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Figure 32. Rear trailer looking forward, after impact.

figure 31. Rear trailer looking forward from starboard side, after impact.
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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 36. Forward trailer just aft of bulkhead.

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



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 cf the load attenuators. The objective of the laboratory
test was to determine the exact load at which the two unextended attel'!uators, 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 inchet: per minute,
duplicating the manufacturer's performance qualification tests.

Under te~ 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 pro~ably 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 fittin!Js in the test helicopter. Energy-absorbing devicEos
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-340l, the results of this test suggest that the
designed attenuatdr 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 pou"lds,
which now appear$ to be too high for maximum system energy di~sipation in this case,
and perhaps too close to the ultimate strength of the floor fittings in the CH-47 helicopter.

In the final design 10f a load attenuator of this type, accuracies greater than ±4oo pounds
would be difficult fnd expensive to achieve, considering practical manufacturing tolerances
and the variances of metallurgical c" "'racteristics of available material:!.
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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-'
chain, or the CGU strap restraint devices; however, several operational problems were
experienced that will require future hardware mudifications. One of tile hooks on the
CGU strap restraints did not fit the atten,.:..tor body and a shackle was required. The
long sections of wire extending out from the attenuator body interfered with operation
of the MB-' latch and t!:e tGilliioning 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 evaluating cargo restraint
components.

The use of load attenuators in series with conventional cargo restraints improves the
survivability aspects of a helicopter 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·' 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 crash sensor.

Background

The Naval Air Development Center is developing an inflatable restraint system for helicop­
ter crewmen, which pro\lides greater crash proiecti"n to the wearer than the standard lap
belt/shoulder harness system now used. The inflatable restraint provides automatic pre­
tensioning, which remOVtlS any slack in the system and forces the occupant back in his
scat, 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 inf!ated. 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 eras.... 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 hlflatable 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 t-3/4-inch­
wide shoulder 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 belt are anchored to the
lower rear portion of the seat bucket.

The restraint system (Figure 39) is comprised of three rr. ",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.
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Figure 40. Comparisor. of inflatable restraint in stowet.. position and unfurled.
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Figure 39. The inflatable restraint system.

INFLATED

r·· ...~...... I
/



68

•

{ ---.i ­
/I

I
,I,

A nontoxic gas, mainly composed of .,itrogen, 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 swi:ch 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 mov~ 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 seeon~ after initiation the pressure
has decreased to its original 3 psi, and the bladder continue! to deflate with time. Should
a secondary impact OCCllr, the uninflated restraint is still positioned around the occupant,
offering protection against further decelerative forces.

Dpscription

Figure 41. Thiokol Chemical Corporation's pyrotechnic inflator.

To obtain the comparativ~ data, tv/o 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'~ helr.let.
No slack was allowed in either restraint. Standard CH-47 seats and cushions W,";l used,
and no attempt was made to improve the strength of the seJ'lt 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 inflatable system. The cockpit was photographically covered by two high­
spet'rl motion picture cameras equipped with wide angle lenses. The crash sensor was
me.unted 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.



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

A rel/iew of the motion pictures revcJled that the inflat<::ble :estraint system functioned
properly during the crash. Although the scats were considerably deformed by the crash
forces. the inflatable restraint was obie to constrain :;'0 dummy in ~he pilot seat (FigurE's
42 and 431. Unfortunately, the inertia reel on the copilot's seat failed, releasing the
shoulder straps end allowing the dumm'l to pitch forward in the seat. This unforeseen
failure eliminated all chance for a mCJningful comparison of the data collected from
transducers on both durnrr.ies.

Analysis of the data ~howcd ~hat the pressure devdloped in the inflatable restraint
reached a maximum of 9.G psi. This is consid0rably iess than was experienced during
horizontal sled tests, but it is explain.:ble since peak pressure results frem the compres·
sian of the bladder as the occupant's torso 10Jds the stra:Js. For T·40 impact conditions,
the motion is directed predominately downward into the seat bucket. The sever:?
deformation of the seat cbsorbed a portion of the energy, resulting in reduced ~trap loads
and lower internal pressun:. Figure 43 shows the failure of the seat pan and the tearing
of the seat. back due to the strJp loading; It aiso reveals the inflatable restra;nt in a
partially inflated condition because of its semiporous nature. This feature permits a
quick removal of the restraint by the wearer and a rapid egress from the aircraft .

