.8 above a 
YT of about 3tt fact per second and shows a moderate increaa a in 
On for a decrease im YT at the lower descent-velocity rang« 
tested.   An average point spread of i lOJt waa calculated while 
a maximum spread of about 200t aria ted in the intermediate ?r 
range of the teats« 
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Exeter Type-12 Parachute 

The drop-teat results for the Kxeter Type-12 shaped parachute (No. 2ii) 
are presented in Table 21,    This parachute exhibited large glide-angle 
characteristics vith moderate oscillation at the low VT range} however, 
as Vv vas increased the flight path approximated straight vertical 
descent and the angles of oscillation became larger with increased fre- 
quency.    No inflation difficulties were encountered during the drop 
tests conducted with this parachute. 

The average horizontal velocities ranged from approximately 8 to 3 feet 
per second in no consistent pattern while the average resultant velo- 
city varied from 9 to HO feet per second for the drop tests.    The 
glide angles varied frcm about 35 to h degrees as Vv was increased 
through the tested range.    The parachutes oscillated between 8 and 37 
degrees, the angles increasing for an increase in Vv„     The oscillation 
curves did not display any damping characteristics; therefore, no 
logarithmic decrement values were calculated.    Only a few oscillation 
frequencies were calculated and they ranged from approximately 0.25 
to O.UO cycles per second, showing an increase in value for an increase 
in Vv, 

Figure 82 defines a Cn0 of 0.80 for a Vy above 23 feet per  second. 
There i3 a considerable increase in C^u for a decrease in Vy.    A 
maximum point spread of approximately 26f> was calculated near the upper 
limit of the Vv range while the average spread is near  + 8% for the drag 
curve in general. 



ftu.. 8/ 
MOOCL AFTR-5867 
cm $108 
ncr MO R.621 

FIST-Type Ribbon Parachute» 

"Die drop-teat results for the three FIST circular (Nos 21, 2? and 
28), the square (No. 22) and the triangular (No. 23) ribbon para- 
chutes are given in Tables 18 through 20 and Tables 2l* and 25, 
In general, the parachutes exhibited approximately straight vertical 
descent with little or no oscillation»    For the square and tri- 
angular parachutes moderate glide angles were detected at the lower 
Vv range.    The ribbon parachutes appeared to have good oscillation 
damping'characteristics, particularly the circular-type canopies. 
Because of the nature of the oscillation curves in exhibiting small 
angles of oscillation it was difficult to obtain aay conclusive in- 
formation concerning the frequency of oscillation and the logarithmic 
decrement or damping characteristics of the parachutes*    Tne para- 
chutes of this family tended to lob from release to the impact point 
for the higher-speed horizontal conditions and this made it  impossible 
to  derive aay oscillation information in most cases.    Observations 
indicated that once an oscillation was initiated with these para- 
chutes the motion seemed to damp completely In about one-half of a 
cycle in most instances.    Generally these parachutes had character- 
istic« of slow Inflation in the normal operating range, and sane  !.<*«■- 
dencies to squid at the high Vv range were noted.    Because of  the 
lower suspended-load requirements for these parachutes it was pos- 
sible to conduct 2k tests on each, of which 8 different test'* con- 
ditions were completely analyzed. 

The average horizontal velocities ranged from 0 to k feet per second 
with apparently no consistent pattern in most cases.    For the verti- 
cal release condition the average horizontal velocity seemed to 
decrease for the square parachute and increase for the triangular 
parachute as Vv was increased over the tested range.    The average 
resultant velocities varied between approximately 9 and $2 feet per 
second while the average glide angles ranged from 1 to 10 degrees for 
the circular designs and 2 to 20 degrees for the square and triangular 
canopies.    The parachutes on occasion oscillated as high as 20 de- 
grees but in general the angles of oscillation were small, particularly 
for the circular-type parachutes. 

The summary drag-coefflcent curves of Figure 83 indicate that the tri- 
angular and square parachutes have a higher .drag than the circular 
designs at the low Vy range; however, taking into account the porosity 
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values.   It seems that no significant differences in drag character- 
istics  exist for all these ribbon parachutes  over the range of 
Vy tested.    There is an increase in Cr^ for a decrease in VY over 
the range tested »nd a tendency for Op    to become constant above 
a Vv of approximately 30 feet par  second in most cases.     The aver- 
age spread of the test data varies from i $% to £ 1$% for the five 
ribbon parachutes tested. 

lhe circular brake-type FIST ribbon parachute (No. 21) usually 
oscillated between 0 and 5 degrees  except at the lowest Vv conditions 
where a maximum angle of oscillation of about lh degrees was recorded. 
No values of oscillation frequency and logarithmic decrement were 
obtained.    Figure 81» shove a constant On    of O.uU above a descent 
velocity of about 35 feet per second, bu£ in general there is a sub- 
stantial  in' rease in 0Q    for a decrease in VT ov«r the tested range. 
A» average point spread°of i 15% was calculated, with most of the 
spread at  the high Vv range.    One test point was recorded for a ?v 

of about 59 feet per second and, although it seaned out of line on 
the drag curve, the drop-test notes and  corresponding data sub- 
stantiated Its accuracy. 

The square ribbon parachute (No.  ?2) oscillated between 5 and 16 
degrtes showing no particular trend for the V    range tested.    No 
values of  oscillation frequent and logarithmic decrement were ob- 
tained.    The pararnute «xMl-,1.? *,: moderat« glide angles at the low 
Vv range, particularly for  the hor-zontal  conditions of release. 
Figure 85 gives a constant Grj    of 0.1*5 above a Vy of 36 feet per 
second but displays a derided increase  in Cj^ for a decrease in 
descent velocity over' moot of the tested range.    The average point 
spread amounts  to about i l5St»with a maximum spread of approximately 
2 7$ occusristg at both ends of the Vy range tested.    The square 
ribbon parachute had  slow inflation characteristics,, but once fully 
opened appeared  stable and consistent.    This inflation difficulty 
may have been the reason for the large point spread of the drag 
data. 

The triangular ribbon parachute  (No. 23) oscillated between h and 
12    degrees, but showed a definite tendency toward undamped oscil- 
lations at approximately 1.0 degrees for all   conditions of horizontal 
release investigated and for the low Vv range of the vertical re- 
lease condition.    A conical type of oscillation was detected for the 
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low VT condition for both types of release.    From thai« comparatively 
large oscillation curve« it was possible to determine oscillation 
frequencies ranging between 0.2 and 0.3 cycle» per  second for the 
first, three V. conditions of the test program.    A logarithmio de- 
crement of 0.66 vas calculated for the low V    range of the vertical 
release condition.    la several cases it was impractical to determine 
an angle of oscillation from the recorded data.    For the horizontal 
release condition there was a tendency for the glide angle to decrease 
for an increase in Vy for the range tested.    Figure 86 shows a con- 
stant Cno of OJU above a descent velocity of U6 feet per second.    The 
high-speed drops with the horizontal  release condition,being erratic 
In nature, show considerable spread on the drag-coefficient curve. 
Neglecting this data an average point spread of 4 lqjt exists on 
Figure 86 while a maximum spread of 25* exists near the upper V_ range. 
This point spread of the drag-coefficient curve may be due to the 
erratic descent characteristics of the triangular paracute which had 
a tendency tc squid at the high lv range and whose tips were reluctant 
to inflate at the low Tv range. 

la general the circular FIST ribbon parachute .with a total port.•: U.y 
of 20* (No.27) oscillated up to 13 degrees for tha horizontal re'.«!»«• 
rendition and 5 degrees for the vertical release condition.    No vA,..>es 
of oscillation frequency and logarithmic decrememt could be determined 
from the oscillation curves.    A trend toward decrease in glide angle 
for an iecrease in VT was detected.    Figure 87 gives a constant On 
of 0.U8 above a VT of h0 feet per second and shows a moderate increase 
in drag coefficient for a decrease ia descent velocity over tha range 
tested.    The average point spread is about t $%with a ma-Hiinn of ip% 
existing for the higher Yv condition, where delayed inflation was 
noticed several times. 

The circular FIST ribbon parachute with a total porosity of 25* (No. 2Q) 
descended along an. approximately straight vertical path and oscillated 
up to 7 degrees in most cases.    Larger oscillation angles near 16 
degrees were detected with a few of the horizontal-release drop tests. 
An oscillation frequency of about 0.3 cycles per second and a log- 
arithmic decrement of 0.7 were determined for the low-speed drop with 
the horizontal release condition.    Figure 88 indicates a constant OQ 
of 0.U7 above a VT of I4O feet per second and shows an increase in drag 
coafflcent for a decrease in descent velocity over tha lower TT range. 
Having a maximum point spread of only 7% indicates thatthis parachute 
had excellent descent characteristics. 
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Ring-Slot Parachutes 

The drop-test results for three circular ring-slot parachutes, 
with 10$ total porosity  (No. 29), with 13.5$ total porosity (No. 
30), and '•dth 17$ total porosity (No. 31), are presented in 
Tables 26    27 and 28 respectively.    These parachutes descended 
with smaiL or moderate glide angles, which decreased for am ia- 
crease of  Vy and also tended to oscillate in an undamped manner 
In most cases„    As the parachute porosity was increased there 
seamed to be a decrease in the magnitude of the oscillation. 
The limited calculations  of oscillation frequency ranged from 
approximately 0.1 to 0.5  cycles per second for an increase of VT 

over tha range tested.    Very little information was obtained on 
the logarithmic decrement of the parachutes from the drop tests. 
The pattern  of the oscillation curves for the high V    condition 
of the horizontal type of release was such that no conclusive 
oscillation information could be tabulated.    In general each of 
the three parachutes tested had its own peculiar descent character- 
istics $  however, no special trend was detected from the drop tests 
conducted. 

The average horizontal  velocities showed inconsistent variations up 
to h feet per second for the measured average resultant-velocity 
range from 11 to ii9 feat per second.     The average glide angles 
varied from 25  degrees to   straight vertical descent,  decreasing 
both for an increase in Vy and an increase in parachute porosity 
for the range tested. 

The summary drag coefficient curves of Figure 89 show a consistent 
effect of Gpp decrease for an increase in parachute porosity} how- 
ever ,  they  indicate no  constant  Cp    value for any of the curves over 
the range of Vy tested, 
for a Vy decrease for 1 
three parachute tested. 

There seems to be a decided Cp    increase 
for a Vy decrease for the entire drag-coafficent curves of the 

In general,  the ring-slot parachute with a total porosity of 10$ 
(No.  29) oscillated between k and  30 degrees in a two-dimensional 
manner.    Although unstable and undamped oscillations prevailed 
for most of the drops a few oscillation frequencies and logarithmic 
decrements were determined.    Frequencies of oscillation ranging 
from about 0.2 to 0.3 cycles per second and logarithmic decrements 
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of from 0.3 to 0#U were calculated.    The average horizontal 
velocity seems to remain constant around U feet per second for 
most of the drops, while the glide angle decreases from 2$ to 5 
degrees as Vv is increased over the tested range.    The average 
point spread of the drag coefficient curve of Figure 90 is 
approximately ♦ $%, while a maximum of 17$ was calculated 
for the high V^ range. 

The ring-slot parachute with a total porosity of 13*5% (No. 30) 
oscillated up to 2$ degrees during the tests.    For the horizontal 
release conditions the angle of oscillation tended to decrease far 
an increase in Vy over the range tested.   At low V"v conditions 
the oscillations were usually unstable while at the high 
77 conditions the parachute descent characteristics became 
unpredictable.   The glide angle varied from 19 degrees to zero for 
straight vertical descent, in general, decreasing in value  for an 
increase in V .    The frequency of oscillation varied from 0.1 to 
0.5 cycles per second, increasing for a VT increase over the tested 
range while no logarithmic decrements were calculated.    The average 
point spread of the drag-coefficient curve of Figure 91 is about 
♦ 6% with a maximum of 13% being measured at the high 7V condi  i:n. 

The ring-slot parachute with a total porosity of 17$ (No. 31) 
oscillated in an undamped manner between k and 16 degrees during 
the tests.   The oscillations seem to be slightly higher for the 
horizontal release conditions.    Late opening and collapsing of the 
bottom ring seem to be a characteristic of the parachute at the 
high VT condition.    Frequencies of oscillation averaged about 
0.23 cycles per second but no logarithmic decrements were 
determined for this parachute.    The glide angles varied from a 
maximum of 1$ degrees, decreasing as VT was increased for the 
range tested.    Small average horizontal velocities ranging between 
1 and 3 feet per second were experienced by this parachute during 
the tests.    The average point spread of the drag coefficient curve of 
Figure 92 is about ■» 5$, with a maximum of 9% being detected at 
the low Vv range« 
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CONCLUSIONS AND RECOMMENDATIONS 

Early  in this program it became apparent that the amount of data whloh 
was to be collected would have to be organized so that a person interested 
in Just the general operational characteristics of all parachutes as well 
as one interested in the particular behavior of one type could readily 
find the information he wanted.    For this reason the report was prepared 
in seven volume»,    the summary volume providing a complete but brief story 
of the entire pxoject,  and the other six volumes showing the detailed 

information for each parachute.     It is important to note that the data 
sheets containing the drop-test space coordinates for  each parachute were 
obtained oy the use of  the analyzer and are already in a form which can 
be used directly for further evaluation.    Many of the statements made in 
the summary volume concerning the indicated trends of any particular 
parachute or family of parachutes were obtained from the curves furnished 
in the appendices and can therefore be readily checked.    Constant refer- 
ence to  the six detailed volumes  is recommended for clarification of 
those items which have been determined for the first time in this report. 

The relatively wide spread of drag-coefficient data obtained from these 
carefully controlled drop tests is consistent with what has been obtained 
in the past and is an indication of the necessity for trying to find » 
more representative term with which to define parachute drag.    Descent 
rharacteristics obtained by the system employed in this program are of 
sufficiently high accuracy to provide an ideal means for this further 
investigation.    By careful analysis of these data it may be possible to 
define some "effective inflated area" or other criterion which would 
provide a constant coefficient for any one type of parachute.    It is 
also  recommended that the data in this report be compared with other 
existing and future data to see if similar parachutes  exhibit the same 
trends,    (^lantitative drag-coefficient and stability values could also 
be investigated to  eradicate any possible effects  due to model size. 

Much of the drag data collected indicated a change of drag coefficient 
with velocity  in the low velocity or usable range.     Thib tends to 
increase the difficulty of predicting full-scale parachute performance 
from model data.     It is therefore recommended that further controlled 
drop tests be considered using full-scale parachutes,  dropped in the 
vertical-release condition so that terminal velocity could be assured in 
a relatively short dropping distance.    This could be done on relatively 
few parachute  types,  establishing a correlation which could then be applied 
to the others. 

From the3e tests  it appears that parachutes of a particular family or 
design seemed to indicate specific tendencies  such as glidiig or oscillating 
rates which did not vary  substantially when the parachute shape was 
changed.     It is recommended that a careful study be made of these tendencies 
Ln an effort to determine the exact aerodynamic forces responsible for 
this action.    Engineering evaluations of why a parachute behaves as it does, 
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combined with tht wealth of empirical data constantly being gathered 
would aid the parachute designer oomidarably In attempting to provide 
a newparachute design with predetermined night characteristics. 

The determination of instantaneous angle of attack of the parachute 
system has been handled in this report for one parachute to indioate 
how this value can be obtained from the available data.    Whether this 
newly obtained Information will help solve some of the parachute 
problems cannot be fully determined until this angle of attack is 
evaluated for several more parachute drops and the results carefully 
studied.    It is therefore recommended that the method established in this 
report be applied to several of the other types of parachutes tested in 
this program.    All required information is available and need omly be 
treated by the suggested procedure.    It is further recommended that all 
the data provided by these drop tests be carefully examined to see if 
any other combination of this information can lead to further knowledge 
of the parachutes*    As an example, such characteristics as opening rate, 
canopy rotations or even the effect of shroud-line stretch at high loads 
might be available* 

Aerodynamic data oa parachutes have been collected from wind-tunnel and 
drop tests but very few actual measurements of the apparent mass of %'■■*> 
parachute system have ever been made.    Techniques for determining apparent 
mass in a wind tunnel have act been developed beoause of the relatively 
small part this term plays in the stability of aircraft and beoause of 
the difficult} which would be involved in trying to obtain an accurate 
system of measurement.    la the case of the parachute, however, the 
apparent-mass term is essential to the theoretical evaluation of para- 
chute stability because the mass of air accelerated by the parachute canopy 
is of the order of magnitude of the mass of the parachute system itself* 
At present, estimates of apparent mass are the only values which the 
theoretical aerodynamicist can use for his stability equations*    Tet, 
apparent mass of a parachute system might be very easily determined by 
employing the controlled drop-test method used oa this project*    It is 
recommended that a study be made of the possibility of conducting drop 
tests oa basic parachute types with this in mind*    Such methods as 
releasing a known portion of the parachute load after terminal velocity 
is once reached and measuring the momentary change in parachute flight 
characteristics could be one of the methods employed.    More knowledge of 
the theoretical basis of parachute aerodynamics would assure a better 
understanding of the operating difficulties of parachute systf 

It la apparent from a study of this report that through the Joint efforts 
of the Equipment Laboratory Parachute Branch at Wright-Patterson Air 
Force Base and the Goodyear Aircraft Corporation Research and Development 
Department a controlled drop test system of high accuracy has been devised 
which is both economical and efficient to operate.    It is also evident 
that the data collected in this program together with the experience of the 
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Air Fore« with full-seal« parachutes    would make possible ths determination 
of ths basic flight characteristics which are required of any good para- 
chute.    It is reooanended that such standards v .• trends be established and 
that all new parachute designs which are to be given further consideration 
be first made to fulfill these requirements by actual drop-test «valuation 
under controlled conditions.    This would provide an inexpensive and efficient 
means of screening new parachute designs or applications before permitting 
expenditures for advanced development or actual use« 



_?5  
AWR 5867 
ä.06 
R-621 

HiS-KHENCKS 

1.      Knack«,  Iheodor V.8 Comparison Teats of Various 
Tyjses Parachute Models 

AMC Memorandum Report lo. 
MCHKIB-672..12B, OS-ÜSAF- 
«right-Pattarson #175, 12 
January 19U9. 

2.      USAF Parachuta Handbookf AMC, Wright-Patterson Air Forca 
Base, Engineering Division, 
Equipment Laboratory, Deeeafcer 
191*7. 

3.      Sharp,  H. Oakleys 

k.      Knaeka,  Thaodor W„8 

Photogramaetry.    John WLley 
and Sons, 19U3,Pages 20-21. 

Design,  Use and Conatruction 
of FIST-lype Parachuta,    AMC 
Memorandum Report lb« MCREXS- 
672-19LL,   CB-USAF-Wright- 
Pattarson #139, 30 June 19U8. 

5.      Burington, R. S.   a 
and 

Torrance, C. C. 

Higher Mathematics,    McGrair- 
Hill Book Company,  Incorpo- 
ratad, Hew lork, 1939, 
Page 665. 



TA.BIE    1    •    Geometric Characteristics  of Model Parachutes Tested* 

Parachute 
Number Design    of    Parachute 

Parachute 
Shape 

Parachute 
Cross 

Seotion 

Total 
Surface 
Area 

(Sq.  In.) 

Vent 
Area4 

(Sq. In.] 

Homlnal 
Diameter** 

Do 
(In.) 

ConotrucA- 
ion 

Diameter^ 
(In.) 

