UNCLASSIFIED

e .

a0 276 443

Reproduced
by the

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFIED




NOTICE: When govermment or other drawlngs, speci-
fications or other data are used for any purpose
other than in connectinn 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 drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveylng any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



&9
-

<H
(D

{o

,‘%g-r»
i\‘\m

216 443

PTC-TDR-8R-17

C-130

DUAL RAIL AERIAL

DELIVERY SYSTEM
FOR HEAVY

EQUIPMENT DROP

THOMAS A. OLSON
Captain, USAF

TECHNICAL DOCUMENTARY REPORT NO.62-17
MAY 1962
PROJECT NO. 8044

AIR FORCE FLIGHT TEST CENTER
WARDS AIR FORCE BASE, CAI.IFOR

** AR FORCE SYSTEMS COMMAND"
UNITED STATES AIR FORCE

L1535



I

ABSTRACT

This report presents the results of
a program to evaluate a C-130 dual rail
modification for a fixed pin 108-inch
platform usage for single unit drops, in
the range of 27, 500 to 35, 000 pounds,
an evaluation of the fixed pin 108-inch
""Comex'' combat expendable platform,
and evaluation of flying qualities (sta-
bility and control) of the C-130B during
heavy drop aerial delivery, Force-
time histories during parachute deploy-
ment and opening in the individual load
suspension slings and parachute risers
were obtained.

Tests determined that the Aerial
Unloading Kit, Model AF/A32H-1,
although generally functionally suitable
for use with the 108-inch '"Comex"'
platform for drops in the range of
27,500 to 35, 000 pounds, should not be
accepted for operational use until the
modifications as recommended in this
report are accomplished, The 24-foot
""Comex'' platform is suitable for air
drops of unit loads of from 27, 500 to
35, 000 pounds, Inadequate instrumenta-
tion prevented the determination of any
flight safety conditions involving the
exceeding of design limitations of the
aircraft when air dropping unit loads
with weights ranging from 27, 500 to
35,000 pounds, Test resuits also
indicate that the AR/AAYV vehicle can
be dropped from a C-130B aircraft
without encountering any aircraft load-
clearance problems.




This report
bas been
reviewed

and
approved

Commonder, 6511th TEST GROUP
(PARACHUTE)

1-INTRODUCTION

Avuthority

Purpose

2-TEST PROGRAM

Test ltems

Test Equipment

Instrumentation

Test Procedures

3-TEST RESULTS AND DISCUSSION

4- CONCLUSIONS

goo&uuu———




R T

INTRODUCTION

AUTHORITY

The authority for the testing reported
herein is Air Research and Development
Command message RDRA 2-11-2, dated
2 November 1960, which granted approval
to proceed with a test program as out-
lined in Wright Air Development Division
message 28-10-254, dated 29 October
1960, Subject: Emergency Test Directive
for C-130 Aerial Delivery System and
Cargo Containers. The test program,
titled: '""C-130 Dual Rail Aerial Delivery
System for Heavy Equipment Drop and
Cargo Containers,' Project No. 8044,
USAF Priority 2, ARDC Precedence 48A,
consists of two parts: Part I - Functional
Evaluation of Rail Modification for Fixed
Pin 108-inch Platform Usage for Drops
from 27, 500 to 35,000 Pounds; Part II -
Engineering Tests of Air Force Re-
Supply Platform for Drops up to 8000
Pounds. This report constitutes closing
action of Part I of the WADD test pro-
gram, identified locally as FTL-223.

PURPOSE
The original test objectives were:

1. Functional evaluation of a
C-130 aircraft dual rail modi-
fication for a fixed pin 108-inch
platform usage for single unit

drops in the range of 27, 500 to
35,000 pounds.

2. Functional evaluation of the
fixed pin 108-inch "Comex"
combat expendable platform.

3. Evaluation of flying qualities
(stability and control) of the C-
130B aircraft during heavy drop
aerial delivery,

In addition to the original test ob-
jectives, the following were investi-
gated:

1. The Army Quartermaster
Research and Engineering
Command requested that force-
time histories during parachute
deployment and opening be
measured in the individual load
suspension slings and recovery
parachute risers.

2, WADD requested that a mock-
up be constructed on a test load
to simulate the criticai external
dimensions and cg location of an
Army vehicle called the AR/AAV
and that the test load be air
dropped. This was done to de-
termine whether any aircraft
load-clearance problems could
be encountered if this vehicle
were air dropped from the C-130B.




TEST ITEMS

Aerial Unloading Kit, Model

This item was developed by Brooks
and Perkins Incorporated, under
contract No. AF 33(600)-41832, The
item USAF Drawing No. 13376-100 is
an improved version of a similar item
developed by the same company under
a previous contract and which is not
standard equipment for the C-130 air-
craft. This improved aerial unloading
kit provides four main improvements:

1. Automatic "locking in place'
of platform.

2. Fixad pin platform usage.

3. A maximum single unit-load
capability of 35, 000 pounds,

FIGURE 1

2 TEST PROGRAM

4. Increased platform width ™
from 104 inches to 108 inches.

The item consists of 10 conveyor
frame assemblies and a 5-section
auxiliary conveyor. A 5-section
conveyor frame assembly is mounted on
the aircraft floor at each side of the
cargo compartment and continuing on
the ramp. The auxiliary conveyor is
also mounted longitudinally on the air-
craft floor and ramp and is centered
between the conveyor frame assemblies
(Figure 1). Vertical restraint and
lateral guidance of the aerial delivery
platforms are provided by the frame
assembly rails. Rollers, in the frame
assemblies and in the auxiliary conveyor,
provide vertical support and facilitate
the loading and extraction of the loaded
platforms,




Latch mechanisms on the rails re-
strain the platforms from fore and aft
movement during flight, and can
release the platform automatically at
the time of air drop. Platform release
is accomplished by the application of
extraction force to a cable which is
attached to the extraction parachute line
and to the extraction parachute cable
release mechanism which in turn
activates the rail latch mechanisms
which disengage the latch hooks from
the platform pins. An emergency
release system is also provided with
the release handle located at the forward-
most point of the left rail.

