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PREFACE

The Project Engineer for the fuli-scale crash test Jdescribed herein was Mr. LeRoy Burrows,
Applied Technology Laboratory, U. S. Army Research and Technology Laboratories
{AVRADCOM), Fort Eustis, Virginia. The cargo restraint experiment was conducted by
Mr. Richard Lane, Applied Technology Laboratory, USARTL (AVRADCOM)}, Mr. James
McElhenney, Naval Air Development Center, Warmmster Pennsylvania, conducted the

inflatable restraint experiment.
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the efforts documented herein: '

C. Castle, NASA-Langley Research Center
G. Singley, Hi, Applied Technology Laboratory, USARTL (AVRADCOM)

R. Bott, Applied Technology Latoratory, USARTL (AVRADCOM)
L. Domazalski, Naval Air Development Center

Also, the authors are appreciative of the following organizations for the support specified:

1. NASA-Langley Research Center for facility support, conducting the tests,
instrumentation support, data recording, data reduction, external photography,

and test vehicle disposal.
2. U. S. Army Transportation Schoo! Aviation Maintenance Training Department,

Fort Eustis, Virginia, for conducting the weight and balance analysis, for pro-
viding CH-47 mechanic support, and for the loan of aircraft equipment and a

maintenance stand.

3. 355th Helicopter Company (HH) (7th Trans Group) for transporting the test
sircraft from Fort Eustis to the Langley test site.—————-

4. Fort Eustis Maintenance Division for interior and exterior painting of the
test vehicle and loan of aircraft jacks.

5. New Cumberlund Army Depot for furnishing CH-47A fuel cells, tires, and
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INTRODUCTION

As part of its crashworthiness R&D program, the Applied Technology Laboratory has
been involved in 39 full-scale aircraft crash tests during the past 16 years.

On 4 August 1976, the 4Cth test {termed T-40) was conducted at the NASA-Langley
Research Cer:ter's impact Dynamics Research Facility, Hampton, Virginia. ‘The test
vehicle was an Army CH-47A troop/cargo helicopter. The objective of the test was to
olitain data that would contribute to the development of helicopter crashworthiness fea-
tures and design criteria, thus enhancing occupant and cargo survivability. This was
accomplished by three instrumented on-board experiments:

1 Strucm}ral ‘ j
¢ Cargo Restraint
] Aircrew inflatable Restraint

The program was a joint Army/NASA/Navy effort. Tests were conducted by personnel

from the Applied Technology Laboratory, U. S. Army' Research and Technology Labora-

tories (AVRADCOM); NASA Langley Research Center; and the Naval Air Development

Center. NASA provided the test facility, conducted the test, installed some instrumenta-

tion, and reduced the test data in accordance with requirements specified by the Army.
The Army was responsible for the experiments, the vehicie readiness, and the overail
project management. The Navy installed the inflatable restraint system.

This report documents the test facility, setup, description, and experiment results.

10
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. TEST FACILITY

The CH-47A helicopter crash test, hereafter referred to as 1-40, was performed at the
Langley linpact Dynamics Ressarch Facility shown in Figure 1. The hasic structure of
the facility is the 420-foot-high by 400-foot-long gantry. It is supported by three sets of
inclined legs sproad 267 feet apart at the ground level and 67 {eet apart at the 218-foot
level. A movable bridge spans the gantry at the 218-foot level and iraverses the length
of the gantry. A control room and an observation room are located iri the building at
the base of the gantry, Along the center line of the gantry, at ground level, is a strip
of reinforced concrete 400 feet long, 3C feet wide, and 0.67 fcot thick, which is used as
the impact surface,

The apparatus necessary to conduct a helicopter crash test is shown in Figure 2. Swing-
cable pivot-point platforms, located at the west end cf the gantry, support the winches,
sheaves, ¢ J pulley systems that control the length of the swing cables. A ,.:liback plat-
form, attached to the unrisrside of the movable carriage, supports the winch, sheave, and
pully system that controis the length of the puillback cable. Swing and pullback cables
are attacheG to a specially designed lifting harness, which supports the helicopter from
ground lift-off to release position during testing (Figure 3). Thic harness is attached to
special mounting bolts in both the forward and the aft transmissionz of the helicopter and
to the wwing and pullback cables. The harness system cable lengths were dssigned and
assembled with the swing and pul’'back cables so that the helicopter would have the
following impact conditions:

59 nose-down pitch attitude
0° rolt and yaw
42 ft/sec vertical v:locity
~ 22.1 ft/sec horizontal velocity R —

The cable release system for the nelicopter 1s shown in Figure 4. Each harnr., cable
attached to the pullback cable was equipped with pyrotethnic cable cutters. The cutters
on the forward pullback harness cables were located adjacent to the rear swing harness
cables to prevent cable interference during cabls separation. The harness points attached
to the swing cablas were connected to the helicopter mounting bolits by pyrotechnic
release nuts. Pyrotechnic nuts are fired by a lanyard system adjusted to activate the
firing circuit at the desired descent height during the test. The lanyard system consists
of a contact switch activated by pulling a pin. The 0.0625-inch stee! lanyard cable was
attached to the pin and extended through a sheave system mounted to the gantry at the
150-foot level. A 5-pound mass was attached to the end of the cable to keep it taut

as the helicopter was being raised and lowered. A stop attached to the lanyard was
adjusted to contact a block at the sheave-mounting fixture when the heliccpter reached
the desired height for swing cable separation.
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Figure 1,
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Figure 2.

Langley Impact Dynamics Research Facility.
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TEST SETUP

AIRCRAFT

The test specimen was a CH-47A helicopter, S/N 61-24188, which had been retired from
service. it was equipped with both engines, all trensmissions, and stub blades. The air- -
craft was initially prepared for testing at the Applied Technology Laboratory {ATL), Fort
Eustis. This preparation included cleaning, interior stripping, instatlation of new fuel cells,
plexiglass removal, interior and exterior painting, and preliminary weight and balance
calculations.

Mounts and fixtures for the on-board camaras and flashbulbs were designed and fubricated
by ATL personnel, as were the pellets, trailer loads, instrumentation mounts, defiection
tubes, and many othar items supporting the experiments.

The interior was painted white and the exterior yellow with black lines, indicating the
location of bulkheads and longerons of interest. An exterior view of the test specimen is
shown in Figure 5. The test aircraft was transported from Fort Eustis to the Langley test
site, where an ATL team, assisted by NASA and Naval Air Development Center (NADC)
personnel, installed the experiment hardware, instrumentatior,, cameras, lights, and fixtures
aboard the helicopter. Standard rotor blades could not be used as they were not compati-
ble with the hoist rigging concept. Stub blades were installed to provide some representa-
tion of the rotor muss effects on the2 main transmissions.

ST Bt

P

Figure 5. Test specimen.
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A tina! weight and balance calculation yielded a C.G. position at station 323.7 and an
aircraft gross weight or 25,010 pounds, which is close to the normal desigr, gross weight
of 25,500 pounds for 8 CH-47A helicopter. A summery of the weight components is
given in Table 1. The fuel cells were filled with wzter to the weight consistent with a
full load. Ballast was placed in the closets at *.ation 107.5 to aid in obtaining a C.G.
that was within an inch of that stated in the CH-47A model specification as the normal

C.G. location,

TABLE 1. WEIGHT AND BALANCE COMPONENTS

ttom Waeight (ib) Station Moment
Baic sircraft 13488 3548 4,781,498
Fuel cells : ) 6o 3168 - 19,008
Water in fuel cells 3811 J168 1,202,228
Oummies {two) %0 5.1 29,289
Att treiler and restesints 1428 369 626,194
Forwerd traiter and restraints 1378 168 .37 *
Aft paliet end rettraints 834 482 388,308
Forwerd pailet and restrainis 814 280 221960
Baseline cargo package 179 326 86,384
Satteries and mounts 182 300 45,600
Forwerd stub bledes 384 86.7 33,283
Af2 stub biac'es 84 883.7 212,621
Camerss ond fixturee: No. J & 8 134 370 49,580
248 19 196 23324
4 ) 390 21480
1 72 133 9878
" Baltest: o S )
Righthand heater closet 817 1078 88,578
Left-hand cioset 817 1078 88,578
Miscellaneous Fixturss 290 428.8 126,833
TOTAL 25,010 Ny 8,008,737

Final test preparation activities included completion of instrumentation installation and
connection to umbilical cables, check of each data channel on an oscilloscope, loading
the cameras, and installation of the pyrotechnics.

INSTRUMENTATION

One hundred twenty-eight instruments were used to record data during the test. These
consisted of 64 accelerometers; 42 strain gages; 10 load celis; 3 pressure transducers;
Doppler radar; and 8 deflection tubes, two of which were rigged for manual measurement
of the maximum structural defleciion of the cabin ceiling. Figure 6 shows the general

18
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location and the type of each on-board instrument and its recorded channel number
designation.

Appendix A provides a detailed description of the instrumentation used in this test,
and describes the instrumentation mounting, calibration, cabling, circuitry, and
and tecording procedures. Because of the importance of obtaining valid crash ac-
celeratinn data in the vertical direction, redundant accelerometers for this axis were
installed at many locations.

Each experiment section of this report addresses instrumentation supporting that specific
experiment. There was a concerted effort to place instrumentation such that the data
wuuld be applicable to more than one experiment.

PHOTNGRAPHIC COVERAGE

Color motion picture coverage was provided for each of the on-board experiments. Nine
Photosonic high-speed 16mm motion picture cameras were installed in the test aircraft,
as shown in Figure 7. These cameras were chosen because they are compact, lightweight,
and hiave the ability 10 withstand high impact shocks. Seven cameras were placed in the
cargo compartment and two were mounted in the cockpit. A protective covering made
from heavy gauge aluminum was constructed and used to enclose each camera. They
were then mcunted on a specially designed shock-absorbing mounting plate to reduce
camera motion and impact shock. Due to limited camera placement locations inside the
aircraft, a 13mm wide-angle lens was used for its wide field of view and its ability to
obtain visual data at close quarters. Experiment observation requirements dictated that
as much of the tie-downs and cargu be photographed as possible.

A 28 VDC aircraft-type NICAD battery placed on-hoard was used to power the cameras
and their control circuitry. The camera control system was activated by an aircraft
release signal from the drop control room, which allowed camera turn-on and a “run-up”
of approximately 1.25 seconds before the light intensity became sufficient for adequate
exposure. All cameras, once on, continued to run through their total film supply and
then automatically shut off at approximately 14 seconds after release. The cockpit
cameras were attached to ceiling structural members to minimize camera movement during
the impact sequence. .

Because of the high impact forces to be encountered, Sylvania FF-33 special-purpose

flash lamps were selected for interior lighting. Previous impact tests had proven that these
lamps were suitable for this type of application. The lamps were installed in 7-inch
polished reflectors with a wire retaining screen and located as shown in Figure 7. The
interior of the aircraft was painted white so that reflected light would increase the light
level inside the aircraft. A second NICAD battery was installed to power both banks of
flash bulbs. Bank 1 consisted of 12 flash lamps, while Bank 2 contained 14. The con-
trol system was activated by a rear-mounted aircraft lanyard switch that was tripped upon
aircraft release and subsequent movement. Light Bank 1 was designed to activate approxi-
mately 1 second after aircraft release and Bank 2 approximately 1.5 seconds after release.

19
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The exterior photography was provided by NASA. Con craca included eight hivhepeed
ground cameras, two of which were on the gantry overhead, and four 7Cmm still soguenc?
ground came:as stationed to cover the right, {eft, fore, and aft vicws of the test hulicopter.
fn wddition, NASA provided video tope coverage for immediate post-test iTplay.
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TEST DESCRIPTION

PROCEDURE

predictability was important.

TABLE 2. CRASH TEST IMPACT PARAMETERS

. Planned Actusl
Pitch angle, deg -5 -8
Yew angle, dag (] 4]
£-.i1 angle, deg ) )
Vertical velocity, ft/sec a2 435
Horizontal velocity, ft/sec kI8 | : 283
Resultan: velocity, ft/sec 50 519

MIL-STD-1290{AV) and given in Table 3.

23

The test specimen was lifted by the two swing cables and pullhack cable winches until
the longitud.nal and vertical center of gravity was located in the proper impact position,
as shown in Figure 5. The swing cables were locked in this position, and the test
specimen was raised by the pullback cable until the center of gravity of the te:t speci-
men was at the desired height of 54.14 feet (Figure 3). This height was calculated to
provide a flight path that would resuit in the planned impact conditions given in Table
2. The pendulum method of impact testing was used because a combined horizontal
and vertical velocity resultant impact vector was desired and crash impact conditinn

The planned crash conditions for T-40 were selected because they would cause a large
plastic deformation of the primary airframe structure and would permit an assessment
of the airframe failure modes in a severt but survivable crash impact.
crash attitude was selected because the previous CH-4. crash test (T-39) had a 10-
degree nose-up attitude impact, and the attainment ot data for this range of impact
cenditions would enhance its usage and empirical correlation potential, especiatly in the
developmeit of the structural crash simulation computer model, KRASH.