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

TA8lE 4. SUMMARY OF DROP TEST DATA

Puk Load Time

PIIl'_ter Pii G Lb Imsecl

Interne! Prenure 9.6 106

Floor, Gx 19.0 68

Floor. Gz 158.0 58

Pilot o.$!. Gx 12.6 81

Pilot Chflt. Gy 3.7 62

Pilot ene$!. Gl 15.9 55

Pilot Cho!st Resultent. Gr 19.2 106

Copilot Chait. Gx 9.6 94

Copilot Chest. Gy 6.0 106

Copilot o.$!. Gl 21.7 61

Copilot Chest Resultl"t. Gr 22.7 61

Pilot left Shoulder 535 '13

Pilot Right Shoulder 666 103

Pilot left Hip 385 115

Pilot Right Hip 247 176

Copilot left Shoulder 158 156

Cc;lilot Right Shoulder 135 62

Copilot Left Hip 379 188

Copilot Right Hip 394 180
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Figure 44. Pilot restraint shoulder loads versus time.
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Figure 45. Copilot restraint shoul1er loads versus time.
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Figure 46. Pilot restraint hip loads versus time.
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Figure 47. Copilot restraint hip loads versus time.
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Figure 48. Pilot and copilot resultant chest acceloration ver:;us time.
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Figure 49. Pilot horizontal chest acceleration and bladder pressure versus time.
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Figure 50. Aircraft horizontal acceleration and bladder pressure versus time.
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Figure 51. Aircraft horizontal acceleration and velocity versus time.
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Conclusions

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 enginf.ering 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
INSTRUMEI"TATION

GENERAL

T·40 measurements were obtained USillg five basic type transducers: strain gages, accel­
erometers, load cells, 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 recorder-;
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. Tile 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 worked closely together in the installation
and wiring of the transducers, and in sensor calibration and data acquisition.

APPLIED TECHNOLOGY LABORATORY (ARMY) RECORD!NG 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 0, P, and N. Recording circuits are described below.

Structural Strain Gage Recording Circuits

Thirty-four Micro·Measurements type EA·13-125AC·3501W constantan alloy 350 ohm strain
gages were used in conjunction with Vishay type MOL 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 lEO type CSO·340 Sub·Carrier Oscillator
(SCQ) and mixed in an IED type CMA 400A Mixer-Amplifier to form a 5to 6 subcarrier
frequency multiplexed signal. All 34 strain gage circuits were fed into seven SCQ signal
conditioners (Modules G-M) with the resulting outputs fed via individual 200-foot 52 ohm
coaxial cables ·0 the instrumentation trailer where the signals were recorded at 60 ips on
a 14-channel G;;nisco megnetic tape recorder (Rec N), Model 10·126. A loo·kHz record­
ing reference signal was also injected into each of the seven mixer-amplifiers to become
part of the sel/en 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 con:;isted of circuit zeroing, plus a strain gage/bridge shunt type
calibration. The selected calibration shunt resistance value was equal to 16065 p. inch/inch
tension. This was equivalpnt to approximately 50% of the FM recording band edge. Table
A-l presents a description of recorder N functions and calibration data.

Load Cell Circuits

Two BLH SR-4 10,OOO-pound load cells (Channels 75 and 76) were used in conjunction
with the same carf10 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 imoact data between T-39 and
T·40. The load cell's 3ensor strain gage bridge output was recorded as part of the multi-
plex arrangement described above. Calibration consisted of bridge circuit zeroing and a
resistor shunt type calib:"3tion as determined by supplied data. The selacted calibration
value was equal to 6,000 pounds tension. Eight tlCB Model 22bA 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 t ....o simula­
ted pallet loads. Calibration consisted of circuit balancing and then inserting a known
voltage equelto 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 c~rcuit,-y.

Pressure Sensors

Three pressure sense circuits wen) employed 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 psj), Channel 115, was employed to sense pressure exerted upon an
inflatable bladcier which was part of the dummy pilot's restraint system. This circuit
was a U. S. Naval Air Dev~lopment Center (NADC) requirement and employed tech­
niques and hardware developed 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 c.ircuits, which were a NADC
requirement, were conditioned by the Accudata Model 118 and recorded on tapes 0
and P.