"Comex'' Platform:

The '"Comex'' combat expendable
platform, USAF Drawing No. 13376-500,
was also developed by Brooks and
Perkins Incorporated, under contract
number AF 33(600)-41832, This item
cousists of panel sections, side rails
and accessory fittings. The panels are
108 inches wide and come in 4-foot
sections to allow flexibility in selection
of platform length., The panels are of
sandwich construction with thin aluminum
skins bonded to a foamed-plastic core
and a frame made up of special aluminum

channels. The special extruded aluminum

channels used in the panel frame provide
an interlock with the platform side rails.
The side rails are made of extruded
aluminum and are pre-cut to 8-, 12-,
16-, 20-, and 24-foot lengths to provide
flexibility in selection of platform length.
Field assembly is readily accomplished
by installing drive rivets in pre-drilled
holes in the panels and rails. The
accessory fittings consist of the platform
restraint pin fittings which engage in the
latches of the aircraft side rails to pro-
vide fore and aft restraint of loaded plat-
forms, and the cargo tie-down rings.
The accessory fittings are bolted to the
side rails. The ouly toois

d to assemble a platform ars a
hammer for setting the drive rivets and
a wrench for attaching the accessory
fittings to the platform.

TEST EQUIPMENT
C-130B Aircraft (Modified):

A new production model C-130B ‘air-
craft (Serial No. 59-1536) with modified
ramp support arm brackets (Lockheed
Aircraft Corporation Drawing No.
3400776) was provided by WADD for
these tests, This modification provided
the aircraft with a 35, 000-pound unit-
load air drop capability.

Weigllt-Te st Platform:

A weight-test platform (Drawing No,
58H1039) was used as the test load.
The test platforms were ballasted with
iron plates to obtain the desired weight,

Paper Honeycomb:

Layers of paper honeycomb (Stock No.
1670-753-3928) were used between the
weight-test platforms and the "Comex"!
platforms to minimize platform damage
at ground impact and to attain the
desired cg height for the load.

®

Parachute:

Standard stock listed parachutes were
used throughout the tests for the ex-
traction and recovery of the loads.
Clusters of 22-foot and 28-foot ring-slot
parachutes were used for the extraction,
and clusters of G-11A 100-foot nominal
diameter (Dy) cargo parachutes were
used to recover the loads.

AR /AAV Mock-Up:

A wooden mock-up was constructed
of }/4-inch plywood and secured to the
test load to simulate the critical sxternal
dimensions of the Army's AR/AAV
vehicle (Figure 2). The critical
dimensions are: width - 110 inches;
length - 240 inches; height - 86 inches.




FIGURE 2

INSTRUMENTATION

On-Board Direct Recording System:

Five kinds of measurements were
made by this system which was m:ounted
within the aircraft cargo compartment,
They wer'e:

1. Ramp Support Arm Forces -
Strain gages were bonded to the
right and left ramp support arms
to measure the tensile for.ces on
the arms during the extraction of
the loads.

2, Pitch - A pitch gyro was
mounted on the floor of the cargo
compartment forward and to the
right side of the load at approxi-
mately fuselage station 287 to
measure pitch change of the C-
130B.

3. Rate of Pitch - A rate of pitch
gyro was mounted at approximately
the same location as the pitch gyro
to measure rate of pitch change of
the C-130B.
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4, Accelerations -

a. A 10-g accelerometer was
located midway between the
" pilot's rudder pedals to measure
the acceleration of the nose
section of the C-130B in the
vertical plane,

b. A 10-g accelerometer was
located on the fuselage center-
line above the ramp door hinge
point to measure the acceleration
of the tail section of the C-130B
in the vertical plane,

c. Three accelerometers were
located on the floor of the cargo

compartment slightly to the
right of the aircraft centerline
at fuselage station 530 to
measure acceleration in three

axes, A 3-g accelerometer was

used in the vertical axis and a

2-g accelerometer was used in

each of the other axes (lateral
and longitudinal).

* 5. Rate of Extraction of the Load -

A magnetic reel was used to

measure the rate of extraction of
load; it was mounted on the floor

of the cargo compartment just
forward of the load.

Telemetry:

Three telemetric packages were used
in the instrumentation of this project,
One package was installed in the C-130
aircraft just aft of the right side para-
door and designated the On-Board TM
Pack. One package was installed in the
platform load suspension coupler and
designated the Clevis Pack, The third
package was installed on the load and
designated the Platform Pack. The
measurements made by each telemetric
package were as follows:

The On-Board TM Pack was used to
record the rate of extraction of the load
and to record the tensile forces on the
ramp support arms during extraction of
the load, All measurements made by
the On-Board Telemetric Package were

duplicated in the On-Board Direct
Recording System. This provided an
alternate source of information in the
event of failure of one source,

A clevis pack was used to record
the deployment and opening forces of the
individual recovery parachutes. The
package was located within the load
coupler; a mechanical device was used
as a mechanical linkage at the confluence
point where the slings from the platform
and the cluster risers of the recovery
parachutes are joined; 30,000-pound
strain-gage-type teasiometers were
located on the individual parachute risers.

A platform pack was used to record
the forces on each platform suspension
sling. A 60,000-pound strain-gage-type
tensiometer was used on each platform -
sling. In addition to recording these
forces, this package was used to record
the deceleration force of the platform
upon ground impact and to record the
extraction force on the last two tests,

Photo Tensiometers:

A 30, 000-pound photo tensiometer
was also used in each recovery para-
chute cluster riser,

A 50, 000-pound photo tensiometer
was used to record the extraction force,

DroE Line:

A 300-foot drop line with a 10~second
time-delay was attached to the load on
all tests to determine the rate of descent
of the load just prior to ground impact.

Stogwatche 8:

Drop line and extraction times were
measured by hand -operated stopwatches.

Cinetheodolite coverage was used as
an alternate source to determine the
rate of change of pitch of the aircraft
and pitch angle.




