


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. Tne NASA equivalent equipment
was positioned in their permanently configured dron 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 ailoy 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 1ED 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 Gznisco 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 celts (Channels 75 and 76) were used in conjunction
with the same carao 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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TABLE A-1. RECQRDER N FUNCTIONS AND CALIBRATION DATA

MUX | pata | SHUNT 1 1ape CAL +
A ANSDUCER
TRACK | DATR | cnan | TRANSOUCE ch CAL EQuUIV POLARITY
1 - - VoI CE - - - -
- - B STRAIN | . -
3 81-66 105110 | 8 STMAIN | on@ |vewsion | 1e0ssug coup
4 “'»“3 101-104 456 10K | TENSION | 18085:& COMP
4 H5,H6 [117,118 | 2 PRESS | 25.5KL [INCREASE |01 onrs INCREASE
5 -I4 | 87-100 4S8 10k | TENSION | 180851 & coup
5 I15-18 | 175,76 2 LOAD ga:g TENSION | 8000LB TENSION
B |15 | 5hos 556 10K | TENSION | 18085.¢ coup
. T RESIRENY -
8 T, s;l;u selr capy | UM | cowe | ise0ip TENSION
8 KI-K5 | gita8 588 10k | Tewsion | 18085.€ coup
8 X 12 188 50K | TENSION | 173208 TENS N
1 79,80 :
10 Li-ts | o0 586 10KQ | TENSI03 | 18085 ¢ coxp
10 L8 13 1RB 50KEL | TENSI1ON | 14868LB TENS 10N
" u-us | }1.78 536 10k | TEmsion | 18085.¢€ COoMP
" ) 14 113 50K | TENSION | 148418 TENS10K
1 - - IRIG-A TIME CODE - -
8 - - 100K HZ REFERENCE - -
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TABLE A-2. RECORDER O FUNCTIONS AND CALIBRATION DATA

100K W7 REFERENCE

LIS el RUTCTCL] SRV P o ol I oy
i - - YOICE - - - -
B 110 RS 25K [TENSION | .70 124218 TENS1ON
3 87 Le 1vo¢ couP | 1.00 f81741s CONP
4 88 Le S 1vee couP | 1.00 |saoeis conp
5 n Le 1vo¢ couP | 1.90 |e2s018 J0MF
6 13 Le 1Y0C coMP | 1.00 |8174Ls coup
9 121 RS 25K | TENsION | .88 120418 TENS!ON
10 122 RB 2580 | TENSION | .60 |1226L8 TERSIGN
" 115 | RESTRAINT 25K |0ECREASE]| 1.00 | 24PSI6 | DECREASE
12 123 v 25K + 1.17 2076 |(piverer oh
ACCEL (nﬂﬂs_iLm
7 - - IRIG-A TIME CODE - -
R - -
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TABLE A-3. RECORDER P FUNCTIONS AND CALIBRATION DATA

+
« | OATA , TYPE | CAL | TAPE | CAL
TRACK 1 cuan | TRANSDUCER Y o degiarimy) car ooy | equiy | POUARVTY
1 - 101¢C€ - - - -
R
2 120 LY 2ERQ TERSION | .78 |1331L8 TENSIOR
LA |
3 B8 6 _j_twme | -ae | 100 s coup
[ 10 Le BRI N R L 5o4P
T — o 2 S + ¥ ~—- ]
5 12 L ivag b osaer | oq.er dessii b ga
e ot l[ R _.—_i, e e e
8 1 s oL CRLP _i_t.ea (8174;8 20HP
S . ! A
) 124 L I RN T PN
7 - - iR16-A TIME CODE - -
8 - - 100K HZ REFERERCE - -




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 A9,
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 proportiorial 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 at 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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TABLE A-4. RECORDER A FUNCTIONS AND CALIBRATION DATA

ACCELERONETER |MAX DATA TAPE

rTﬁ‘A"x c“‘:"‘ AXIS LEVEL | AWP CAL POLARITY

¢ HAN. SA SENS. |(IN 6'S)| SAIN | pus

_ 2.5V0¢ ¢

! 81 -1 peFLECTION | ** 00 1 .asvee | :

2 1 Lo 4805 10.04 500 - ] 3.85 S!"ﬁ*:“"“)
3 8 LA 4007 .n ! 200 # 1 - 1.38 (8ASE LEFT)

L kandiNy EULANEN BNLEL
‘ 0 v 4800 | 10.08 | s00 ! .57 | (oase vowm
5 18 v 1802 | 10,02 | 1000 1 1.08 '
_— b