The nose-down

A 60-ft/sec resultant impact velocity vector was selected for both T-39 and T-40. This
is representative of the 95th percentile potentially survivable crash prilse as defired in




TABLE 3. 95TH PERCENTILE POTENTIALLY SURVIVABLE
: ACCIDENT DESIGN PULSES

Direction along aircraft axis vao?'?ls:c';w
Vertical {downward) 42
Latersl Type 1 sircesft ' b
Type I eircraft ) .30
Longitudinal {forward)
Cockpit 50
Patsenger compartment 50
Resultent vector® : 50

*The downward, sideward, and forward velocity components
of the rewultant velocity vector do not exceed 42, 30, ond
50 ft/sec respectively.

The crash test sequence began when the instrumentation recording equipment was
started, approximately 30 seconds prior to releasing the test helicopter. The release
of the helicopter was initiated in the control room by a push: switch that closed relays
and sent signals from the pyrotechnic power supply to the guillotine cable cutters in
the putlback harness. A second and third relay initiated external and internal camera
coverage. A lanyard system for the internal flight programmer initiated the light »
sequence after approximately 1 second of free-fall time. When the helicopter had
dropped to where the landing gear was approximately 1 foot above the impact surface,
; the lanyard was pulled to fire the swing cable harness pyrotechnics, which in turn
: . separated all harness cables from the test specimen and permitted free flight to time

P of impact. .

IMPACT

iy A -

T-40 took place on 4 August 1976 with release at 1430:0,(5381. Impact occurred at
1430:1.9243. After initial impact, the test helicopter slid approximately 10 feet on

the facility's concrete apron.

f Actual impact parameters differed from the planned conditions,as shown in Table 2.
: Nevertheless, the resultant impact velocity is representative of the 95th percentile
; potentially survivable crask pulse.

Actual impact parameters were determined by analysis of the still sequence and motion
pictures and by the Doppler radar data. Analysis of the pictures permitted determina-
: tion of the aircraft’s pitch attitude at impact, its flight path, and its vertical velocity.

¢ The horizontal velocity of the helicopter at impact was obtained using data from a

4 Doppler radar unit that was located on the impact surface approximately 200 feet in

’ front of the impact point. Radar data was continuously recorded.

& The drop sequence, as obtained from the 70mm ground cameras, is shown in Figures
§ 8 and 9 for the right-side and left-side views of the aircraft respectively. Figures 10

and 11 illustrate the crash impact severity.
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Post-crash view - leit rear.
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DATA ACQUISITION

The impact severity and aircraft breakup resulted 1n 19 channels of data being lost
during the impact. Of these, twelve were fost due to cables being severed by fuselage
and component breakup, five were lost due to ‘separation from their mounting pads,
and the two fuel cell pressure sensors were lost when the forward landing gear im-
pacted the fuel cell end plate.

All interior cameras functioned as planned; however, after the crash it was discovered
that three camara lenses were damaged. This damage was caused by the axtreme
shocks sustained by those cameras located over the landing gear structure. The impact
drove “he landing gear upward into the aircraft and into the camera mounts. Some
of the flash lamps were separated from their base sockets upon impact, but the mag-
nesium filament continued to burn and provide adequate light.

DATA RECUCTION AND PRESENTATION

The test data were recorded on FM magnetic tape and prccessed by NASA/LRC.

After the analog-to-digital conversion using a sample rate of 4000 samples per srcond,
the data were filtered using a 100-Hz low-pass digital filter. The 100-Hz low-pass
filter is si.nilar to the class 60 fiiter described in the Society of Automotive Engineers
Recommended Practice SAE J2119 for full-scale vehicle impact test data reduction. All
acceisrsmeter data were numerically integrated twice, using the trapezoidal rule integra-
tion method with a 0.00025-second time step. The resuitant time histories were then
plotted to provide the following information:

1.  Unfiltered accelerometer, deflection tube, strain gage, restraint displacement, '
pressure transducer, Doppler radar, and load cell data.

2. 100-Hz filtered accélerometer, foad cell, and deflection tube data.

3. Velocities and displacements obtained from integration of deceleration data.

Zero time for all plots was 1430;1.800, or 1.7619 seconds after the time of aircraft ~

release; the data were plotted for a duration of 0.600 second.

In the following structural and restraint experiment discussions, only a portion of the
data that was acquired from T-40 is presented. Plots of data acquired from all 126
channels are available for review at the Applied Technology Laboratory, U. S. Army
Research and Technology Laboratories (AVRADCOM), Fort Eustis, Virginia.
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EXPERIMENTS

STRUCTURAL

Purpose

The purpose of the structural crashworthiness experiment was to obtain data for use
in the development of analytical techniques that can be used to predict helicopter
structural behavior over a range or crash impact conditions, and for use in the estab-
lishment of design criteria for crashworthy structures that will minimize crash forces
transmitted to occupied areas and thereby reduce occupant injuries. Also, the effect
of structural breakup on fuel cell integrity was sought.

Background

Analysis methods, such as KRASH, for improving crashworthiness of helicopter
structures are in their infancy, but the correlation of these methods with testing is
beginning to lend credence to their effectiveness. Previous efforts to develop the
KRASH model have been directed primarily to the utility helicopte~. Analysis of a
structure as complex as that of the CH-47 cargo helicopter presents a more difficult
challenge. Accordingly, the Boeing Vertol Company was awarded Contract DAAJO2-
76-C-0016 (Reference 1). The objectives of that contract were: (1) *o simulate
the dynamic response of a CH-47A helicopter for a crash impact as defined in Table
2, using computer program KRASH; (2) to cotrelate the predictions of KRASH with
the data obtained from this test (T-40); and (3) to formulate and recommend im-
provements to KRASH. To ensure adequate correlation of the test results with
predictions, Boeing Vertol specified the types and the locations of the structurally
related instrumentation that was to be installed in the test helicopter.

Description

To provide adequate data for correlation with the structural behavior predictions
obtained from KRASH, 34 strain gages were discretely mounted in the test helicopter.
Also, floor- and component-mounted accelerometers and deflection tubes were installed
for correlation purposes. The deflection tubes provide a time history of the vertical
displacement of the fuselage crown with respect to the cubin floor at six locations in
the cabin. Two other deflection tubes were rigged for post-test measurement only.

The test aircraft was equipped with two new standard (noncrashworthy) fuel cells.
All connectors had been removed and connecting points securely sealed. Each cell
contained 1805.5 pounds of water. This weight is equivalent to that of 300 gallons
of JP-4 fuel, which is the design capacity for the CH-47A fuel cell. To measure the

! BadriNath, Math Model (KRASH) - CH-47A Crashworthiness, Boeing Verto! Co.,
USARTL-TR-78-24, Applied Technology Laboratory, US Army Research and
Technology Laboratories (AVRADCOM), Fort Eustis, Virginia, to be published.
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hydraulic ram at impact, a pressure transducer was located at the forward bottom con-
nector mount of each fuel cell end plate. The water was dyed red and green in the
left and right side cells respectively.

Resuits

A detailed discussion of the structural experiment results is contained in Reference 1.
For this reason, only a limited presentation of results is provided in this report.

The nose-down crash attitude resulted in the forward landing gear making initial ground
contact. As the impact progressed, the gear rotated aft, impacting and displacing the
end plates of both fuel cells. This reaction, coupled with pod and fuse'zge material
failures and resultant jagged metal punctures, resulted in a massive rupture of the fuel
cells and immediate dissipation of their contents. This effect is depicted in Figures 12 -

and 13.
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. Figure 13. Post-crash view of fuel pod and cell.

The pres:ure transducers were destroyed by the impact of the landing gear on the end
plate, but pulses were recorded for approximately 0.080 second after touchdown. These
data show hydraulic ram peaks ot 200 psi for the right -side cell and 170 psi for the

left-side cell.

The very rigid attachment of the landing gear to the box beam structure at station 240
caused this structure to follow the gear rotation, breaking the aircraft at this location.
This sequence is shown in Figures 8, 9, and 14. The interior floor deformation resulting
from this structural failure was severe, as shown in Figure 15.

The transmission and engine mounts adequately retained these components, preventing
their penetration into the helicopter’s occupiable interior. As an example, a failed rear

engine mount is shown in Figure 16.

3N




Figure 15,

taterior floor deformation at station 240.
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Figure 16. Rear engine mount failure.

Standard CH-47A seats were installed in the test specimen. As shown in Figure 17,

both seat pans broke as a result of the crash impact. While the failure of the copilot
inertia reel allowed the dummy to pitch forward, the pilot inertia reel engaged, causing

the restraint to tear the back of the seat. This is also shown in Figure 17.

Jn"/
! ~

Figure 17. Seat pan tailure.
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Figure 18 shows the variation of the 100-Hz tiitered peak decelerations (measured
along the cabin fioor centerline) and the cabin heigiht reduction with the aircraft
station.
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Figure 18. Variation in peak decelerations and cabin height
5 reduction with aircraft station.
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In Figures 19 through 28, the ordinate spe.ifies the tape recorder/recorded channel and
the unit of measurement. (For example: A02-G indicates this is a plot of measured

acceleration (G) recorded on Channel 2" of recorder “A”.) The abscissa depicts the
time history beginning at 1430:1.800. The impact sequence began 0.1243 second later,
when the forward gear contacted with the facility concrete apron. Each data plot has
a8 label that describes the instrumentation and provides other information as depicted by
the following example:

a b L: 4 L |
CH-7 Engine-Right Lo R-496 5 N
a. Designated data channel number (1 to 126)

b. Transducer location, description, or purpose

¢. Instrumentation type and/or function:

V - Accelerometer, vertical direction
LO - Accelerometer, longitudinal direction
LA - Accelerometer, lateral direction
DTP - Detlection tube

LC - Loal cell

SG - Strain gage

SGI - Strain gage, inner

SGO - Strain gage, outer

PT - Pressure transducer

PTN - Navy pressure transducer
SGN - Navy extensiometer

d. Aircraft location [center (C), left (L), or right (R)] and fuselage station

‘e.  Transducer sensitivity X 10°° G

f.  Recorder: Army (A), NASA (N)
The deceleration time nistory during impact for the engines and transmissions is presented
in Figures 19 and 20 respectively. Comparison of these data with Figure 21, which gives
the cabin floor and landing gear attachment deceleration time history, illustrates the energy-
absorption capability of the deforming structure. For instance, deceleration readings in the
vertical direction range from 210.5 G at the rear right landing gear at station 482, to

59.8 G at the floor centerline at station 460, to 9.2 G at the rear transmission at
station 540,

Figures 21, 22, 23, and 24 deal with the deceleration time history of the cabin floor and
reflect the extent of the data reduction accomplished. This includes:

L Raw and 100-Hz filtered data.

¢  Expanded scale filtered data.
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e  First integration of data for velocity.
e  Second integration of data for displacement,

Figure 25 gives the time history recording of cabin height reduction measured by the
deflection tubes. Figure 26 presents the longitudinal deceleration time history at the
cabin floor centerline for various stations. Also shown is the fuel cell hydraulic ram
pressure at impact. These pressure transducers were destroyed just after impact.

Crash force attenuation from cockpit flocr to seat to occupant is shown in Figures 27
and 28 for the pilot and copilot stations respectively.

§
!

CONCLUSIONS _
-1. The data acquired from T-40 providad a sound basis for embirical corretation
with the computer model KRASH predictions and subsequent improvement of

the model.

2. The rigid forward landing gear"attachment caused aircraft breakup at station
240 in both T-39 and T-40. This structural deficiency poses a crash safety
hazard to cabin occupants, which couid be eliminated by designing the attach-
ment to fail at a load lesser than that necessary for structural member failure.

|

3. Seat pan failures at both the pilot and the copilot stations are indicative of

© the severe tailward decelerations experienced by occupants in a 95th percentile
potentially survivable impact. 'Had this been a manned heficopter, it is most
probable that the pilot and copilot would have sustained incapacitating

injuries.

4, The interaction of the forward landing gear with the fuel cel! end plate for
the nose-down crash attitude poses a potential CH-47 post-crash fire hazard
with or without crashworthy fuel systems installed.
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(di.placement integration).

Figure 24.
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Figure 26. Cabin floor longitudinal decelerations and fue! cell pressure.