Construct- 
ed 

Skirt 
Dimension' 

(In.) 
■ 

L 

1 Solid Flat o — 15,625* 160 141.00 144.6 28.20 

2 Solid Flat D   16,000 145 142.68 120.6 30.15 

3 Solid Flat A   16,000 145 142.68 183.3 36,67 

4 Solid Extended Skirt, 10* O c—a 16,000 160 142.68 123.8 19.20 

5 Solid Extended Skirt, 12&S o ^-, 16,000 160 142.68 120.2 17.50 

6 Solid Extended Skirt,Full o •-* 16,000 160 142.68 116.1 20.31 

7 Airfoil, 50% Vent © 16,000 - 142.68 147.8 29.00 

8 Solid Spherical, •£ Sphere o 16,000 160 142.68 102.2 19.95 

9 Solid Spherical, \ Sphere o ^4* 16,000 160 142.68 133.4 23.90 

10 Solid Spherical, ^ Sphere D ^4» 16,000 160 142.68 116.2 29.05 

11 Solid Spherical, ± Sphere A ^'A 16,000 160 142.68 176.9 35.38 

12 Solid Conical, 30° Angle O ^""vTtf 16,000 186 142.68 134.2 26.20 

13 Solid Conical, 30° Angle D ^"V Jo' 16,000 185 142.68 117.7 29.42 

14 Solid Conical, 30° Angle A ^^ 16,000 160 142.68 179.0 35.80 

C16 Guide Surface,Med. Brake O o 16,29G1 80 143.99 98.0 20.00 

17 Guide Surface, Stabili- 
zation 

o o 17,550 59 149.43 82.0 15.45 

21 FIST Ribbon, Brake o 16,000 160 142.68 145.0 28.21 

22 Square Ribbon D 16,000 0 142.68 126.5 31.62 

25 Triangular Ribbon A 16,000 0 142.68 192.25 38.45 

24 Shaped, Exeter Type 12 O A 16,000 160 142.68 97.1 21.40 

25 Guide Surface, Univ'l 
Ribless O o 16,000 110 142.68 99.C 4 21.60 

26 Guide Surface, Personnel © o 16,000 25 142.68 154.52 15.14 

27 FIST Ribbon o 15,730* 126 141.48 144.6 28.21 

28 FIST Ribbon o   15,5701 100 140.76 144.6 28.21 

29 Ring Slot, 4 Slots o — 15,550* 116 140.66 145.6 28.20 

30 Ring Slot, 4 Slots o — 15,760* 116 141.61 145.6 28.20 

11 Ring Slot, 4 Slots o — 15,760* 116 141.61 145.6 28.20 

*   Definition of Superscripts on next 
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(Tent 
trea4 

1. In.] 

Homlnal 
Diameter^ 

°o 
(In.) 

Construct- 
ion 

Diameter^ 
(In.) 

Construct- 
ed 

Skirt 
Dimension' 

(In.) 

Number  of 
Shroud 
Lines^ 

and Gores 

average 
Porosity 

Of Canopy* 

(Pt5M2Alin.) 

Average 
Bulk of 
Complete 
Parachute 
(Cu. In.) 

average 
Bulk of 

Parachute 
Canopy 

(Cu. In.) 

Weight 
of 

Complete 
Parachute 

(Lbe) 

L60 141.00 144.6 28.20 16 98 154 140 1.90 

145 142.68 120.6 30.15 16 93 134 121 1.52 

145 142.68 183.3 36.67 15 102 135 121 1.67 

160 142.68 123.8 19.20 16 91 159 142 1.94 

160 142.68 120.2 17.50 16 108 141 125 1.96 

160 142,68 116.1 20.51 16 105 148 154 1.90 

- 142.68 147.8 29.00 16 95 167 X3U 1.96 

160 142.68 102.2 19.95 16 111 156 142 1.91 

160 142,68 133.4 23.90 16 105 152 156 i;90 

160 142.68 116.2 29.05 16 104 127 118 1.56 

160 142,68 176.9 35.38 15 108 157 126 1.55 

186 142.68 134.2 26.20 16 105 147 129 1.96 

185 142.68 117.7 29.42 16 92 126 111 1.58 

160 142,68 179.0 35.80 15 98 152 119 1.56 

80 143.99 98.0 20.00 12 105 155 156 1.79 

59 149.45 82.0 15.45 10 101 159 142 1.75 

160 142.68 145.0 28.21 16 26* 227 210 2.54 

0 142.68 126.5 31.62 16 15* 225 211 2.52 

0 142.68 192.25 38.45 15 15* 225 204 2.58 

160 142.68 97.1 21.40 16 107 149 157 1.78 

110 142.68 99.04 21.60 10 154 127 121 1.59 

25 142.68 154.52 15.14 24 157 149 156 1.62 

126 141.48 144.6 28.21 16 20* 240 227 2.58 

ieo 140.76 144.6 28.21 16 25* 229 215 2.80 

116 140.66 145,6 28.20 16 10* (150) 201 184 2.41 

116 141,61 145.6 28.20 16 12.5* (121) 206 192 2.42 

116 141.61 145.6 28.20 16 17* (118) 202 190 2.40 
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DEFIMITI01B OF SUPERSCRIPTS FOR TABLE    1 

1. Radial HUI are slightly smaller than design dimension« 
necessitating a surface araa correction. 

2. All models had free shroud line lengths of Ihh Inches ax- 
capt as notad. 

Ho. 2 - Length of shroud lin«» to cornar pookats 
was 13U inches. 

No. 3 - Length of shroud lines to corner pockets 
was 132 inches. 

No. h - Length of shroud lines was 200 inches for 
special testing purposes. 

3. 'Ih« porosity of the parachutes of solid fabric design is 
given in cu. ft./sq. ft./min. measured at ^ inch water 
pressure.    The total porosity of the ribbon type parachutes 
Is given in percent and includes the geometric and ribbon 
porosity of the canopy.     The ribbon oorosity of the ring- 
slot parachutes is Included in perentheses in terms of cu. 
ft./sq. ft./min. art f inch water pressure. 

h.      Vent areas are approximately one percent of the design 
canopy or roof panel cloth area for most parachutes. 

5. D0    =   1.128   /S^ 

6. Construction diameter designates the eise of the parachute 
based upon design dimensions:    Canopy diameter for flat type 
parachutes,  form diameter for foraed type parachutes.    Far 
sauare and triangular type parachutes this represents the 
dimensions of a side of the canopy. 

7. Constructed skirt dimension represents the distance between 
shroud lines at the canopy skirt except for the personnel 
guide surface parachute where the measurement» are made at 
the base of the roof panel. 



TABLE     2      "   Aerodynaeio Characteristic« as Determined from Modal Drop Toate, 
Solid-Flat Circular Parachute (No. 1) 

Drop 
Foe 

Typ« 
of 

Rala&aa 

AeMent 
Air 

Trap. 
(* T) 

Air 
Helative 
Htuddity 

(%) 

Baroaatrie 
Preaaur« 

(In. of Hg) 

Maaa 
Density 
of Air 

P 
Cttigs/au ft) 

Total 
»eight 

(Lba) 

Tertleal 
Terminal 
Valoolty 

(Ft/See) 

Average 
■erlsontal 
Velocity 

(Ft/Sec) 

Average 
Resultant 
Valoolty 

(Ft/Sao) 

Avera 
OUd 
Angl 

,   * 
(Degr 

1 V 76 56 29.00 0.00223 20.4 10.4 7.8 13.0 36. 

2 V 76 56 29.00 0.00223 20.4 11.1 

3 V 76 56 29.00 0.00223 20.4 10.3 

4 V 76 56 29.00 0.00223 35.4 16.3 9.4 19.3 24. 

5 V 76 56 20.00 0.00223 35.4 16.2 

6 V 76 56 29.00 0.00223 35.4 17.7 

7 V 76 56 23.00 0.00223 80.4 25.4 

8 V 76 56 29.00 0.00223 80.4 26.8 5.3 27.3 11. 

9 V 76 56 29.00 0.00223 80.4 25.5 

10 V 47 70 28.78 0.00234 202.0 39.8 

11 V 52 75 29.08 0.00234 205.0 41.1 3.7 41.2 5. 

12 V 52 75 29.08 C.00234 205.0 40.6 

13 Ft 70 57 23.00 0.00226 20.4 12.1 

14 H 70 57 29.00 0.00226 20.4 11.7 

15 H 70 57 29v00 0.00226 20.4 11.2 8.7 14.2 37. 

16 H 70 57 29.00 0.00226 35.4 15,2 9.2 17.8 35, 

17 H 70 57 29.00 0.60226 35.4 14.8 

18 H 70 57 29.00 0.00226 35.4 15.3 

19 H 70 57 29.00 0.00226 80.4 26.8 

20 H 70 57 29.00 0.00226 80.4 27.2 3.6 27.4 5, 

21 H 70 57 29.00 0.00226 80.4 25.3 

22 H 50 75 28.29 0.00229 179.0 33.5 4.0 38.7 6 

23 H 50 75 28.29 0.00229 179.0 54.2 

24 H 
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sal 
rial 
ity 

Average 
Earlsontal 
Velocity 

(ft/Sao) 

Average 
Resultant 
Velooity 

*r 
(tt/Sao) 

Averaga 
Glide 
Angle 

4 
(Degree») 

C 
D 

or a 

Frequency 
ef 

Decillation 

a<fL   ^ CyoWsae) 

laxlaua 
Angle of 
Oscil- 
lation 

(Degree«) 

Ararage or 
Constant 
Angle of 

QecUlation 
Loga- 
rithaio 
Da or event •o) (Degroaa) 

1 

I 

9 

7.8 13.0 36.1        0.805 1.558 

1.368 

1.445 

0.222 22 12 

3 

2 

7 

4 

9.4 19.3 24.8        0.713 1.036 

1.115 

0.934 

1.029 

0.267 40 30 mm 

8 5.3 27.3 11.0        0.875 0.925 0.353 37 30 - 

5 1.022 

8 1.003 

1 3.7 41.2 5.5        0.946 0.957 0.40 3? 30 - 

6 0.979 

1 1.136 

7 1.215 

2 8.7 14.2 37.6        0.654 1.326 0.267 22 20 - 

2 9.2 17.8 35.8 0.739 1.249 0.267 27 15 - 

.8 1.318 

.3 1.253 

.8 0.913 

.2 3.6 27.4 5.0 0.870 0.886 0.364 36 25 - 

1.3 1.025 

J.5 4.0 38.7 6.2 0.958 0.974 0.40 35 25 sa 

i,z 0.492 



T1BLB      3       -    lerodynaado Oharactarietica as Deteradned  fro« Modal Drop Teata. 
Solid-Flat-Square Pocketed Parachute  (No.  2) 

Drop 
Roo 

Typ« 
of 

Rele*ee 

Ajsbiant 
Air 

Trap. 
FT) 

Mr 
RelatiTe 
Humidity 

(*) 

Barometrio 
Preaaure 

(In. of Rff) 

Mas« 
Danaity 
of Air 

P 
QDuga/en ft) 

Total 
»eight 

(Lba) 

Tartiaal 
Terminal 
Velocity 

(ft/Sao) 

Average 
Harisontal 
Velocity 

▼h 
(ft/Sec)      ( 

25 V 66 59 29.11 0.00228 15.0 9.9 7.0 

26 V 66 59 29.11 0.00228 15.0 9.9 

27 V 66 59 29.11 0.00228 15.0 9.7 

28 V 66 59 29.11 0.00228 30.0 16.3 7.0 

29 V 66 59 29.11 0.00228 30.0 15.9 

30 V 66 59 29.11 . 0.00228 30.0 16.6 

31 V 66 59 29.11 0.00228 80.0 27.7 

32 V 66 59 29.11 0.00228 80.0 28.1 

33 V 66 59 29.11 0.00228 80.0 28.2 6.2 

34 V 52 75 28.57 0.00230 196.6 42.5 

35 V 44 70 28.36 0.00232 200.6 46.8 

36 V 44 70 28.36 0.00232 200.6 46.4 6.7 

37 H 62 62 29.11 0.00230 15.0 10.9 6.5 

38 H 62 62 29.11 0.00230 15.0 10.5 

39 H 62 62 29.11 0.00230 15.0 9.2 

40 H 62 62 29.11 0.00230 25.0 12.5 

41 H 62 62 29.11 0.00230 25.0 13.9 

42 H 62 62 29.11 0.00230 25.0 12.7 8.3 

43 H 62 62 28.95 0.00226 80.0 27.6 

44 H 50 73 28.68 0.00232 80.0 29.1 7.7 

45 H 50 73 28.68 0.00232 80.0 28.8 

46 H 51 73 28.60 0.00231 202.6 46.4 

47 H 

48 H 



•d fro« Model Drop Tests. 
3.  2) 

1-93 

MODEL —AHTR-^8S7 
<,«- S108 

E-821 

Total 
leight 

Tertieal 
Terminal 
Veloeity 

average 
letrlsontal 
Velocity 

average 
Reriltant 
Telocity 

Average 
Glide 
Ingle 

C 
D 

or e 

Frequency 
ef 

Vacillation 

laxiavni 
angle of 
Oscil- 

average  or 
Constant 
angle of Loga- 

rt) (Lb.) (rt/Seo) (Ft/See) 
7T 

(rt/Seo) 
4 

(Degree«] bnäm/Sm) 
lation 

(Degrees) 
Oscillation 

(Degrees) 
rithaio 
Deoreeent 

:8 15.0          9.9 7.0 12.1 34.7 0.662 1.209 0.308 20                15 0*405 

!8 15.0         9.9 1.209 

:8 15.0          9.7 1.259 

!8 30.0        16,3 7.0 17.7 23.0 0.696 0.893 0.25 35                 25 - 

>8 30.0        15.9 0.938 , 

>8 30.0        16,6 0.861 

>8 

28 

80.0        27.7 

80.0        28.1 

0.824 

0.800 

>8 80.0        28.2 6.2 28.9 11.4 0.742 0.795 0.286 40                 32 - 

50 196.6        42.5 0.852 

52 200.6        46.8 0.708 

52 200.6        46.4 6.7 46.8 8.0 0.701 0.721 - >50                 25 - 

50 15.0        10.9 6.5 12.7 31.1 0.622 0.988 0.286 30                 23 - 

50 15.0        10.5 1.063 

50 15.0          9.2 1.389 

50 25.0        12,5 1.252 

50 25.0        13.9 1.011 

30 25,0        12.7 8.3 15.2 37.0 0.67« S      1.212 0.286 16                 13 m 

26 80.0        27.6 0.837 

32 80.0        29.1 7.7 20.1 13.8 0.666      0:734 0.286 50                25 - 

32 80.0       28.8 0.749 

31 202.6        46.4 0.734 - - 

1 öl 



TAHLl     4     •   lerodymalc Charaotorittiea as Datsralnad fro« Ifodol Drop Testa, 
Solld-Flat-Triangular Pocketed Parachute  (No.  3) 

Drop 
Roo 

Typo 
of 

Raloato 

Aabiant 
Air 

Ta«p. 
(hr) 

Air 
Rolatlra 
Humidity 

(*) 

Barometric 
Pressure 

(In. of Rg) 

Mass 
Density 
of Air 

P 
Cöuga/ou ft) 

Total 
lolght 

(Lb.) 

TartlMl 
Terminal 
Velocity 

(ft/Soe) 

Ararage 
larlsontal 
Velocity 

(ft/Sao) 

Average 
Resultant 
Velocity 

*r 
(tt/Sao) 

ATM 
01: 
An) 

(Dai 

49 V 82 68 28.68 0.00218 15.4 11.2 

50 V 74 73 28.68 0.00222 15.4 9,9 

'51 V 74 73 28.68 0.00222 15.4 10.8 6,3 12.5 3C 

CO V 74 73 28.68 0.00222 25.4 14.5 7.1 16.1 2i 

53 V 74 73 28.68 0.00222 30.4 15.8 

54 V 74 73 28.68 0.00222 30.4 16.0 

55 V 74 73 28.68 0.00222 80.4 27.4 

56 V 74 73 28.68 0.00222 70.4 25.3 5.8 26.0 11 

57 V 74 73 28.68 0.00222 70.4 24.4 

58 V 41 71 28.95 0.00239 201.0 40.7 2.6 40.8 3 

59 V 41 71 28.95 0.00239 201.0 46.1 

60 V 41 71 28.95 0.00239 201.0 42.2 

61 H 74 73 «.3.68 0.00222 15.4 12.0 7.1 13.9 3( 

62 H 74 73 28.68 0.00222 15.4 10.6 

63 H 74 73 28.68 0.00222 15.4 10.2 

64 H 74 73 28.68 0.00222 30.4 15.9 

65 H 74 73 28.68 0.00222 30.4 15.3 7.0 16.8 21 

66 H 74 73 28.68 0.00222 30.4 16.1 

67 H 72 79 28.68 0.00222 70.4 27.4 4.6 27.8 1: 

68 H 7? 79 28.68 0.00222 70.4 27.0 

69 H 72 79 28.68 0.00222 70.4 28.6 

70 H 51 73 28.60 0.00231 203.0 45.2 

71 H 

72 H 



TiroD Taata. I- 100 

MOD 

am 

HIP 

MrTB---,fl«7 

5108 
R-621 NO.        »^»«>* 

rtlaal 
rmi.ml 
Locitjr 

Avaraga 
larlsontal 
Yaloclty 

(ft/Sao) 

».▼araga 
Raaultant 
Velocity 

*r 
(Ft/Sao) 

▲rang« 
Glide 
▲ngla 

, i    , 
(Dagraaa] 

C 
D 

• 

Vraquaney 
•t 

JaolllatioB 

fcyoW/5aa) 

laxlaua 
kngl« of 
OBOII- 

latlon 
(Dagraaa) 

fcrarag« or 
Constant 
ingla of 

Oaeiliation 
Loga- 
rithm« 

t/Sao) (Dagraaa) Daora«*ntj 

LI.2 1.012 

9,9 1.275 

L0.8 6,3 12.5 30.8 0.699 1.070        0.250 22                18 - 

14.5 7.1 16.1 26.9 0.723 0.982        0.267 20                16 ' 

15.8 0.987 

16.0 0.965 

27.4 0.870 

25.3 5.8 26.0 13.7 0.824 0.892        0.553 35                26 - 

24.4 0.958 

40.7 2.6 40.8 3.2 0.907 0.913        0.50 25                15 - 

46.1 0.712 

42.2 0.850 

12.0 7.1 13.9 30.3 0.559 0.868        0.286 18                 12 - 

10.6 1.111 

10.2 1.199 

15.9 0.977 

15.3 7.0 16.8 25.2 0.790 1.053        0.286 19                10 - 

16.1 0.952 

27.4 4.6 27.8 11.2 0.731 0.760        0.40 33                20 - 

27.0 0.784 

28.6 0.698 

45.2 0.774 M - _ . 



TABLE    5a      -   aerodynaaio Characteristic« as Determined  fro« Modal Drop Teate. 
Solid-Flat 10* Extended-Skirt Parachute  (No.  4) 
Shroud-Line Length - 16 Ft.  8 In.   (LS/D0 = 1.40) 

Drop 
Hoc 

Typo 
of 

Release. 

Ambient 
Air 

Temp. 

air 
RalatlT« 
Humidity 

(*) 

Barometric 
Pmaaure 

(In. «f R«) 

Maat 
Density 
of Air 

P 
flEuga/ou ft) 

Total 
loight 

(Lb.) 