Restraint Belt Sensors

... Eight NADC-hbricated strain gage sensors were emploYfd in conjunction with a ~tan­

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 0
and P, after tieing signal conditioned by an Accudata MoClel 118 amplifier arrangemp.nt.
Calibrations were accomplished using selected shunt resistance values which produced
signals equivalent to known restraint belt pressures. \
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TABLE A-l. RECORDER N FUNCTIONS AND CALIBRATION DATA

MUX DATA SHUNT TAPE CAL +TRACK DATA TRANSDUCER R
CHAN CHAN CAL CAL EQUIV POLARITY

1 - - YOI CE - - - -
3 111-&8 105-11 0 8 STRAIII ~OK.o. TtIiSIOIi 180 85,uE COl'.....~x SIi)
~

Hl,H3Ii
II .. 117

101-104 US 10 K.o. TEllS 1011 16085,uE COl'.. -
K5-13lLB4 H5,H8 111,118 2 'RESS 25. U.o. IIICREASE H8-1171. IKCREASE

5 11-14 97-100 4SG 10K.n TEIISION 18085,uE COl'

5 15-18 75,78 2 LOAD 25~~ TENS I011 8000Ll TUSIOIII!nl ~ !>RI.

8 Jl-J5 81,82 5SG 10K.n TEIISION 18085,uE COl'88.90

8 J8 111 II RtflRAIIT 5OK.n COIP 1890LB TEllS I011
RF'LT fU\

9 Kl-K5 83,84 5SG 10It.n TUS I011' 18085pE COl'..J.!-2R

9 1t8 l' .. lR8 50r..n TEllS 1011 1732LB TUS . .111,.
10 Ll-L5 79,80 5SG 101t.n TEllS 10;1 18085,uE CO~'AI Q1

10 L8 113 lR8 50Kn TENSION 1498LB TEllS I 011

11 11-11I5 l~;.~~ 5SG 10 It.n TEllS ION 18De5pE COl'

11 18 114 In 501t,{} TEllS 1011 148HB TUSIOI

7 - - 111&-1 TilE CODE - -
8 - - lOOK Hf REFERENCE - -
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TABLE /;.-2. RECORDER 0 FUNCTIONS AND CI.\UBRATION DATA

DATA TRANSDUCER TYPE CAL TAPE CAL POL:; i!Y ITRACK CHAN CAL POLARITY CAL DCv EQUIV

t - - VOICE - - - -
2 119 RB 25Ul TENS I ON .10 t 242LB Tl:ItSION

-
3 81 LC t VDC COlii' 1. 00 90HB C911P

4 89 LC lYDC I COIIP 1. 00 9~091B COIIP

5 11 LC lYDC COIIP 1. ~O 9259LB ;Ollf'

6 73 LC 'I VOC COIIP 1.00 917HB I:OIIP-_.
9 121 RB 25K.o. TENSION .68 1204LB TENS I ON
~

10 122 RB 25".0. TENS I ON .69 1228LB TUS I 01
-

11 115 RE~nl~I!tT 25K.o. DECREASE 1. 00 24PS IG DECREASEP ::.
V

2~K.o.
~CCEL DOWN12 123 lr.r.n + 1.11 207G !lAFVEhU pel:

7 - - IRIG-A TIlliE CODE - -
e - - 100~ K7; RF.fERENCE - -

co
01

,.



TABLE A·3. RECOROER P FUNCTIONS AND CALIBRATION DATA
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NASA RECORDING SYSTEM

Figure A·2 generally depicts the NASA data recording system. Two ciifferent types of
transducers were recorded, piezoelectric accelerometers and extensiometers, on designated
recorders A, B, C, 0, E, and F.