P
1.
o T ' 1 Ll 3 1y gt - o=t g |
B 7S R PR ERN + — A AR | A &
. BRI PR & ! fmide s frd — RN , NENERES A

1 et —t ! DI SRS RIS | SR ARAN AR A :

%,u. : N il . Wu AHCLI SR | BN NS NG RIPEESE R H 1 v

T ! 5 — e Tt i HR B - -

® . e ot el i 2o bt . t +

.T+ a T et gt e ¢ HMJﬂp "_. T 1 S
: ESIDE B! 1 MRS NI ] ;
-+ : Lt : + ' A P SR S| - NI J ;
1 i I\ + * o T T i i FEE SV SN [ -t A \E ™ r
» — {4 + T T FENE JT M SRR & S i Y
S SR | BRE NS B i et bt " ¥ N — e
rt M T 4 frabesbampse b + : HRENE ST o t—+ e
¥ b ¥ ? i IEVENE S B W + Tt i 1 1 .
* N bt e [ P 1 T 1 Tt 1 il
P | N 4 =ttt N + ’ . ant
Ll wag w . e , U = T ,
T i I.. - et B T et . — . - -
1y —t e I it M -t - T T Ly RS . -t
s . At e At J | T S - s e A
e T . AN + + 1 T T T R
~+ — T - T T i i -+ — IR IR [ PRPOSRN
! - BN R [ anthat st A 1T T M I i . \ . ——p R 10 SEAR0
gt =t i et T .
P i RS L N RN A R b . i i SRR SN s
ETME | AR 1938 BTN S80I W MBI S~ -t AT L MR SRS RS
‘ S SIS A o e (4 T3 1T J. q Ty H w 8 A -t “W Tt
A 4 * T i I I H b + T trt e R N
MLM!" ot by + -« RN | A_F 1] VI S AN ittt
: = : < : ! L +{ = - 1 T T=+1 =
} 4 e b i S N + .N,, et |0 SR L)
: i I Y = s s —+ : + =
— 19 “ay m I -t =+ 17 PP 5 i R
'S e +—r T i s it ; t T ' . i
+ : = 0 R 7 IR RS e RS WEERENE FERRE BRABEE RBES Y u~
—— 5 * BREE REREY 0 . 4 SN e : R R ;
] s, . i + T | 4__.W;. AM H 4 - et - e ,HL< _j: b_«H
: — T O M L g =+ ” Tt ~t v Tt i I SR
* = 1 R | SR ERA N S T T T R EEREs BN
~ T e 1 11 R DERESN ) /A IR t»~ 4 4 —— + it | IR R 1
-t s e Y 15 S ) B : 4 T 1 I LIS U — LA URAE =)
S S5y . l..l....»l%. + — i MEERB i - i - T t Tt e RS BN N
T HE p. TF T I . 1 _ it bt Ty HS! I R sl pu\\ I
+ 1 1Y FES B 28 WS g —+ t A=t 7] IR
4 SN +—- JERA H ! i L + -+ : t T+ T T [ 17 N
T ”. . _#,44 gt ! T 1] t f .~ —t . -+ i + + 4t + T t et *
™ : SR 4 + + 11 3 i . - T T 2
- e t RN . RS . M - * T T Ty ! s
- A e — | i L 4 bt i BN ERS RS SEREE DRSSE BEREE B
- RS BN Bl S IREME T AR T T 13 R L.M _h O L [N N N ] 41 —
-~ ik mas IR RN N it — 4 . S T T T Hil ]
-t T i ; : | i + 1 =t T :
B e | ot Mo p B 48 IR N o -t ) + : -t T 1=t ! :
g S + R o | i 4t it T T ! 7 I at
: — "7 ER e e e e e o —rt
- “ N N i } 4 * A MR s : ot + v + — T b
it ol A~ RS : _Wllr.ruf,r..}< ERu e waes f 1 3 1T __qu\r 1 4t
i I - e =t T N U = 4 N aaH t P J M . } 3 ;
i g Rl L] IFIASN B AEN SRV.GS B N nD e e IS A I O RIS SRR
7N S B ! R i IS FIN R N N ¢ L ; H ey . N EN ERE N ]

s + ! ERNUOR S : Ly t —+ -+ + Tt + Tt
1 ™ : i : 13 1 T T : M i —t
I WY T N SPRPUINY | S EUPOR SN Y " Ml [ 1 H | ; i T : 1 + 1 T 1 0 Y |

S S WS ¥ 11 T Ll ya + i -4 - i T —1 Tt
B Y N — bt et =1 BN BN i NN Pty L i ot i b = 1

$ = ! & AT R SEp= & EEA S AR REREEE ha : S H T
-1 T . W’,l,» : o — A HE T * . - : +

" I "y = 0 IR EHARES S t b 4+ —+ TR Vi1l LA 1y i + . + -+ T
] - e e e RS T T : _ . i

; Al Eraan 58 o s ' B PR N ! s L -1+ _ 1
s ——t ﬁll!.\N T NS ] i A1 — i : : it e
; S —— S £ e W g FRE SNEwe EE N DAY S -
AvloAnH.l — At ot " T LTINS T i1 : | iy s ittt + H
N SO IR Y | SSAEEREUN NN TS TR SO O A0 ARt | O W O IR - -+t A ! » 58 gu
- + B R e TR e e J}.}\ BN BIMBE N RS RE; BN YN ‘HLIFA T e _ + 1 T M .
B R S L ats Bt Sy AW ] T . SESTRE . W SR U S T T - : * T *
S D I R NN S N AR | W s : m +—+ bt 15 BERE 17
- SEE ShE 0538 SHRTRANSN NESS IR | SDEEENS NEE IDERIEE i R FANEUNE /S50 BN A, O T 1t —+ N 13
B0 DET DG By Sunt SR | R RN RN I ERl =+ bt ISSSERNESE BN B [N PN I
R mn l.I»lT# B g Rniy 4 B H RSy | SRS + +~ - A= + 1 BEMSHEN \ S0
+ R At ¢ + — i . A & . it + y €
\ : et 1 IR AR 4
> i : dirt —+ Tt ot
¥ " H " i 1T 1] "
> e L L S 1 SRS RIS DU
: ittt .my_ T 1 ottt S B HEENE
FoS L ERa, N RN B A t 4 et
»_AJWI. L g et | ) N NN WPy NI
= B mt g =T T ? I T
DR BEREE N i = + . ST S
pRuns Buled nehe - - A -
. papa — -
— i e e . " 4 et Ot
a b {
HNNEY & N — . gt
PR RS el Cuu 1 s
I R L i | Hll
EREES Bairns i e ~ r— : )
il it ot macende ] T ]
S NS S L v * =
' i : +
JEREREY | B i - L ; ¢
TR NSRRI FSVNTpE W\. + m —— et n * +
i RS IS SR, e e T Tt
pRm i SIS ERaES Ba g e
s —_ i -~ "
T ; + -t
e f i gt r—f=t— el
ER AR BRhs Bl as v Tt . 1
LASRTTITTLIO - : : s -+ 1
EPSSURUDY | RO SN P r , v * T
HOE ARGl S : ey .
FUUNEY INOUEININE IVY : 4 s =+ v t M
+ +ganddaied ——— InE 14 T T I
- g RSl e o8 o —i T =t T + | i T 1 i
SR B TR BRR R TR O R LA
i ¥ JENEEN GENN I\ i HE alll




o

{ NS RSN 4.
W RS s e
: -t ENERE RENE f -
g e aan St EmnsaEEeSEYSE
T T t 2
(NS NN RS B v A
SRR WA SN . 8
- e Snual N
. 5 [ T H H
1 T T * T
AN BR - i
3 Ean B R Banes aAn)
. N B A %t
IS BN T B) T
RIY RWRNI RINERE BN + 1=
" s s SRR ok
: e S s = 1
+ »,_Jw.:ﬁmw ; .,rrl,w 1
i B R -1+ At
T I - L, ™1
- s R RS A T
AN BN Yoo ~ -
NS S 1 T
=y - {
T+ : T+ +
' 1 -t —
+ ot h L+ + pl
-t
i
uy i
N -
—— s M T \3
0 -~
et s -t M
ews jBwny Enns: .
— 1 T RS N R
s 3 i LM I \Ta,u
Y \ _,\rlulﬂ il |
T —F =
b H ¢ 1
sn5 3 B Tt
b. 4 m T 3 T T
’y N 3 v i Y
O T T AW RS R it
: I A T ! SRS !
«w W » 1 ) YL Ty
B B pop—y—+
HIB 1 B 1 + w- »H._~JH _L»r
I i : t
L s 1 N SO
b i = T———f =t
+= T g "
H T R
] T I B S
- efrget ] i RN Y RN
-4 ki 4 1 T
AN T R
. - { 1 T Y T +
e T 1 T * .
} ] . I
R 4 it . W
. I
e ot —+
e {1 8
s + ur ) *
* 4 e
- )} BB 4
k) L H} i A,r..
Bt 1. 1
T ™ -1t
.L«,m r T -+ 1 4t
Rt Y — <+~ e
pov! _ —
-+t ‘e
e A
3 s T t S
= 1 T AN SE .
: e + i i e -
; - \ i o1 o e SuAS SRR
.ﬁ.n . B! 4t it 4 :
» ; ; ; ; Tt ——r .
1 . T, i + ! + [ S Tt W~M +
v T3 A + ~1 R RAEa fna ——t 4_ . .
H ) R N RIS B ~Hr4LM SaS N T
~+ ¢ + ¢ i RN N B I
. L,q,rv“ ! i : DB BTN ] S 0 o}
4+ + et i + wxj 1 N e —1 N 2m e s At
N 1 4+ i 4 . PR RiEE N 08 Nl
S W\T i MF ™ 1T t 7T +-
i i A ¥ Tt
U .w,, 1. . w A‘I. bt LL, 4_J<_J
4 i +
I 1 ™ mxw 3 \ T q. 4 -
! Y /ne t , + +
¢ i i H
1




[TV IS

R o i

—

-

S B s

g g
T

| e

-
I =4
e
L
. R o2k vrh.

i wPE S
i P RN TR
) et P
. OTIv —

PY St SN

e - do e

) SOQNR Deteaey
TET=5F
8 4 may gneod |
ta o iy

g 3
o R =2 =+
i 4 g =
s & ' P
| + : .
- +
35 - By 4
a 1 ids
L
R I Y
‘L«. + LA Wﬂ
2 -
M B st i
I B9 no hwa, =
a3V i M :
b 1 - Eni FASuE 8
i DY neu R san . S BEENS B
1 R L o .
DS S SRR T Y AHh P i i
aq: + 4 . H H N 13-
..ror...l..unl_wyl“ = - 414L" r N: + “. X
+ 3 RS T ¢ T t ! 1 1 S N .
]~ B - i «m —t H 4 I R : joza
1t - = " ™t = ™ M -
S "y SEM B H H T . B |5 SRR P By
6 Pee nu [PRDRE NS SURSY B I e~ Iz = T Y . R H
~ » . ~ ; 1= o : ; i~ ™) -t 2 e
+ R ? s H 1 )
TS S o= s 8 et o P o FT R
TR T 4 LY o 1 L T 1Tt
* = T - T T 1S4 o ST B -3 S ; ] 1
— DSBS DENEE B % it 1 e g BN} o = ; t + -
»r " e 18 S 0 DS B «© @ ’ o + i S 1
i 4 Tt " i T T Iy o M} o o ' pa ] o H e
8¢ oua k-] B N0l PTUSEE PRGRE u1 19 KB DR B i e J » e e o SV S0
" - = owas su R 18 ; . o« s e e 5 I e
3 atm + puas 17 -] BEas T T ~ PRI B . i e i ESES FN
: ! T — o= I wa e i RSN Ty : RSN 9% B}