Tortioal 
Terminal 
Velocity 

(rt/soe) 

Arerage 
larlaontal 
Velocity 

(ft/aoo) 

73 V 61 54 28.92 0.00229 20.4 12.8 

74 V 61 54 28.92 0.00229 20.4 12.8 

75 V 61 54 28.92 0.00229 20.4 13.1 

76 V 61 54 28.92 0.00229 30.4 16.4 

77 V 61 54 28.92 0.00229 30.4 16.3 

78 V 61 54 28.92 0.00229 30.4 16.2 

79 V 61 54 28.92 0.00229 •75.4 25.9 

80 V 61 54 28.92 0.00229 75.4 26.2 

81 V 61 54 28.92 0.00220 75.4 26.2 

82 V 55 87 28.91 0,00232 200.0 42.8 

83 V 51 75 28.29 0.00229 185.0 38.9 

84 V 51 75 28.29 0.00229 185.0 39.6 

85 H 59 60 28.92 0.00220 20.4 13.1 

86 H, 59 60 28.92 0.00230 20.4 13.4 

87 H 59 60 28.92 0.00230 20.4 13.8 

88 H 59 60 28.92 0.00230 30.4 15.3 

89 H 59 60 28.92 0.00230 30.4 16.8 

90 H 59 60 28.92 0.00230 30.4 15.3 

91 H 59 60 28.92 0.00230 75.4 25.9 

92 H 59 60 28.92 0.00230 75.4 27.8 

93 H 59 60 28.92 0.00230 75.4 27.0 

94 H 

95 H 

96 H 

7.6 

7.0 

4.6 

4.2 

7.1 

9*1 

5.3 



Md froB Modal Drop Teata. 
)  (No.  4) 
>o = 1.40) 

r«<ii 
I-101 

AFTR-5R67 
amm— 5108 
««*   NO.. R-621 

r Total 
lalght 

Yortlaal 
Terminal 
Velocity 

ararage 
IarlaoBtal 
Taloolty 

arerage 
Reeultant 
Valoolty 

average 
Qllda 
Angle 

C 
D 

or 
°. 

a 

Praqnraay 
ef 

Saolllatlon 

laxlMUB 
Angle of 
Oscil- 

Average or 
Conatant 
Angle of    tog». 

ft) (Lba) (rt/sac) (ft/Sao) 

7r 
(Ft/Sao) 

4 
(Degree«) tJy«W3«a) 

lation 
(Dagraaa) 

OaoUlatioB rlthala 
(Dagraaa)  Daoraamt 

20.4 12.8 0.979 

20.4 12.8 0.979 

20.4 13.1 7.6 15.1 29.3        0.614 0.934 0.235 42              35 Neg 

30.4 15.4 0.889 

30.4 16.3 0.900 
• 

30.4 16.2 7.0 17.6 23.7        0.708 0.911 0.222 33              26 Neg 

•75,4 25.9 0.885 

3 75.4 26.2 4.6 26.6 10.1        0.825 0.864 0.335 30              26 Neg 

» 75.4 26.2 0.864 

2 200.0 42.8 0.848 

9 185.0 38.9 0.962 

9 185.0 39.6 4.2 39.8 6.8        0.911 0.928 0.364 26             20 a« 

0 20.4 13.5 0.878 

0 20.4 1:5.4 7.1 15.2 27.5        0.613 0.890 0.222 30             25 Neg     , 

0 20.4 13.8 0.842 

0 30.4 15.3 9.1 17.8 29.6        0.654 1.016 0.182 27              26 a» 

0 30.4 
f 

16.8 0.845 

0 30.4 15„3 1.016 

0 75.4 25.9 5,3 26.4 10.8        0.832 0.880 0.333 31              30 - 

0 75.4 

75.4 

27.8 

27.0 

0.765 

0.810 0 

■ 1 



T1BLR     5b    -   Aarodynaaie Charaotariatioa as Daterainad fro« Modal Drop Taata. 
Solid-Flat 1056 Bxtended-Skirt Parachute (No.  4) 
Shroud-Line Length - 14 Ft.  9 Inc.   (Lg/D0 " 1.24) 

Drop 
ROe 

Tjrpa 
of 

Ralaaaa 

▲■blaut 
Air 

Trap. 
(*F) 

Air 
Ralatira 
Hualditj 

(%) 

Baromatrle 
Praaaura 

(In. of Hf) 

Maaa 
Damity 
of Air 

P 
fckiga/ou ft) 

Total 
lalght 

(LbaJ 

Tartleal. 
Taralnal 
▼aloeitj 

(rt/Sao) 

Ararage 
larlsontal 
Yalocity 

(Ft/Sao) 

Araraga 
Raaultant 
Valoolty 

*r 
(Ft/Sao) 

A' 
( 
i 

(: 

97 V 63 53 28.82 0.00227 15.4 10.2 4.7 11.2 

98 V 63 53 28.82 0.00227 15.4 10.6 

99 V 63 53 28.82 0.00227 15.4 10.6 

100 V 63 53 28.82 0.00227 30.4 16.4 

'101 V 63 53 28.82 0.00227 30.4 17.3 

102 V 63 53 28.82 0.00227 30.4 16.4 7.0 17.8 

103 V 63 53 28.82 0.00227 75.4 25.6 

104 V 63 53 28.82 0.00227 75.4 25.8 4.0 26.1 

105 V 63 53 28.82 0.00227 75.4 25.5 

106 V 40 65 29.08 0.00240 167.5 40.9 

107 V 40 65 29.08 0.00240 167.5 41.5 

108 V 52 75 29.08 0.00254 205.0 41.8 4.2 42.0 

109 H 58 58 23.82 0.00223 15.4 10.0 

110 H 53 58 28.82 0.00229 15.4 10.1 6.8 12.2 

111 H 58 58 28.82 0.00229 15.4 10.6 

112 H 58 58 28.82 0.00229 30.4 16.9 10.4 19.8 

113 H 58 58 28.82 0.00229 30.4 15.0 

114 H 58 58 28.82 0.00229 30.4 17.0 

115 H 58 58 28.82 0.00229 75.4 26.7 

116 H 58 58 28.82 0.00229 75.4 26.0 

117 H 58 58 28,82 0.00229 75.4 26.4 5.7 27.0 

118 H 

119 H 

120 H 



Drop T«ats. pAor 
I-  102 

AFTR-5867 
5108 

KIP     NO R-621 

10.0 

10.1 

10.6 

16.9 

15.0 

17.0 

26.7 

26.0 

26.4 

Ararage 
lariiontal 
Velocity 

(rt/soo) 

artraga 
Rendtant 
Velocity 

*r 
(rt/soo) 

Avorag« 
Olid« 
Jkngl« 

4 
vD«gr«»«l      or 

B 

Froqtmisy 
•f 

3Millation 

PyeWsa«) 

laidma 
inglo of 
Oooil- 

lation 
(Dagraaa) 

*T«rage   or 
Constant 
angla of 

ewillatioa 
(Dogroot) 

Loga- 
rithnlo 
Door «Mat 

4.7 

7.0 

4.0 

4.2 

6.8 

10.4 

5.7 

11.2 

17.8 

26.1 

42.0 

12.2 

19.8 

27.0 

32.1        0.825      1.172 0.222 25 

1.087 

1.087 

0.896 

0.807 

22.6 0.702      0.896 0.266 35 

0.912 

9.6        0.865      0.898 0.333 35 

0.920 

0.751 

0.729 

5.5        0.890      0.903 0.445 27 

1.210 

33.8        0.676      1.185 0.235 14 

1.077 

21.7 0.567      0.837 0.21 25 

1.062 

0.827 

0.831 

0.877 

11.7   0.796  0.850    0.333     34 

18 

30 

30 

25 

12 

20 

.770 

Neg 

Neg 

30 



TABLE     5e     «■   Aerodynamic Charaotariatiea as Determine! from Modal Drop Tasts. 
Solid-Flat 10$$ Extended-Skirt Parachute  (No.  4) 
Shroud-Line Length - 12 Ft.  10 In.   (LS/D0 = 1.08) 

Drop 
Moo 

Typ« 
of 

Ralaaso 

Ambiant 
Air 
Temp. 

(hr) 

llr 
Ralatlra 
HuaidltT 

(JO 

Barometrla 
Pressurs 
(In. of Hg) 

M*S8 
Density 
of Air 

P 
Csaugs/ou ft) 

Total 
«sight 
V 

(Lbs) 

Yartioal 
Torainal 
Velocity 

(Ft/Sso) 

Ararage   Areraga 
Herlsontal Rasultan 
Velocity   Velocity 

*h       *r 
(Ft/Sao)  (Ft/See) 

121 V 55 60 28.82 0.00231 15.4 10.3 6.9 12.4 

122 V 55 60 28.82 0.00231 15.4 10.5 

123 V 55 60 28.82 0.00231 15.4 9.8 

124 V 55 60 28.82 0.00231 30.4 16.6 9.5 19.1 

125 V 55 60 28.82 0.00231 30.4 15.5 

126 V 55 60 28.82 0.00231 30.4 16.5 

127 V 55 60 28.82 0.00231 75.4 25.8 4.5 26.2 

128 V 55 SO 28.82 0.00231 75.4 26.4 

129 V 55 60 28.82 0.00231 75.4 27.2 

130 V 44 62 29.08 0.00238 197.0 52.7 4.9 52.9 

131 V 44 62 29.08 0.00238 195.0 45.0 

132 V 44 62 29.08 0.00238 192.0 41.0 

133 H 55 60 28.82 0.00231 15.4 10.6 

134 H 55 60 28.82 0.00231 15.4 10.8 

135 H 55 60 28.82 0.00231 15.4 11.4 7.2 13.5 

136 H 55 60 28.82 0.00231 30.4 15.1 

137 H 55 60 28.82 0.00231 30.4 17.3 8.5 19.7 

138 H 55 60 28.82 0.00231 30.4 15.2 

139 H 55 60 28.82 0.00231 75.4 ,:K   26.3 10.0 28.6 

140 H 55 60 28.82 0.00231 75.4 27.3 

141 H 55 60 28.82 0.00231 75.4 25.) 

142 H 

145 H 

144 H 



d from Mod si Drop Tssts. 
MOO 

at» 

«IF 

I- 103 
[No.  4) 4FTR-5867 
9 = LOB) 5108 

R-621 

Total 
»sight 

Yatrtieal 
Terninal 
Velocity 

A.T*rage 
■•rlsontal 
V.loolty 

Arsrag* 
Resultant 
Velocity 

Arsrafsj 
Qllds 
*nfls 

C 
D 

or • 

rrsqasnoy 
•f 

}seillation 

laxinua 
kngls of 
Oscil- 

»▼•rage or 
Constant 
Angle of Log«- 

t) 
« 

(Lbs) (ft/Ssc) (n/sro) 
7r 

(Ft/Ssc) 
4 

(Dsgrsss) Cyc.l*s/3s*) 
lation 

(Dsrress) 
«Dcillatlon 

(Dsgrsss) 
rithnio 
Dsorswsnt 

15.4 10.3 6.9 12.4 33.2        0.653 1.130 0.286 16                  12 

15.4 10.5 1.088 

15.4 9.8 1.249 

30.4 16.6 9.5 19.1 24.9        0.589 0.860 0.267 23                  18 

50.4 15.5 
* 

0.986 

30*4 16.5 0.870 

75.4 25.8 4.5 26.2 7.6        0.848 0.883 0.364 34                   25 

75.4 26.4 0.843 

75.4 27.2 0.794 

197.0 52.7 4.9 52.9 3.3        0.532 0.536 0.50 30 

195.0 45.0 0.728 

192.0 41.0 0.863 

15.4 10.6 1.067 

15.4 10.8 1.028 

15,4 11.4 7.2 13.5 30.3        0.568 0.923 0.286 18                   15 

30.4 15.1 1.038 

30.4 17.3 8.5 19.7 27.0        0.547 0.748 0.296 40                  30 

30.4 15.2 1.023 

75.4 ■:v   26.3 10.0 28.6 20.3        0.673 0.818 0.40 30                  20 

75.4 27.3 

25.} 

0.788 

0.876 75.4 ^   1 



TABLE       M  •   Aerodynamie Charaeteriatice a« Determined fron nodal Drop Testa« 
Solid-Flat 10* Extended-Skirt Parachute  (No. 4) 
Shroud-Line Length - 10 Ft.  11 In.  (Ls/D0 * 0.92) 

Drop 
Noo 

Type 
of 

Ralaaaa 

Ambient 
Air 

Temp. 
(hT) 

Air 
Relative 
Humidity 

(*) 

Barometric 
Pressure 

(In. of Hg) 

Maaa 
Density 
of Aiy 

P 
Öttige/ou ft) 

Total 
«eight 

(Lbs) 

Tertieal 
Terminal 
Velocity 

(rt/Sao) 

Average 
Heri«ont»l 
Velocity 

▼h 
(Ft/Sao) 

Average 
Reaultant 
Velooity 

*r 
(Ft/Sao) 

Ave 
Ql 
Aa 

(Dt 

145 V 55 54 28.82 0.00231 15.4 10.7 6.0 12.3 * 

146 V 55 54 28.82 0.00231 15.4 10.7 

147 V 55 54 28.82 0.00231 15.4 10.3 

148 V 55 54 28.82 0 .,00231 30.4 16.1 

149 V 55 54 28.82 0.0023". 30.4 16.5 5.2 17.3 \ 

150 V 55 54 28.82 0.00231 30.4 17.0 

151 V 63 54 28.87 0.00228 75.4 27.1 

152 V 63 54 28.87 0.00228 75.4 25.7 

153 V 63 54 28.87 0.00228 75.4 27.0 8.7 28.4 

154 V 46 71 28.57 0.00232 202.0 41.5 4.6 41.7 

155 V 46 71 28.57 0.00232 202.0 43.4 

156 7 52 30 28.42 0.00238 197 o0 41.9 

157 H 63 54 28.87 0.00228 15.4 10.2 7.3 12.5 

158 H 63 54 28.87 0.00228 15.4 11.9 

159 H 63 54 28.87 0.00228 15.4 10.9 

160 H 63 54 28.87 0.00228 30.4 16.3 

161 H 63 .54 28.87 0.00228 30.4 16.2 

162 H 63 54 28.87 0.00228 30.4 15.9 7.0 17.4 

163 H 63 54 28.87 0.00228 75.4 25.3 8.1 27.5 

164 H 63 .54 28.87 0.0022C 75.4 23.7 

165 H 63 .54 28.87 0.00228 75.4 27.9 

166 H 

167 H 

168 H 



top Ti 181». 

MOD 

am 

RIP 

T- 104 

APTR-5867 
S1D8 

-   R-«21 

tiaal 
mlnal 
oelty 

/Sac) 

lYW-age 
■arlsontal 
Velocity 

(Ft/Sao) 

Araraga 
Rerultant 
Valocity 

vr 
(Ft/Sao) 

Iraraga 
Qllda 
Angla 

(Dagr m—) 

C 

• 

Fraqoaney 
•t 

Dacillation 

aJfL    x 

fkngla of 
Oeoil- 
latlon 

(Dagraaa) 

fcraraga or 
Constant 
4ngla of 

eaoUlatlon 
(Dagraaa) 

Loga- 
rithm 
Daoraaant 

.0.7 6.0 12.3 29.8 0.688 1.048 0.286 25                   25                  .693 

.0.7 1.048 

L0.3 1.130 

LS.l 0.915 

L6.5 5.2 17.3 20.9 0.740 0.870 0.286 31                    22 

L7.0 0.820 

27.1 0.810 

S5.7 0.902 

27.0 8.7 28.4 le.o 0.701 0.817 0.40 33                    27 

41.5 4.6 41.7 6.0 0.895 0.908 0.445 31                   27 

43.4 0.832 

41.9 0.850 

10.2 7.3 12.5 33.5 0.648 1.168 - 13                  7                   - 

11.9 0.858 

10.9 1.022 

16.3 0.905 

16.2 0.915 

15.9 7.0 17.4 24.1 0.723 0.950 - 30                   25 

26.3 8.1 27.5 16.5 0.755 0.860 - 35                  30 

23.7 0.723 .f 

27.9 0.765 >' 



T1BLS    5e     - lerodynaale Charaotariatioa aa Determined from Modal Drop Teata, 
Solid-Flat lOjt Extended-Skirt Parachute  (No. 4) 
Shroud-Line Length-3 Ft.  1 In (La/D0 = 0.76) 

Drop 
Mo. 

of 
Releaae 

Ambient 
Air 

Trap. 
(*F) 

lir 
Relative 
Humidity 

(ft 

Barometric 
Praaaura 

(In. of Hg) 

Mass 
Density 
of Air 

9 
CXluga/ou ft) 

Total 
»eight 

V 
(Lbs) 

Vertical 
Terminal 
Velooity 

(Ft/Sac) 

Average 
■•rlsontal 
Valooity 

(Pt/Sac) 

Average 
Resultant 
Velocity 

V 
(Ft/Sac) 

169 V 59 57 28.87 0.00230 15.4 10.9 

170 V 59 57 28.87 0.00230 15.4 11.6 6.5 13.3 

171 V 59 57 28.87 0.00230 15.4 12.2 

172 V 59 57 28.87 0.00230 30.4 17.5 6.2 18.6 

173 V 59 57 28.87 0.00230 30.4 15.0 

174 V 59 57 28.87 0.00230 30.4 17.8 

175 V 59 57 28.87 0.00230 75.4 23.5 3.0 28.7 

176 V 59 57 28.87 0.00230 75.4 27.2 

177 V 59 57 28.87 0.00230 75.4 28.8 

178 V 5? 80 23.4? 0.00238 202.0 45.3 9.8 46.3 

179 V 52 80 28.42 0.00238 203.0 45.2 

180 V 52 80 28.42 0.00238 201.0 43.5 

181 H 59 57 28.87 0.00230 15.4 12.2 5.7 13.5 

182 H 59 57 28.87 0.00230 15.4 11.1 

183 H 59 57 28.87 0.00230 15.4 11.3 

184 H 59 57 28.87 0.00230 30.4 16.8 6.8 18.1 

185 H 59 57 2e.87 0.00230 30.4 17.1 

186 H 59 57 28.87 0.00230 30.4 15.8 

187 H 44 58 29.06 0.00237 75.4 27.8 6.5 28.6 

188 H 44 58 29.06 0.00237 75.4 28.3 

189 H 44 58 29.06 0.00237 75.4 28.1 

190 H 

191 H 

192 H 



d froa Model Drop Test«. 

(No.  4) 
i.76) 

p^fsr 1-105 
AFTR-5367 

5108 
REP    NO. R-621 

Total 
Light 

(Lbs) 

Tertloal 
iTarmlMil 
Velocity 

(ft/Sec) 

Average 
Herlioiiai 
Velocity 

(Ft/Sec) 

Average 
Resultant 
Velocity 

*r 
(Ft/Sec) 

Average 
Glide 
Angle 

(Degreea)! or 

Frequency 
ef 

oscillation 

hbxlniB 
|Angle of 

Oscil- 

lation 
(Degrees) 

jAvernge   or 
Constant 
Angle of 

Oscillation 
(Degrees) 

Loga- 
rithsdo 
Deoreaent 

15.4 10.9 1.013          0.286               24 

15.4 11.6 6.5              13.3              31.0        0.585      0.895 

15.4 12.2 0.810 

30.4 17.5 6.2              18.6              19.2        0.649      0.777          0.308              38 

30.4 15.0 0.930 

50.4 17.8 0.751 

75.4 23.5 3.0              28.7                8.0        0.710      0.727          0.333              35 

75.4 27.2 0.797 

75.4 23.8 0.711 

202.0 45.3 9.8              46.3                9.6        0.702      0.744          -                       25 

203.0 46.2 0.718 

201.0 43.5 0.831 

10 

28 

25 

20 

.642 

15.4 12.? 5.7              13.5              26.4        0.592      0.810 

15.4 11.1 0.979 

15.4 11.3 0.945 

30.4 16.8 6.8              18.1              21.9        0.675      0,844 

30.4 17.1 0.813 

30.4 16.8 0.844 

75.4 27.8 6.5              28.6              12.4        0.710      0.768 

75.4 28.3 °«7*2 

75.4 23.1 0.753 

30 

0.40 

30 

50 

25 

40 



TABU     5f    *   Aerodynamlo Characteristic« as Determined from Model Drop Testa. 
Solid-^iat 10* Extended-Skirt Parachute  (No.  4) 
Shroud-Line Length - 7 Ft. 2 In.  (Lg/Do    = 0.60) 

Drop 
Roo 

Type 
of 

Release 

Ambient 
Air 

Temp. 
(*F) 

Air 
Relative 
Humidity 

(*> 

Barometric 
Pressure 

(In. of Hg) 

Mass 
Density 
of Air 

P 
Q&uge/cu ft) 

Total 
leight 

(Lb.) 

Vertical 
Terminal 
Velocity 

(Ft/See) 

Average 
Herisontal 
Velocity 

▼h 
(tt/Seo) 

Average 
Resultant 
Velocity 

*r 
(Ft/Sec) 

AT 
0 
A 

|(D 

195 V 54 59 20.87 0.00232 15.4 11.9 6.7 13.7 r 

194 V 54 59 28.87 0.00232 15.4 11.5 

195 V 54 59 28.87 0.00232 15.4 11.8 

196 V 54 59 20.87 0.00232 30.4 17.5 

197 V 66 59 29.11 0.00228 30.4 17.7 8.5 19.6 i 

198 V 66 59 29.11 0.00228 30.4 18.2 

199 V 54 59 28.87 0.00232 75.4 29.2 7.4 30.1 

200 V 69 57 28.95 0.00226 75.4 29.4 

201 V 52 81 28.14 0.00227 75.4 29.2 

202 V 50 75 28,29 0.00229 182.0 45.2 8.8 46.0 

203 V 50 75 28.29 0.00229 182.0 44.6 

204 V 50 75 28.29 0.00229 182.0 48.0 

205 H 69 57 28.95 0.00226 15.4 12.1 6.0 13.5 

206 H 69 57 28.95 0.00226 15.4 11.6 

207 H 69 57 28.95 0.00226 15.4 12.1 

208 H 69 57 28.95 0.00226 30.4 17.1 

209 H 69 57 28.95 0.00226 30.4 17.3 7.8 19.0 

210 H 69 57 28.95 0.00226 30.4 18.2 

211 H 69 57 28.95 0.00226 75.4 32.1 5.4 32.6 

212 H 69 57 28.95 0.00226 75.4 31.9 

213 H 69 57 28.95 0.00226 75.4 33.6 

214 H 

215 H 

216 H 



Drop TMta. 1-106 
    AFTR-5867 

5109 
R-821 

lT*rage 
Heriiontal 
Velocity 

▼h 
(n/seo) 

AYerage 
Resultant 
Velocity 

*r 
(tt/Sec) 

Average 
Olid« 
ingle 

(Degrees or 

Frequenoy 
•f 

oscillation 

laJ^i.    v IJyeJss/Sss) 

hfoxiaua 
jangle of 

Oseil- 

lation 
(Degrees) 

-u 

[Average or 
Constant 
angle of 

Oscillation 
(Degrees) 

Loga- 
rlthslo 
Decrement 

6.7 13.7 28.1        0.562      0.845 

0.903 

0.858 

0.770 

8.5 19.6 25.4        0.564      0.766 

0.725 

7.4 30.1 13.9        0.627      0.686 

0.694 

0.701 

8.8 46.0 11.6        0.663      0.700 

0.719 

0.621 

0.20 23 

18 

0.333 28 

17 

20 

10 

25 

12.1 6.0 13.5 26.7 0.601 0.838 - 20 15 - 

11.6 0.910 

12.1 0.838 

17.1 0.828 

17.3 7.8 19.0 24.4 0.611 0.809 - .5 - - 

18.2 0.731 

32.1 5.4 32.6 9.5 0.556 0.582 0.333 45 35 - 

31.9 0.590 

33.6 0.532 



TiBLB ierodynaalo Character letlei aa Determined fro« Modal Drop Test«. 
Solid-Flat 12-J# Extended-Skirt Parachute (No. 5) 

Drop 
MOe 

Typo 
of 

Ralaaa« 

Ambient 
Air 
Te«p. 