Accelerometer Circuits

NASA recorded 62 channels of vertical, lateral, and longitudinal aircraft structural, anthro­
pomorphic dumm'/ and loads acceleration data using Kistler Model 818 and PCB Model
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-ehannel 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 knewn 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 &'nticipated individual acceleiometer G load. These calibration
points were established as 100% FM record band edge. Recorders A, B, C, 0, E, and F
functio!1s and calibration data are presented in Tables A-4, A-5, A-6, A-7, A-8, and A-9,
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 resistance 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 proportiolial to displacement is pro­
duced, allowing a time history to be recorded. In adeiition, a heavy rubber a-ring was
positioned on the tube at th9 roof line to sense the peak teiling movement manually. To
facilitate calibration and obtain optimum circuit sensitivity and linearity, signal conditioninJ
circuitry was fabriC'.8ted. 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 lit 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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TABLE A-4. RECORDER A FUNCTIONS AND CALIBRATION DATA

T.~PE DATA ACCELEROIETER lAX DATA
AlP TAPE

AXIS LEVEl CAl POURITYTRACK CHAN. SiN SENS. (IN G'S) GAIN RIIS

1 11 0-1 DEFLECT ... 2.5UC= 1 1. UYDe +UT
+2 1 LI ..U5 10.14 500 1 3.55 (USf fOlln.)_._- ._-- r"-- ---

3 I LA ..In I. n 200 1 1.31 +
UUEL£f.Tl---_..--~. - ._-- - ~--

+.. 9 , 4109 10.01 500 1 3.51 ~ .lIUEDO.gL~._-

5 11 , 1112 11.02 1000 1 1.01 +- - , - -
I 21 La 451! 1.98 500 1 3.53 +

- , ----- - -,- r-' - --• 30 LA 4513 10.14 200 1 t .43 +-----_. l-

to 31 , 4511 18.31 500 1 3.11 +- ---- - -
11 21 La 4511 18.05 108 1 4.11 •I-- .. -
12 21 , lU. 1.15 1000 1 1.11 •..- - ~---- _.. - .-- ---,-

-~- 21 , 4513 . 18.87 780 1 4.11 +- .__ .-. ---_.,-- 1-- .

7 - - 1111 • TII£ COlE - 1.414 -
1--' - --- . - '-

• - - 1001 Hf IEfElflCE - 1.414 -1------- ~_.- - __~CI __ -- -~.. ----
--,,---. _____ 1--.•• _

"---- ..- ~ ..., -._--- '--------
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TABLE A-5. RECORDER B FUNCTIONS AND CALIBRATION DATA

41

,
I

\
\

I' fD...

ACCElEROMETER lAX DATA AMP TAPE
TAPE DATA AX IS LEVEl CAl POLARITY

TRACK CHAN. SiN SENSe (lNG'S) GAIN RIIS

1 12 D-2 .EfLECTlO. 2.5f8C= 1 1.25nC +UT

2 10 LD 4558 1.11 500 1 3.50 +-- - --_ .. --- - --- '-
3 11 LA 4558 1.84 200 1 1.41 I---.-!..'--f-- - -- - ~ - -- ~ 1-- --~-

4 12 , 4553 10.115 510 1 3.55 +>----- - - ---
5 2D La 4551 10.05 700 1 4.17 +--- ' .- ,----- -
8 21 , 1884 1.98 1000 1 7.14 +- . ---- - f- --- -----. -

9 U , 3883 1,19 700 1 . 4.81 +.'-- i---- ---- --1-------
10 41 LO 4032 1.92 700 1 4.91 +----- 1------- I- ---

11 42 V 403.c 10.0& 700 1 4.98 +'-- -~----
~_._-_. - ~ ... -

12 43 , 403& 10.11 700 1 5.03 • +- f-_..- _ .. - _.- - -_._-- -
13 50 LO 43&0 10.10 700 1 5.00 ,---+---r--'-- ----- ------ f----- f-._- .. - ~. ,---- ._-----
14 51 , 1904 10.08 1000 1 7.13 -±-.._------._- f----- ~, ---- --_ ...