- .NI llm #@J» D = : T ”~4_1 HBA! r,un.u _— i u - M D T 4 .*f_
z ! ; i + M 1 0 s i i) ) i L : i
T e o e : 1 m.N Y i [ ol BESEY 8 - I - PR ) ] 1 o ».,H, : + 1]

ni.llu - 8 =t 1 = o= e B x '8 Y 1 B it H RETRA B { i
& =Y sonas shesn vl af- ) saias 1 ssins sunni - s e Rall) Dewe + . : :
—bod - - + rteet . + bt - ' ! 'S = st f =t *
s nual” B [-Jsuass nauns snl-—Poss r e [ o 54 NEUES BB T x = s B
S o [ 4 S -+ + ] t [N FRENE BN @ e [ B 110 e e T
=} sl - Neunns haune sl 4 Tt + = 1 + I -3 BEe NS EEDS ! - ant 1w —-— - <D - -t 4
- = e Frguauas ui i S - o =i sl e ac 1% 1 :
™. W [T ; = O " oy e e LV.u ! e V._. T o : Fun
" o H + ! ! " - ;i + 4
B s nooll ) ot i ot Wil ~f sngna Bl ! sofl "8 o 7 = T iwa sol- JEWERS aSEw - e ]
- - b B e 1 - 1T T o - T . i ] : RS = T ] "
o wa “u_. 1 ..“-..Ll T w YT nirish - 2 P 2 T aneRE— } i
W e — s ppuss sasss el Tl Bw o ol s T e it yoy =1 a1 1
: — 1 T N: g _an I 3 Lgpr. IR B B S -+ 1 ull = i B }
+ . i 4 . ‘ T + v - : M A — i 4 +
~+ 1 t o« H L4 Sl B i + * T N ™ + * +
o e b e R e R S e T e R R Q R R S BT 8 = 8% budve &
: ! - I8 9! 1 } R i a 8 N Y] 1 i| S S
¥ BUEa T DN B -~ 171 x [ I T " * X + 1 - -+ +
T+E«8 44—+ BT 8 1 s nnk <l &1 1 B b - ) enans naena sek R ans, S . t
> 8wl + 198 . aé uasw ol & T HEES I SEsuuusunu MO o 1 i 1]
. wees vewsasavns v T IS FRwes BEEES nE s Em Ay N o =
- T P eeY 8 1858 BENEESH T 1T + T N ! T T B ;
11337 i T T T 1 19 0/ 5E BUNEY SRS S KN DS §5/ SRS B B i
i t S0 WO NN RN i T 1 B " 1 B B T
; ! ; 3 ' . . T a7 b
. e N I - + A :
] + s 41 ; nand v - T T
Y : -+ Pt ! i BRI DM 1 e : ¥
FR TS PUP 44 H PP P MR B U 4 M M 444 4
' BNEEEDON 11l aa S | I H\. L1 ) B DS nENt 1
R ooy maEE L Seaya: e BT JuSr-SuEEevewcmar= R
A»H 8 B 11 DR ~» M b ¢ Ju Fg) i e 8
i M I ‘ M T M -
' o PUe 1013 9= ) ; =F. o 3 su s =R
o »
T Y B A REE B +

PSS I H )Y . i1 s L ) —t T

Tt Ve WE T3 i ) + 1 * 1
— In —— B 1 ! L 1 W byl

Pilot station decelerations.

Figure 27.

53

S o Y o

T




AT s S *

[ R R R LR

R

Ay

e

I

R

by =4 T Y o3 Lig
-4 v et + I Ty,
by 4 HE5s S EpNun pn t B SRR LI L .
“ - v -1 it bty v ] 4l el R T
1 o Y " e ‘ -~ M st I ot ; — —
y o e : ' :
- 4 ‘ 4 I I+ e }. H + H + A )
4 t g . i M - BB B - -+
e B mau pa: 1 v =it + : i ISR B ouRE S : :
; : TR S TR SR i HOgER PEEES SEBEN B PRI B3 :
1o ke v R 1 IS DESRA Rk T ol R iy
1 e s i+ = i * + '8 B 4 ¢ - :
by 4 " ~ ’ . v " INEEE BEYnE + —3: :
' ¥ M —t T HPuL : ; : . S 1
+ 154 * - S BN SPRRSEIN T o
|8 > g S Y B 08 NS R : s e o - ot
[ Bt mos : IS LA 1S ORI SN T} WYY ! - oo s
[ B8 mae S it B iy i ey .l : -t
v [Sas i i TR bty : : I § RO e -
vid o H B ; I~ - i t by s
HE O ISER RSN Blnnt ey I{;+«4 — gl s M - 3
4 - B Sarat Suniany Ineey i Tt 4 T it
r . NENSEE DRSS D 7 N NS | enist T 4
{9 & M " 3 T 1 T Tt A +
NI S T H [ P - — - —
" i EBra IS8 GUSINON S t T+ N SR +-
S U8 mOt DRGD | MESEY THCEE SREes Eant TR s R T 1 T 4
59 =g - 8 SRURE DR SR Sy e ; N $8) y : T
| 4 =y N RORIE RSNNY BEWNDN DO ! HBI B R = -
¥ B8 w@ H et N T " : ! :
8 S e s IS DA i s ? AN B S R U 1
g %e il : R T : . L . I
. . o o frs ey : T L T
= e = - et - RUEN LRSS LSV P " man
o e oy . " n + _ -
|5 85 Sa . ] + + + - 1~ t + -1 ,
5 S8 oroyly SDGNENS | IR B! FRDS * ? o ey - RS PSS Sy
I Y Vot T o e +
I ‘ Lt : 1 - et 0N B
3 B8 e e AN ; : Y IR | e
18 S e ; : s ot 1
. iy ! M 357 IS S 17t I t '
i . T t t 4 4= t—bd ; +
v Y ,Ai,q T T T it 1« ; -t ; MJ !
~ 4 et ; RN B T B t + +
+ ' ¥ - ! it T : 1 ]
Ly | - : : , | - t 4
e L - A== v HEM S : 1 : +
1 i T » ) ey A - -+ ; Y ;
T — — T + L H M
it Y SO S — NN e B : t
Hepe b -+ ! 15 + 1 : ¥
e PARS ERiDony ) At 1 ] 0 !
o - ; i e
Sy 4 Oee T | - = * > 411
1 n T 1
W —— 1 P + 185 i 3
3 1 7 ) 3 = : 1
| P By ey t t pum ~t ; 1
v s 1 RS :
s 0 o) 1y ; + $
I T | e 1
u - “Ho TS :
H HIY [} 1= i
o : ! i | o
T 1 : 7
- t
+
: e
- T
~ g “LLL
3 I s
. . : "
r T N T ~t
+ i T
o f it + i 1
w+ R 1 i
- M, M B
Tt -t
= g i : R
| " + haci
] P ? " +
v + 1 ] i ? i
e { + } ; : )
i L H il
} iy 14 "
e ; I 4 4 .~
: [0 et +~
B SO A Ay Ewn s
. . + :
. - gt +
¢ i i 4
: 1% R § BB 1
I 1
- R .
. e
‘ ' WA
. 4 N
. H
. : i | s
. B 2T
; _LTxL‘x i poind

i)
v Jiig el - Y
- RETEE BB R )
44 )| ..
ad 4] gl
- T 5 Wirnat?, BB
. H.H?ikxu s
. PRt SR et
; -4 ~t A v et
bt i ) g
o) P o b SEEaY ERm)
oS Ru2pe phusy vt
:
) .TJ.V ot et t.
) N RE B8 LL pad
T RS e vmﬁn
T NG
1 B ) 14
1GNNS RTRR RIS

.




o

T

o N o
o ™ e i ¢

ree

.
+
)=
q¥ + ++t
Y
I 1
1 " M T -+
- 1 e T — :
314 : T 1 T AT | (0 41
1 1 T LIS L 4 ) H
T T " it > + " + 1]
+ — 1 t + R
. . di e i~ i i - 4 PIRA H ! T
H i H bt M 1 1 Iy Ml 1 : !
i 1 4 i . b gt HE N — Ta
: 1 e ; Bk + ks —_t
M — — : il
- - Tl MY B
1+ T : 1) T T
i ! }B . 145 i ‘ LY G Sea
“ —- N IS QRGN T =+
— — e — b e
MBI S + YR NS
3 + 4 : il JE —— ; B
. B8 | DESnA naous B Bot SRS "
13 T 1D T }! + DN T
: T T
v - 1Y 1] 1 + . i :
! T : + S s ¢
[§ 5% ous -+ 1 1
- 1 SN -t -
{ . MREME I3 M
! il : 1 S b I
— e -
e Y S e
1 T 1
SR ey S —
- - _\‘
; 1= T : R
- SNBSS Ay - s
= |— . DERS B N
- Ny BRa T
- e T
— ? e
- . 1
; t
R B *
. . - PEREN ot >
———— . 5
- BURY BRIy SIS Tt 1
1 .1
15 B o e § abbaNs et DS pottuns o T JREDE RO®Y H-— - ~ "
[ N SAR AN | PSS DN DRGNS N . z 4+ N ) -
. SO RGN § JRDENE I OIS N iy Ayt i 1 T
I o z s Yo B SR T .
¥ ) SO EEN o g ; T N S
i DS TGy g ey ot AN | 3
NS .y SRS IO i - ;
- — SRS SVLPIRINS W POILS Y o7 L H .
+
prer i e s I . ;
A R— PENIR ‘ . . L —— . it 1
fe - JDOUE i arnl aasu i i = —
< % pralig mawe sgan | e
s - b
P~ ¢~ - R —— . ——— o
PR N [ PE RN NSNS SIEICIE I W s BEES
S SV .I,;..TLL. pRbes — Pt ]
S0 S, SNERDUE NRDENINS UMD NN s "
[ e PN PNy ivbtng Iepeieg Ly e it
D rant | oake e Fraay Shubs MR : uE BT :
(S8 | BEing SEnes b — ot LM T _v“ 4 - .
TGOS ARGy SN RO DIPTSR : It L g —i
" . el —_— MBI ! I b ~4
BOU GENNE | PEGLE SINE ORI SN s T oy *
— el s bt Rk e JAA,_ #_ Lﬁqb, i Ty i
) =on R SOPRE SINPIY DI it ; + =
) 008 SE | POBGE YORIY BRDUY SERE) " = 1S ARy Bt +
! ¢ : $ T
. -, vy e “ reh s balls — e .
=40 GEDS | SESE pOBaE IO ek T 18 oA
o B - [PUDUDENG IUSREUN SIS SN B T
SOOI SIS | DO IUNDOS SR SO ; T 4 H T
- " o sy -
AN | P fosetne § .0 .- 1 : r Yy -
Dy Sndut: SPURN 14 bt it e B . b it } Nt ! 3
4T0 — B B - !oL " « k3 4 I
. [DIDURGE § SEPIDIE SIS 4 r——i + -+
[~ .. : ERBE RS ++ + = +
s DD PN ¢ SOt SN (DEDURAUE SMREDEU NER : 7 NP I
e e 4 - EPPENG) SUPINY I 3 3 — : M 1
‘ n.. O s IS r < 3 .- T ! IRBE Hant i
. S ey PIDGR NERRENE Sl - 1 13 ! 1 : 1T
N RS ! 0 o Y i
0 o4 - vovdiore o § oo - b Y ) P — d—dth -+ ilII
O SN PIRSPRID WD BN DU e T 1T 1 ?
{ = VPEre ' 4 " T
5 ogunhun susak prwii biais et -+ 1 . ]
o kY B EW . 11 + +
T3 31T T T 1
1T "y 1 1 I
o Sy