8 28 Le 458t | 9.08 500 1 3.53 +

? 30 L 583 | 10014 | 200 1 1.43 +

1 3 v as11 | 10,38 | so0 1 388 |+

HRL 28 Lo as18 | 10,05 | 700 KR r

12 2] v 1008 | o5 | w000 | 1 | es1 | e

7 | 2 v 4583 ) 19,07 | 700 1 | s

1 - - IRIG A TINE COBE - 1414 | -

s - - 100K HE REFERENCE - 1.414 -

e S T —
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TABLE A5. RECORDER B FUNCTIONS AND CALIBRATION DATA

o e e S g PO e

e | OATA | g [ ACCELEROMETER [WAX DATAL .} TAPE Ty
g TRACK CHAN. S/N SENS. |(IN 6'S) GAIN RMS
; 1 52 p-2 DEFLECTION z'ﬂﬁ’ 1 |r.25vc +
3 2 16 Lo | asse | e.o1 500 1 s |
3 " b | oasss | ese | o2m0 | 0 | e +
i Y v 4553 | 10,05 | sao 1| 3.55 +
’ 5 20 to | asst | 1e.0s | 700 1 | e [
: 8 | ¥ luf 0.08 | 1000 | AT
., g 12 v 3883 | 9.09 | 700 1 oo | 4|
;T 10 4 to | 4032 | w.02 | 700 i ﬁ}jﬂl_ +
" 42 Y 03¢ | 10,08 | 100 M—_l__- 1 08 | 4
BET 4 Y s | 101 | 0 s ] e
1 50 to | a0 Jroe | 700 | 1 | s0 | 4
1 51 Y 1904 | 10.08 | 1000 I A +
1 | - - IRIG A TINE CODE R )Y -
| s - 1 - 100K HZ REFERENCE - L ras] -~

- e 4
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TABLE A6 RECORDER C FUNCTIONS AND CALIBRATION DATA

JUE | DA T s :CCELEROIEYER ”I.‘EVDE?L" e e
| A | SENS. LW 6°s) RNS
1 e | 0 oernection | 2R0EF L 1 lilaswe +
2 s 1o | ana3 | wes | oso0 | o1 | sz | s
3 s v ab4s | 10.22 | 7u0 1 5.08 +
4 3 to | 4050 | 1033 | so0 | 4 | aes | .
5 1 w | o5z [10as | 20 | 1 | vas | s
s | wse | o1 | se 1 3.45 + i
' 23 w |4 |10 | 18 | 1 | s.es r; .
1 2 v 005 | 1014 | 1000 | 1 | 107 +
1" 28 v 4070 18.00 w0 | 1 | s R ]
12 52 w |7 | 1ot | se v {as |
13 3 w Taes foa [ a0 [0 [oa | o
14 54 v 40.78 .77 500 N Pa:[av_ r w___g_;_____
1 - - IRIC A TINE COBE - | V.404 ) -
K - - 190K RZ REFERENCE - IRITH
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TABLE A-7. RECORDER D FUNCTIONS AND CALIBRATION DATA

mee | ok |y | Acceenouerer [ DTHL age o | romiy
TRACK | CHAN. SAh | seNs. [anersy| SAN_ | qus |
1 84 D-4 oertecrion | 2306 4 Jyaswee| 1
2 13 Y teos | 10.03 fqoeo | 1 o7 |+ |
1 | s to | ass1 | om0 | 100 | v | a.ee '
‘ 59 L[ 4se0 | 10.00 | 200 1 1.41 +
5 80 v 3805 | 10.23 | 700 v | s |
6 3 | o | ear | sor | s BN BN
0 38 o fassz joreas |2 11 ] | s
10 31 Y 9 | ee | s | _r_ .50 | s
1" 47 w | atas | 10.17 | 100 1| 5.0 +
2 48 L WL PRI LI L T B L I
13 w | v e | e [ |y | _1.09 s
1 - - 1018 A TiNE COBE = lvea )} - |
s | - - 100K WZ REFERENCE - o | -
L Lo _ S L S R
B | /
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TABLE A8. RECORDER E FUNCTIONS AND CALIBRATION DATA
R Bl BT :CCELEROIETER “szv?tftu borft o | eouarity
/v | SENS. JOIN 3'S) RMS
1 6 b5 oerueerion (RFT 1 1 |z +
2 1 Y o0 | ves | om0 § 1 | s | 4
SN U N SN SO SN, NN DU B S U S LU A S
~ ‘ 3 | oame | eae | 200 LI O
s Lo [ Jaw [en [ | [aw |
s 3w Jaw Jwes | oseo | v oass | e |
e | 8 4 v | 076 LIS I N X I N
19 55 W | oaus | 1005 | se 1 19 | .
- u 50 uwo| aw TRERE 1 e ' +
| 1 51 v fose fwan | s |0 | am |
13 10 - BOPPLER RABAR - s Jowm |
. ’ 1 | - ~___:__ 1 miea Time eode | - Late_ | _ -
'] - = ] 100K e mereneuce - V1T S
L L i . D S —
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TABLE A-8. RECORDER F FUNCTIONS AND CALIBRATION DATA