(hr) 

Air 
Relatlre 
Huaidity 

(*) 

Barometrle 
Pressure 
(In. of Hg) 

Mae« 
Density 
of Air 

P 
($augs/ou ft) 

Total 
»eight 

(Lb.) 

Vertical 
Terminal 
Velocity 

(Ft/Soo) 

Avarage 
Herliontal 
Velocity 

▼h 
(rt/soo) 

T 
Average  A 
Resultant 
Velocity 

(Ft/Sac)  |( 

217 V 79 76 28.58 0.00219 15.5 12.9 

218 V 79 76 28.58 0.00219 15.5 12.4 

219 V 79 76 28.58 0.00219 15.5 12.6 6.8 14.3 

220 V 46 81 28.24 0.00231 20.5 14.9 5.3 15.8 

221 V 46 81 28.24 0.00231 22.5 15.4 

222 V 80 70 28.61 0.00219 25.5 17.4 

223 V 46 81 28.24 0.00231 65.5 28.9 5.8 29.5 

224 V 80 70 28.61 0.00219 70.5 29.1 

225 V 80 70 28.61 0.00219 70.5 28.3 

226 V 44 70 28.36 0.00232 199.1 51.0 

227 V 44 70 28.36 0.00232 199.1 46.3 5.8 46.6 

228 V 55 87 28.91 0.00232 202.1 45.3 

229 H 80 70 28.61 0.00219 15.5 13.2 

230 H 80 70 28.61 0.00219 15.5 12.4 

231 H 80 70 28.61 0.00219 15.5 12.4 6.3 13.9 

232 H 80 70 28.61 0.00219 £5.5 16.0 7.3 17.6 

233 H 80 70 28.61 0.00219 25.5 17.2 

234 H 80 70 28.61 0.00219 25.5 17.6 

235 H 46 81 28.24 0.00231 65.5 29.6 7.7 30.6 

236 H 46 81 28.24 0.00231 65.5 27.9 

237 H 80 70 28.61 0.00219 70.5 30.5 

238 H 51 73 28.60 0.00231 203.1 51.9 2.8 52.0 

239 H 

240 H 



ed from Model Drop Tests, 
e (No.  5) 

ft) 

Total 
Weight 

(lb.) 

Yertieal 
T oral ml 
Velocity 

(Ft/See) 

arerage 
Heri»ontal 
Velocity 

(Ft/Seo) 

Average 
Resultant 
Telocity 

*r 
(Ft/Sec) 

average 
Qllde 
angle 

, 4 
(Degrees or 

I- ■  107 

\v$^- -R«7 

5108 
RIP   NO R-621 

Eng] 
Frequency   HaxlBua 

ef lingle of 
3seillation   Oeoil- 

(i ) lation 
fcyolee/feee)  (Degree.) 

Average or 
Constant 
angle of 

Oscillation 
(Degree.) 

Loga- 
rlthaia 
Decrement 

15.5 12.9 0.767 

15.5 12.4 0.829 

15.5 12.6 6.8 14.3 28.3 0.548 0.804 0.228 27 18 

20.5 14.9 5.3 15.8 22.7 0.591 0.720 0.235 28 20 

22.5 15.4 0.740 

25.5 17.4 0.693 

65.5 28.9 5.8 29.5 11.2 0.577 0.612 0.286 30 28 

70.5 29.1 0.685 

70.5 28.3 0.699 

199.1 51.0 0.594 

199.1 46.3 5.8 46.6 7.2 0.705 0.720 0.364 25 • 

202.1 45.3 0.764 

15.5 13.2 0.732 

15.5 12.4 0.830 

15.5 12.4 6.3 13.9 26.6 0.591 0.830 0.25 15 12 

25.5 16.0 7.3 17.6 23.5 0.621 0.818 0.308 20 13 

25.5 17.2 0.708 

25.5 17.6 0.677 

65.5 29.6 7.7 30.6 14.5 0.528 0.582 0.40 28 20 

65.5 27.9 0.655 

70.5 30.5 0.623 

203.1 51.9 2.8 52.0 6.7 0.581 0.588 - 36 - 

0.602 

0.662 



TABLE     7       •   Aerodynamic Characteristics as Determined fron Modal Drop Tests« 
Solid-Flat FulDy Extended-Skirt Parachute (No.  6) 

Drop 
Mo. 

Typ« 
of 

Release 

Ambient 
Air 

(*r) 

Air 
RelatlTe 
Humidity 

(%) 

Barometrlo 
Pressure 

(In. of Hg) 

Mass 
Density 
of Air 

P 
($tags/cu ft) 

Total 
■eight 

(Lbs) 

Vertical 
Terminal 
Velocity 

▼T 
(ft/Sec) 

Arerage 
Heriaontal 
Velocity 

(ft/Sao) 

ATaraga 
Resultant 
Velocity 

yr 
(Ft/Sac) 

ATar 
Qli 
Ang 

(Dag 

241 V 85 67 28.61 0.00217 15.4 10.7 

242 V 85 67 28.61 0.00217 15.4 10.8 6.4 12.6 30. 

243 V 75 77 28.58 0.00220 15.4 10.4 

244 V 85 67 28.61 0.00217 30.4 17.0 6.1 18.1 19. 

245 V 85 67 28.61 0.00217 30.4 17.0 

246 V 85 37 28.61 0.00217 30.4 16.5 

247 V 85 67 28.61 0.00217 80.4 28.4 5.7 29.0 10, 

248 V 85 67 28.61 0.00217 80.4 29.2 

249 V 82 68 28.68 0.00218 80.4 29.6 

250 V 43 71 29.11 0.00238 202.0 41.1 

251 V 43 71 29.11 0.00238 202.0 40.1 4.0 40.3 5 

252 V 43 71 29.11 0.00238 202.0 40.9 

' 253 H 79 76 28.58 0.00220 15.4 11.0 

254 H 75 77 28.58 0.00220 15.4 10.9 7.0 13.0 34 

255 H 75 77 28.58 0.00220 15.4 9.9 

256 H 82 68 28.68 0.00218 30.4 17.2 

257 H 75 77 28.58 0.00220 30.4 15.7 

258 H 82 68 28.68 0.00218 30.4 16.6 9.4 19.1 28 

259 H 82 68 28.68 0.00218 80.4 30.0 3.7 30.2 6 

260 H 82 68 28.68 0.00218 80.4 31.0 

261 H 82 68 28.68 0.00218 80.4 28.4 

262 H 51 73 28.60 0.00231 203.0 45.0 

263 H 

264 H 



Drop Tot*. 
MODEL . 

1-108 

5109 
RIP R-621 NO.                w«.» 

rtioal 
rainal 
looity 

Ararage 
Harliontal 
Velocity 

(tt/S«o) 

*T«rag« 
Rorultant 
▼•loolty 

*r 
(tt/Sao) 

Irarag« 
Qllda 
Ingla 

(Dagr««a) 

C 
D 

or 
°D 

0 

Traqnraey 
•f 

Vacillation 

tJyoW/s««) 

laxiatm 
angle of 
Osoil- 
latlon 

(Dagroo«) 

Ivernge  or 
Constant 
ingle of 

OBC Illation 
Loga- 
rlthsio 
Decrement t/s«e) (Ddgroa«) 

.0.7 1.112 

L0.8 6.4 12.6 30.0        0.402 1.093 0.182 25 15 - 

L0.4 1.163 

L7.0 6.1 18.1 19.5        0.726 0.874 0.25 44 30 Neg 

L7.0 0.874 

16.5 0.927 

28.4 5.7 29.0 10.9        0.780 0.927 0.286 36 28 - 

29.2 0.783 

29.6 0.757 

41*1 0.905 

40.1 4.0 40.3 5.2        0.936 0.950 0.445 29 24 - 

40.9 0.913 

1.041 

7.0 13.0 34.4        0.615      1.061 

1.287 

0.849 

1.007 

0.250 22 19 

16,6 9.4 19.1 28.3 0.606 0.912 0.267 22 31 - 

30.0 3.7 30.2 6.9 0.722 0.738 0.40 50 40 0.511 

31.0 0.690 

28.4 0.822 

45.0 0.781 



TABLE   8 -    Aerodynamic Characteristic« as Deter 'lined  fron Modal Drop Taata, 
50jt Vent Airfoil Parachute (No. 7) 

Drop 
Roo 

Typ« 
of 

Release 

Ambient 
Air 

Temp. 
(hr) 

air 
Relative 
Humidity 

(*) 

Baromatrle 
Pressure 

(In. of Hg) 

Maaa 
Density 
of Air 

P 
&higa/ou ft) 

Total 
■eight 

(Lb.) 

Tartiaal 
Terminal 
Velocity 

(Pt/Sao) 

Average 
Harlsontal 
Velocity 

▼h 
(Pt/Sae) 

average 
Reaultant 
Velocity 

*r 
(Pt/Sao) 

289 V 46 70 28.94 0.00236 10 .-5 8.4 5.0 9.8 

290 V 46 70 28.94 0.00236 15.5 9.7 

291 V 46 70 28.94 0,00236 15.5 9.5 

292 V 46 70 28.94 0.00236 25.5 13.7 

295 V 46 70 28.94 0.00236 25.5 13.7 8.5 16.1 

294 V 

295 V 

296 V 

297 V 

298 V 

299 7 

300 V 

301 H 47 70 28.78 0.00234 15.5 10.6 8.2 13.4 

302 H 47 70 28.79 0.00234 15.5 10.4 

303 H 47 70 28.78 0.00234 15.5 10.7 

304 H 47 7C 28.78 0.00234 25.5 14,0 

305 H 47 70 28.78 0.00234 25.5 13.?. 

306 H 47 70 28.78 0.00234 25.5 14.7 6.2 15.9 

307 H 

308 H 

309 H 

310 H 

311 H 

312 H 



•d from Modal Drop Teats. I- 109 

MODEL AFTR-5£!F7.. 

»»- ÜQSL 
«IF 

R-621 
NO.         **            * 

Total 
Weight 

Vertical 
Terminal 
Velocity 

Average 
Herlsontal 
Telocity 

avaraga 
Resultant 
Velocity 

Average 
Glide 
Angle 

C 
D 
or 0 

Frequency 
•f 

oscillation 

larinn 
Angle of 
Oscil- 

Average  or 
Constant 
Angle of Loga- 

rt) 
1 

(Lb.) (ft/See) (n/see) 
vr 

(n/seo) 
4 

(Degrees) fcjraWse*) 
lation 

(Degrees} 
Oscillation 

(Degrees) 
rithm 
Deorearat 

10 .-5 8.4 5.0 9.8 35,9        0.675 1.133 - 8                  4 - 

;       15.5 9.7 1.257 

;       15.5 9.5 1.310 , 

i          25.5 13.7 1.036 

5          25.5 13.7 8.5 16.1 20.1        0.704 1.036 0.286 15                  5 

4          15.5 10.6 8.2 13.4 27.5        0.603 1.061 9                   5 •B 

4          15.5 10.4 1.102 

4          15.5 10.7 1.042 

4 25.5 14.0 1.000 

25.5      13.2 

25.5     14.7 6.2 15.9 26.2 

1.123 

0.696  0.908 0.308 22 15 



T1BLS 9  • terodynamie Characteriatioa at Determined from Modal Drop Teata, 

£ Sphere Circular Parachute (No. 8) 

Drop 
Moo 

Typs 
of 

Release 

Ambient 
llr 

Tamp. 
(*r) 

air 
Relative 
Humidity 

(*) 

Barometrio 
Pressure 

(In. of Hg) 

Mass 
Density 
of Air 

P 
OUugs/ou ft) 

Total 
laight 

(Lbs) 

Vertical 
Terminal 
Velocity 

(Ft/Sac) 

Average 
Barlsontal 
Velocity 

(tt/Sac) 

Average 
Resultant 
Velocity 

yr 
(ft/See) 

Avera) 
Olid« 
AngL 

, 4 
(Degr< 

265 V 80 73 28.53 0.00220 25.4 15.6 

266 V 80 73 28.53 0.00220 25.4 16.3 

267 V 80 73 28.53 0.00220 25.4 16.0 7.9 17.8 27.1 

268 V 80 73 28.53 0.00220 30.4 17.4 

269 V 80 73 28.53 0.00220 30.4 17.9 

270 V RC 73 28.53 0.00220 30.4 18.0 8.7 20.1 24. 

271 V 80 73 28.53 0.00220 70.4 27.1 6.1 27.8 10. 

272 V 85 67 28.61 0.00217 75.4 27.5 

273 V 85 67 28.61 0.00217 75.4 27.8 

274 V 44 70 28.36 0.00232 199.0 42.4 5.2 42.7 6. 

275 V 41 71 28.95 0.00239 199.0 43.1 

276 V 41 71 28.95 0.00239 198.0 43.5 

277 H 56 53 28.47 0.00227 10,4 8.8 6.3 11.1 38. 

278 H 56 53 28.47 0.00227 10.4 8.4 

279 H 56 53 28.47 0.00227 10.4 8.2 

280 H 56 53 23.47 0.00227 22.4 13.2 6.4 14.7 26. 

281 H 56 53 28.47 0.00227 22.4 13.0 

282 H 80 70 28.61 0.00219 35.4 16.9 

283 H 47 65 28.47 0.00231 65.4 28.5 6.8 29.3 14. 

284 H 47 65 28.47 0.00231 65.4 26.4 

285 H 47 65 28.47 0.00231 65.4 27.4 

286 H 

287 H 

288 H 



arop T»»ta. 

Horizontal 
Talocity 

(rt/s#o) 

7.9 

8.7 

6.1 

5.2 

average 
Resultant 
Velocity 

(n/seo) 

17.8 

20.1 

27.8 

42.7 

FAOl  

MODIL 

OIR- - 

I- 110 

A.FTR-~'Bf57 
$109 

DIF    NO.- 
R-621 

kwrrgm 
Olid« 
Angl« 

(Degrees)!     or 

frequency 
•f 

oscillation 

fcyelss/3ee) 

HaxlBUB 
jingle of 

Osoil- 

latlon 
(Degrees) 

|Av«rnge  or 
Constant 
angle of 

Oscillation 
(Degrees) 

Loga- 
rithmic 
Decrement 

0.855 

0.782 

27.8        0.580     0.812        0.250 

0.821 

0.778 

24.3        0.562      0.769        0.250 

10.6        0.732      0.785        0.308 

0.826 

0.808 

6*5        0.840      0.860        0.40 

0.807 

0.788 

31 

30 

35 

30 

20 

20 

30 

27 

Neg 

8.8 

8.4 

8.2 

13.2 

13.0 

16.9 

28.5 

26.4 

27.4 

6.3 

6.4 

6.8 

11.1 

14.7 

29.3 

38.5 

26.3 

14.4 

0.522      1.064        0.25 

1.168 

1.227 

0.736      1.019 

1.050 

1.019 

0.575      0.628        0.308 

0.732 

0.678 

26 18 

24 

35 

10 



TABU   10      •   Aerodynamic characteristic« as Determined from Model Drop Tests. 
i Sphere Circular Parachute (No. 9) 

Drop 
Ho« 

Type 
of 

Release 

Ambient 
Air 
Temp. 

(hT) 

Air 
Relatire 
Humidity 

(31) 

Barometric 
Pressure 
(In. et Hg) 

Hass 
Density 
of Air 

P 
Cnuge/ou ft) 

Total 
Weight 

(Lbs) 

Tertioal 
Terminal 
Velocity 

(ft/Sec) 

* ■! i e 

Arerage 
Herlsontal 
Velocity 

(ft/Sec) 

Arerage 
Resultant 
Velocity 

vr 
(Ft/Sec) 

AT 

0 
A 

(D 

313 V 60 52 28.87 0.00226 20.3 12.7 6.8 14.4 t * 

314 V 60 52 28.87 0.00226 20.5 12.7 

315 V 60 52 28.87 0.00226 20.3 12.2 

316 V 60 52 28.87 0.00226 35.3 17.7 

317 V 60 52 28.87 0.00226 35.3 16.7 6.3 17.9 t 

318 V 46 65 28.47 0.00232 35.3 18.7 

319 V 46 68 28.23 0.00230 75.3 27.1 6.1 27.8 ' 

320 V 46 68 28.23 0.00230 65.3 24.3 

321 V 46 68 28.23 0.00230 65.3 25.4 

322 V 52 80 28.42 0.00238 182.0 39.6 4.4 39.8 

323 V 52 80 28.42 0.00238 182.0 39.3 

324 V 52 80 28.42 0.00238 182.0 40.4 

325 H 56 53 28.47 0.00227 20.3 12.5 

326 H 56 53 28.47 0.00227 20.3 12.0 7.2 14.0 

327 H 56 53 28.47 0.00227 20.3 12.5 

328 H 60 52 28.87 0.00226 35.3 16.4 9.1 18.8 

329 H 46 65 28.47 0.00232 30.3 15.6 

330 H 46 65 28.47 0.00232 30.3 16.5 

331 H 47 68 28.23 0.00230 65.3 25.8 

332 H 47 68 28.23 0.00230 65.3 24.8 

333 H 47 68 28.23 0.00230 65.3 23.7 14.6 27.8 

334 H 

335 H 

336 H 



d from Model Drop Test«, I-111 

AFTR-C,a67 
,»- 51Q9_ 

R-621 

Total 
»eight 

V 
(Lbs) 

Vertical 
Terminal 
Velocity 

(Ft/Sec) 

Average 
Herlsontal 
Velocity 

▼h 
(ft/Sec) 

Average 
Resultant 
Velocity 

Vr 
(Ft/See) 

Average 
Glide 
Angle 

(Degrees) 

C 
D 

or o 

Frequency 
«f 

Dsclllation 

fcyelss/See) 

IAXIBUB 
Angle of 
Oscil- 

lation 
(Degrees) 

Average or 
Constant 
Angle of 

Oscillation 
Loga- 
rithmic 
Deoreaent t) (Degrees) 

20.3 12.7 6.8 14.4 27.0        0.695 1.002 0.276 33                 20 ■a 

20.3 12.7 1.002 

20.3 12.2 1.085 

35.3 17.7 0.897 

35.3 16.7 6.3 17.9 28.8        0.769 1.007 0.308 32                20 - 

35.3 18.7 0.784 • 

75.3 27.1 6.1 27.8 11.4        0.721 0.803 0.308 34                 20 - 

65.3 24.3 0.867 

65.3 25.4 0.792 

182.0 39.6 4.4 39.8 6.8        0.862 0.877 0.40 30                25 - 

182.0 39.3 0.892 

182.0 40.4 0.843 

20.3 12.5 1.029 

20.3 12.0 7.2 14.0 32.0        0.735 1.179 - 8                   5 - 

20.3 12.5 1.029 

35.3 16.4 9.1 18.8 27.9        0.704 1.043 - 10                  5 - 

30.3 15.6 0.967 

30.3 16.5 0.863 

65.3 25.8 0.768 

1          65.3 24.8 0.830 

) 65.3 23.7 14.6 27.8 23.8 0.605 0.910 0.40 31 20 



TABLE 11  - Aerodynamic Characteristics a« Determined from Model Drop Test«. 