-

&

P




N ~ . 7 N
e . .
g
4 IRD + i SN IENAE & INER GRNEREE R (5 RS RW] b 1
[ 4 L L. o1 H t M | o, - —
' ¢ : - = 17 " T : <+ 17 ] T
; T x3 o Y - T -
, > S e e N - ' 1 ; B BRRRAREE; 5 =T .
s | SN =y JEEE RDP 8 . It Bl b -t -
i r [ N, + + : ; :
w‘ 1 ) I RN SN L. T > ¥ " T e 111 M : e
W . —— 1Y b @fr 'S D 4 1 Y 1 ) i L) e
4 - - + . H H . Al i . . b RSN
1] - . + — \_ﬂr# i 4 + il TEIONT el et : — s g et —
V ) 2 :
it Des SNSSE By'Y [ G PRAEE FRER. S8 T hie BEERN s LIS\ REMNE B T TR ! L MRS
: o e ) % i b ] BT ISRES b M BB NEES. NGNS S A | B IDENES IR R ety ]
Do 0 . 5 — ! r ) ATy - 1a. i P i
t > DYFIPEME DI ErE e § ) N4 BN 1 ——t =3 LEY § BEBet IBES BIR — P
! TN . Suk SRRNE Y ol DRBE! O ISSNSINDRN RIS ) SEENE BRNNEESRNS M T =
s B BSOS BEIDEN B .11#9»?1. ¢ DEDES AJIf 1y 1 H 1 . \m._ IREA { BRSS! BB _“ — FRe - -
i = — SRl B B DGR Bhira Bu H —— H ; w., O 1 M MA_ o i 3 q. ! barks e
) B S = e PRGN SRR 8 g T H s BB IS DA 1 : o
NS SO B : DRI UM IMICGI SN 1y 4 i i } . I “ . I BN H : : b Y .
! SO DR | HINNE A I ST N M __ e e o .
, * ot ’
g s - - B A T & et SRk TET R [T, + ‘L»Ial+ ! + »“ e — _W <t - - .
19 SR TR SN e L) I Y 1 ) OSEEUREER SIS I ) " : r~ ;
P IR NM:UIH 3 1 441 v 44 — + 1. T 3 M T : T T — = :
- |- DO — i RBOKN RHS — ! i BNBEE SRBEERRAES S 1 ! PESEE Re NI
»e N T . * 1 ) g -t : . — T + Sindes on fan anal - i
I S U SN RN PN DHDENR SN W v PG BT - : T i
e Aol - H '
| PO SES DEEG. DRSS ) SRGRNDIRES SNIRTREINY AR - s : e 1 M o .
B4 SOG SNt SUGSEH BHIINE DISIENS DI DRNEE DS IR N + — HORDE FBE A — RS DR © ISR | §
o e o JERIDIGN SHTDNICY SHIINTON IR S PUNIRIS SHOUNNEE PN SREDESgU NSO N N -t 4 i . : e ae 1
R el St B R B e S B - I e P W i " . ot 3
f maah Bew +
[y Py PEDUDEN SDDUMIDES Ny -—f - [ADUDES SRS SaEne) . - — PEvRe w
)Y = — PGy (IR RIDCHEND ARDUIIND IIRGOUIS IDGRpRIDE SEPRROING IEBRINE et —+ [PEY DI DN R ——fei s hw {
RE SON SDHNE RENNDE NS SIS DI BN IS PRI o i —— _ !
g = ; PRGN DEDINE ST DRSO RGNS Ui S ARG - . —— JVea BIFTHNE i
i
i PURSREAS WEDIDEDE DA BUEIEN IUENSI Wt A I . — e ppn DEae “* i
) G PGNNG DINUNG! RIS DN PNy i . b 4 " JREDERE ERURIN - c :
o e - x ‘ + + . e —t + B . ol ¢
o § e - - ———— . g by - — H
pee - x .— - - - ; ¢ g N — € —— = i
Py SO By Il IRIDUREDGS SREINDILY THEISUER SNSRI R . . S + Y N . - © m
-y —f o and - R s Mt e Soets Ml B ‘ojed il " ot e - JSSESNER SOV Mn« .
e ey -d - P gu——— - - . I i et} 3
e s " RN i C*® : = = . Db I ]
e - H — -
N g e e ) wn B DY v w Y:Lz e i = I . ——p w
1o - S M ‘- e .
..qur - B Eaaed ol P — i —‘——t 0 it o hmed ©
P . —_ Al S s S + + - g
sl P el Supming LS [T 8! 2 o Jle & PRI mt‘hx c
. 1 e > - o - @ [~ — °
B v o et - : - t o + i @ -t -a- =2
v nﬁ!\ - . e faan 3] 41 aafll — t b
|+ §=a 4 m O R ie o b i +— N + g —t © O
[ ] e oo + ; REE ol -
i . L wn
- T DR e St o o v 1\—4 + + " . 4 -
$ —f s 4t . o R i ~ A . H
* : : v : ! 1 : O
| s -—»..- - - o = -l [t 4 o - > + . -
sk AES ===t == g B
e . i M + i 4 e r4 Q
’ - ™ | P - - | o + + -
sl o 15 e = b [t i w o 1 i 17 O
-+ e o 1 =z ™~ ) et T+ +— wl + .
56 nen e ! - 1 e 4 B ol - 1 . i
‘ o. Il = 14 ’ !
H4 U= + > + + o > }on BEWE o :
By o8 ' — = ———--4— o ] + s o~ s
3 i ! |
o s B - = = 4 = it i
fe o 4. . M ! I @ H
: < Y] = S — + =2 1
ad e b " o H
N el a T e o ~a . S '
: - + , = t et et 2 i
v dda » s M
. [ n T "o e~ T H H
o8 ndul— s o + - [ 8 1 g4 e w ! u ;
¢ + t y + + 1
b+ — S RENDE. - + — + - + et - s :
’ T i o sones yult = 3 3 1+ & -1 & i :
— < Wlf o] NN } 1. H -] 1
: " »e . MRS B M I I N HE ! i H
] . . o L LT 11 s B i '
by y S DD 1 I s
: b I T w 1 >
e - ddod -+, J. i H
. i il O . 1 + 13 w
? ' =t !
H i oy - M i i -
1 . MBS 1 N
1 e RS SRS 1
h» 4 v we 4 o
: e it 1 F
P Sy 4 — et - bt —t — — g
-+ Pév ¢ — t+— UI.IA ot t=—t $— s ».“
—y - ) e T %
r + J.J. JEY Y 8 L4 1
+ ooy = P..
. T9RCTH eyt P = =
: 4 : i 14 14 11 a1
9 : L 1 T 11 11 11
; 11, T11%. 1 i 11 R 1]
f
! :
£ .n
. ' A
" .
: i




i ’
s
. -
T - .. . PR . g - - -
! 1 .
-
'Y "N - PN - .- P . . [N 9
i SO . AP I - . . PRI CRRE B
- p— -} [P g PO . .- e - - N
- - P . - . .o + - -
- . e e . - .
P iy S “ e . . jpa -
\\ . fran v g Y - - . - a— . . 4 .
' . e - R . . P ¥ T
4 m
. S
[1 9N . PRSI DI ENPS IO EMMDIUE o SN
. R - b IORSPORY e [PIROI FRERCRINE SR
. e - 4 - RPN HRPES PET KT ey e B
H .ICH P Lo ed v fovne B ccomctt ov- anf- o0 o o
. I SRR MRS NS N (SIS SIS SN
Y ok BT — v P . R T X S
= ] Y . . 1 IPUORIG DR IR e IS
i - .- L. - O WY SOPUR PRFVIS FOSpres. SN
\ : L |
- - - 4 PPUuDEpe o epgaed b s
.~ Ry e e IR RN
e . B R K R e R
» - T R kIR T s e o Rlata SR
P DI IDIREIONE SPRNSUIA IV - IS SUADORIIYS IMIERERY RIS B Ji SENED ) IPURSRUNY SOURE
.. : . PR SO TNINE SRR SR e By e Iaacabe faten el & R N e R e
\ : SRR IS UM DI B R B d Rt Sautted RRTIE HUTINE AR
\ : - S R - P B ey FREPUSIRIY ST
M - &
: > TN PRUDUEIY AT TPUPPEA IRUREPUDE: SRDGPIDGE IRGRMGNY 'DEBENE b ebede oy R
N v DS SOGH S ; o b —r e b + 4.  df s e e
T R PG SN NS B B S e Y 4 ] ) .
3 v [ e O A T T STl FEee e anny Sma e und : " Ra gad ;
M :
-+ r
PY UL DU DO IRVMEN EEMI IO O p JOMEIS IPIRND T s 500 FRREE SIS SRENE b mare
IR T NP U NP . . R e o - o ot . b I s _H
[ ORISR QUGN SRpER SESRIEIN R R s s st : [N e gt 1 . bty t ’ I
Rt Bl St SOt SoRthi - . e ; . I I gt
> ¥ Deanm v . +
[ USRI S e R — ¥ D DN gt 54 + - : NGOG - NN
B - e - ———g— - s + —t——- + o -
. B8 mdp i | RRNIS gty Sivis guilvin: ppa Paas; B : b i IMEEG DN R B : pon
D R .« —— — . ULy SINREPIN IIVEDINY We e 4 RPN . REE REpe i
{ * * -+ + + + A tor p—_y
+ Y > T
P SIS - PRRIDEPTS Inpioly ARSIV INNUEINY SNSRI ISRENDG THEPGEIRE IRERISIE SHELIE e e h atiarE T e . | VRISTNN RIS B | N e e
B S REEEY BT Tl SOl lvstuss Miatitd Gesviit SO NN S ) . . DANES Soui + -
R I . —— - JOUSUPIS (N OUN P DR SR 1 SDEBES Gou, X ‘gt
wll pe - PO ST PR P Y ——rf [PRRPI IOENEDY S N JEp— PRDURSS GINPUSAIP MU I PRGERD B -
. 14 ORAENNINE DN SN SRSREY SRR [ s DD SDERN JURSDEDEE SR . e W + - iy —t yol
\ ) ) SERBEENNRS BRI SN SNEGIENS SNPIRII SIS, SEREINE ISR RS e ek . 4 . LS - et H F
/- b I e e R e B . . — JUREBANEN Sraas ; } AR e : 18 B . S i
- L . LY (I I S . i PEDNDUDEN SIS G, . : I Y 4 1 11 HRIRT I = R
7 : . . : i . I N RS N T .
- 7 i v . v i " * v Bk
[N R R o e P B iy - b ey - ; 2B T . i METR fEuba
- o s el PP SINDOINIE TSR —— e g . e BER A ' B B pae ¥ i i B "
- A R Y s JRRPED EEE R ] ...I+AA_ + + N -
- -~ aob— -1 — - DS - P . DI DA G DINGN DO DI TS :.V].ivf P DUNRRAS SNSRI SIS : 00~
T g - ~SSRERS
. [} S JDENUNE SR e RS IPURIRE RGN | SRR WNDARGIGE DGR | WDGRGME SIDISINGE UMY | VRGRGN IDDRENGS SN, VI JOCDIINIIE SIBRMIN IMESEEPS TS RS B e
. i S S L e p e - U S PRSI UG PP, . P ae o e P e - . N .
N SN PR S I PO SRR U IR S S e SR TR B B R B il SO SO W —f 4o -
' = ..w .- .- PO R - v e e § e e e b — il Tt E L RIS B S r»l»\fﬂl Y % FPUIUIN ST SR S TS R
) S B [ . - PO SR .
S .n . .. PRI DD .
[ . ¢ . - .. . PUNSURS ISP P,
W - - -- [ RO . . DU SO e s
Y SO [ R ...\n,.rs. PUNDENE TEREN B
. IR S I T R [ SRR, EUUDSRN . . . , ———f
, R S .. . . [N DU PRDNSIRED INRSRRGR IDSRIRDG o SUIDOREG SRIDON
’ . . .-} Cy - . R JRREDEY DO S [ S IR
e o - - - - H “ e e [ . - .- N LEVONGSA S
[ SO . e . R S PO W - [SS TORDEDENES S, .
e . N . . . Ce .
[ = [ -
= - ‘. . . - -
—_— -y ..
e - i .
-
) S .-
i = . .
. S— B . N
! oY1 SN - / N
\ she . . . ' . .-
. pe . 4 - ’ . - -
. p—e . - -
* o
_ [ oS U . NS B
1 ' p— . - - .
' : b . . . .
, i — . . . .
i . (=] and :
o
s Py o= [~
. - .
y j— . .
. i o . ..
1Y) SRGERENUN ). VPRI SR b e
v - . .. '
o b - . . i
\ n ll . \ - 1 /if
- ) L. . .
: 7 b i 1