Photographic Coverage:

Two lbmm cameras were used in
the test aircraft; one.was mounted in
the flight compartment to photograph
the pilot's instrument panel during the
tests and one was hand-held in the
cargo compartment to photograph the
extraction of the load.

One 16mm movie camera was located
in a chase plane to phot ograph the ex-
traction of the load.

One 16mm movie camera and one
70mm sequence still camera were
located on the ground to photograph
each test.

On the last two tests, a hovering
helicopter was used to photograph the
extraction and parachute deployment;
one 70mm sequence still camera and
one l6mm movie camera were used.

TEST PROCEDURES

The acrial unloading kit was installed
in the C-130B aircraft and checked for
proper fit and ease of installation,
Further checks were made to establish
the degree of difficulty in loading and
securing the '"Comex'' platforms in the
rail system. Upon completion of these

ground checks, eight aerial drop tests
were conducted to determine operational
and reliability characteristics of the
aerial unloading kit and the "Comex"
platforms,

All drop tests were made from the
modified C~130B aircraft flying at an
indicated airspeed of 130 or 150 knots
and at an altitude of 5000 feet above the
drop area., A half-flap setting was used
for all drop tests and the throttle setting
remained constant throughout each drop
after the level flight setting was attained
upon approaching the drop zone. On each
test the pilot attempted to prevent pitch-
up of the aircraft during the extraction
of the load by applying forward pressure
on the elevator control as soon as he
could detect a cg shift,

During each test the pilot carefully
evaluated the flying qualities (stability
and control) of the aircraft.

The gross weight of the loads ranged
from approximately 28, 300 pounds to
35,010 pounds, An 18,5-foot weight-
test platform was used on all drops as
the test load since actual vehicles or
other drop items were not available.
Twelve layers of paper honeycomb were
used between the weight-test platform
and the 24-foot "Comex' platform on
each test to minimize damage to the load
on ground impact and to attain an AR/
AAYV vehicle cg location. The height of
cg of the load was approximately 45 inches
above the top surface of the '"Comex"
platform and at approximately the center
of the weight-test platform on all tests.
Standard rigging techniques and compo-
nents were used as much as possible.
Figure 3 shows the rigging and compo-
ze;xts used on the first two tests (2364F -

0).
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loadc"d parachutes and thus increase

¢ Deviations made on later tests are ac
the probability of a successful

as follows:

recovery of the load. The break-
1. On tests 2410F-60, 2411F-60, tie bridles were also used to
2441F -60, 0010F-61 and 00l1F - minimize damage to the G-11A
61 seven G-11A parachutes with parachute by providing a more
120-foot cluster risers were used, = uniform opening.
and the reefing line length of the
G-l1A parachutes was increased 2. On test 2433F-60 six G-11A
to 40-foot from the standard 20- parachutes with 40-foot reefing
foot length., Also on these tests and 2-second cutters were used to
a folded 50-foot length bridle with recover the load. The break-tie
25 break-ties consisting of one bridles were also used on this test,
turn of 550 -pound tensile strength
nylon suspension line spaced at - 3. On tests 0010F-61 and 0011F -
2-foot intervals was attached to 61 a 50, 000-pound strain-gage-type
the standard web collar on the tensiometer was used in place of
apex area of the G-11A para- the photo-tensiometer to record
chutes. The other end of the the extraction force.
bridle was permanently attached
to the deployment bag system. The AR/AAV mock-up was used on
The longer reefing line length tests 2410F -60, 2411F-60 and 2433F -
was used for the purpose of 60. Figure 2 (page 4 ) shows the
decelerating the load sufficiently mock-up secured to the load prior to
before the overloaded G-11A loading and Figure 4 shows the load
parachutes were allowed to open with the mock~up secured within the
fully. Experience gained from aircraft. Close observations were made
previous test programs indicated during loading and extracting to detect
the change would aid in reducing any indications of aircraft/load
the damage sustained by the over- interference.

FIGURE 4




The design of the Aerial Unloading
Kit is such that the automatic release
of the platform from the rail latch as-
semblies occurs when the extraction
line exerts a pull of approximately 250
pounds. Forces greater than this are
often generated prior to complete deploy-
ment of the extraction parachute, This
would allow the platform to begin rolling
aft in the aircraft prior to the opening of
the extraction parachute, To prevent
this occurrence two break-ties of one
turn each of 3000-pound nylon tape were
run from the forward end of the platform
to tie-down rings on the floor of the
aircraft cargo compartment, These
were stretched and broken when the
extraction force exceeded their breaking
strength.

3 TEST RESULTS

AND DISCUSSION

The results of the ground checks
performed prior to aerial drop tests are
as follows: The modified aerial unload-
ing kit, except for minor discrepancies,
fits properly in the C-130B aircraft and
can easily be handled and installed by
two men without special tools. No
difficulty was encountered in the rigging
or loading of the '"Comex' platform and
the feature of the aerial unloading kit
that provides for automatic ""locking in
place' of the platform during loading
was operationally efficient. The following
deficiencies were noted during installation
of the aerial unloading kit in the C-130B
aircraft:

1. The bottom hinges and hinge
attachments on the landing gear
inspection plexiglass doors at
station 520 and 580 left and right
side of the fuselage prohibit
installation and lockdown of four
sections of conveyor; Section 3LH,
Section 4 RH, Section 5LH and
Section 6 RH,

2. Litter stanchions will not seat
due to the proximity of the rollers
at station 535 (Ring D-15) and
station 350 (Ring D-6),

3. Phillips-head screws, which
are used to attach the rail
extensions to the conveyor frame
assemblies, become damaged
and are hard to remove after
several installations,

4, Floor plates around tie-down
recesses cause the center conveyor
to wobble,

5, Thé extraction line tie-down
tab at ring 30D is covered by the
center conveyor.

6. The location and position of

the cocking handle of the extraction
parachute cable release mechanism
is such that it can be damaged and
can cause tripping of personnel.




7. Several of the small chains
which attach the tie-down washers
to the conveyor cross members
extend across the tops of the
conveyor cross members where
they can be damaged or torn off.