7 1118 A TilE CODE 1.414 -- - ---- ---_._-- . .... .---- -

8 - - 1001 Hi REfEREICE - 1.414 -_._. - .. "'__ L ...... ___ .. .. __ L-. _ .. _.. _ 1-. .. ...._. _
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TABLE A-6. RECORDER C FUNCTIONS AND CALIBRATION DATA

ACCElEROIETER MU DATA AMP TAPETAPE DATA XIS LEVEl CAl POLARITYTRACK CHAN. SiN SENS. (IN ;'S) GA IN - RMS

1 C3 1-3 DEFLECT 101 2.5YOC: 1 1-'-5UC +1FT

2 5 LO 4043 1.11 500 1 3.4% +
1------- ~._--- _._'--- ---,- --- - -

3 • Y 4041 10.22 lUO 1 5. De +_._- . --- -- - - - r----
4 32 La 4050 10.33 50D 1 3.85 +

.~--- ~. ~.. - -- - ------
5 33 LA 4052 10.13 200 1 1.43 +

. -- - ~--- --
S 34 , 4054 1.71 500 1 3.45 +------ ~ -- ---- r- -.----:-
I 23 LO 4381 11.11 lDD 1 5.03 -- +---- -..-_._--
10 24 , 1185 10.14 1010 1 1.11 +-. f------ ~- --- ..- -
11 25 , 4810 10.00 100 1 4. S8 +f-- --1------ .. - - I-- - --

12 52 LO 4011 10.11 500 1 3.51
f- +-1----- . - . ., 1------- ..

13 53 LA 4281 10.21 200 1 1.44 +- ~._- f-----.--- ~ ..... ,,-_.
-,~-- ..-- ~-- -------.-

14 54 , 41.11 1.71 500 1 3.48 --- -+-----_. --- ~- -
1 - - II" • TilE COlE - ,...J_!-tt4. -- --• - - 1101 II IEFEIEICE - 1.414 -. - ____ 1.-_-- ____ L- ______ L- ___

, i
(/~
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TABLE A·7. RECORDER D FUNCTIONS AND CALIBRATION DATA

TAPE DATA ACCElEROIETER lAX DATA
A'P

TAPE
AXIS LEVEL CAL POLARlTYTRACK CHAN.

SiN SENS. (IN G'S) GAIN _ RIS-- -
1 14 D-4 DEflECT I01 2.::~C: 1 1. nuc ...
2 13 , leol 10.03 1000 1 1.11 ...._-,- t--_._- f-.-._.- 1----- -

3 51 La 4551 1.10 7ID 1 4.11 t._.. - - --- - f--.- .-
4 51 LA 4511 10.00 200 1 1.41 ..._._- _._-- -- _0-
5 10 , 3105 11.21 7ID 1 5.07 ...

--- - - -
6 35 La 4041 1.97 510 1 3.52 ...

'.. ---- - ---- -- - --
I 31 LA 43$1 lO.lI 200 1 1.U ...

r- -- _._- -- f-

lO 37 , 4017 1.93 500 1 3.51 ...
- I- '--'- - -

11 H to 4141 10.17 700 1 5.03 ...
f-- -f---~--_. -- -

12 41 LA 4141 11.28 100 1 .71 ...- ... - _. ----~-- _ '4__ _ __ _._-- 1-. .

13 41 , lU. 1.14 UOO 1 7.13 t-- f--. . --- ----- - f-._-

7 - - IQII 1 T•• f celE - ~~.14_ -- -.. _.

• - - 1001 Hi .EfE.EICE - 1.414 -.-t---

J___-L_. ~.__ :=~-.~:__~=-~==......._-- ....._-- '-----
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TABLE A-8. RECORDER E FUNCTIONS AND CALIBRATION DATA

TAPE DATA ACCELEROIETER lAX DATA
AlP TAPE

AXIS LEVEl CAl POURITYTRACK CHAN. SIN I SENS. (IN ;'S) GAIN RIIS

1 15 D-a D£fLfCTIOI 2.5'DC = 1 ·1.2nDC8ft +._-
2 14 , 1118 1.81 10Da 1 1.11 +.- -_.- _._-

f--.'--" ._,._--- ... ~ ----- I-... '-

3 38 LO 4113 1.80 500 1 3.41 ------+_._-...--._- - ._--~ !---- _._---... 1-'---' - -"", - --- ...... --- _.<_.~ --
4 3' U 4114 10.14 ZDD 1 1.43 +._-- f----- r--'--- ---- --- ._,. -- ------ 1-'_-- -.' ..... '--""--
5 40 • 4111 1.11 501 1 3.48 +