T N G




e . - —

Il i $ ' I
. 1 L 1 1 3
M L 1 i 1
1 M
1
B 1
H
- -
.
*
s
B
+1
o
M
T + " '
T ) . i +
M s B 15 R | )l
NESE BEY! . 1 3
e BB B r ) !
1 s BROSS B ! o 1
-
p N
N = 3 : ! T T+t 1y My}
: i i — )
. i + 4 4
! : T RN B W NNEN B 1
1 1 : INaES AND 1% WY
1 i MDY MRS B8 131 : 1] 1
. . + MBI I ! st M M : i
— MRS R SR B 1l B 1
— . R . S il W . M
T =t *~ - T it B 1
T3 LI O SN PRERNE & sl pumag 5 s ot
1 ; naseats Fas o ReN BRUEE DHENE S8 o
Il . HEE W M i Il ; ) : :
1 - — idd ' AR . + i —_ 5 M s bt
—— 1 ; *« ) B d id L3R | 1 4 —
+ + - f s Ll M Dt
4 — 4« g B L,.Mib, RS w W I LR i AALYJW. e
i : —+ 1 1 [t S RS SR d o
td - = AU SHEST " " BB SR R !
] B RGHNE BBEDE RSP . :
. e iy At — N ) .
. Lo it ——t It MDA 4 M "
b ) gl o S S BRSS BRNES B t
T vy * v -+
[ e s ‘ : — —t
. —— . 1D DTN 1
A B ™ ¢ 4+
: " B WIS BE APe) Bwws
4 - ot e et IR B Lt } —i 4
. $ e DI BEEIRO e 1 : t B
- - USRS NSO JPYRE 4 .
e B : 1 1T
- e — 4 ‘ ' + -+ LR ,LW ¢
. BROE B b ik : ti $ 1 }
-+ b + + - + +
P O Bt ,VQ.lLQJvOYT.TrJ. -t E . 4
i S P R ] S . 4 - re iy
S o S0t b N SENGE BEu s hRRe| + 8 ,
- = mEaIn + % B
[pURgITY SV - T g pid + add 4 gt
Joog SenIN BRIIEARNEG DISES BEEE B MESWY MR SN Etiu..-l\ b
-4~ e e e e s - Gt $4 44+ " D) w» . it A—h 44
- »OS BEMSNS SINNNES SIMENE BIIING BN S OE RS 1S B N i
N T 4 J - re l
R W S Rakatil Seandand T . o I B bt
: ottt ; , :
R PR SEUNIGNY TPRUNDUDIS FERSFEPEY BUSR SRR SRR S R g P Rk na i 4
P R ok IR ——- —— e ;ol.rl,.y‘}.bL 4&..01?[?{,4"1 4
+ Jue - .- - P - MBS RARSE DG RPERET RRSE S
. ! ISR BNEN
D S e [N PR [ S bt —t 4'¢.H|0,|‘ v
- fun PUDUS EPUPUUI S DY (SRR SNDR PR Bt B + 5 4
) TORp MR DDIRRIY IR ENEDES I S . S RN DEARE BRI
oOBENDES HETNDE SIDSIA TENTEN S IDONS DRGRS DR PURESY SRS RN
Y SRS SRENI DEMGE SIS SIS SRWRE SR DIREE PEESE EE s RIS DI
R PS =UROIDEY NI ORI SINPINP e R s + POERTNGS BN
SO Y S e R ditlait: St B s BT RS B & alall Debhaind
P P S G S L I ek RS Rt e AR cambdeaft o rd |---e -+
. "
1 B T " v
O T B PR TP SEDONIDE SIS TS RS IR s S o e et
i SPUpRFaaee? KRS R IR R Paaees RS IS IS B i) .I&.. A.A.l.Lf;IfgL&
O DRV DIPISIDOY SIVREREDEY FRRR B s Bt PN VNN SIS WIS HS N
e PP R PR PR s e co e b bt e
SIS RN DOV MBI ONEOND IR SRS MNDIPY EEDIMBE IPMSSS S S S QS
Pl 55 - DRI DN IEDIII SERIPIE) S e NG PRGNS ERURN
. JURDD SUERQIIE SOVDSVRINS S s o ereedon PPN B D v
T2 il e P .- - RSN 2aTEEa I IR B T - te e
3
D S P e b PO ISR S DAMDE DIDEIEY SNDIRIPYS SR X ot d
' l,wi.. Ol Pt SN DtRil et SIS BEWEE Mpetey SRS RO
S S S N U RUPURE B PEPUDENE ANV PR
b= -+ . [T N . .o PN DRSO SRS IR PR e
b - . . [ e - . o bf e . [P IRy e ey
SO S M B MM RS IS0S DRE DTS BREE PUNES PPSps
N S PP SN . . - UGN SN cesod o cce i el o e
) SO I v oo bae [ERR e e PN ORRPE PPN -obd
g = w.l-. e e - - R (DUNDERD I POPIN DRSS SHR | PRGNS B
- . .o . - NG P B PPN DO DN
wSR TN [ MU e BobE Sonat DURE { PASSE EEGGE DRRSE SRR b
ot - . .. . PP S [ I N
H
2he 1. . PN TN I I PPN HDPS TIPTINNE . ‘ .
S SO AN .- PR Cae . TR I N R e
andl B0 .....‘. IR I S SPEeRE T R SR LIPS NPT
KRR e .. S N NP DR R
b .. B, - DI R O .o . - . .
- ... “eo. « .. . el . .
. R s Saods bOaRS M JUNDENY PROUNPY DI N S
4 o P S yury . M P _ﬁ +
1 B S W




CARGO RESTRAINT

The load attenuator or energy-absorber concept looks promisirg as a means by which
internal helicopter cargo loads may be restrained with a minimum of individual tie-down
-devices. By reducing the number of required tie-down devices over that normally required,
the downtiine necessary for a helicopter to be loaded or urloaded under combat conditions
may be significantly r-duced, thus reducing the exposure tima of the helicopter and crew
to enemy ground fire. The load attenuators, fabricated especially for this test, were demon-
strated under actual crash conditions for the first time during this test.

Purpose

The purpose of the cargo restraint expe-iment was to demonstrate the effectiver.ecs and
the performance of th2 wire-platten-type load attenuating device when it is installed in series
with conventioncl cargo restraints in an actual crash environment.

Description

Five individual experiments were conducted sboard the CH-47 test helicopter: two M-100
“%-ton trailers with simulated cargo, eac with a nominal weight of 1,375 pounds; two pallet
loads of sirmulated 155mm howitzer projectiles weighing approximately 800 pounds each;
and a cargo package ior baseline crash data acquisition, which was rigidly mounted to the
floor at the aircraft longitudinal CG.

All items of cargo were positioned and restrained according to TM 55-450-18, CH-47 Inter-

nal and External Loads Manual, by experienced personnel frcm the Fort Eustis Transporta-

tion School using the standard MB-1, 10,000-pound-capacity chains and the CGU-1/B 5,0C0-
pound-capacity nylon straps. The final configuration of the cargo and restraints is shown

in Figure 6.

The baseline crash data package consisted of a free mass attached to two load cells that
sensed forces in the lateral and longitudinal planes. In addi on, accelerations in all three
planes were measured by accelerometers. The package that was located on the starboard
side of the cargo compartment is shown in Figure 6.

In the forward section of the cargo compartment, one trailer was restrained in the conven:
tioncl manner with six MB-1, 10,000-pound-capacity chain restraint devices, and one pallet
load was restrained with four CGt! 5,000-pound-capacity nylon strap devices. The remair
ing trailer and pallet loads were restrained in a similar manner in the aft section of the
cargo compartment with the load aitenuators connected in series with the normal restraints

(Figure 29).

The load attenuators used in this test were he wire ' inding/extrusion type (Figure 30},
whose dynamic characteristics can be controlled du: g the manufacturing process by
varying the diemeter and metallurgical properties of the wire and the distance between

the extrusion rollers. The energy-absorbing devices that were .sed in serier with the cargo
restraints were designed with an initial extension force (breakout force) of 4,940 pounds,
which is just under the maximum strength of the aircraft floor fittings.
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Load cells were placed in series with the forward restraints on all cargo. ' Triaxial accel-
erometers were mounted on each load and on the tloor benvath each load. Rapid sequence
cameras were mounted at various points in the cargo compartment and focused on loads,
restraints, and floor fittings to record the impact dynamics.

Results

After the CH-47 came to rest, all items of cargo were generally in their original positions,
although some of the restraints had become detached by the end of the impact sequence.
There was also some evidence that the forward trailer impacted the butkhead at the head
of the cargo compartment (Figure 36). '

Of the four items of cargo in the helicopter, the aft trailer equipped with load attenuators
in series witn the restraints was the only item to sustain major damage.

The aft trailer experienced high vertical G loads as evidenced by the 130 G peak meas.
ured on the floor beneath the trailer. These high vertical forces compressed the trailer
springs, causing the shackles to penetrate the floor and to severely distort the axle, the
wheel rims, and the chassis {Figures 31 and 32). The trailer rebounded from this position
and induced loads of sufficient magnitude simuitaneously in all restraints to stroke the
attenuators on both the forward and lateral restraints and to fail the two aft restraint
floor fittings. The reason that the attenuators in series with the aft restraints did not
stroke and prevent failure of the floor fittings is not clearly understood. The nonstandard
attachment of the starboard floor fitting to the base of the crash data package may have
contributed to its failure,

The port floor fitting (ST-340) was subjected to tensile loads severe enough to cause its
mounting bolts to tear aftward through the floor for a distance of 7/8 inch without
stroking the load atte'uator {Figures 33 and 34), In this case the integrity of the load
attenuator was questioned. Unfortunately, load cells were not available for direct load
monitoring of the aft rastraints. The forward trailer also experienced a bent axle from
vertical G loads of 80 G peak measured on the floor beneath the trailer, alithough it

was still serviceable after impact, as was most of the cargo. However, the crushed and
distorted fuselage of tha helicopter prevented the immediate removal of the cargo without
special equipment.

The right-hand forward trailer restraint, terminating at ST-240, sustained a nearly constant
tensile load of 5,265 pounds for a period of .032 second before failure of the floor fitting
due to buckiing of the floor (Figure 35).
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Figure 33. Rear trailer, aft restraints with energy absorbers,
before impact (station 340).

Figure 34.

Rear trailer, aft restraints, after impact (station 340).
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Figure 35. Forward trailer, forward and lateral restraints,
after impact (station 240).

S

Figure 36. Forward trailer just aft of bulkhead.
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Post-Crash Laboratory Test

A laboratory test was conducted at ATL in an attempt to learn why the floor fittings at
ST-340 failed without extension ¢f the load attenuators. The abjective of the laboratory
test was to determine the exact load at which the two unextended attemi:ators, which
were attached to the floor fittings at ST-340, would break out and begin to stroke. With
this information, it could be assumed that the tie-down fittings were subiected to loads
just short of this amount. A third unused load attenuator was stroked completely in 141
milliseconds to simulate a crash pulse.

Both of the questionable attenuators were stroked at a rate of 4 inchec per minute,
duplicating the manufacturer’s performance qualification tests. -

Under test conditions, both attenuators achieved peak loads of 5,200 and 5,300 pounds
{breakout force) and stroked at level loads of 4,800 and 5,000 pounds, which was above
their design performance of 4,940 pounds peak load and 4,600 pounds stroking load
(Figure 37).

The results of these tests suggest that both floor fittings at ST-340 could have been sub-
jected to loads up to approximately 4,600 pounds, since some indication of attenuator
platten wire deformation would have been evident at loads above this level. CH-47
helicopter floor fittings have failed under static test loads of 5,050 to 5,150 pounds in
the past; However, the age, corrosion, and general deterioration of this particular CH-47
fuselage probably contributed to early failure of these fittings.

The third test produced surprisingly similar results with a breakout force of 4,818 pounds,
only 122 pounds less than the design value, which reinforces the validity of the manu-
facturer’s low rate method of testing.

Conclusions

in T-40, loads were developed in the cargo restraints which exceeded the ultimate strength
of some of the floor tie-down fittings in the test helicopter. Energy-absorbing devices
were effective in attenuating peak loads in cargo restraints during the helicopter crash, as
evidenced by the extension of both the forward and the lateral load attenuators on the
aft trailer.

Noting the two failed floor fittings (ST-340), the results of this test suggest that the
designed attenuator breakout force should be substantially lower to allow more energy
dissipation and earlier stroking to avoid any chance of excessive peak load buildup. The
load attenuators used in this test were designed with a breakout force of 4,940 pounds,
which now appears to be too high for maximum system energy dissipation in this case,
and perhaps too close to the ultimate strength of the floor fittings in the CH-47 helicopter,

In the final design jof a load attenuator of this type, accuracies greater than *400 pounds
would be difficult and expensive to achieve, considering practical manufacturing tolerances
and the variances of metallurgical ck~racteristics of available materials.
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In selecting attenuators for cargo restraint, a much greater margin should be allowed
between the ultimate strength of critical components and the limit load value than was

allowed in this cargo restraint experiment.

The load attenuators used in this experiment were designed to fit in series with the MB-1
chain, or the CGU strap restraint devices; however, several operational problems were
experienced that will require future hardware modifications. One of the hooks on the
CGU strap restraints did not fit the atten:ator body and a shackle was required. The
long sections of wire extending out frum the attenuator body interfered with operation
of the MB-1 latch and t!:2 tensioning device and should be repositioned in the final
operational hardware (Figure 38).

The results of this experiment have provided some valuable design data for future cargo
restraint systems, although the test impact conditions were less than ideal for an internal
cargo restraint experiment. Impact conditions having a higher longitudinal velocity com-
ponent would produce a more challenging environment for evaluatmg cargo restraint
components.

The use of load attenuators in series with conventional cargo restraints improves the
survivability aspects of a heliconter crash and reduces the number of individual restraints
required. As more emphasis is being placed on transporting cargo internally, maximiza-
tion of the total load on each flight is essential to increase productivity of the helicopter.

The plan view of the test CH-47 cargo compartment (Figure 6) illustrates how the place-
ment of conventional cargo restraints, radiating outward from each load to the floor
tie-down fittings to achieve the most advantageous restraint angle, limits the cubic capacity
of the cargo compartment.

Development of an energy-absorbing system to facilitate quick restraint of large quantities
of internal cargo in one operation would promote optimum utilization of the total cargo
space.