■^ Sphere Square Parachute (No. 10) 

Drop 
Mo. 

Typ« 
of 

Releaae 

Ambient 
Air 

Ts«p. 
(• F) 

llr 
Relatire 
Humidity 

(*) 

Barometric 
Preeaure 

(In. of Hg) 

Mass 
Density 
of Air 

P 
Cöugs/cu ft) 

Total 
«sight 

(Lbs) 

Tsrtieal 
Terminal 
Vsloeity 

(Ft/s«o) 

Arerage 
Esrlsontal 
Velocity 

▼h 
(Ft/Sso) 

Arerag* 
Resultant 
Velocity 

(Ft/Sso) 

( 
1 

(I 

337 V 50 72 28.68 0.00252 20.1 11.0 5.9 12.5 

338 V 44 58 29.06 0.00237 20.1 10.0 

339 V 44 58 29.06 0.00237 20.1 9.8 

340 V 47 68 28.23 0.00230 35.1 16.1 10.2 19.1 

341 V 47 68 28.23 0.00230 35.1 17.0 

342 V 50 73 28.68 0.00232 35.1 16.2 

343 y 50 73 28.68 0.00232 80.1 27.3 

344 V 50 73 28.68 0.00232 80.1 26.9 

345 V 50 73 28.68 0.00232 80.1 27.1 6.7 27.8 

346 V 46 72 28.57 0.00232 196.7 40.2 

347 V 44 62 29.08 0.00238 176.7 38.5 

348 V 55 87 28.91 0.00232 204.7 42.4 6.5 42.8 

349 H 44 58 29.06 0.00237 20.1 11.0 8.3 13.8 

350 H 44 58 29.06 0.00237 20.1 12.0 

351 H 44 58 29.06 0.00237 20.1 10.4 

352 H 47 68 28.23 0.00230 30.1 13.3 10.4 16.9 

353 H 47 68 28.23 0.00230 30.1 13.9 

354 H 46 71 28.23 0.00230 30.1 15.2 

355 H 50 73 28.68 0.00232 80.1 27.0 8.9 28.4 

356 H 50 73 28.68 0.00232 80.1 25.7 

357 H 50 73 28.68 0.00232 80.1 29.0 

358 H 

359 H 

560 H 



Drop Taite. 1-112 

««— SU» 
R«r R-621 NO.        ST»«* 

rtloal 
ralrml 
loclty 

t/Sao) 

Iraraga 
larliontal 
Yaloclty 

▼h 
(Ft/Sao) 

Araraga 
Reaultant 
Valooity 

(tt/Sao) 

araraga 
Gklida 
Angla 

4 
(Dagraaa) 

0 
D 

or • 

Fraquaney 
•t 

Dacillatlon 

fcyoWSaa) 

laxima 
kngla of 
Oscil- 
lation 

(Dagraaa) 

ao/araga or 
Constant 
Angla of 

©•dilation 
(Dagraaa) 

Loga- 
rithm 
Daoraamt 

11.0 5.9 12.5 32.2        0.845 1.290 0.267 13                 12 - 

10.0 1.525 

9.8 1.589 

16.1 10.2 19.1 33.0        0.631 1.060 0.308 28                  23 - 

17.0 0.951 

16.2 1.038 

27.3 0.835 

26.9 0.860 

27.1 6.7 27.8 13.0        0.785 0.848 0.308 40                 30 a* 

40.2 0.944 

38.5 0.901 

42.4 6.5 42.8 8.3        0.856 0.883 0.40 28                 20 - 

11.0 8.3 13.8 37.6 0.634 1.29C 0.25 32 27 0.336 

10.4 

8.9 

1.059 

1.410 

16.9 36.7        0.661      1.331        0.333 

1.218 

1.021 

28.4     11,9   0.755  0.854   0.333 

0.942 

0.740 

15 

38 

13 

33 

Neg 



TABLE    12      -   Aerodynamlo Charaoterletloa as Determined fro« Model Drop Tests. 
^ Sphere Triangular Parachute  (No.  11) 

Drop 
Roo 

Typ« 
of 

Release 

ambient 
llr 

Temp. 

Air 
Relatire 
Humidity 

(%) 

Barometric 
Pressure 

(In. of Hg) 

Mass 
Density 
of Air 

P 
(Jsauge/ou ft) 

Total 
«eight 

(Lbs) 

Tertloal 
Terminal 
Velocity 

(Pt/Seo) 

Arerage 
Berlsontal 
Telocity 

(Ft/Sec) 

Average 
Resultant 
Telocity 

*r 
(tt/Sec) 

( 
1 

(I 

361 V 56 64 28.82 0.00231 20.1 10.6 

362 V 56 54 28.82 0.00231 20.1 10.2 

363 V 56 .54 28.82 0.00231 20.1 10.1 6.6 12.1 

364 V 56 54 28.82 0.00231 40.1 15.3 12.2 19.6 

365 V 50 73 28.68 0.00232 40.1 17.1 

366 V 50 73 28.68 0.00232 40.1 17.1 

367 V 51 59 28.14 0.00228 80.1 25.3 

368 V 51 59 28.14 0.00228 80.1 26.4 14.9 30.3 

369 V 51 59 28.14 0.00228 80.1 25.7 

370 V 44 70 23.36 0.00232 ,198.7 42.9 6.6 43.4 

371 V 44 70 23.36 0.00232 198.7 39.0 

372 V 44 6? 29.08 0.00238 187.1 39.9 

373 H 73 56 28.05 0.00224 20.1 12.2 10.5 16.1 

374 H 73 56 28.95 0.00224 20.1 9.7 

375 H 73 56 28.95 0.00224 20.1 11.8 

376 H 73 56 28.96 0.00224 35.1 16.7 12.5 20.9 

377 E 73 56 28.95 0.00224 35.1 14.6 

378 H 73 56 28.95 0.00224 35.1 15.8 

379 H 73 56 28.95 0.00224 80.1 27.3 12.9 30.2 

380 H 73 5G 28.95 0.00224 80.1 30.0 

381 H 51 59 28.14 0.00228 80.1 26.3 

382 H 

382 H 

384 H 



d fro« Model Drop fata. 1- 113 

o«- S108 
RIP    NO. R-621 

Total 
leight 

(Lb.) 

Vertical 
Tarminal 
Velocity 

(tt/Soo) 

Average 
Herisontal 
Velocity 

(rt/see) 

Average 
Resultant 
Velooity 

vr 
(Ft/Seo) 

Average 
Glide 
Angle 

(Degree« or 

frequency 
•f 

oscillation 

PyaUs/S««) 

laxlaua 
Angle of 
Oscil- 

lation 
(Degree») 

Average  or 
Constant 
Angle of 

Oscillation 
(Degrees) 

Loga- 
rithmio 
Decrement 

20.1 10.6 1.392 

20.1 10.2 1.505 

20.1 10.1 6.6                12.1              40.5        0.812      1.533 

40.1 15.3 12.2                19.6              38.4        0.637      1.334 

40.1 17.1 1.063 

40.1 17.1 1.063 

80.1 25.3 0.989 

80.1 26.4 14.9                30.3              40.6        0.522      0.908 

80.1 25.7 0.958 

(198.7 42.9 6.6                43.4              11.8        0.801      0.838 

198.7 39.0 1.011 

197.1 39.9 0.989 

10 

23 

25 

28 

5 

18 

18 

20.1 12.2 10.5                16.1              41.5        0.467      1.083 

20.1 9.7 1.718 

20.1 11.8 1.160 

35.1 16.7 12.5                20.9              37.6        0.512      1.010 

35.1 14.6 1.321 

35.1 15.8 1.130 

80.1 27.3 12.9                30.2              25.6        0.656      0.863 

80.1 30,0 0.715 

80.1 26.3 0.915 

0.286 

0.353 

22 

20 

25 

15 

15 

20 



TABLE  13 • Aerodynamic characteristic« aa Determined fro« Modal Drop Testa. 

30° Circular Conical Parachute (No. 12) 

Drop 
Roo 

Typ« 
of 

Relaaaa 

Ambient 
Air 

Trap. 

Air 
RalatiTa 
Humidity 

(*) 

Barometric 
Pressure 

(In. off H«) 

■rat 
Danaity 
of Air 

P 
Cöugs/ou ft) 

Total 
■eight 

W 
(Lba) 

Tartioal 
Terminal 
Velocity 

▼T 
(Ft/Sao) 

Arerage 
larliontal 
Velocity 

▼h 
(n/Sao) 

AYeraga 
Raaultant 
Velocity 

*r 
(Ft/Sao) 

Ararat 
Olid. 
Angl« 

, i A (Dagr< 

385 V 60 52 28.87 0.00226 20.5 10.8 7.2 13.0 33.5 

386 V 60 52 28.87 0.00226 20.5 11.6 

387 V 60 78 28.14 0.00228 20.5 12.9 

388 V 60 52 28.87 0.00226 35.5 16.8 6.2 17.9 21.S 

389 V 60 52 28.87 0.00226 35.5 16.5 

390 V 60 52 28.87 0.00226 35.5 16.8 

391 V 50 78 28.14 0.00228 75.5 26.2 

392 V 50 78 28.14 0.00228 75.5 25.3 6.0 26.0 10.1! 

393 V .50 78 28.14 0.00228 75.5 26.1 

394 V 52 75 28.57 0.00230 197.1 39.0 4.2 39.2 5.' 

395 V 52 75 28.57 0.00230 197.1 40.0 

396 V 52 75 29.08 0.00234 205.1 49.5 

397 

398 

399 

400 

401 

402 

403 

404 

405 

406 

407 

408 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

55 

55 

55 

56 

56 

56 

55 

55 

50 

53 

53 

53 

53 

53 

53 

53 

53 

78 

28.47 

28.47 

28.47 

28.47 
• 

28.47 

28.47 

28.47 

28.47 

28.14 

0.00229 

0.00229 

0.00229 

0.00227 

0.00227 

0.00227 

0.00229 

0.00229 

0.00228 

20.5 

20.5 

20.5 

35.5 

35.5 

35.5 

75.5 

75.5 

75.5 

12.2 

10.4 

10.4 

16.4 

15.4 

16.2 

25.7 

24.0 

26.5 

7.7 

9.6 

6.5 

14.4 

18.8 

26.5 



«■op Teat«. PAOt T-  114 

MODIL iVTT?-^RR7 

5108 
RIP   NO. R-621 

A>T6lage 
Hsrlsontal 
Velocity 

(rt/sw) 

Resultant 
Tolooity 

vr 
(tt/Soo) 

Qlida 
ingl« 

, 4 
(Pogr—Jj 

rr*qu«wjy 
•f 

3acill»tion 

CjrolWs«*) 

■axiaua 
»Jlgl«    Of 
Oscil- 

lation 
(Dogrooa) 

i»«rsge  or 
Constant 
Anglo of 

«•dilation 
(Dogroos) 

Loga- 
rithsdo 
Dooroaont 

6.2 

6.0 

4.2 

7.7 

13.0 33.5 

17.9 21.2 

26.0 

39.2 

10.7 

5.7 

14.4 29.8 

0.806 1.400 

1.212 

0.974 

0.823 1.001 

1.038 

1.001 

0.869 

0.867 0.932 

0.875 

0.999 1.013 

0.965 

0.643 

0.674 1.081 

1.487 

1.487 

0.222 22 

0.25 36 

0.364 

0.364 

40 

30 

0.286 24 

15 

25 

30 

26 

20 

0.604 

Neg. 

.6.4 1.045 

.5.4 1.186 

L6.2 9.6 18.8 29.5 0.694 1.072 0.20 22 6 - 

>5.7 6.5 26.5 13.8 0.821 0.899 0.364 35 30 - 

»4.0 1.030 

26.5 0.849 



f 
tkSLS      14 • lerodjmaido characteristics as Determined fro« Modal Drop T««t*- 

30° Square Conical Parachute (No. 13) 

Drop 
NOe 

Type 
of 

Raises. 

lablent 
llr 

Trap. 
(hr) 

llr 
Relatiye 
Hueldity 

(*) 

Barometrie 
Prassurs 

(In. of Kg) 

Mass 
Density 
of llr 

P 
CKbuga/on ft) 

Total 
■sight 

(Lbs) 

Tartloal 
Terminal 
Velocity 

▼T 
(Ft/Sac) 

Ivaraga 
■srlsontal 
T.looity 

(ft/Seo) 

 T Irerage      y 
Resultant 
Velocity 

(Pt/3ae)      1 

409 V 66 59 29.11 0.00228« 20.1 10.5 

410 V 66 59 29.11 0.00223 20.1 9.7 8.3 12.7 

411 V 66 59 29.11 0.00228 20.1 10.1 

412 V 62 62 29.11 0.00230 40.1 17.2 

413 V 52 62 29.11 0.00230 40.1 15.0 

414 V 62 62 29.11 0.002.30 40.1 17.0 11.3 20.4 

415 V 62 62 29.11 0.00230 90.1 26.9 

416 V 62 62 29.11 0.00230 80.1 26.6 11.2 28.9 

417 V 52 62 29.11 0.00230 80.1 26.2 

413 V 5? 75 28.57 0.00230 196.7 41.6 7.8 42.3 

419 V 55 87 28.91 0.00232 204.7 45.9 

420 V 51 75 28.29 0.00229 201.7 44.0 

421 K 52 62 29.11 0.00230 20.1 13.2 

422 H 62 62 29.11 0.00230 20.1 11.6 9.3 14.9 

423 H 62 62 29.11 0.00230 20.1 10.8 

424 H 62 62 29.11 0.00230 40.1 15.3 

425 H 71 54 28.96 0.00225 40.1 18.4 7.1 19.7 

426 H 71 54 28.96 0.00225 40.1 18.5 

427 H 52 81 28.14 0.00227 80.1 26.3 

428 H 52 81 28.14 0.00227 80.1 28.0 12.0 50.5 

429 H 44 58 29.06 0.00237 80.1 26.6 

430 H 

431 H 

432 H 



id fro« Modal Drop Taats. I- 115 
MODEL 

«*- 510ft 
AJgRtSaSZ 

HF R-821 

Total 
■•lght 

?«rtleal 
Terminal 
▼aloeity 

Irarage 
Harliontal 
Valooity 

».▼araga 
Resultant 
Valooity 

avrsraga 
Olid« 
angle 

0 
D 

or • 

Frequency 
af 

3scillation 

laxiBua 
angle of 
Oaeil- 

•.rarage cr 
Constant 
angle of Loga- 

•t) (Lba) (rt/sac) (ft/Sao) (Ft/Sao) 
4 

(Dagraaa fcyel«»vfe«a) 
lation 

(Dagraaa) 
6Nlllatlon 

(Dagraaa) 
rithmic 
Decrement 

20.1 10.5 1.438 

20.1 9.7 8.3 12.7 37.4 0.780 1.685 0.25 10                    7 - 

20.1 10.1 1.553 

i          40.1 17.2 1.060 

)          40.1 15.C 1.392 

1          40.1 17.0 11.3 20.4 53.7 0.627 1.083 0.25 19                 10 a» 

)          90.1 26.9 0.974 

)          80.1 26.6 11.2 28.9 21.9 0.695 0.B85 0.267 33                 27 BJ 

)          80.1 26.2 0.914 

)        196.7 41.6 7.8 42.3 9.1 0.349 0.888 0.40 30                28 - 

>        204.7 45.9 0.754 

>        201.7 44.0 0;819 

3          20.1 13.2 0.905 

D 20.1 11.6 9.3 14.9 42.0 0.526 1.168 0.267 37 33 . 

20.1 10.8 1.348 

40.1 15.3 1.338 

40.1 18.4 7.1              19.7               21.3        0.769      0.947        0.308                 42 

40.1 18.5 0.938 

80.1 26.3 0.920 

80.1 28.0 12.0     30.5     22.3   0.631  0.810   0.333      21 

80.1 26.6 0.897 

35 



T1BLB   15      •   Aerodynamic Charaotariatica aa Determined from Modal Drop Taata, 
50° Triangular Conical Parachuto  (No.  14) 

Drop 
Moo 

Typ« 
of 

Ralaaaa 

Ambient 
lir 

Tamp. 
(*r) 

Air 
RalatlT« 
Humidity 

(*) 

Baromatrio 
Pressure 

(In. of R«) 

Maa. 
Density 
of Air 

P 
Ü31ugfl/cu ft) 

Total 
laight 

(Lb.) 

▼artioal 
Terminal 
Velocity 

V 
(Ft/Sao) 

Ararage 
Harliontal 
Taloeity 

(tt/Sae) 

Average 
Resultant 
Taloeity 

▼r 
(tt/Sao) 

Ararat* 
Olida 
Angla 

,   * 
(Dagraai 

433 V 61 54 28.82 0.00231 20.1 9.9 8.3 12.9 40.0 

434 V 61 54 28.82 0.00231 20.1 10.1 

435 V 61 54 28.82 0.00231 20.1 9.9 

436 V 69 57 28.95 0.00226 35.1 14.5 11.1 18.3 37.8 

437 V 69 57 28.95 0.00226 35.1 13.2 

438 V 69 57 28.95 0.00226 35.1 15.9 

439 V 69 57 28.95 0.00226 80.1 26.5 9.4 28.1 29.7 

440 V 69 57 28.95 0.00226 80.1 25.7 

441 V 69 57 28.95 0.00226 80.1 26.0 

442 V 43 70 28.36 0.00232 198.7 45.0 

443 V 43 70 28.36 0.00232 198.7 40.7 

444 y 43 70 28.36 0.00232 198.7 39.7 12.7 41.5 18.6 

445 H 70 57 29.00 0.00226 20.1 10.6 

446 H 70 57 29.00 0.00226 20.1 11.5 9.9 15.2 38.0 

447 H 70 57 29.00 0.00226 20.1 10.0 

448 H 70 57 29.00 0.00226 35.9 13.7 12.1 18.3 41.3 

449 H 67 57 29.00 0.00227 35.9 15.2 

450 H 67 57 29.00 0.00227 35.9 17.2 

451 H 64 57 28.95 0.00228 80.1 26.5 

452 H 67 57 29.00 0.00227 80.1 28.3 9.3 29.8 16.5 

453 H 57 57 29.00 0.00227 80.1 24.1 

454 H 

455 H 

456 H 



Drop T««ta. 
MODIL 

«.*- sioa 

I-   11R  

R-621 

iraraga 
lorlsontal 
falocity 

(ft/Sac) 

T 
Araraga 
Raaultaat 
Yalooity 

(Ft/Sao) 

lyarafo 
Olid« 
Anglo 

, i 
(Dogr or 

Traqnrasj 
•f 

Jaclllatlon 

CyaUa/Saa) 

laxtaua 
kngla of 
Oooil- 
latlon 

(Dagr.aa) 

Avorago or 
Conatant 
Anglo of 

ÖacSllatlon 
(Dogroaa) 

Loga- 
rithalo 
Door «Mat 

8.3 

11.1 

9.4 

12,7 

9.9 

12.1 

12.9 40.0        0.722      1.599        - 10 5 

1.533 

1.599 

18.3 37.8        0.660      1.330        0.286 17 13 

1.603 

1.103 

28.1 29.7   0.702  0.908   0.333      24      18 

0.966 

0.943 

0.761 

0.930 

41.5     18.6   0.847  0.977   0.333      24      12 

1.423 

15.2 38.0        0.546      1.210        0.286 32 29 

1.600 

18.3 41.3   0.640  1.520   0.235      29      20 

1*232 

0.963 

«oO U.SHJJ. 

28.3 9.3 29.8 16.5 0.685 0.793 0.308 43 42 a* 

24.1 1.093 



T1BLS    16     •   lerodynaaio Charaetarietlci a» Determined fron Modal Drop Teats. 