8. The locking detent pin handles
on the latches are located where
they can be easily damaged.

Some were found to have a tendency
to bind and were hard to operate.

9. During operation, the extraction
line can be damaged by contact

with the exposed sharp edges and
bolt or nut heads on the conveyor
frame assemblies and on the
auxiliary conveyor,

10. Safety belts or other items in
the aircraft can become entangled
with the latch release cables and
cause a premature release of the
platform,

The aerial drop tests were conducted
without incident except on test 2441F -60,
On this test two separate malfunctions
occurred. The first malfunction resulted
in the failure of one latch assembly to
disengage the platform upon deployment
of the extraction parachutes. A snap
ring which is used to secure the cable
pivot to the actuating level of the latch
assembly had fallen off during flight
and allowed the cable pivot to dis-
engage from the actuating lever. This
severed the connection between the
release cable and the latch assembly
and prevented the normal release of the
latch assembly upon deployment of the
extraction parachutes. It is estimated
that approximately 2 seconds elapsed
after full deployment of the extraction
parachutes until a crew member
released the platform by operating
the manual emergency release system,
During this period the airspeed dropped
from 150 knots IAS to approximately
130 knots, No recording of the extrac-
tion force was obtained on this test, but
it is estimated that the peak force
exceeded 40, 000 pounds. This is based
on the recorded forces obtained on
later tests. Prior to continuing tests,

10

the shank of each cable pivot was drilled
and cotter pins were used in place of
the snap rings to secure the cable pivots
to the latch actuating levers.

The second malfunction resulted in
ground impact of the load prior to full
opening of the recovery parachutes.
This was caused by the failure of the
spring-loaded knife assembly to sever
the extraction line from the load at the
time the load cleared the aircraft ramp.
Since deployment of the recovery para-
chutes is also dependent upon this
function, the deployment of these para-
chutes was delayed until the knife as-
sembly finally functioned at an altitude
that precluded a normal recovery of the
load. Upon ground impact the "Comex''
platform was destroyed; however, the
test load and instrumentation equipment
on the load sustained only minor damage.

During testing with loads of 35, 000
pounds (gross weight) it was noted that
the bottom of the '"Comex'' platforms
were contacting the top surfaces of some
of the conveyor cross members during
extraction, Due to the flexibility of the
""Comex'" platform it tends to sag between
the conveyor rows to varying degrees
depending upon the loads applied and
manner of rigging. This condition could
cause the platform to become jammed
within the aircraft during extraction or
impose a severe concentrated force on
a single conveyor cross member with
resulting damage to the conveyor as-
sembly, aircraft floor, and platform,

It was also noted that the manner in

which the load tie-down chains are
tensioned is an important factor in this

problem. Uniform tensioning of the
chains on each side of the load is re-
quired. It is understood that the contrac-
tor is aware of this problem and that

the conveyor cross members on the
production model of the aerial unloading
kit will be tapered sufficiently to prevent
any contact between the platform and the
conveyor cross members due to the
flexing of the platform.

During the tests the validity of the
force measurements on the ramp support
arms was questioned. The recorded
forces did not seem reliable in view of




the forces obtained during a previous If test 2441F -60 is disregarded

test program where similar loads were (platform destroyed due to a malfunction), '
dropped from a C-130A aircraft. To 69 percent &f the platform panels dropped
resolve this question, static loading were reusable without repairs. Some
tests were conducted on the ramp. The panels were used as many as three times.
results of the static tests showed that Table I gives a summa*y of "Comex'

the force measurements obtained on the platform recovery information. The drop
ramp support arms were reliable but area was level hard adobe covered with
that the ramp hydraulic rams were also a shallow layer of sandy top soil which
supporting a portion of the load. No was wind drifted to an uneven surface
determination could be made during this condition, Figure 5 shows a part of the
test program of the forces sustained by drop area and a typical load after drop.

the ramp hydraulic rams during aerial
drop tests,

o

TABLE I - SUMMARY OF PLATFORM RECOVERY INFORMATION

Number of Suspended Platform
G-11A Re-  Load Rate of  Impact Comex Plasform Panst Seriat ~ Numbers and Damage Codest
Drop No. covery Weight Descent** Decaleration )
Parachutes 1b ft/sec i 107 137 112 118 111 130 106 119 138 126 116 106 102 123 104 109 108 105 103 186 114 113 151 183 173 148 190 196 198 182 176 136 Remarks
2364F -60 6 26, 254 218 9.9 N N N N N N Surface wind 5 knots,
2365F-60 6 2,134 281 9.5 R X N X N N Surface wind 3 knots.
3
2410F -60 7 30, 864 25.8 12,3 N X X X R X Platform contscted ground when
broadside to direction of drift, Right
=il bent, Surface wind 14 knat s,
2411F-60 7 32,409 26,9 10.5 R X R R R R No surface wind.
2433F .60 6 32,706 3.1 .- X R N N R N No surface wind.
2441F-60 7 32,409 - -e- X X X X x X Platform contacted ground prior to
recovery parachute sttaining full open
condition. Both rails were destroyed.
0010F-61 7 32,409 28.¢6 - x X X X R X Platform contacted ground when broad.
aide to direction of drift. Left raiit
- bent, Surface wind 10 knots.
0011F-61 7 32,409 25.2 .- N N N N R N  Surface wind 10 knote.
*Code: N - No damage

R - Light damage bu reusable without repair
X - Damaged beyond repair
*sCorrected (0 NACA standard atmsophere at sea level

FIGURE 5
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FORCE (Lb. x10-%)

Tables II through XIV give force-time 1. Light Damage - reusable
histories of the recovery parachutes and without repair.
platform suspension slings. On test
2411F no parachute forces were obtained : 2., Medium Damage - economically
and on test 2441F neither the parachutes repairable.
nor platforn: suspension sling forces
were obtained. The extent of damage . 3. Heavy Damage - not eco-

sustained by each parachute is also given

in these tables.