Figure 38. Partially extended energy attenuator showing interference of platten wire
with tension adjustment wheel on MB-1 chain restraint.
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AIRCREW INFLATABLE RESTRAINT

Purpose

The purposes of this experiment were: to demonstrate that an aircrew inflatable restraint
system is capable of functioning under “‘real world” conditions; to provide comparative
data between an inflatable and a conventional restraint under identical conditions; and to
obtain the ““crash signature,” i.e., the magnitude and duration of the crash pulse, to aid

in further development of the ¢rash sensor.
Background

The Naval Air Development Center is developing an inflatable restraint system for helicop-
ter crewmen, which provides greater crash protection to the wearer than the standard lap
belt/shoulder harness system now used. The inflatable restraint provides automatic pre-
tensioning, which removes any slack in the system and forces the occupant back in his
seat, thereby reducing dynamic overshoot. Strap loading on the wearer is reduced when
the inflated restraint is compressed during crash loading. The concentration of the strap
loads on the body is reduced because of the increased bearing surface provided when the
restraint is inflated. In addition, an inflated appendage of the restraint that fits under
the wearer’s chin will reduce the head motion and the whiplash induced trauma which
occurs during a crash. Submarining by the seat occupant is prevented by the use of a

crotch strap.

The inflatable restraint system was designed using the air bag concept of enveloping the
seated occupant with a gas-filled inflatable device to prevent fatalities and to reduce
occupant injuries during a potentially survivable crash. Unlike the automotive air bag,
which is a passive device remotely located from the occupant, the inflatable restraint

is worn in a fashion similar to the present-day crewman harness. The inflatable restraint
has been configured essentially the same as the harness currently being used in helicop-
ters and other nonejection-seat aircraft. These harnesses usually consist of 1-3/4-inch-
wide shouider straps and 3-inch-wide lap belt straps joined at a central fitting. Both
shoulder straps are joined directly behind the occupant’s neck and terminate in an
inertia reel mounted onto the seat back. The ends of the lap helt are anchored to the
lower rear portion of the seat bucket.

The restraint system {Figure 39) is comprised of three m ~r subsystems: (1) the inflat-
able bladder/restraint, {2) the inflator, and (3) the crash sensor. The system has been
designed so that in its stowed position it appears somewhat like the conventional harness.
When unfurled, the bladder/restraint is revealed as shown in Figure 40,

The inflator is a cylindrical pyrotechnic gas-generated inflator manufactured by the Thiokol
Chemical Corporation for this system (Figure 41)}. It is located within the bladder.




INFLATED
DA UNINFLATED

TEAMINATED INYO
AN INERTIA REEL

RELEASE DEVICE

» GAS GENERATOR

(a1 >~ I

B untorie

Figure 40. Comparisor: of infiatable restraint in stoweu position and unfurled.
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Figure 41. Thiokol Chemical Corporation’s pyrotechnic inflator,

A nontoxic gas, mainly composed of nitrogen, fills each of the restraint bladders to a
pressure of 3 psi in less than 20 msec after initiation. The inflator ignition system is
initiated by an electrical -.ulse from a crash sensor located on the floor of the aicraft.

The crash sensor is an acceleration switch selected because of its ability to act as an
integrator of acceleration time. The sensor is set to close at an energy level of 5 G

for 11 msec. Inflation of the restraint occurs within the initial 30 msec after the sensor
closes. As the occupant’s body moves into the bladders, the bladders’ pressure increases
while they are being squeezed by the torso against the outer straps, offering further
resistance to the occupant’s movement into the restraint. The material, being semipermeable,
then .allows the gas to escape so that in less than 0.1 seconc after initiation the pressure |
has decreased to its original 3 psi, and the bladder continues to deflate with time. Should
a secondary impact occur, the uninflated restraint is still positioned around the occupant,
offering protection against further decelerative forces.

Description

To obtain the comparative data, twwo 95th percentile dummies were restrained in the pilot
and copilot seats by an inflatable system and a conventional restraint system, respectively.
Each dummy was clothed in white thermal underwear and wore a Navai aviator’'s helret.
No slack was allowed in either restraint. Standard CH-47 seats and cushions w.r2 used,
and no attempt was made to improve the strength of the seat or its support structure.

Each dummy had a triaxial accelerometer mounted in the chest cavity, and each restraint
had force transducers mounted on the webbing to measure loads on the lap belt and
shoulder harness. In addition, a pressure transducer was used to measure the internal gas
pressure of the infiatable system. The cockpit was photographically covered by two high-
speed motion picture cameras equipped with wide angle lenses. The crash sensor was
mounted on the floor in the rear cockpit area between the seats. An initiation wire ran
from the gas generator located inside the bladder of the restraint through the crash sensor
to a battery pack in the cockpit. A triaxial accelerometer was mounted near the crash
sensor to record the acceleration levels of the crash.

68




Results

A review of the motion pictures revealed that the inflatcble restraint system functioned
properly during the crash. Althouch the scats were considerably deformed by the crash
forces, the inflatable restraint was cbile to constrain the dummy in the pilot seat (Figures
42 and 43). Unfortunately, the inertia reel on the copilot's seat failed, releasing the
shoulder straps and allowing the dummy to pitch forward in the seat. This unforeseen
failure eliminated ail chance for a meaningful coimparison of the data collected from
transducers on both dummies.

Drop test data are presented in Table 4. Time response plots of the data summarized in
this table are shown in Figurus 44 through 52. All data shown in these plots were
filtered at 100 Hz.

Analysis of the data showed that the pressure developed in the inflatable restraint
reached a maximum cof 9.6 psi. This is considerably iess than was experienced during
horizontal sled tests, but it is explaincble since peak pressure results froin the compres-
sion of the bladder as the occupant’s torso loads the straoss. For T-40 impact conditions,
the motion is directed predominately downward into the seat bucket. The severe
deformation of the seat cbsorbed a poriion of the energy, resulting in reduced strap loads
and lower internal pressure. Figure 43 shows the failure of the seat pan and the tearing
of the seat back due to the strap loading; it aiso reveals the inflatable restraint in a
partially inflated conditinn because of its semiporous nature. This feature permits a
quick removal of the restraint by the wearer and a rapid egress from the aircraft.

.

Figure 42. CH-47A test vehicle (post-test).
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Figure 43. Post-test cockpit showing crash damage and dummy position.

TABLE 4. SUMMARY OF DROP TEST DATA

Peek _Lood Time
Pacameter i Lb {msec)

internal Pressure ) 96 105
Floor, Gx R - X+ R 68 B
Floor, Gz ‘ 158.0 58
Pilot Chest, Gx 126 81
Pilot Chest, Gy 3.7 62
Pilot Chest, Gz 159 55
Pilot Chest Resultant, Gr 19.2 ) 106
Copilot Chast, Gx 96 - 94
Copilot Chest, Gy 8.0 105
Copilot Chest, Gz 21.7 61
Copitot Chest Resultant, Gr 22.7 61
Pilot Left Shoulder 535 i3
Pilot Right Shouider 666 103
Pilot Left Hip 385 115
Pilot Right Hip 287 176
Copilot Left Shouider 158 156
Ccpitot Right Shoulder 135 62
Copilot Left Nip 3719 188
Copilot Right Hip 394 180

70




BIGTHGE &.de w31 s

.

i
ryyvr vor irTryra

T T S N ST o Tt TS 1L x

FDRCE <LBS)>

=
-

BE

L PILOT LIFT SHOULDER FORCE

e

Q-lll | W S T S ¥ e S

™
{

1
rryrrvrrrrrTrri

| W N
¥
.

1
.oz ' me L R@

FORCE (LBS)

ﬂbw
=
ﬁ:
o PILOT ‘'WICHT SHOULDER FORCE
b
C
?Llll S W W SN S U WL SN N SN SN WY SN S S 1 ) N G N L.l 1

ket (334 i 1 et

(1 i R 3
TG T ) = LT VoA an
TIME <mgc>

Figure 44. Pilot restraint shoulder loads versus time.

n

Meria A - TN A T A BTN T B okt x i e ams s e w0 L P -



e o, oS

——— e

FORCE (LBS)>

FORCE <LBS)

q_ COPILOT LEFT SHOULDER FORCE

P
o N
--1--} l [ L] I. ma |. I ® l. = l. am '. aey |. aE

TIME <8<

= Vm'v —_— Vﬁui o
I
Q-P. COPILOT RIGHT SHOULDR FORCE™
I
g-lll_lLLllllLllllJLLLllllllllj
NS AT Ll AT T T N, am

TIME <{=mEC)H>

Figure 45. Copilot restraint shoulder loads versus time.

72




' - N B . ! ' - ! -
‘ g
~
E L
ha PILOT LFT HIP TORCE
- :
=3
-
LllllLllIlLlllLiLlllLL_llllll
.o U m- PA-T Lia T Lam Y.av . =a
TIME <HEc>
o~
g
E I
B
. 0l + PILO? RIGHT HIP FORCE
e
. ﬁ 8
] i . & & 2 2 1 3 & oL b0 Lo 4.2 ..: Lt 2.3 % 2 2 1
N--T- AT WA= A Y] AT ead . as
TIME <mBEC)>
; Figure 46. Pilot restraint hip loads versus time.
73
- - e a2 M e g mm—— e -
I‘ ‘ \\ \ "—- \~\\‘\ \ ,\/\{ ' ! \\ N b S \ 1 ’ ~
Ty A A ‘ N, . AR ;
.. b . \ A 4 e‘.‘ < \\\_ \ rd B /: } - , 7
= eSS UBEIP RN P S A ) i /

e




FOKE (LES)

COrILOT LEST HIP FORCE

| O S PN U DA U B TN T T | L [ [ S -

4 i
i Vs T ', @y

TIME <BEKC?>

=

L

T 7

oo |

AN

/

FCICE <LED)

COPILOT RIGHT HIP FORCE

| WS SN W SNy SENY NN WIS USUN N DN U U SN N e |
1

LA L™ LAT) T

TIME <mME<S)>

Figure 47. Copilot restraint hip loads versus time.

74




AR A O A S

s 4%

ACCEL. <B)

RCCEL. (B)

COFILOT RESULTANT ACCELERATION

| WS U TN T UHEE NN U U NN ST I U SEN S GHN SR BU RN SN S A 1

A1 i i
TIME <maEKc)>

PILOT RESVLTANT ACCFLERATION
L L L 1 L 'l L L i '} 'l L L 1 ) | L L i L1 1 ' '] | I N S |
m.am ' ovy e L] e ', am LT V.=m

TIME <{mEC)>

Figure 48. Pilot and copilot resultant chest acceleration verius time.

75




etk 2+ RT at w1 o

5 IBHR PRESSURE
o
, 'S L d . Il 'l A L 4 $ 11 [ . .| [} i L [} ]
h.m L3 AT AT JA
™ME ( SEC, )
.
-
. -
-b
o PILOT DY G
w4 X
N
.-
=
y L
-
-
. —d
-‘- 1 % 1 L 1 Il 1 1 A1 1 L j 5 i |8 2 1 1 L Il ]
(T Lis 1

R
P
i

M8 ( SEC, )

Figure 49, Pilot horizontal chest acceleration and bladder pressure versus time.

76




yatan

e e ——-

Figure 50.

L
-
=
o
‘dP
=3
LI S N
= INHR IRUSSURE
N
P
' 1 | S S | A ' i L A} 2. I e | S S | 4 4 ]
hm .- AT AT a
™ ( SEC. )
G
'
FLOOR G.‘(
8
]
| ]
! -
] I AL L el ! 1 L 1 1 A 1 b 1 1 (|
) = i g .

7 { SEC, )

Aircraft horizontal acceleration and bladder pressure versus time.

77




FLOOR Gx

1
—
——

n
T

LI |
| ey
| sy

™~

. . 252

TDME (SEC.)

. 289

DE  (SEC.)

Figure 51. Aircraft horizontal acceleration and velocity versus time.

78

At Wi o




001 06 08

‘W) SNSIAA UOIIRIIJAITL (EILIBA yeony "z nbid

(oes®) WL
oL 09 0s o% (113 (174

ot

e —

t -

. s1y1”

'

o e A 1 e A s

AR

© e

o -
AP

R e
~

1 1 1

36L /

3891

umopyoNOL

T
(VD) Pe323THd
ZH 001 !
~ !
t
1
=4
~
(Vo) Pa2RlITHA
‘ zEN?
e ek e i o S et v L

s

[PPSR




Conciusions

T-40 demonstrated that the aircrew inflatable restraint system can function under actual
crash conditions.

The crash pulse magnitude and duration obtained can be used in the development of a
crash sensor for the advanced engineering model of the inflatable restraint system.

Though data permitting direct comparison with a conventional restraint was not obtained,

the observed bladder inflation should result in lesser longitudinal forces being transmitted
to an occupant equipped with an inflatable restraint.
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APPENDIX A
INSTRUMENTATION

GENERAL

T-40 measurements were obtained using five basic type transducers: strain gages, accel-
erometers, load celis, displacement sensors, and pressure sensors. The locations of the
transducers on the test helicopter are depicted in Figure 6. All transducers were connec-
ted to remote recording equipment via multipair and coaxial cabling. Nine recorders
were employed, three of which were supplied and operated by the Army. The Army
conditioning and recording equipment was positioned in a 40-foot instrumentation

trailer configured to meet this project's requirements. Tine NASA equivalent equipment
was positioned in their permanently configured drop test site control room and was
operated in accordance with their usual recording procedures.