Medium-Construction Brike-Type Guide-Surface Parachute  (No.  16) 

Drop 
MOe 

Typ» 
of 

Release 

ambient 
air 

Trap. 
(hT) 

Air 
RalatiY» 
Humidity 

(*) 

Barometrlo 
Pressure 

(In. of Hg) 

Mots 
Density 
of Ur 

P 
Csauga/ou ft) 

Total 
■eight 

V 
(Lba) 

Tertlo&l 
T arm: rial 
Valocity 

(rt/s»c) 

i 
ararage 
Horltontal 
Telocity 

(Ft/Sao) 

Average jAv 
Resultant 0 
Velocity | a 

(Ft/Sao) 

457 V 41 59 28.76 0.00237 15.3 15.4 

458 V 41 59 28.76 0.00237 15.3 15.0 

459 V 41 59 28.76 0.00237 10.3 13„2 

460 V 41 59 23.76 0.00237 20.3 17.3 

451 V 41 59 23.76 0.00237 20.3 16.6 

462 V 41 59 28.76 0.00237 20.3 18.2 

463 V 41 59 23.76 0.00237 40.3 23.7 

464 V 41 59 28.76 0.00237 40.3 23.6 

465 V 41 71 23.95 0.00239 40.3 24.3 

466 V 47 80 28.42 0.00233 101.9 40.4 

467 V 47 80 28.42 0.00238 101.9 42.5 

468 V 47 80 23.42 0.00238 101.9 40.7 

3,3 

2.4 

2.0 

1.8 

15.4 

18.0 

23.8 

40.4 

469 

470 

471 

472 

473 

474 

475 

476 

477 

478 

479 

480 

H 

H 

H 

H 

H 

H 

H 

R 

H 

H 

H 

H 

41 

41 

41 

41 

41 

41 

41 

41 

41 

51 

59 

59 

59 

59 

59 

59 

59 

39 

59 

73 

28.68 
■ 

28.68 

28.68 

28.68 

28.68 

28.68 

28.76 

28.76 

28.75 

28.60 

0.00236 

0.00236 

0.00236 

0.00236 

0.00236 

0.00236 

0.00237 

0.00237 

0.00237 

0.00231 

10.3 

10.3 

10.3 

20.3 

20.3 

20.3 

40.3 

40.3 

40.3 

131.9 

13.0 

13.5 

12.8 

17.1 

16.5 

17.3 

23.0 

25.6 

27.4 

47.4 

2.2 13.5 

3.6 

2,3 

17.7 

23.1 



i from Modal Drop Te.t«. 

face Parachute (No.  16) 

I- 117 

AffTR- ^867 
_S1Q9_ 

mir HO    MZ1 

Total 
»•ight 

(Lb.) 

Tertieal 
Tormina! 
Velocity 

Average 
Heritontal 
Velocity 

Average 
Resultant 
Velocity 

Average 
Glide 
Angle 

C 
D 

or 
°D 

e 

Frequency 
ef 

Decillation 

laxUrai 
Angle of 
Oscil- 

Average or 
Constant 
Angle of Loga- 

(rt/see) (Ft/See) (ft/See) 
4 

(Degree.) tottk.) lation 
(Degree.) 

Oscillation rlthado 
Decrement t) (Degree.) 

15.3 15.4 0.482 

15.S 15.0 3.3 15.4 12.3 0.471 0.508        0.286 20 15 - 

10.3 13.2 0.442 

20.3 17.3 2.4 18.0 7.7 0.464 0.479        0.286 19 11 - 

20.3 16.S 0.550 

20.3 18.2 0.458 
* 

40.3 23.7 2.0 23.8 4.4 0.529 0.536        0.364 20 15 - 

40.3 23.6 0.540 

40.3 24.3 0.505 

101.9 40.4 1.8 40.4 2.5 0.464 0.465 7 4 - 

101.9 42.5 0.420 

101.9 40.7 0.457 

10.3 13.0 0.457 

10.3 13.3 2.2 13.5 10.6 0.417 0.437        0.235 19 15 - 

10.3 12.8 0.472 

20.3 17.1 0.522 

20.3 16.5 0.560 

20.3 17.3 3.6 17.7 10.7 0.479 0.509       0.286 25 15 m 

40.3 

40.3 

40.3 

23.0 2,3 23.1 4.5 0.562 0.569       0.564 19 12 m 

25.6 

27.4 

0.460 

0.401 \i nil 
L        131.9 47.4 0.450 2 



TABLI   17      *   Aarodymale characteristics aa Determined from Modal Drop Taste. 
Stabilization-Type Guide-Surface Parachute  (No. 17) 

Drop 
NOe 

17* 
of 

Ralease 

Ambient 
Air 

Tamp. 
(* r) 

Air 
Relatlye 
Humidity 

(*) 

Barometrio 
Pressure 

(In. of Kg) 

Mas« 
Density 
of Air 

P 
CShiga/ou ft) 

Total 
leight 

(Lb.) 

TaTtio&l 
Terminal 
Velocity 

(Ft/s«o) 

Average 
Harlsontal 
Velocity 

(Ft/Sao) 

Average 
.Resultant 
Valooity 

(Ft/Sao) 

AT 

( 
J 

(I 

481 7 41 59 28. 68 0.00236 10.3 14.0 3.0 14.3 

482 V 41 •59 28. 68 0.00236 10.3 12.8 

483 V 41 59 28 68 0.00236 10.3 12.3 

484 V 41 59 28. 68 0.00236 20.3 16.7 1.8 16.8 

485 V 41 59 28. 68 0.00236 20.3 19.5 

486 V 41 59 28 68 0.00236 20.3 18.5 

487 V 41 59 28 ,68 0.00236 40.3 26.5 1.2 26.7 

488 V 44 58 29 .06 0.00237 35.3 23.6 

489 V 44 58 29 .06 0.00237 35.3 23.0 

490 V 47 70 28 78 0.00234 101.9 41.9 

491 V 47 70 28 .78 0.00234 101.9 44.8 

492 V 47 70 28 .78 0.00234 101.9 43.9 1.9 43.9 

493 H 41 59 23 .68 0.00236 10.3 12.2 3.6 12.7 

494 H 41 59 28 .68 0.00236 10.3 12.7 

495 H 44 58 29 „06 0.00237 10.3 12.4 

496 H 44 58 29 .06 0.00237 20.3 18.6 1.7 18.7 

497 H 44 58 29 .06 0.00237 20. S 17.6 

498 H 44 58 29 .06 0.00237 20.3 20.2 

499 H 44 58 29 .06 0.00237 35.3 24.7 

500 H 41 59 28 .68 0.00256 40.3 22.7 1.9 22.7 

501 H 41 53 28 .68 0.00236 40.3 26.0 

502 H 56 75 28 .60 0.00228 131.9 53.4 5.5 53.5 

503 H 

504 H 



Drop Teats. I-   118 

MODIL &gTR"58fi7 
5109 
R-621 

irerage 
Herisontal 
Telocity 

(ft/See) 

average 
ÄBBUltailt 
Velocity 

(rt/s«c) 

Average 
Gild« 
Angle 

(Dogr or 

Frequency 
•f 

Dsclllation 

PyoWS««) 

laxiaua 
ingle of 
Oscil- 

lation 
(Degree«) 

average or 
Constant 
Ingle of 

Oscillation 
(Degrees) 

Loga- 
rlthmio 
Decrement 

3.0 14.3 12.4        0.343      0.366 

0.437 

0.296 17 15 0.888 

.2.3 0.473 

L6.7 1.8 16.8 5.0 0.499 0.507 0.40 16 13 0.166 

L9.5 0.372 

L8.5 0.413 

26.5 1.2 26.7 2.3 0.392 0.399 0.572 11 9 0.498 

23,6 0.439 

23.0 0.462 

41.9 0.407 

44.8 0.356 

43.9 1.9 43.9 2.1 0.370 0.370 - 5 3 - 

12.2 3.6 12.7 13.2 0.433 0.482 0,286 22 18 0.36 

12.7 0.445 

12.4 0.464 

18,6 1.7 18.7 3.4 0.401 0.407 0.50 12 9 0.694 

17.6 0.455 

20.2 0.345 

24.7 0.401 

22.7 1.9 22.7 4.9 0.542 0.544 - 16 13 - 

26.0 o.'.r? 

53.4 5.5 53.5 7.9 0.328 0.332 0 0 



TAHLS     18    - Aerodynamic Characteristics as Determined from Model Drop Tests, 
Circular Brake-Type FIST Ribbon Parachute  (No.  21) 

Drop 
Roo 

17* 
of 

Release 

Ambient 
Air 

Trap. 

Air 
Relative 
Humidity 

(*> 

Barometric 
Pressure 

(In. of Hg) 

Mass 
Density 
of Air 

P 
Cnugs/ou ft) 

Total 
leight 

V 
(Lbs) 

Tertieal 
Terminal 
Velocity 

▼T 
(Ft/Seo) 

Average 
Rerlsontal 
Telocity 

▼h 
(Ft/Sec) 

Arerage 
Resultant 
Telocity 

*r 
(ft/Sec) 

AT« 

o: 
Ai 

(D. 

505 V 4S 64 23.10 0.00232 8.7 10.6 1.5 10.7 7 

506 V 46 64 29.10 0.00232 8.7 10*3 

507 V 46 64 29.10 0.00232 8.7 10.6 

508 V 63 5b 28.74 0.00227 15.8 14.2 3.2 14.6 9 

509 V 63 58 28.74 , 0.00227 15.8 14.2 

510 V 63 58 28.74 0.00227 15.8 14.0 

511 V 46 64 29.10 0.00232 29.4 23.6 

512 V 46 64 29.10 0.00232 29.4 23.4 0.8 23.4 2 

513 V 63 58 28.74 0.00227 30.8 20.3 

514 V 63 58 28.74 0.00227 70.8 33.7 1.5 53.7 2 

515 V 74 81 28.60 0.00221 70.8 36.5 

516 V 74 81 28.60 0.00221 70.8 35.7 

517 H 63 58 28.74 0.00227 8.7 10.2 1.0 10.3 5 

518 H 74 81 28.60 0.00221 8.7 9.9 

519 H 74 81 28.60 0.00221 8.7 10.0 

520 H 74 81 28.60 0.00221 15.8 14.1 1.4 14.2 t 

521 H 72 83 28.60 0.00222 15.8 14.5 

522 H 72 83 28.60 0.00222 15.8 13.8 

523 H 72 83 28.60 0.00222 30.8 23.2 1.5 23.3 4 

524 H 72 83 28.60 0.00222 30.8 22.6 

525 H 80 70 28.58 0.00218 30.8 21.9 

526 H 73 85 28.60 0.00222 70.8 58.6 

527 H 73 85 28.60 0.00222 70.8 39.6 2.2 39.7 1 

528 H 80 70 28.58 0.00213 70.8 35.9 



d from Model Drop Teats, 
9 (No.   21) 

1-119 

5108 
»if 

R-621 NO.         "    "fc* 

Total 
Weight 

Vertical 
Terminal 
Velocity 

Average 
Herisontal 
Velocity 

Average 
Resultant 
Velocity 

Average 
Glide 
Angle 

C 
D 

or 

0 
D 
e 

Frequency 
ef 

Vacillation 

laxiuua 
angle of 
Oscil- 

Average or 
Constant 
Angle of Loga- 

1 
(Lbe) (Ft/Seo) 

Th 
(Ft/Sec) 

*r 
(Ft/Seo) 

4 
(Degree«) Pyclsa/See) 

lation 
(Degrees) 

Oscillation rithsdo 
Deoreaent t) (Degrees) 

8.7 10.5 1.3 10.7 7.3          0.584 0.600 15 5 - 

8.7 10*3 0.636 

8.7 10o6 0.600 

15.8 14.2 3.2 14.6 9.6          0.580 0.622 5 4 SB) 

15.8 14.2 0.622 

15.8 14.0 0.639 • 

29.4 23.6 0.409 

29.4 23.4 0,8 23.4 2.7          0.413 0.413 6 3 - 

30.8 20.3 0.592 

70.8 33.7 1.5 33.7 2.7          0.493 0.494 5 4 - 

70.8 36.5 0.432 

70.8 35.7 0.451 

8.7 10.2 1.0 10.3 5.4          0.648 0.664 13 5 - 

8.7 9.9 0.722 

8.7 10.0 0.708 

15.8 14.1 1.4 14.2 6.0          0.635 0.647 8 5 - 

!          15,8 14.5 0.626 

!         15,8 13.8 0.672 

I         30.8 23.2 1.5 23.3 4.3          0.460 0.464 3 - - 

>         30.8 22,6 

21.9 

0.489 

0.530 3          30,8 I       ^_ 1 
j 

2         70.8 58.6 0.167 \c\ \ 

2         70,8 39.6 2.2 39.7 5.6          0.362 0.366 - *J ft- 
.8         70,8 35,9 0.454 ]2 r! 

 L  



TABLE 19  • Aerodynamic Charaeterlatloe aa Determined from Modal Drop Taata, 
Square Ribbon Parachute (No. 22) 

Drop 
Hoc 

Typo 
of 

Relaaaa 

Ambient 
Air 

Trap. 
(hr) 

Air 
RalatlT« 
Humidity 

(*) 

Barometrio 
Pressure 

(In. of Hg) 

Mete 
density 
of Air 

P 
QDuga/ou ft) 

Total 
■eight 

* 
(Lb.) 

Tertioal 
Terminal 
Velocity 

(rt/soc) 

Ararage 
larlsontal 
Velocity 

(ft/Sac) 

Average 
Heaultaot 
Veloeity 

*r 
(ft/Sao) 

krm 
01 
An 

(Da 

529 V 58 69 28.75 0.00229 8.7 10.2 

530 V 58 69 28.75 0.00229 8,7 10.2 3.3 10.7 2( 

5S1 V 74 76 28.53 0.00220 8.7 11.5 

532 V 58 69 28.75 0.00229 20.8 17.0 2.6 17.2 

533 V 58 69 28.75 0.00229 20.8 16.4 

534 V 74 76 28.53 0.00220 20.8 15.4 

535 V 58 69 28.75 0.00229 27.8 20.8 2.0 20.9 i 

536 V 74 76 28.53 0.00220 30.8 19.6 

537 V 74 76 28.53 0.00220 • 30.8 22.2 

538 V 80 70 28.61 0.00219 60.8 31.8 1.7 31.8 

539 ? 71 79 28.68 0.00223 70.8 34.0 

540 V 71 79 28.68 0.00223 70.8 36.3 

541 H 74 7e °3.58 0.00220 8.7 9.0 

542 H 74 76 28.58 0.00220 8.7 9.7 2.5 10.0 1 

543 H 74 76 28.58 0.00220 8.7 10.0 

544 H 81 74 28.58 0.00218 20.8 15.7 

545 H 81 74 28.58 0.00218 20.8 15.4 3.4 15.8 1 

546 H 81 74 28.58 0.00218 20.8 15.4 

547 H 78 76 28.58 0.00219 30.8 19.8 

548 H 78 76 28.58 0.00219 30.8 20.4 3.8 20.8 11 

549 H 78 76 28.58 0.00219 30.8 22.5 

550 H 71 79 28.68 0.00223 70.8 31.0 

551 H 71 79 28.68 0.00225 70.8 43.2 

552 H 71 79 28.68 0.00223 70.8 38.0 1.9 38.0 < 



Drop T*»t», 1- 120 ptai  

MOOCL ISXBM5£S2. 

o.^ 5108  
ntr NO R-621 

kfTCLgB 
gari «ratal 
Yslocity 

▼h 
(rt/soo) 

Arorago 
Resultant 
Velocity 

(rt/soo) 

avaraga 
Olid. 
Ingla 

(Da grass )| or 

Frequency 
•f 

JDscillmtion 

ItyoWso«) 

kUximoi 
jangle of 

Oscil- 

lation 
(Degrees) 

[average or 
Constant 
Anglo of 

QKiUatlon 
(Degrees) 

Loga- 
rithsdo 
Doeroamt 

0.656 

3.3 10.7 SO.5        0.559      0.656 

0.538 

2.6 17.2 8.3        0.547      0.566 

0.608 

0.718 

2.0 20.9 6.2        0.497      0.506 

0.656 

0.51fc 

1.7 31.9 3.5        0.492      0.493 

0.495 

0.434 

13 

11 

11 

9.0 0.879 

9.7 2.5 10.0 15.1 0.687 0.756 - 16 10 - 

10.0 0.712 

15.7 0.697 

15.4 3.4 15.8 12.8 0.671 0.725 - 9 5 mm 

15.4 0.725 

19.8 0.647 

20.4 3.8 20.8 10.5 0.575 0.608 S» 9 6 - 

22.5 0.500 

31.0 0.595 

43,2 0.30? 

38.0 1.9 38.0 2.1 0.396 0.396 n 7 - 

" 



TABLE 2C  • Aerodynamic CharacterIstics as Determined from Model Drop Tests, 
Triangular Ribbon Parachute (No. 25) 

Type 
Ambient 

Air 
Air 

Relatiye Barometrio 

Hass 
Density 
of Air 

Total 
Weight 

▼mrtioal 
Terminal 
Telocity 

ems 

Average 
Herlsontal 
Velocity 

Average 
Resultant 
▼elocity 

Arer 
an 
Ang 

Drop 
No« 

of 
Release 

Temp. 
(' r) 

Humidity Pressure 
(In. of He) 

P 
COugs/eu ft) (Lbs) (Ft/Sme) (Ft/Sec) 

Vr 
(Ft/Seo) (Deg 

553 V 61 49 28.82 0.00228 8.73 9.2 1,3 9.3 12 

554 V 61 49 28.82 0.00228 8.73 9.2 

555 V 61 49 28.82 0.00228 8.73 9.2 

556 V 61 49 28.82 0.00228 15.9 14.2 

557 V 56 54 28.82 0.00231 15.9 13.1 

558 V 56 54 28.82 0.00231 15.9 13.8 2.2 14.0 8 

559 V 56 54 28.82 0.00231 35.9 25.3 

560 V 56 54 28.32 0.00231 35.9 21.4 3.5 21.6 10 

551 V 56 54 28.82 0.00231 35.9 21,5 

562 V 64 62 28.95 0.00228 70.9 30.9 

563 V 64 62 28.95 0.00228 80.9 37.1 3.8 37.2 4 

564 V 64 62 28.95 0.00228 80.9 44.9 

565 H 56 64 29.11 0.00233 8.73 , 9.5 3.2 10.0 16 

566 H 56 64 29.11 0.00233 8.73 9.3 

567 H 59 57 28.95 0.00226 8.73 9.5 

568 H 69 57 28.95 0.00226 15.9 13.3 

569 H 64 62 28.95 0.00228 15.9 13.0 2.6 13.3 i: 

570 H 64 62 28.95 0.00228 15.9 13.0 

571 H 56 54 28.82 0.00231 35.9 20.9 3.4 21.2 c 

572 H 56 54 28 „92 0.00231 35.9 56.9 

573 H 56 54 28.82 0.00231 35.9 21.6 

574 H 64 62 28.95 0.00228 80.9 67.5 

575 H 70 57 29.00 0.00226 .      80.9 61.7 

576 H 70 57 29.00 0.00226 80.9 51.3 4.0 51.5 i 



i fron Model Drop Testa. P«Q[ 
1 -121 

i.TPTP-^RR7 

5108 
»>F    NO R-621 

Total 
leight 

(Lba) 

Vertical 
Terminal 
Velocity 

Ararage 
Horiiontal 
Velocity 

Average 
Resultant 
Velocity 

Average 
Slide 
angle 

C 
D 

or ( 0 

Frequency 
•f 

filiation 

■axiaua 
angle of 
Oscil- 

average  or 
Constant 
angle of Loga- 

(rt/s«o) (vt/sao) 
vr 

(rt/see) 
4 

(Degreee) fcyclea/See) 
lation 

(Degree«) 
Oscillation rithm 

Decrement t) (Degrees) 

8.75        9.2 1.3 9.3 12.6 0.778 0.815 0.222 12                    8 0.663 

8.73        9.2 0.815 

8.73        9.2 0.815 

15.9        14„2 0.523 

15.9        13.1 0.723 

15.9        13.8 2.2 14.0 8.0 0.627 0.652 - 4                 4 SB 

35.9        25.3 0.420 

35.9        21.4 3.5 21.6 10.4 0.588 0.610 - - ■S 

35.9        21.5 0.603 • 

70.9        30.9 0.587 

80.9        37.1 3.8 37.2 4.9 0.461 0.465 - 5                   5 - 

! 80.9        44.9 0.317 

i 8.73        9.5 3.2 10.0 18.7 0.639 0.747 0.267 12                   8 - 

5 8.73        9.3 0.780 

5 8.73        9.5 0.747 

3 15.9        13.3 0.717 

3 15.9        13.0 2.6 13.3 12.1 0.694 0.744 0.296 12                 10 - 

B 15.9        13.0 0.744 

1 35.9        20.9 

35.9        56.3 

3.4 21.2 9.0 0.613 0.639 

0.086 

0.308 11 8 

1 
i 

set 

1 

1 35.9        21,6 0.598 1     1 
8 80.9       67.5 0.140 V 
:6 80,9        61.7 

ft /~\      r\                     r T        -T f\     Oil 

0.169 

0.245 

Am 
1              -    i 

!6 80.9        51.3 4.0 51.5 6,7 0©241 a« 



TABLE   21      m   aerodynamic Characteristic« as Determined from Model Drop Tests* 
Exeter Type-1? Shaped Parachute (No.24) 