The following four mained inflated.

general evaluative classifications of

damage e used:

nomically repairable but re-

4. Destroyed - not economically

repairable and did not remain

@ inflated.
®
TABLE Ii
DROP NO.: 2364F-60
DATE: 14 DECEMBER 1%0
RECOVERY PARACHUTES: § G=11A
G=11A REEPING: 20 FT,, 2 SEC,
EXTRACTION PARACHUTES: CLUSTER OF
ONE 22-FT. AND ONE 28~ FT. RING=SLOT
LOAD GROSS WEIGHT: 28,300 LBS.
DROP SPEED: 130 K)AS
DROP ALTITUDE: 5000 FT.
®
2
Is SERIAL NO.: 52-90708
» 9,95 DAMAGE:  MEDIUM
s
0
»r o
15 12,500
wh SERIAL NO.: 51-3432
DAMAGE  MEDIUM
] L\_.__\'i
. ’/vlv_——"
»r
o 1,000 SERIAL NO.: 51-3438
wh DAMAGE:  MEDIUM
’
»r
uh
| —_ SERIAL NO.: 513827
. / DAMAGE  LIGHT
s W p‘ P —
’
»
1" SERIAL NO.: 51-3824
1 8,500 DAMAGE:  MEDIUM
) M\v’ — I n—
]
» 18,00
is P—-;\-‘ « SERIAL N0 S1-3488
» DAMAGE:  LIGNT
£l
(W 1 Y 1 i e L s 1 i i i 1 1 " N 1 L 1 —
D 4 ' 12 16 »
*PLATFORM CLEARANCE OF ARCRAFT RANP USED AS ZERO REFERENCE. THE® ($EC.)

12

FORCE VERSUS TIME MISTORIES OF G-11A RECOVERY PARACHUTES



TABLE il '

DROP NO. 2344 F-60

DATE: 14 DECEMBER 1960

RECOVERY PARACHUTES: § -~ G-11A
G-11A REEFING: 20 FT., 2 SEC.
EXTRACTION PARACHUTES: CLUSTER OF
ONE 22—FT. AND ONE 28~FT. RING-SLOT
LOAD GROSS WEIGHT: 28,300 L.BS.

DROP SPEED: 130 KIAS

DROP ALTITUDE: 5000 FT.

FORCE (Lb. x10~3)

/-#g\ cenTER shhe
.
11,200 CENTER SLING
4]\/_—
=
8,300 AFT SLING
-
N 8,000 AFT SLING
°
.
=
r- 7,250 FORWARD SLING
L JV‘_WV\
P
p-
= .
b FORWARD SLING
7,000

L 1. I3 | . I L i I L L. L e
] 4 [ ] ” "
* PLATPORM CLEARENCE OF AMRCRAFT RAMP USED AS ZERO REFERENCE. TIME* (SEC.)

FORCE VERSUS TIME HISTORIES OF G-11A RECOVERY PARACHUTES



FORCE (L&, x10-%)

TABLE IV

DROP NO.: 2365F-60

DATE: 16 DECEMBER 1962

RECOVERY PARACHUTES: 6 G=11A
G-11A REEFING: 20 FT., 2 SEC.
EXTRACTION PARACHUTES: CLUSTER OF
ONE 22-FT. AND ONE 28-FT. RING SLOT
LOAD GROSS WEIGHT: 30,180 LBS.

DROP SPEED: 130 KIAS

DROP ALTITUDE: S,000

) SERIAL NO.: 515768
" 11,800 DAMAGE: MEDIUM

SERIAL NO.1  51-9242
DANAGE: LIGHT

wh SERIAL NO.1 514235
wl . DAMAGE, MONE
6,200
sk R
. |
-
uE 11,200 SERIAL NO.:  S1-ST22
" DAMAGE: LIGHT
wr .—_"x\ o
sk //———‘—\ —
.
20,000
2
“T SERIAL NO:  $1-579)
i DAMAGE: MEDIUM
' M
[
»r
g SERIAL NO. 51499
wh 10,000 DANAGE: LIGHT

— I . - " L i . i Yy i a1 e L 1 ) i 1 1
¢ ¢ . 11 T
* PLATPORM CLEARENCE OF AMCRAFT RAMP USED AS ZERO REFERENCE. TIME* (SEC)

FORCE VERSUS TIME HISTORIES OF G-11A RECOVERY PARACHUTES
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FORCE (Lb. x10-3)

TABLE V

DROP NO.: 2365F~40

DATE: 16 DECEMBER 1960

RECOVERY PARACHUTES: 6 G-11A -
G-11A REEFING: 20 FT., 2 SEC.
EXTRACTION PARACHUTES: CLUSTER OF
ONE 22-FT. AND ONE 28—FT. RING SLOT
LOAD GROSS WEIGHY: 30,180 LBS,

DROP SPEED: 130 KIAS o
DROP ALTITUDE: 5,000 FT.

L4

15 b 12,300

E CENTER SLING
10 e N
s o ——

CENTER SLING

K]

s =
T 1 1T 1
N
g

(LN o AFT SLING

v,000 AFT SLING

(E] o : FORWARD SLING

1] od - FORWARD SLING

L 1 1 Y 1 1 ) 1 1 1 1 1 2 1 1 0 —
o 4 s 12 "

* PLATFORM CLEARENCE OF AJRCRAFT RAMP USED AS ZERO REFERENCE. TIME* (SEC.)
FORCE VERSUS TIME HISTORIES OF PLATFORM SUSPENSION SLINGS



FORCE (Lb. x10~%)

TABLE VI

DROP NO.: 2410F-60
DATE: 20 DECEMBER 1960
RECOVERY PARACHUTES: 7G=11A
G-115 REEFING: 40 FT. 1 SEC.

LOAD GROSS WEIGHT:

EXTRACTION PARACHUTES: CLUSTER
OF TWO 28-FT. RING-SLOTS

33,465 LBS.