. --- ,...._---1------ r-----..- -- r------. ._--
• 3 LO 4111 lD.15 sao , 3.55 +1---- t---- ._ ..--.,- -- - -
• .. , 4'" 1.71 700 1 4.13 +1--- - -.--' .......
10 55 U 4145 . 10.05 sOl 1 3.55 +_. - - -- - -.-
11 51 U 4131 lO.n ZOO 1 1.43 •- - r--.-- . -
12 57 , I 4154 10.21 sao 1 s.el •- - -. -_.- , . .-. ,...--_. 1-' -
U 110 - ""UIIl..I - 5 20 .,. •------ . -- -~-

1 - -i III' • TI._CO~E - r--!-:-414.. _ -f--._- -~ ,--- - .
8

,

IDOl If Iffflf.CE- - - 1.414 --I---- .=c__ _.- _._-
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TABLE A.a, RECORDER F FUNCTIONS AND CALIBRATION DATA

TAPE DATA ACCELUOIUEI lax DATA AlP TAPE
AIlS LEVEL CAL POURInTRACI CHAN. SiN S£MS. (IN R'S) GAIN RIS

1 II 1-. n'UCTUI 2.IUC: 1 l.unc •'FT
2 11 , 1151 11.1' 1101 1 1.17 +---- ----- --
I 11 LI 4151 11.12 lei 1 5.11 •r--.--.- ~-_..- r-----'

4 11 , 1111 11.11 .U. 1 1.11 •.0-~--_., If , 414. 11.11 111 1 I.U +
• 44 LI 4111 11." 111 1 1.15 +- - ~---- ---~- -• 45 , 4143 11.24 111 1 1.01 +- -- -- -'-~ t-- .

11 .- , 4151 11.15 111 1 5.12 •-~--- ---
II I LI UII I 11.15 500 1 3.51 +- 'r--'--

_.. _- -_.._- - ...-- --_.•..

12 2 , UI. 11.12 101 • 5.01 +--- -.-._-- . - _.- --._- '--'-'-- .. - --- - r-
_.

11 125 U acu 4.10 501 • 1.U +
~-- ~--- -- -_._. -"--'---" . ._- . ----.-...~ . --_..---

14 12• , UU 4.17 III 1 '.13 +--- ....--.- ~._-.-_.-

~_._. -.-, ---
1 - - 11.1 • Tllr cllr - 1.414 -----.._- r--- ._- 1--_.- _"0 .- ..... - _... -
I - - II'. II Ir'Elrlcr - 1.414 -._- -. _ ... __._- '--.._- ._•._ ..... _'0.·.. _.' ._ ,..-.'"--'"'



INTtR'OA PHOiOGFiAPHIC CONTROL

Thp. (':\: ~itry used to cOI'!"~i ~he test helicopter interior camerJS and I:,:;[,t, W"S G2s:gned
and f"v:t:aterl by ATL. Till$ oni:>GJrd cJml!.J/ii\}ht sy~t2m is sh0/m in Fi:;ure A·4.
Camera z~...i ,'Jht location'; are shown in Figure 7.

DATA AGOU~~!,!ION

Procedures

All channels were calibrated as shm'vn in TJbles A·l throush A·7. A F2J·i~Hz $;;;1'31 was
recorded on eilch tape recCirder for sp2cd compt:nsation and noise·reduction purpc~.:s.

Timing information W3~ recorded on eilch tape to faciiitilte dJtJ reduction iJnd c',3nt occur·
rencp dp.finitio~. Also, an audil) track wa~ incillded on each tape recore.:r kdg3 or distinct
track) to providE! for tape data markir~g, f,:.cilitati:1g more rapid (bta rcdLictlon.

Data Recording Problems

Some data was acquired on ev:'!ry channel. The following instn.,rr,entilti,m mJlfunctions
were a direct result of the crash impJct.

1. Data Channels 74, 82, 85, 89, 91, 102. 116, 117: Cables severed oy struc;ural
damage.

2. Data Channel 92: Ca~le or transducer cut or smashed (~ensur and complete
. cable run could not be checked due to fusel;:ge cOlt.::psel.