NASA and Army instrumentation technicians workad closely together in the installation
and wiring of the transducers, and in sensor calibration and data acquisition.

APPLIED TECHNOLOGY LABORATORY (ARMY) RECORDING SYSTEM

The Army data recording system is graphically depicted in Figure A-1. The Army recorded
data from structural strain gages, strain gage type accelerometers and load cells, and strain
gage pressure and restraint belt sensors. This was accomplished using designated tape
recorders O, P, and N. Recording circuits are described below.

Structural Strain Gage Recording Circuits

Thirty-four Micro-Measurements type EA-13-125AC-350/W constantan alloy 350 ohm strain
gages were used in conjunction with Vishay type MDL 311218-X bridge circuit completion
modules to form the transducer sense circuit {Data Channels 77 through 110). The out-
put of each strain gage bridge was fed into an IED type CS0-340 Sub-Carrier Oscillator

{SCO} and mixed in an IED type CMA 400A Mixer-Amplifier to form a 5 to 6 subcarrier "~~~

frequency multiplexed signal. All 34 strain gage circuits were fed into seven SCO signal
conditioners {(Modules G-M) with the resulting outputs fed via individual 200-foot 52 ohm
coaxial cables *o the instrumentation trailer where the signals were recorded at 60 ips on
a 14-channel G:znisco megnetic tape recorder (Rec N), Model 10-126. A 100-kHz record-
ing reference signal was also injected into each of the seven mixer-amplifiers to become
part of the seven multiplexed signals. Recorder N also recorded IRIG A time code and
supplemental voice signals. Circuit calibrations of all ATL recorded channels were accom-
plished on test day and consisted of circuit zeroing, plus a strain gage/bridge shunt type
calibration. The selected calibration shunt resistance value was equal to 16065 u inch/inch
tension. This was equivalent to approximately 50% of the FM recording band edge. Table
A-1 presents a description of recorder N functions and calibration data.

Load Cell Circuits

Two BLH SR-4 10,000-pound load cells (Channels 75 and 76) were used in conjunction
with the same carno package that was used in the March 1975 CH-47 (T-39) crash test.
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This same package was used to establish comparison load impact data between T-39 and
T-40. The load cell's sensor strain gage bridge output was recorded as part of the muiti-

plex arrangement described above. Calibration consisted of bridge circuit zeroing and a
resistor shunt type calibration as determined by supplied data. The selected calibration
value was equal to 6,000 pounds tension. Eight PCB Model 226A Quartz Force Link
type load cells (Channels 67-74) were placed in series with the rear restraint tie-downs
for all four on-board cargo loads: two 3/4-ton two-wheel vehicle trailers and two simula-
ted pallet loads. Calibration consisted of circuit balancing and then inserting a known
voltage equz! to a known load cell output. See Tables A-1, A-2, and A-3 for the calibra-
tion compression for a given channel. Refer to Figure A-1 for a general description of

the load cell circuit:y.

Pressure Sensors

Three pressure sense circuits werc eraployed using CEC strain gage type Model 4-313
and 4-326 sensors. Two 4-313 transducers (0-200 psi), Channels 116 and 117, were
installed in the lower front portion of the main fuel cells at Station 270. The third
transducer (0-25 psi), Channel 115, was employed to sense pressure exerted upon an
inflatable bladder which was part of the dummy pilot’s restraint system. This circuit
was a U. S. Naval Air Development Center (NADC) requirement and employed tech-
niques and hardware dcveloped by them.

Accelerometers

Two CEC Strain Gage Accelerometers, Type 4-202 (Channels 123-124), were used to
sense center cockpit floor impact accelerations. The vertical sensor was a 0-250G com-
ponent, while the longitudinal was 0-100G. These circuits, which were a NADC
requirement, were conditioned by the Accudata Model 118 and recorded on tapes O

and P.

Restraint Belt Sensors

- ' Eight NADC-f-bricated strain gage sensors were emplode in conjunction with a stan-
dard flight harness plus the inflatable restraint described above. Both pilot and copilot
dummies had two hip and two shoulder tension sensors installed. The strain gage output
was converted and calibrated to pounds of harness pressure using NADC methods. Four
sensors were converted to an FM multiplex signal (Channels 111-114) and recorded on
Recorder N while the remaining four (Channels 119-122) were recorded on Recorders O
and P, after being signal conditioned by an Accudata Mode! 118 amplifier arrangement.
Calibrations were accomplished using selected shunt resistance values which produced
signals equivalent to known restraint belt pressures.
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NASA RECORDING SYSTEM

Figure A-2 generally depicts the NASA data recording system. Two different types of
transducers were recorded, piezoelectric accelerometers and extensiometers, on designated
recorders A, B, C, D, E, and F. ‘

Accelerometer Circuits

NASA recorded 62 channels of vertical, lateral, and longitudinal aircraft structural, anthro-
pomorphic dummy and loads acceleration data using Kistler Model 818 and PCB Mode!
302A04 quartz type 0-1000G sensors with built-in impedance converters. The high- signal,
low-impedance output {Nominal 10 mv/g) was fed through junction boxes directly into a
NASA.fabricated unity gain impedance matching amplifier and ultimately into six Sangamo
and Ampex 14-channel FM record magnetic tape recorders. IRIG A time code and test
voice narrative were fed into each recorder. Calibrations were accomplished prior to test
day by injecting a kncwn AC RMS 1-kHz signal level at the accelerometer output {Aircraft
J-Box) and setting the electronics gain as measured at and recorded by the respective
magnetic tape recorder. Calibration levels were established at the 100, 200, 500, 700, and
1000G level depending on anticipated individual accelerometer G load. These calibration
points were established as 100% FM record band adge. Recorders A, B, C, D, E, and F
functions and calibration data are presented in Tables A-4, A-5, A6, A-7, A8, and AS,
respectively.

Extensiometers

Eight extensiometers (deflection/displacement sensors), six of which were electronically
sensed, were fabricated, installed, and calibrated by ATL personnel. The extensiometer is
basically an 8-foot 2-inch aluminum tube on which a nichrome rcsistance wire and wiper
arm is side mounted over its length. The tube is secured to the cabin floor and the

wiper arm to the fuselage exterior top. As the wire wiper traverses due to cabin floor or
overhead skin movement, an electrical current change proportional to displacement is pro-
duced, allowing a time history to be recorded. In addition, a heavy rubber O-ring was
positioned on the tube at the roof line to sense the peak ceiling movement manually. To
. facilitate calibration and obtain optimum circuit sensitivity and linearity, signal conditioning
circuitry was fabricated. Calibrations were performed by creating a known deformation
and measuring the resulting output voltage. Extensiometer positions are shown in Figure 6
and physical particulars are depicted in Figure A-3.

Radar Velocity Measurement

A field-portable Doppler radar system was used as a signal source to determine aircraft
horizontal velocity st impact. Circuit calibration was accomplished using a tuning fork
generated pulse equivalent of 20 mph. Data was recorded on Tape E.
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Figure A 3. Deflection tube installation.
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INTER'OR PHOTOGRAPHIC CONTROL

8

The ¢'retitry used to controi the test helicopicr interior cameras and lights was designed
and fuiminated by ATL. Tius onbeard came a/light system is shown in Ficure A4,
Camera z~u 1V 3ht locations are shown in Figure 7.

DATA ACGUISITION

Procedures

All channels were caiibrated as shown in Tables A-1 throuch A7, A 102J-%Hz siqnal was
recorded on each tape reccrder for speed compensation and noise-reduction purposas.
Timing information was recorded on each tape to facifitate data reduction and event occur-
rence definition. Also, an audin track was inciuded on each tape recorder (edge or distinct
track) to provide for tape data marking, facilitating more rapid data reduction.

Data Recording Problems

Some data was acquired on every channel, The following instrumentation maslfunctions
were a direct result of the crash impact. .

1. Data Channels 74, 82, 85, 89, 91, 102, 116, 117: Csblos severed by struciural
damage.

2. Data Channet 92: Cabtle or transducer cut or smashed {sensur and complete
. cable run could not ve checked due to fuselage coilapse).

3. Data Channefs 15 and 18: Accelerometer separared from mounting pad due
to epcxy bond fracture.

4. Data Channels 13, 14, 43, ond 51: Accelerometer separa.cd from mounting
pad due to stripped pad threads.

5. Data Channeis 31, 32, 33 and 34: Cable severed due to structural damege.

AIRCRAFT INSTRUMENTATION MOUNTING AND CABLING

All aircraft test cabling was either RG-174/J Type 50 ohm coaxial (FSN $145.803-8237)
or Beh en Type 3434 four-corductor shieidad (FEN 6155.011-2220) and was lccsely
positior.ed with extra slack at expacted heavy stress points. All CC volti=2 and signal
circuits used the Type 8434, and the 1C0-kHz plus the frequency multiplexsd strain gage
signals were distributed using the RG-174/J. Plastic type cable tie clamps of various
lengths along with masking tape were used to suspend and sccura most cebling.

The seven SCO/Bridge module {G-M) circuitry mounts conslited of two 3/52- x 4-1/2- X
11-inch aluminum plates separated by two 4-inch pissiic sponca sonarators, all of which
were secured together through four holes in the fusclege ton using four 1 '4-inch seif-

locking aircraft hardware. One plate and one sponge scction were mountad on ecch side

of the fuselage skin. )
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The seven IED SCO mounts (G-M) were secured to their associated module mounts using
10-32 self-tightening aircraft type hardware. The Vishay strain gage completion modules
were adhered to the module mounts using Dow Corning Silastic 732 RTV silicone adhesive
(FSN-8040-8658991). This adhesive was selected to allow undamaged module recovery
upon completion of the test. The module board terminal strips were bonded using 3M
Scotch-Weld Brand Epoxy Resin Structural Adhesive, Type 22168/A (FSN 8040-145-0432).

All strain gage transducers were bonded to the aircraft structure using standard surface

preparation, degreasing, plus neutralizing methods and practices as recommended by manu-

facturers such as Micro Measurements inc. (MM}. The MM strain gages were finger _
pressure adhesively bonded using Loctite Type 06 Super Bonder (Eastman 910 equivalent)

and moistute protected with MM Type Gagekote 3 varnish. The sensor output was

coupled to the associated bridge completion module using a Belden 8434 cable conductor. .

All acelerometer mount blocks were fastened to their mounting positicns by 1/4-inch

or 3/8-inch hardware or adhesive bonding using 3M Scotch-Weld Epoxy Resin Structural
Adhesive, Tynre 2216B/A. The accelerometer mounting stud bases were bonded to the
mount block using the same epoxy adhesive, and the accelerometers were secured to the
base using a 10-32 stud torqued to approximately 18 in.-ib. The mounting techniques are
those specified by the respective accelerometer manufacturer. A Belden 8451 two-wire
conductor or equivalent was used to connect the transducer to the respective J-Box.

Convennonal mounting was utitized for each load cell in accordance with manufacturers’
specifications and dimensions,

The camera/light control circuitry and distribution panel were prefabricated in the lab
using 8 1/4-inch aluminum plats as a foundation and securing all components with RTV
silicone adhesive or appropriate size hardware. AWG 10, 12, 14 and 18 gage wire was
used to interconnect controf components and feed the light and camera loads depending
on current requirements. A pre-drop system check was performed to insure proper

operation and time sequencing.

The ATL and NASA aircraft cable junction boxes (J-Boxes) were mounted at Station 330
on the right and feft interior sides respectively. Both J-Boxes (with covers) were con-
structed of 1/16-inch or 1/8-inch steel and were mounted to the aircraft skin using 3/8-
inch self-locking aircraft hardware, L brackets, and exterior reinforcement washers. Re-
quired rows of terminal strips were either crew mounted using 10-32 hardware or adhered
using Devcon Quick Set Epoxy Resin Adhesive, Type 5 minute. All attached cabling was
firmly bonded for strength and secured at each box entrance. Connectors were con-
ventional BNC or aeronsutical MS circuit type. See Figures A-5 and A8 for Army and
NASA Junction Box positioning without covers. The aircraft-to-control room umbilical
harnesses were routed through a window-mounted flexible rubber fixture. Figure A-7
shows the interior and exterior cable securing techniques. No crash impact damage was
suffered by either J-Box, umbilical harness, or any of the seven module mounts or signal
conditioning units mounted above the aircraft waterline. ‘:
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Figura A-8. NASA junction box.

et e e n e ———

»

» ©® ® ®» ®» © © ©




e e

v

o 1o s sy ,,q” .
sy
e PR TR .

Figyre Al {nstrumentation cabling techniques.

100

6900-78

n

LR el