e | oo |gyg | accerensueren [REET e | E | poamimy
TRACK | CHAN. s/“ SENS. |(IN€'S) GAIN NS
1 " -t serecrion (2 3N06F 1 1.25va¢ +
2 15 v 1981 | 10,09 | 1008 1 .01 | s
3 1 t | ase |isa2 | e | 1 | s.n +
‘ 18 Y oas |aer | oveem | 1 AL B
5 10 I T YT I TR I B TT 1 5.0¢ +
’ a“ i6 | aise | 10.a8 | 100 1 5.15 + ]
' 45 K a3 | wae | o | 1 __z_;_r[" s
T 4 v a5 | 165 | 100 1 5.12 +
" 1 1 | aze0 laeas | 500 1l ase | e
i L r L v Jenm [ [ [0 ] se [
" 125 | w0 faces Jawe | sem f o0 | | e
14 12¢ v Ac13 4.9 500 1 ERI N R
1 - - INIE & TINE COOE - 144 | -
8 - .- 100K N2 REFERENCE - lima ] =~




¥t

o e e T ey e e it b g s e © e e e ,,...,.,mm-,_,,...‘._,_,i

INTER'OR PHOTOGRAPHIC CONTROL

The ¢'vetitry used 1o controi the test helicopter interior cameras and lighte was dzsigned
and fuvinated by ATL. Tius on-bcard came e/light system is shown in Ficure A4,
Camera z~u 1V jht location; are shown in Figure 7.

DATA ALGUISITION

Procedures

All channels were cailibrated as shown in Tables A-1 throuch A-7. A 1C03-kiz signal was
recorded on each tape reccorder for speed compensation and noise-reduction purpoes.
Timing information wae recorded on each tape to faciiitate data reduction and event occur-
rence -definition. Also, an audin track was inciuded on each tape recorder (sidge or distinct
track) to provide for tape data markirg, fscilitating more rapid data reduction,

Data Recording Problems

Some data was acquired con evary channel. The following instrumentation malfunctions
were a direct result of the crash impact. .

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

2. Data Channel 92: Cable or transducer cut or smashed (sensur and complete
. cable run could not be checked due to fuselage coilapse).

3. Data Channels 15 and 18: Accelerometer separared from mounting pz¢ due
to epcxy bond fracture.

4. Data Channels 13, 14, 43, and 51: Accelerometer separaccd from mounting
pad due to strippad pad threads.

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

AIRCRAFT INSTRUMENTATION MOUNTING AND CABLING

All aircraft test cabling was either RG-174/3 Type 50 chm coaxial (FSN §145.303-8237)
or Bel en Type 3434 four-conductor shicided (FSN 6145-011-2220) and was locsely
position.od with extra slack at expacted heavy stress points. All CC volter? and signal
circuits used the Type 8434, and the 1C0-kHz plus the frequency multiploxcd 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 sccurz mast cabling.

The seven SCO/Bridge module {G-M) circuitry mounts conslzted of two 5/52- x 4-1/2- x
11-inch aluminum plates separated by two 4-inch pissiic sponc2 soparaters, ol of which
were secured together through four holes in the fusclege top using four 1 '4-inch seif-
locking aircraft hardware. One plate and one sponge scetion were raounted on ecch side
of the fuselage skin.
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The seven (ED SCO mounts (G-M) were secured to their associated module mounts using
10-32 self-tightening sircraft 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 08 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 Beiden 8434 cable conductor. T

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, Tyre 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 spproximately 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 utilized 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 sluminum plate 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

operstion and time sequencing.

The ATL and NASA aircraft cable junction boxes (J-Boxes) were mounted at Station 330
on the right and left 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-motinted 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.
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Figrre A-7. instcumentation cabling techniques.
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