Drop 
No« 

TIP» 
of 

Release 

Ambient 
Air 

(hT) 

kir 
Relatiye 
Humidity 

(<> 

Barometrie 
Pressure 

(In. of Rg) 

Mass 
Density 
of Air 

P 
$Khigs/on ft) 

Total 
leight 

(Lbs) 

Vertioal 
Terminal 
Velocity 

▼T 
(Ft/Seo) 

Average 
lerlsontal 
Velocity 

▼h 
(tt/Seo) 

Average 
Resultant 
Velocity 

*r 
(tt/See) 

577 V 46 81 28.24 0.00231 10.3 8.3 

578 V 46 81 28.24 0.00231 10.3 7.8 5.3 9.4 

579 V 46 81 28.24 0,00231 15.3 11.4 

580 V 46 78 28.23 0.00231 20.3 12.8 

581 V 46 78 28.23 0.00231 20.3 15.6» 6.5 15.1 

582 V 46 78 28.23 0.00231 20.3 12.4 

583 V 46 78 28.23 0.00231 55.3 24.8 

584 V 46 7S 28.23 0.00231 65.3 24.5 4.6 24.9 

585 V 46 78 28.23 0.00231 65.3 25.2 

586 V 43 71 29.11 0.00238 201.9 39.8 3.1 39.8 

587 V 43 71 29.11 0.00238 201.9 38.9 

588 V 43 71 29.11 0.00238 •201.9 41.6 

589 H 46 81 28.24 0.00231 15.3 11.1 

590 H 46 81 28.24 0.00231 15.5 10.0 

591 H 46 81 28.24 0.00231 15.3 11.0 5.2 12.1 

592 H 46 78 28.23 0.00231 20.3 12.5 

593 H 46 78 28.23 0.00231 20.3 13.6 

594 H 46 78 28.23 0.00231 20.3 12.3 7.5 14.4 

595 H 46 78 28.23 0.00231 65.3 26.0 4.6 26.4 

596 H 46 78 28.23 0.00231 65.5 26.3 

597 H 46 81 28.24 0.00231 65.3 26.3 

598 H . 

599 H 

600 H 



Drop Tasta« 1-122  

5108 
Rir R-621 NO.        •»-"•■» 

artlaal 
ernlnal 
alooity 

▼T 
?t/Sao) 

JkTsr&ge 
Harltontal 
Talocity 

(Ft/Sao) 

«.▼araga 
Raanltant 
▼alecity 

Tr 
(ft/3ao) 

Avaraga 
Qllda 
Angla 

(Dagraaa) 

0 
D 

or 
°» 

a 

Traqtwney 
af 

SaelllatioB 

fcyoJaa/Saa) 

laxiami 
kngla of 
Oscil- 
lation 

(Dagraaa) 

Ararags or 
Constant 
Angls of 

flaclIUtion 
(Dagraaa) 

Logs- 
rlthalo 
Daersaant 

8.3 1.164 

7.8 5.3 9.4 35.5        0.740 1.320 10                   8 - 

11.4 0.917 

12.8 0.967 

13.5., 6.5 15.1 27.2        0.618 0.857        0.267 19                 15 - 

12.4 1.029 

24.3 0.700 

24.5 4.6 24.9 11.1        0.804 0.847        0.333 37                 30 - 

25.2 0.801 

39.8 3.1 39.8 4.4        0.961 0.964        0.400 28                 25 - 

38.9 1.008 

41.6 0.882 

11.1 0.968 

10.0 1.192 

11.0 5.2 12.1 26.0 0.732 0.985 - 17 12 - 

12.5 1.012 

13.6 0.856 

12.3 7.5 14.4 30.4 0.658 1.050 - 26 18 - 

26.0 4.6 26.4 10.1 0.718 0.753 0.333 37 30 
■> 

26.3 0.735 

26.3 0.735 



TABLB    22     «•   Aerodynamic Charaotaristlea aa Determined fron Modal Drop Taata, 
Universal-^Type Riblesa Guide-Surface Parachute  (No. 25) 

Drop 
No» 

Typ« 
of 

Release 

Ambient 
Air 

Temp. 

Air 
Relative 
Humidity 

(%) 

Barometrio 
Pressure 

(ID. of Rg) 

Mate 
Danalty 
of Air 

P 
Qauga/ou ft) 

Total 
»eight 

V 
(Lba) 

Tertloal 
Terminal 
Velocity 

(Ft/Sec) 

Average 
Horizontal 
Velocity 

(Pt/Sec) 

- 

Average 
Raaultant 
Velocity 

*r 
(tt/Seo) 

a: 
AJ 

(» 

601 V 46 55 28.84 0.00236 7.74 11.2 204 11.4 13 

602 V 46 55 28.84 0.00236 7.74 11.7 

603 V 46 55 28.84 0.00236 7.74 11.8 

604 V 46 55 28.84 0.00236 14.9 15.5 1.5 15.6 < 
4 

605 V 46 55 28.84 0.00236 14.9 15.2 

606 V 45 55 28.84 0.00236 14.9 16.3 

607 V 46 55 28.84 0.00236 29.9 22.8 

608 V 46 55 28.84 0.00236 39.9 27.1 2.3 27.2 I 

609 V 46 55 28.84 0.00236 39.9 27.1 

610 V 47 70 29.11 0.00237 131.5 47.3 2.3 47.3 

611 V 47 70 29.11 0.00237 131.5 46.3 

612 V 47 7C 29.11 0.00237 131.5 45.8 

613 H 46 55 28.84 0.00236 7.74 11.6 

614 H 4G 55 28.84 0.00236 7.74 11.4 2.2 11.6 1 

615 H 46 55 28.84 0.00236 7.74 11.8 

616 H 46 55 28.84 0.00236 14.9 15.7 3.1 16.0 

617 H 46 55 28.84 0.00236 14.9 15.2 

618 H 46 55 28.84 0.00236 14.9 16.4 

619 H 46 55 28.84 0.00236 39.9 25.9 

620 H 46 55 28.84 0.00236 39.9 26.1 

621 H 46 55 28.84 0.00236 39.9 25.3 0.4 25.3 0 

622 H 51 73 28.60 0.00231 131.5 49.8 1.0 49.8 5 

623 H 

624 H 



d fron» Modal Drop Taste, 
achute  (No. 25) 

PAGE 1-123 
A*TW 9*7 
5108 

■er   NO R-621 

Total 
laight 

Yartioal 
Terminal 
Velocity 

Iverage 
Heriiontal 
Velocity 

ivtraga 
Resultant 
Velocity 

Average 
Glide 
Ajigle 

C 
D 

or 
°» 

o 

Frequency 
ef 

Vacillation 

laxiaua 
ingle of 
Oscil- 

Average or 
Constant 
ingle of Loga- 

(Lbs) (tt/See) (Ft/Sec) (Ft/Sec) (Degreaa) Cyclss/See) 
lation 

(Degrees) 
Oscillation rlthado 

Decrement t) (Degrees) 

7.74 11.2 204 11*4 11.3 0.445 0.471 0.255 10                  8 - 

7.74 11.7 0.432 

7.74 11.8 0.424 

14.9 15.5 1.5 15.6 2.9 0.466 0.475 0.308 19                10 - 

14.9 15.2 0.492 

14.9 16.3 0.427 

29.9 22.8 0.439 

39.9 27.1 2.5 27.2 4.9 0.411 0.415 - 7                  4 - 

39.9 27.1 0.415 

131.5 47.3 2.3 47.5 2.9 0.447 0.447 - 6                   3 - 

131,5 46.3 0.465 

131.5 45.8 0.477 

7.74 11.6 0.439 

7.74 11.4 2.2 11.6 10.1 0.432 0.454 0.267 10                  8 - 

7.74 11.8 0.424 

14.9 15.7 3.1 16.0 9.1 0.438 0.460 0.250 18                15 - 

14.9 15,2 0.492 

14.9 16.4 0.422 

39.9 25.9 0.454 

39.9 26.1 0.447 

39.9 25.3 0.4 25.3 0.9 0.476 0.476 - 16                  5 - 

131.5 49.8 1.0 49.8 3.2 0.412 0.415 M —                                      — SB] 



TABUE      23    -   lerodynasdo Characteristic! •» Determined froa Model Drop T*»tn. 
Personnel-Type Guide-Surface Parachute (No. 26) 

Drop 
Moo 

Typo 
of 

Release 

ambient 
Air 

Trap. 
(*r) 

Air 
Relative 
Humidity 

(*> 

Barometrie 
Pressure 
(In. of Rf) 

Moo« 
Density 
of Air 

P 
CXhigs/ou ft) 

Total 
■eight 

(Lb.) 

▼ertioal 
Terminal 
Telocity 

<Ft/Sec) 

Average 
leriaontal 
Velocity 

(Ft/Seo) 

Average 
Resultant 
7elooity 

\ 
(Pt/Seo) 

625 

626 

627 

628 

629 

630 

631 

632 

633 

634 

635 

636 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

48 

48 

48 

48 

48 

48 

48 

48 

48 

47 

47 

47 

55 

55 

55 

55 

55 

55 

55 

55 

55 

70 

70 

70 

29.06 

29.06 

29.06 

29.06 

29.06 

29.06 

29.06 

29.06 

29.06 

29.11 

29.11 

29.11 

0.00236 

0.00236 

0.00236 

0.00236 

0.00236 

0.00236 

0.00236 

0.00236 

0.00236 

0.00237 

0.00237 

0.00237 

15.1 

15.1 

15.1 

20.1 

20.1 

20.1 

50.1 

50.1 

50.1 

131.7 

131.7 

131.7 

u;9 

12.1 

12.0 

13.8 

13.8 

14.3 

22.6 

22.7 

24.5 

38.0 

37.1 

37.4 

5.2 

5.8 

4.1 

3.0 

13.0 

15.0 

23.0 

38.1 

637 H 55 87 28.91 0.00232 16.2 11.8 4.0 12.5 

638 H 55 87 28.91 0.00232 16.2 14.0 

639 H 55 87 28.91 0.00232 16.2 12.0 

640 H 55 87 28.91 0.00232 21.2 14.1 5.6 15.2 

641 E 55 87 28.91 0.00232 21.2 13.9 

642 H 55 87 28.91 0.00232 21.2 13.6 

643 H 55 87 28.91 0.00232 51.2 21.4 

644 H 55 87 28.91 0.00232 51.2 21.9 

645 H 55 87 28.91 0.00232 51.2 23.1 4.7 23.6 

646 H 56 75 28.60 0.00228 131.7 39.9 6.2 40.3 

647 H 

648 H 



Drop Taata, 1-124 PA«. 

MooiL ATTTBr,iR"7 
o«*- 5108 
I.IF R-621 NO          »—"«.A 

■tleal 
•ulnal 
Locity 

t/s«e) 

Ivarage 
Horlsontal 
Taloelty 

(Ft/Soc) 

AYarag* 
2aaultant 
7alooity 

*r 
(Ft/Soo) 

Ivsraga 
OUd« 
Anglo 

4 
(Dogroo) 

C 
D 

or o 

Froqumey 
•f 

Dacillation 

Cycla«/3oo) 

laxtmn 
angla of 
Oscil- 

lation 
(Dagraaa) 

avarage or 
Constant 
Anglo of 

Oscillation 
(Dogrooa) 

Loga- 
rlthaio 
Dooreaont 

11.9 5.2 13.0 17.3 0.651 0.815 0.21 21 15 - 

12.1 0.787 

12.0 0.801 

13.8 5.8 15.0 17.0 0.652 0.808 0.267 18 10 - 

13.8 0.808 

14.3 0.751 

22.6 4.1 23.0 8.9 0.713 0.749 0.236 23 20 - 

22.7 0.742 

24.5 0.637 

38.0 3.0 38.1 5.6 0.687 0.69S 0,40 25 22 m 

37.1 0.727 

37.4 0.717 

11.8 4.0 12.5 18.5 0.762 0.902 - 10 5 - 

14.0 0.640 

12.0 0.972 

14.1 5.6 15.2 21.9 0.66] .   0.827 0.25 22 20 - 

13.9 0.851 

13.6 0.889 

21.4 0.867 

21.9 0.828 

23.1 4.7 23.6 11.6 0.699    0.744 0.308 31' 25 M 

39.9 6,2 40.3 6.9 0.634    0.652 0.50 28 18 



T1BL2 24  - larodynasic Characteristic« as Determined fron Modal Drop Taste« 
FIST Ribbon Parachute (20;. Total Porosity) (No. 27) 

Drop 
Wo. 

Typ« 
of 

Ralaaaa 

Anbient 
kit 
Taap. 
(* F) 

Air 
Ralatlra 
Humidity 

(*) 

Barometrie 
Pressure 

(In. of Hg) 

Maas 
Density 
of air 

P 
Cnugs/eu ft) 

Total 
Weight 

V 
(Lba) 

Tartioal 
Terminal 
Velocity 

(Ft/Sao) 

Average 
Horizontal 
Velocity 

(Ft/Sao) 

I. Average 
Resultant I 
Velocity 

vr 
(Ft/S* 

>city 

Sao) 

649 V 40 65 29.08 0.00240 10.9 11.0 

650 V 40 65 29.08 0.00240 10.9 11.2 

651 V 40 65 29.08 0.00240 10.9 11.2 

652 V 40 65 29.08 0.00240 20.9 16.4 

653 V 40 65 29.08 0.00240 20.9 16.5 

654 V 40 65 29.08 0.00240 20.9 16.2 

655 V 40 65 29.08 0.00240 50.9 27.0 

656 V 40 65 29.08 0.00240 50.9 27.5 

657 V 54 66 29.08 0.00234 50.9 27.4 

658 V 54 66 29.08 0.00234 127.5 44.7 

659 V 54 66 29.08 0.00254 127.5 44.8 

660 V 54 66 29.08 0.00234 127.5 43.5 

661 

662 

663 

664 

665 

666 

667 

668 

669 

670 

671 

672 

H 

H 

H 

B 

H 

H 

H 

H 

H 

H 

H 

H 

52 

52 

52 

52 

52 

52 

52 

52 

52 

55 

55 

55 

70 

70 

70 

70 

70 

70 

70 

70 

70 

87 

87 

87 

29.08 

29.08 

29.08 

29.08 

29.08 

29.08 

29.08 

29.08 

29.08 

28.91 

28.91 

28.91 

0.00234 

0.00234 

0.00234 

0.00234 

0.00234 

0.00234 

0.00234 

0.00234 

0.00234 

0.00232 

0.00232 

0.00232 

12.0 

12.0 

12.0 

22.0 

22.0 

22.0 

52.0 

52.0 

52.0 

127.5 

127.5 

127.5 

12.0 

12.3 

12.2 

16.8 

16.7 

16.6 

27.9 

27.7 

29.4 

48.8 

46.7 

46.3 

1.9 

2.1 

1.2 

2.0 

1.9 

2.2 

3.4 

11.4 

16.5 

27.0 

44.7 

12.2 

16.9 

28.0 

48.9 



»ined from Model Drop Teats. 
>sity)   (No.  27) 

1-125 

MOOII iTP-~qs7 

51Q8 
i mm^   i 

i 
mr „„     R-621 

ty 
Lr 

Total 
leight 

Vertical 
Terminal 
Velocity 

Average 
■erlsontal 
Telocity 

Average 
Resultant 
Velocity 

average 
Glide 
Angle 

C 
D 

or e 

Frequency 
•f 

oscillation 

maximum 
ingle of 
Osoil- 

Average or 
Constant 
angle of Loga- 

(Lbs) (Ft/Sec) (ft/Seo) 

7r 
(Ft/Seo) 

,  4 
(Degrees) CyoJa*7Ses) 

latioc 
(Degrees) 

Oscillation rithmic 
Decrement cuft) (Degrees) 

240 10.9 11.0 0.687 

240 10.9 11.2 0.664 

240 10.9 11.2 1.9 11.4 9.5 0.632 0.663 - 5                  3 em 

240 20.9 16.4 2.1 18.5 7.5 0.580 0.592 - 8                  5 m» 

240 20.9 16.5 0.585 • 

^240 20.9 16.2 0.607 

i240 50.9 27.0 1.2 27.0 3.2 0.532 0.532 - 4                  2 - 

i240 

1234 

50.9 

50.9 

27.5 

27.4 

0.514 

0.517 

i234 127.5 44.7 0 44.7 0.7 0.499 0.499 - 0                  0 - 

234 

»234 

127.5 

127.5 

44.8 

43.5 

0.497 

0.527 

>254 

)234 

)234 

12.0 

12.0 

12.0 

12.0 

12.3 

12.2 

2.0 12.2 8.9 0.624 0.652 

0.620 

0.631 

13                  8 

' 

)234 22.0 16.8 1.9 16.9 6.4 0.59S l    0.510 - 9                  4 - 

3234 22.0 16.7 0.617 

3234 22.0 16.6 0.625 

D234 52.0 27.9 2.2 28.0 3.3 0.51E 1    0.522 - 8                   4 - 

3234 52.0 27.7 0.530 

3234 52.0 29.4 0.471 

3232 127.5 48.8 3.4 48.9 8*0 0.417    0.422 - - - 

3232 127,5 46.7 0.461 

0232 127.5 46.3 0.469 



TABLE    25     a   Aerodynaedc Characteristic« as Determined fro« Model Drop Toste. 
FIST Ribbon Parachute (25* Total Porosity)  (No. 28) 

Drop 
Moo 

Typo 
of 

Release 

Ambient 
Air 

Trap. 

Air 
RelatWe 
Humidity 

(*) 

Barometrio 
Pressure 

(In. of R«) 

Haas 
Density 
of Air 

P 
Cnugs/ou ft) 

Total 
«eight 

(Lb.) 