DROP SPEED: 130 KIAS -
DROP ALTITUDE: 5,000 FT

20
14,500
N SERIAL NO..  S51—1390
0 DAMAGE: WONE
* _/\4—)
]
20
1s
"
NO FORCE RECORD OBTAINED SERIAL NO.i 511421
s OAMAGE: NONE
°
»r -
I3 od
1,200
Wi !
e ——— SERIAL MO, 511107
s ML—/‘-——"—' e —— DAMAGE: NONE
]
» -
Is b
SERIAL NO.i 511037
[T od 6,000 DAMAGE: NONE
e EE
sI- ‘_N/ e ———
[
2
-
s
SERIAL NO.  SI-1318
"l 7,400 DAMAGE: NONE
'T M N e
[}
» .
15
Ty = MO FORCE RECORD OBTAINED :m%:o.. :Ie.ollm
s
[
»r-
-
SERIAL NO.1 570
bl DAMAGE! .‘o"'gn
11D o ]v\_
- M h\—___j R
]
. —d A A I L A 1 'y i N d n A i errad
’ 4 ] " w »
* PLATFORM CLEARENCE OF AIRCRAPT RAMP USED AS ZERO REFERENCE. TIME® (SEC.)

16
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FORCE (Lb. x10~3)

TABLE VII

DROP NO.) 2411F =6

DATE: 23 DECEMBER 1960
RECOVERY PARACHUTES: 7 G=11A
G-11A REEFING: 40 FT., 2 SEC.
EXTRACTION PARACHUTES: CLUSTER
OF TWO 28-FT. RING-SLOTS,

LOAD GROSS WEIGHT: 35,010 LBS.
DROP SPEED: 130 KIAS
DROP ALTITUDE; 5,000 FT.

o

12,000

| 15,000
CENTER SLING
N ’\
C M/
-
NO FORCE RECORD OBTAINED CENTER SLING
-
11,50 AFT SLING
| AFT SLING

FORWARD SLING

12,000

FORWARD SLING

—1 54 i i

[

4

* PLATFORM CLEARENCE OF AIRCRAFT RAMP USED AS ZERO REFERENCE.

FORCE YERSUS TIME HISTORIES OF PLATFORM SUSPENSION SLINGS
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FORCE (Lb. x10~3)

TABLE Vil

DROP NO.1 2433F-60

DATE: 30 DECEMBER 1960

RECOVERY PARACHUTES: 6 G-11A g
G-11A REEFING: 20 FT,, 2 SEC.
EXTRACTION PARACHUTES; CLUSTER OF
ONE 22-F7. AND ONE 28-FT. RING SLOT
LOAD GROSS WEIGHT: 35,010 LBS.

DROP SPEED: 130 KIAS

DROP ALTITUDE: 5,000 FT \
®
22,000
wr
- ' SERIAL WO.i 51-1318
* ’ DAMAGE: LIGHT
Wi
s W
[
*r 17,600
" SERIAL NO.o $11078
DAMAGE: NONE
0 /-‘,—/-——_
e S
'L M
[}
r 16,400
. }- SERIAL NO.t $1-1390
" T— ' DANAGE: LIGHT
'r e t————— |
. P Al—’-‘
0~
oL 1. NO. s1-1421
ineo SERIAL NO.¢ -
ok NO FORCE RECORD OBTAI e, s
s
SERIAL NO.t 514327
DAMAGE: DESTROYED
SERIAL NO.1 51-1037
DAMAGE MEDIUM
L i n n n 1 1 Iy . n n { . I I 0 1 1 T -
’ ‘ 4 1 " 4

* PLATFORM CLEARENCE OF AIRCRAFT RAMP USED AS ZERO REFERENCE. TIME* (SEC.)
FORCE YERSUS TIME HISTORIES OF G-11A RECOYERY PARACHUTES

=]
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FORCE (Lb. x16~3)
2

TABLE IX

LN |

DROP NO.: 2433F-60
DATE: 30 DECEMBER 1960

RECOVERY PARACHUTES: 6 G-11A
G-11A REEFING: 20 FT., 2 SEC.
EXTRACTION PARACHUTES: CLUSTER OF
ONE 22-FY. AND ONE 28-FT. RING SLOT
LOAD GROSS WEIGHT; 35,010 LBS

DROP SPEED: 130 KIAS

DROP ALTITUDE: 5,000 FT,

12,700

/&____‘/—_\ CENT"F’R sLine

LR

13,750

CENTER SLING

T

10,400

AFT SLING

T

N —
N
AN N

11,900

L/-\¥ AFT SLING

NO FORCE RECORD OBTAINED

FORWARD SLING

FORWARD SLING

* PLATFORM CLiMENC! OF AIRCRAFT RAMP USED AS ZERO REFERENCE,

TIME* (SEC.)

FORCE VERSUS TIME HISTORIES OF PLATFORM SUSPENSION SLINGS
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FORCE (Lb. x10-3)

TABLE X

DROP NO.; 2410F-60

DATE: 20 DECEMBER 1960
RECOVERY PARACHUTES: 7G=11a
G-11A REEFINGy 40 FT., 2 SEC,
EXTRACTION PARACHUTES: CLUSTER
OF TWO 28~FT, RING-~SLOTS

LOAD GROSS WEIGHT: 33,465 LBS.
DROP SPEED: 130 KIAS

OROP ALTITUDE: 5,000 FT.

20 -~
15,00
s b 0 CENTER SLING
10 ~——\——/\\
s
o o e,
20
13,500
s r CENTER SLING
W ~\,—/‘\
T A/
o
20 -
[E N o
10,100 AFT SLING
[0 od
L r\’__\—_/—\\_’\
[
20 —
£ o
10,900 AFT SLING
r \/\/\_/\
]
B .
° !
2
r
13 RWARD SLING
- 11,000 - FoRwA
or NN e
: / '
[}
20~
(L o
11,000 FORWARD SLING
0 r- M-—N NS P, -
E N o s
S ————————
i 1 1 1 1 I 1 Il 1 4 1 )
0 4 ] 2 "
* PLATPORM CLEARENCE OF AIRCRAFT RAMP USED AS ZERO REFERENCE. TIME* (SEC.)