3. Data Channels 15 and 18: Accelerometer separared from mountln~l p::G due
to epoxy bond fracture.

4. Oa,a Channels 13, 14, 4g. und 51: AccelelOmeter ~epara•..:d from fT,ounting
pad due to ~tripp':.d pad thre2ds.

5. Ddta ChClnneis 31, 32, 33 and 34: Cable severed due to structurJI d.:;m.::r:;e.

AI~e~AFT INSTRUMENTATION MOUrniNG AND CA8L!NG

All airtraft test cabling was either RG-174/J Type 50 ohm cO:1xd (FS~J G145·\;C3-32371
or Bell en Ty~e 3434 four·cor.ductor shielded (FSN 6145·011-2:':':0) and \'IJS loo:ely
pOltitioi'.~ with extra slack at expected heavy stress points. All CC VuILc'; iJnd signal
circuits u'~ the Type 8434, and th.; iea·kHz plus the frequency multipkx,;d str<>in gage
signals were distributed using the FlG-174/J. Plastic type ci:iJle tie cl.::mrs of v::rious
lengths along with masking tape were used to suspend and secure Most c;;biing.

Tne seven SeO/Bridge module (G·M) circ\J~try mounts cons!~tcd of 1'.':0 5/::'2- x 4-' /2- x
11- inch aluminum ;lll1tes sepJrated by tVI/O 4-inch p;(istic ::ponS::l s::p::r.i tors, Jil of which
were secured together through four hol~s in the fusckQ\? top using four 1 4-in:h ${;If·
locking aircraft hardware. One plate and one sponge $sction were rnount"d on e:ch side
of the fuselage skin.
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The lIWeft lEO seQ mounts (G-M) were leCurt'd to their associated module mounts ~sing

1G-32 self-tightening aircraft type hardw.~e. The Vi.tlay strain gage completion modules
were edhered to the module muun~s using Dow Corning Silastic 732 RTV silicone adhesive
(FSN- 8040-865-8991). 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 Brltnd Epoxy Resin Structural Adhesive, Type 2216B/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
f.cturers such as Micro Measurements Inc. (MM). The MM strain gages were finger
prtsSUre edhesively bonded using Loctite Type 06 Super Bonder (Eastman 910 equivalent)
and moistule prot~ted with MM Type Gagekote 3 varnish. The sensor output was
coupled to ~ associated bridge completion module using a Belden B434 cable conductor.

All acelerometer mount blocks were fastened to their mounting positicn. by 1/4·inr.h
or 3/B-inch hardware or adhesive bonding using 3M Scotch-Weld Epa"y Resin Structural
Adhesive, Ty,,. 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. 10-32 stud torqued to approximately 18 in..tb. The mounting techniques &re
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..

Conventional mounting was utilized for each load cell In accordance with manufacturers'
specifications .nd dimensions.

The camer./light control circuitry .nd distribution panel were prefabricated in the lab
using • 1/4·lnch .luminum plate as a foundation and securing all components with RN
silicone adhesive or appropriate size hardware. AWG 10, 12, 14 and 18 gage wire was
used to interconnect control componef'lts and feed the light and camera loads depending
on currant requirements. A pre-drop system check was performed to Insure prooer
operation .nd time sequencing.

The ATL and NASA aircraft cable junction boxes (J-Soxes) were mounted at Station 330
on the right .nd left interior sides r"J)ectively. Both J-Boxes (with covers) were con­
structed of 1/16-inch or 118-lnch steel and were mounted to the aircraft lIkin using 318·
Inch .l'lockil"l\J aircraft hardware, L brackets, and exterior reinforceme",t .vashers. Re­
quired rows of terminal strips were either crew mounted using 10-32 hardware or adhered
using Oevt:on 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 aeroNlutical MS circuit type. See figures A-5 and A-6 for Army and
NASA Junction Box positioning without covers. The aircraft-to-control room umbilical
harnestes were routed through. window·rno"nted flexible rubber fixture. Figure A-7
shows the interior .nd exterior clble securing techniques. No cram impact dam~ was
IUffered by eithc.r J·[lox, umbilical harness, or any of the seven module mounts or signal
conditioning units mounted "bove the aircraft waterline.
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Figure A-5. Army junction box.

Flgu~ A-6. NASA junction box.
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Fig,-"e A,·7. Instrumentation cabling techniques.
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