Vertical 
Terminal 
Velocity 

▼T 
(ft/See) 

Average 
Herlsontal 
Velocity 

▼h 
(tt/Sec) 

Average 
Resultant 
Veloolty 

*r 
(Pt/Seo) 

673 V 58 77 28.91 0.00230 8o65 11.2 

674 V 58 77 28.91 0.00230 8.65 11.1 

675 V 58 77 28.91 0.00230 8.65 10.7 

676 V 58 77 28.91 . 0.00230 16.9 15.3 

677 V 58 77 28.91 0.00230 16.9 15.4 

678 V 58 77 28.91 0.00230 16.9 15.4 

679 V 58 77 28.91 0.00230 41.9 25.2 

680 V 58 77 28.91 0.00230 41.9 25.8 

681 V 58 77 28.91 0.00230 41.9 26.3 

682 V 58 77 28.91 0.00230 91.9 38.5 

683 V 58 77 28.91 0.00230 91.9 39.3 

684 V 58 77 28.91 0.00230 91.9 38.2 

0.4 

1.2 

0.8 

11.2 

15.4 

25.2 

38.5 

685 

686 

687 

688 

689 

690 

691 

692 

693 

694 

695 

696 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

57 

57 

57 

57 

57 

57 

57 

57 

57 

58 

58 

58 

83 

83 

83 

83 

83 

83 

83 

83 

83 

77 

77 

77 

28.91 

28.91 

28.91 

28.91 

28.91 

28.91 

28.91 

28.91 

28.91 

28.91 

28.91 

28.91 

0.00231 

0.00231 

0.00231 

0.00231 

0.00231 

0.00231 

0.00231 

0.00231 

0.00231 

0.00230 

0.00230 

0.00230 

8.65 

8.65 

8.65 

16.9 

16.9 

16.9 

41.9 

41.9 

41.9 

91.9 

91.9 

91.9 

10.8 

10.8 

10.5 

15.2 

15.5 

15.5 

26.1 

25.9 

26.9 

41.1 

39.5 

40.9 

2.1 11.0 

1.4 

2.7 

15.6 

27.0 

2.9 41.0 



Drop Taste. 1-126 

AFTR-^R?7 MODEL 

o.*- sioa 
niF R-621 NO.                *»•,•   

irtloal 
irminal 
»locity 

rt/Sao) 

Average 
Harlsontal 
Velocity 

*h 
(Ft/Sao) 

Average 
Resultant 
Velocity 

*r 
(Ft/Sao) 

Average 
OUda 
An*l« 

4 
(Degrees) 

C 
D 

or 
°D 

0 

Frequency 
af 

Dacillation 

fcyeOaaj/Sa«) 

laxiaua 
Angle of 
Oeoil- 

lation 
(Degree«) 

Average or 
Constant 
Angle of 

OKUlatleo 
(Dagraaa) 

Loga- 
rlthalo 
Decrement 

11.2 0.4 11.2 2.2 0.554 0.555 - 7                   4 a» 

11.1 0.565 

10.7 0.609 

15.3 1.2 15.4 3.6 0.572 0.581 - 6                  4 - 

15.4 0.574 

15.4 0.574 

25.2 0.8 25.2 1.6 0.53C 1    0.531 - 5 2 - 

25.3 

26.3 

38.5 

39.3 

38.2 

10.3 

10.8 

10.5 

15.2 

15.5 

15.5 

26.1 

25.9 

26.9 

41.1 

39.5 

40.9 

2.1 

1.4 

2.7 

2.9 

38.5 0.9 

11.0 10.4 

15.6 4.1 

27.0 5.3 

41.0 6.0 

0.595 

0.563    0.595 

0.628 

0.586 

0.555    0.564 

0.564 

0.492 

0.500 

0.458    0.463 

0.437 

0.475 

0.437    0.441 

0.286 20 

16 

10 0.695 

16 



T1BLB    ?-6     «   Aerodynamic Characteristics as Determined from Model Drop Tests« 
Ring-Slot Parachute (10* Total Porosity) (No. 29) 

Typs 
Ambient 

Air 
Air 

Relative Barometrio 

Mats 
Density 
of Air 

Total 
leight 

Tertioal 
Terminal 
Telocity 

Arerage 
Horizontal 
Telocity 

Average 
Resultant 
Telocity 

A™ 
0] 
Ai 

Drop 
No, 

of 
Release 

Temp. 
(* r) 

Humidity 
it) 

Pressure 
(In. of Hg) 

P 
CS3ugs/cu ft) 

W 
(Lbs) 

7T 
(Ft/Seo) 

7h 
(Ft/Sec) 

Vr 
^yt/Sec) (Di 

697 V 52 68 28.90 0.00233 10.9 9.8 4.4 10.7 2 

698 V 52 68 28.90 0.00233 15.9 12.4 

699 V 52 68 28.90 0.00233 15.9 12.5 

700 7 52 68 28.90 0.00233 20.9 14.3 3.6 14.7 1 

701 V 52 68 28.90 0.00233 20.9 14.5 

702 7 52 68 28.90 0.00233 20.9 14.6 

703 7 52 68 28.90 0.00233 50.9 24.1 3.8 24.4 

704 7 52 68 28.90 0.00233 50.9 23.8 

705 V 52 68 28.90 0.00233 50.9 *22.7 

706 V 47 70 29.11 0.00237 132.5 38.6 4.0 38.8 

707 7 47 70 29.11 0.00237 132.5 45.3 

708 7 47 70 29.11 0.00237 132.5 39.1 

709 H 50 70 28.90 0.00234 15.9 12.6 3.4 13.1 1 

710 H 50 70 28.90 0.00234 15.9 12.2 

711 H 50 70 28.90 0.00234 15.9 12.2 

712 H .50 70 28.90 0.00234 20.9 15.2 

713 H 50 70 28.90 0.00234 20.9 14.4 

714 H 50 70 28.90 0.00234 20.9 14.5 3.7 14.9 3 

715 H 50 70 28.90 0.00234 50.9 24.6 

716 H 50 70 28.90 0.00234 50.9 22.7 

717 H 50 70 28.90 0.00234 50.9 24.5 2.8 24.6 

718 H 51 73 28.60 0.00231 132.5 41.3 2.2 41.3 

719 H 

720 H 



1 fro« Modal Drop Tests« 
[No. 29) 

Total 
Weight 

V 
(Lbs) 

Vertiaal 
Terminal 
Velocity 

(Ft/See) 

Average 
Herlsontal 
Velocity 

\ 
(Ft/Sec) 

Average 
Resultant 
Velocity 

Vr 
(ft/See) 

Average 
Glide 
Angle 

(Degrees or 

1-127 

JLETE=.5a£2_ 
5109 
R-621 

Ifcyolae/fc««) 

laxiaua 
fcngle of 
Osoil- 
lation 

(Degrees) 

Average  or 
Constant 
Angle of 

Oscillation 
(Degrees) 

Loga- 
rithmic 
Deereaent 

10.9 9.8 4.4                10.7               24.9          0.687    0.902        0.222 

15.9 12.4 0.822 

15.9 12.5 0.809 

20.9 14.5 3.6                14.7               14.4          0.744    0.812        0.286 

20.9 14.5 0.789 

20.9 14.6 0.780 

50.9 24.1 3.8                24.4                8.7          0.671   0.696 

50.9 23.8 0.714 

50.9 '22.7 0.785 

132.5 38.6 4.0               38.8                5.5         0.686   0.696 

132.5 45.3 0.505 

132.5 39.1 0.678 

15.9 12.6 3.4                13.1              14.7          0.710    0.792        0.255 

15.9 12.2 0.846 

15.9 12.2 0.846 

0.716 

27 

28 

15 

16 

20 

25 

12 

12 

0.412 

Weg 

0.266 

t 20.9 14.4 0.797 

I 20.9 14.5 3.7 14.9 14.1 0.722    0.787 0.308 30 25 Neg 

I 50.9 24.6 0.665 

I 50.9 22.7 0.781 

1 50.9 24.5 2.8 24.6 6.6 0.661    0.67} 0.533 20 18 0.447 

1 132.5 41.3 2.2 41.3 4.6 0.621    0.623 ■■ 



1 4 ; 

T1BLB 27      -   Aerodynamia Characteristic« as 
Ring-Slot Parachute (13.5* Tot 

Determined 
ftl Porosity] 

from Model Drop Testa. 
(No.   30) 1 

Drop 
Ho„ 

Typ« 
of 

Release 

Ambient 
Air 

(hT) 

Air 
Relatiye 
Humidity 

(*) 

Barometric 
Pressure 

(In. of Rg) 

Mass 
Density 
of Air 

P 
(JShigs/cu ft) 

Total 
«eight 

(Lb.) 

Tertieal 
Terminal 
Velocity 

(rt/Seo) 

Arerage 
lerisontal 
Telocity 

▼h 
(Ft/See) 

Average 
Resultant 
Velocity 

*r 
(Ft/See) 

ATO 
Qli 
Ani 

(Def 

721 V 48 71 28.90 0.00235 10.9 10.5 2.6 10.9 16 

722 V 48 71 28.90 0.00235 10.9 10.1 

723 V 48 71 28.90 0.00235 10.9 10.2 

724 "V 50 54 28.84 0.00234 20.9 15.4 

725 V 50 54 28.84 0.00234 20.9 14.6 4.0 15.1 14 

726 V 50 54 28.84 0.00234 20.9 15.5 

727 V 50 54 28.84 0.00234 50.9 24.9 1.4 25.0 4 

728 V 50 54 28.84 0.00234 50.9 24.5 

729 V 50 54 28.84 0.00234 50.9 22.9 

730 V 47 70 29.11 0.00237 132.5 39.8 

731 V 47 70 29.11 0.00237 132.5 41.7 

732 V 47 70 29.11 0.00237 152.5 38.0 1.2 38.0 2 

733 H 50 54 28.84 0.00234 10.9 10.5 

734 H 50 54 28.84 0.00234 10.9 10.2 3.4 10.7 19 

735 H 50 54 28.84 0.00234 10.9 10.1 

736 H 50 54 28.84 0.00234 20.9 14.2 

737 H 50 54 28.84 0.00234 20.9 14.3 2.4 14.5 9 

738 H 50 54 28.84 0.00234 20.9 14.8 

739 H 50 54 28.84 0.00234 50.9 24.1 0.8 24.1 1 

740 H 44 62 29.08 0.00238 50.9 24.2 

741 H 44 62 29.08 0.00238 50.9 22.9 

742 H 57 75 28.60 0.00228 132.5 47.7 2.5 47.8 6, 

743 H 

744 H 



Drop Testa, 1-128 PAOI. 

MODEL AFTR-5867 
«.»- sioa 
RIP R-821 NO.        **    """* 

rtleal 
ralnal 
locity 

t/See) 

»rerage 
lerlsontal 
Velocity 

(Ft/See) 

average 
Resultant 
Telocity 

*r 
(Ft/Sec) 

Average 
Glide 
Ingle 

4 
(Degrees) 

C 
D 

or 
°» 

e 

frequency 
ef 

Seclllatlon 

Cycles/feee) 

laxiaua 
angle of 
Osoll- 

lation 
(Degrees) 

average or 
Constant 
angle of 

Oscillation 
(Degrees) 

Loja- 
rlthnlo 
Decrement 

L0.5 2e6 10.9 16.2        0.685 0.769 0.238 15 12 Neg 

L0.1 0.830 

L0.2 0.814 

L5.4 0.688 

14.6 4.0 15.1 14.2        0.694 0.766 0.242 26 20 Neg 

15.5 0.679 

24.9 1.4 25.0 4.4        0.634 0.641 - 8 4 as 

24.5 0.662 

22.9 0.758 

39.8 0.645 

41.7 0.587 

38.0 1.2 38.0 2.5        0.707 0.707 0.50 16 10 - 

10.5 0.803 

10.2 3.4 10.7 19.4        0.701 0.818 0.138 20 16 Neg 

10.1 0.834 

14.2 0.810 

14.3 2.4 14.5 9.5        0.765 0.799 - 13 7 - 

14.8 0.745 

24.1 0.8 24.1 1.8        0.684 0.684 - 4 2 - 

24.2 0.667 

22.9 0.746 

2.5 47.8 6.6 0.461      0.467 



TABLI      28   •   lerodymedo characteristic« ae Determined fron Model Drop THU, 
Ring-Slot Parachute (17* Total Porosity)   (No.  31) 

Drop 
Mo. 

Typ« 
of 

Release 

Aabient 
Air 

Ta«p. 

Air 
RelatiYa 
Humidity 

(*) 

Barometrio 
Pressure 

(In. af Hg) 

Hat« 
Density 
of Air 

P 
Cöugs/ou ft) 

Total 
laigut 

ff 
(Lb.) 

Tartlaal 
Terminal 
▼elooity 

\ 
(tt/Seo) 

Arerag« 
lorlsontal 
Velocity 

(tt/Sec) 

Areraga 
Reaultant 
Velocity 

vr 
(Ft/See) 

745 V 50 70 28.90 0.00234 15.9 13.4 

746 V 50 70 28.90 0.00234 10.9 10.6 

747 V 50 70 28.90 0.00234 10.9 10.5 

748 V 50 70 28.90 0.00234 20.9 15.2 

749 V 50 70 2b. 90 0.00234 20.9 15.3 

750 V 50 70 28.90 0.00234 20.9 15.3 

751 V 50 70 28.90 0.00234 40.9 22.2 

752 V 50 70 28.90 0.00234 50.9 24.3 

752 V 50 70 28.90 0.00234 50.9 24.8 

754 V 47 70 29.11 0.00237 132.5 44.9 

755 V 47 70 29.11 0.00237 132.5 42o7 

756 V 47 70 29.11 0.00237 132.5 42.4 

757 

758 

759 

760 

761 

762 

763 

764 

765 

766 

767 

768 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

48 

48 

48 

48 

48 

48 

48 

48 

48 

51 

71 

71 

71 

71 

71 

71 

71 

71 

71 

73 

28.90 

28.90 

28.90 

28.90 

28.90 

28.90 

28.90 

28.90 

28.90 

28.60 

0.00235 

0.00235 

0.00235 

0.00235 

0.00235 

0.00235 

0.00235 

0.00235 

0.00255 

0.00231 

10.9 

10.9 

10.9 

20.9 

20.9 

20.9 

50.9 

50.9 

50.9 

132.5 

10.7 

10.6 

10.1 

15.4 

15.0 

15.4 

24.4 

24.2 

24.6 

44.0 

2.6 

2.3 

1.7 

1.3 

2.8 

2.8 

3.0 

1.9 

13.6 

15.4 

22.3 

44.9 

11.0 

15.6 

24.8 

44.0 



d froa Model Drop TMU: 

(No.  31) 
I- 129 

a3IE»53jB2 
.»- 5109. 

R-621 

Total 
laight 

Vertio&l 
Tarmlnal 
Veloeitv 

Average 
larltoBtal 
Velocity 

Averaga 
Resultant 
Velocity 

Average 
Qlide 
Angle 

C 
D 

or • 

Fraqnanex 
ef 

jecillation 

laxiauB 
angle of 
Oeoll- 

average or 
Constant 
angle of Loga- 

t) (Lba) (Ft/Sao) (rt/sae) 
7r 

(Ft/Sao) 
4 

(Dagraaa) *£)M 
lation 

(Dagraaa) 
eaoülatloB 

(Dagraaa) 
rithm 
Daofaaant 

15.9 13.4 2.6 13.6 11.9 0.657 0.692 0.20 10                  9 - 

10.9 10.6 0.758 

10.9 10.5 0.772 

20.9 15.2 2.3 15.4 7.5 0.682 0.707 0.25 11                  9 - 

20.9 15.3 0.698 

20.9 15.3 0.698 

40.9 22.2 1.7 22.3 5.2 0.639 0.648 - 10                  6 - 

50.9 24.3 0.673 

50.9 24.8 0.647 

132.5 44.9 1.3 44.9 1.5 0.507 0.507 ea 9                  4 - 

132.5 42.7 0.560 

132.5 42.4 0.569 

i          10.9 10.7 0.741 

>         10.9 10.6 2.8 11.0 15.2 0.676 0.755 0.25 14                12 a» 

5          10.9 10.1 0.831 

5          20.9 15.4 2.8 15.6 9.8 0.658 0.686 0.235 16                16 as 

j          20.9 15.0 0.723 

5          20.9 15.4 0.686 

5          50.9 24.4 0.664 

5          50.9 24.2 0.676 

5          50.9 2406 3.0 24.8 6.2 0.639 0.654 - 6 M 

1 132.5 44.0 1.9 44.0 7.5 0.538 0.542 m 

" 

m 
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a)  Vertical release condition 

b)   Horizontal  release condition 

Figur« 2   - View  of parachute hoist   bar  assembly   showing  the  two 
methods  of  release employed  in the drop-test  program. 
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Figaro 3 - Soh«Mtlo diagram of tha two raloaat oondltiona 
aaployad In tha paraohuta drop-taat program. 
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A) Vertical release condition 

b) Horizontal  release condition 

Figure 2 - View of parachute hoist bar assembly showing the twe 
methods of release employed in the drop-test program. 
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Figaro 3 - Sohomtlo diagra of tho two roloaoo condition» 
•■ployed In tho paraohut« drop-toot program. 
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Vi<«v  of  control  panel   I' r the para.l.ute   rircp-test 
pro,; rar.. 



137 
AFTR-5867 
5108 
fi-621 







1 



1,1  

a.08 
R-621 



lU2 
AFHUS867 

5ioe 

CANOPY MATERIAL 
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Figur« 13 - Schaaiatio diagram of nodal oonatruction details 
tha paraohuta drop-taat progm«. 
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li«ht« an plaood on dlaaotrloally oppoaita abroad llaaao 
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Figure 22 - Sketch of the parachute drop-teat analyser showing characteristic 
definitions and dimensions« 
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March Ik, 1951 
March Hi, 19S1 
March lit, 1951 
September 28, 1951 
September 28, 1951 

-lOo -80 -+0 ~40 
Actual Distance In Feet 

Figure   2ii - typical analyter calibration curre showing that en« dirieion 
on the analyier equal« en« feet of distance in drop-teat area. 
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'■'i en f ro:. .*-•!!»''.   iHiuarn View from Wf!«t   Oaiüflr« 

Figure .-'a - Fnotographlc copy of a set of represent« t. :vb LT.:;—te-'t 
■;«f;Ä-iv«3 ».'vowing the actual dots produced oy the data 
roci.rdi! g   system. 
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Figure 25 - Phito,~r--.ph o1" tne irjliri-flat-circulf-r parachute model 
(No. 1) '!\:rir.r descent at nnproximately 20 feet per 
secor.d. 
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Figure 26 - Photograph of the solid-flat-square pocketed parachute 
modal  (No. 2)  during descent at approximately 20 feet 
per second. 



AFru-S:i67 
M>. 5108 
■r m          R-621 

Figure    27 - Photograph of the solid-flat-triangular pocketed para- 
chute model   (No.  3) during descent  at approximately 20 
feet per second . 
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Figure 28 - Photograph of the solid-flat 10j6 extended-skirt parachute 
model (No. h) during descent at apnroximately 20 feet per 
second. 



MM 159 
MOOR. AFTk-y67 
6CM- 5108 
acr NO i^621 

Figure 29 - Photograph of the solid-flat 12|$ extended-skirt parachute 
model  (No. 5)  during  descent at ap;roxirnately 20 feet per 
second . 

■  
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Figure 30 - Photograph of the solid-flat fully extended-skirt parachute 
model  (No. 6) during descent at approximately 20 feet per 
second. 
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i-'i^-u.re }) i'trii  •  .'aph  of the 50$ vent airfoil   parachute model  (No.   7) 
'luri.ii     ieacftnt  at  appr oximai <J j  2<~)   f'oet per  second. 
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Figure 32 - Photograph of the ^ sphere circular parachute model 
(No. 8) during descent at approximately 20 feet per 
second. 
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Figure 33 - Photograph of  the J sphere circular parachute model  (No. 9) 
during  descent at approximately 20 feet per second. 
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Figur« 3U - Photograph of  the  ^ sphere  square parachute model  (No. 10) 
during descent at  approximately 20 feet  per second. 
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Figure 36 - Photo^aph of the }0    circular conical parachute model 
(No. 12) during descent at approximately 20 feet per 
second. 
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Figure 37 - Riotograph of the 30 square conical parachute model 
(No. 13) during descent at approximately 20 feet per 
second. 



*m 168 
ML            AFTK-5'i67 
**»- 5108 
MT NO R-621 

Figure 38 - Photograph of the 30    triangular conical parachute model 
(No. lli) during descent at approximately 20 feet per 
second. 
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Figure 39 - Riotograph of the medium-construction brake-type guide- 
surface parachute nodel  (No. 16) during descent at approx- 
imately 20 feet per second. 
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Figure h0 -    Fhotograph of the stabilization-type guide-surface para- 
chute model   (No. 17) during descent at  approximately 20 
feet per second. 
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Figure ill  - Photograph of the circular brake-type FIST ribbon parachute 
model  (No. 21) during descent at approximately 20 feet per 
second. 
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Figure 1x2 - Photograph of the square  ribbon parachute model   (No.  22) 
during descent at  approximately  ?0 feet  per second. 



MM 173 
MOOCL AFTh-^867 
UM- 5108 
ncr MO R-6ZL 

Figure 1*3  - Photograph of the  ^rian^TJlar ribbon parachute model  (No»  23) 
during descent at  anprox L-r^unly 20 feet per second. 
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Figure UU - Photograph of the Exeter Type-12 shaped parachute model 
(No.   2I4)   during descent  at  approximately 20 feet per 
second. 
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Figure U5 - Photograph of the universal-type ribless guide-surface 
parachute model   (No,  25)  during descent   at approximately 
20 feet per second. 

—— 
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Figure U6 - Photograph of the personnel-type guide-surface parachute 
modal   (No. 26)  during descent  at approximately 20 feet 
per  second. 
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Figure hi - Photograph of the FIST ribbon parachute modal  (20$6 total 
porosity)(No. 27)  during descent at approximately 20 feet 
per  second. 
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Figure U8 - Photograph of the FIST ribbon parachute model  (25* total 
porosity)(No. 28)  during descent at approximately 20 feet 
per  second. 
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5108 

Figure U9 - Photograph of the ring-slot parachute modtl   (10$ total 
porosity)   (No.  29) during descent at approximately 20 
feet per second. 



180  
AFTh-y 67 
5106 
R-621 

Figure 50 - Photograph of the ring-slot parachute model   (13.5$ total 
porosity) (No.  30) during descent at approximately 20 feet 
per  second. 
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Figure $1  - Photograph of the ring-slot parachute model   (17% total 
porosity)   (No.  31) during descent at approximately 20 
feet per second. 
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Figure   52 - Suamary curvea «i drag coefficient raraua vertical velocity 
for the models of the eolid-flat oaraehat« family. 
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Figure    58-DrjLg coefficient versus suspension line ratio for the solid- 
flat 10$ extended-skirt parachute model (No. h) measured during 
free fall after both vertical and horiiontal types of release. 
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Figure   60 - Drag coefficient  versus Tertioel Telocity fe» the solid-f^at 
10* extended-skirt parachute model (No. U) with a shroud-line 
length of 1I4 feet 9 inetas, «eeeured during free fall after 
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