20
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FORCE (Lb. x10~9)

TABLE XI

DROP NO.: 0010F-6!

DATE: 16 JANUARY 1960

RECOVERY PARACHUTES: 7 G=11A
G-1IA REEFING: 40 FT., ZSEC.
EXTRACTION PARACHUTES: CLUSTER
OF TWO 28-FT. RING-SL.OTS

LOAD GROSS WEIGHT: 35,010 LBS.
DROP SPEED: 150 KIAS

DROP ALTITUDE: 5,000 FT.

s}
@
20 ¢
-
' SERIAL NO.1  51-1:82
10 8,600 DAMAGE: NONE
0
20
I1s &
SERIAL NO.1 511438
0 8400 DAMAGE: MONE
i MW\_A—\\/‘W\
° R
20
15 . SERIAL HO.; 511450
9,900 DAMAGE: MEDIUM
10 P\f_x
-
s M \__h____/_\\’___( —
0
20
1§
SERIAL NO.: 511095
10 8,500 DAMAGE: NONE
s
. WA
0~
L} o SERIAL NO.. 511078
DAMAGE
wp ' MEDIUM
—
s}
[
2~ 19,650
L o SERIAL MOt 511283
0l DAMAGE: MEDIUM
st — [P, &
0
2
(L] o SERIAL NO,:  S1-1390_
1,000 DAMAGE) LIGHT
10
———
Py - M
[
. 1 1 1 1 1 1 1 L 1 T 1 1 1 1 X n n 1 S
[] 4 ] 1 " "
* pLaTPORN cLEARENCE of ACRAPT RAuP USED A5 ZERO REFERENCE. TIME* (SEC.)

FORCE VERSUS TIME HISTORIES OF G-11A RECOVERY PARACHUTES
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o

FORCE (Lb. x10-3)

* PLATPORM CLEARENCE OF AIRCRAPT RAMP USED AS ZERO REFERENCE,
FORCE VYERSUS TIME HISTORIES OF PLATFORM SUSPENSION SLINGS

TABLE XNl

DROP NO.; 0010F-61
DATE: 16 JANUARY 1961
RECOVERY PARACHUTES: 7 SG-

G-11A REEFING: 40 FT., 2 SEC

EXTRACTION PARACHUTE

1A
S1 CLUSTER

OF TWO 28-FT. RING-SLOTS
LOAD GROSS WEIGHT, 35,010 L BS.

DROP SPEED: 150 KIAS
DROP ALTITUDE: 5,000 FT.

—

[ 14,300
WN\ CENTER SLING

-~
]

3 P____,_;ﬁﬂ’c__\‘_

R \v\ CENTER SLING

.

—

o NO FORCE OBTAINED AFT SLING

L.

-

-

| 9,500 AFT SLING

-:-_W\-/mﬁ-\"—\

11,000
FORWARD SLING
\7.'%\/\—\/ ronmaR stme
L A 'y ' Y 1 A Yy A N 3
0 4 ' " "

TIME* (SEC.)



FORCE (Lb. x10~3)

TABLE Xill

DROP NO.: 0011F =61

DATE: 19 JANUARY 196

RECOVERY PARACHUTES: 7 G=11A
G-11A REEFING: 40 FT., 2 SEC.
EXTRACTION PARACHUTES: CLUSTER
OF TWO 28-FT. RING-SLOTS.

LOAD GROSS WEIGHT; 35,010 LBS.
DROP SPEED: 150 KIAS

DROP ALTITUDE: 5,000 FT.

20
18,400
18 —
T SERIAL NO.: S1-1244
10 v DAMAGES MEDIUM
: W
e |
[]
2
1 12,900
SERIAL NO.) $1-1480
OAMAGE: MEDIUM
-
SERIAL NO.1 51- 1176
DAMAGE: HEDIUM
——]
SERIAL NOw1 S1-1381
DAMAGE( LIGHT
20 —~
T = .
SERIAL NO.s 511421
0,100
10 b= m DAMAGE; MEDIUM
L A/\AN/ ‘\ e —
[ .

8
T 1

135 12,000
ot . e o
D o
0
20—~ N
15 r—
whk NO FORCE RECORD OBTAINED . :‘A’:“:&E’n‘o'l :l‘;b‘:d:
sk
0 1 i J— X | . 1 A L y S 1 L i A 1l 1 1 L
[ ] 4 ' [} 13 2
* PLATPORM CLEARENCE OF AMRCRART RAMP USED AS ZERO REFERENCE, TIME* (SEC.)

FORCE VERSUS TIME HISTORIES OF G~11A RECOVERY PARACHUTES
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FORCE (Lb. x10~3)

TABLE XIv

DROP NO.; 0011F-61

DATE: 19 JANUARY 1961

RECOVERY PARACHUTES: 7G-11A
G-11A REEFINGs 40 FT., 2 SEC.
EXTRACTION PARACHUTES: CLUSTER
OF TWO 28 —FT. RING SLOTS.

LOAD GROSS WEIGHT; 35,010 LBS.
DROP SPEED: 150 KIAS

DROP ALTITUDE: 5,000 FT.

10 L NO FORCE RECORD OBTAINED CENTER SLING

“w
™

15,500

f"_;\vh\_ﬁ CENTER SLING

H
T 11

-
T

12,100 AFT SLING

5[ 12,100 AFT SLING

?

NO FORCE RECORD OBTAINED FORWARD SLING

FORWARD SLING

ﬁ

1

1 1 1 1 1 A ) i 1 Il 1 | A J
L 4 s 12
* PLATFORM CLEARENCE OF AIRCRAFT RAMP USED AS ZERO REFERENCE. TIME* (SEC.)

FORCE VERSUS TIME HISTORIES OF PLATFORM SUSPENSION SLINGS



The AR/AAV wooden mock-up did
not present any problem. No aircraft
load interference was noted at any time.

Five different pilots flew the aircraft
during the test program and all agreed
that there was no evidence of stability
or control problems. On all tests the
aircraft was in a stable flight attitude
with no noticeable yaw or bank at the
time the extraction cycle was initiated,
The gross weight of the loaded aircraft
ranged from 122, 944 pounds to
132, 944 pounds. No turbulence was
encountered during any of the drop tests.
The calculated ratio of extraction force
to load gross weight ranged between .8
to 1.2 for the tests conducted. The
extraction times ranged from 3.1 to
4, 2 seconds with exception of test
2441F -60 where the malfunction delayed
the normal extraction cycle. On the
first five tests which included two
35,000-pound drops, the airspeed was
130 knots indicated and was maintained
within plus or minus 2 knots throughout
the drop cycle. On the last three tests
which were all 35,000-pound drops, the
airspeed was 150 knots indicated and

TABLE XV - SUMMARY OF TEST INFORMATION AND RESULTS
All tests ware made from C-130B Asrcraft (S/N 59-1536) at an
altitude of 5000 (est above the test area

Drop No.
2304F <60

2345F - 60

2410F - 60
2411F 60
2433F -60
2441F <60
00J0F -61

00115 -6

Gross Gross Extraction Velocity of Ramp Sup-
Weight Weight P ) < i L Platform as port Arm -
Airspeed Aircraft Load No. and Force Time it Leaves Air- Forces
skt _ e b Tgps sec  crafi-ftjsec Wb ___
130 131, 2% 26, 300 Cluster of | ea. . 4.1 0.0 Left 13,100
280t ring slot Right 13, 900
and 1 ea. 221t
ring slot
130 125,074 30,180 Cluster of 1 sa. ¢ 31 43.5 Left 12,200
28-1t ring slot Right 14, 000
and | ea. 22-ft
ring slot
130 120,959 33,465 Cluster of 2ea. © 4.0 43.5 Laft 9,750
281t ring slots Right 11,850
10 127,744 35,010 Cluster of 2 ea. . 3.6 4.4 Left 12,900
28-t ring glote Right 19, 100
130 130,629 35,010 Clusterof 2ea. * 4.2 $0.0 Lefs 20,800
281t ring slots Right 21, 200
450 132,944 35,010 Cluster of 2 ea. . 6.2 52.6 Left 18,400
281t ring slots . Right 21,300
15 122,944 33,010 Cluster of 2 02, 30, 7000 4.0 0.0 Left 15,100
T 280t ring slots Right 18, 200
150 127,744 35,010 Cluster of 2 es. 39,500 3.9 50.0

. Left 12,200
28-1s ring slots Right 13,500

*Tensiometer failure.

s+0ma extraciion parachute did net obtsin fuil epening.
et daata ‘o provide

was maintained within plus or minus 6
knots except on test 2441F -60 where the
airspeed fell off 20 knots in 2 seconds
due to the malfunction. On all tests the
drop altitude was maintained to within
plus or minus 60 feet during platform
extraction,

From visual observations of the tests,
it was determined that the application of
forward elevator control by the pilot did
not entirely prevent pitch-up of the air-
craft during extraction of the load on the
tests., Since cinetheodolite data was not
obtained during some of the tests and
because of failure of the pitch and rate
of pitch gyros on some tests, an
accurate determination of the pitch
attitude of the aircraft just prior to,
during, and immediately following the
drop could not be made for all tests.
However, sufficient data was obtained
during tests 2441F -60, 0010F-61, and
0011F-61 to determine accurately the
pitch attitude of the aircraft on these
tests.

Table XV gives a summary of test
information and results.

Miniomum Aire

®

Initial Air- Maximum Air- craft Pitch At~ Maximum
craft Pisch craft Pitch titede During Chasge in Alreralt Accelorations
Attitude Attitude During  Aircralt Recovery Aircraft Nose Conter of Gravily of Aizcraft Tall
Prior to Drop After Drop 1tch Attitade (Vertical) Verticsl Leagitudinal Lateral (Vertical)
Drop - deg dog dog A A A i
wee oo o see 0.87 . 68 0 L] 1.48%
40,08 10,08 10.08
oo oo Lol 0.7 0.9% ° ° 1.40
o +0.08 10,08 2013
eos s L11] 0.52 .90 [} [ .27
oo 10.09 10.08 10.13
e oo (10 Lidd o, .78 ° ° -
40.08 10.08
en oo oo oo 0.72 0.9% ° 0. 01 1.98
$0.08 10.08 0.0 40.20
2.00 9.2 1.7 n.o0 .08 .38 . .08 3.0
v0.08 40.10 oo e
.73 .7 0.50 4.28 0.00 1.4% 0 0.1y 3.9
+0.08 10.08 10.05 4018
2.00 7.2% 1.2% 6.00 .17 110 (] .0 .
$0.08 10.30 w0es g

A Sl b ped o 1

otz WL 10z 16l




4q CONCLI:ISIONS

The following conclusions are drawn of the extraction parachute
from the tests under the conditions cable release mechanism
tested: from damage.

1, The Aerial Unloading Kit, 2. The 24-foot '""Comex' platform
Model AF/A32H-1, although is suitable for air drops of unit-
generally functionally suitable loads of from 27,500 to 35, 000
for usage with the 108-inch pounds.
'"Comex'" platform for drops
in the range of 27,500 to 35, 000 3. Although no stability or
pounds, should not be accepted control problems were encounterecd
for operational use until modifi- and no evidence of structural
cations are accomplished to: damage to the aircraft became
apparent during these tests,
a. Prevent the platform from adequate instrumentation of the
contacting the conveyor cross aircraft was not available for the
members during loading and tests to determine if any flight
extraction, safety conditions may exist from
exceeding the design limitations
b. Provide protection covers of the aircraft when air dropping
for the release cables. unit loads with weights ranging

from 27,500 to 35, 000 pounds.
c. Provide positive locking

attachments to secure the re- 4. The results of the tests indicate

lease cable pivots to the latch that the AR/AAV vehicle could be

actuating levers. air dropped from a C-130B aircraft
without encountering any aircraft

d. Protect the cocking handle load-clearance problems.

s — - TR, T e - 2
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