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FOREWARD

This manual defines the configuration, operation, and maintenance
requirements for the corncraccor-furnished portion of the Xv-15
research instrumentation and data acquisition system. Interface
with Government Furnished Equipment (GFE) is established through
schematics and block diagrams. Operation, maintenance, and
checkout procedures for GFE are not included in this manual.
Organization of the Research Instrumentation and Data Acquisition
Manual is as follows:

VOLUME 1 ~ GENERAL INFORMATION:
This voliume contains descriptions of systems
operation, maintenance and checkout proce-
dures, calibration procedures, cable designi-
tions and definition of the CFE/GFE inter-
face.

VOLUME 11 - AIRCRAFT S/N 702 CONFIGURATION:
This volume establishes the instrumentation
configuration for Xv-l1l5 Aircraft No. 1 (S/N
702). ‘Transducer calibration data and PCM
setup sheets applicable to Aircraft No. 1 are
included.

VOLUME I1I - AIRCRAFT S/N 703 CONFIGURATION:
This volume establishes the instrumentation
configquration for XV-15 Aircraft No. 2 (S/N
703). Transducer calibration data and PCM
setup sheets applicable to Aircraft No. 2 are
included.

VOLUME 1V - CFE TECHNICAL DATA:
This volume contains manufacturer drawings
and specifications for contractor-furnished
transducers and related equipment.
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SECTION 1. SYSTEM DESCRIPTION

This section describes the installation and operation of the
research instrumentaticn and data acquisition system.

1.1 Research Instrumentation System. The XV-15 research instru-
mentation system consists of a pallet-mounted data acquisition
system, system controls and indicators, various sensors installed
throughout the aircraft, an L-band telemetry system, interconnect
cabling, cornecte.s and junction boxes. Two independent pulse
code mocdulated (PCM) data channels are provided. Each data char-
nel has a capacity of approximately 47 chanrels of 100 Hz data,
52 channels of 50 Hz data, and 32 channels ci 12 Hz data. Figure
1-1 illustrates the research instrumentation system in block dia-
gram form.

1.2 CFE/GFE Interface. The data acguisition system is Govern-
ment Furnished Equipment (GFE) and interfaces with the Contractor
Furnished Equipment (CFE) as shown in Figure 1-2. Functional
interfaces are shown as vertical dashed lines with CFE on one
side and GFE on the other. Design responsibility fecllows these
same interface lines. Power available to the research instrumen-
tation system is detailed in the notes on the diagram. The nose
boom is identified as the only sensor which is GFE. Components
of the GFE data acquisition subsystem are mounted on an instru-
mentation pallet which is installed in the cabin <~ea of the
fuselage. Arrangement of GFE components on the instrumentation
pallet is shown in Figure 1-3. The CFE components other than
sensors, controls, and indicators are mounted on an auxiliary
instrumentation pallet installed in the aft cabin area of the
fuselage. Arrangement of CFE components on the auxiliary instru-
mentation pallet is shown in Figure 1-4.

1.3 Systen Operation. Data from the transducers are forwarded
to the remote multiplexer-demiltiplexer units (RMDU) which pro-
vide signal conditioning for the transducer, adjust signal gain
to programmed value, convert analog data to digital form and en-
code the data into a pulse code modulation (PCM) serial bit
stream. Transducer excitation (if required) is supplied from a
separate low voltage (*3V) power source. Two 64-channel pre-
amplifier filters are available to condition low level signals
which require special filtering or amplification. An additional
active network panel may be used to condition or process trans-
ducer signals whose characteristics do not readily match tne
interface requirements of the RMDU. A time correlation base for
the total system is supplied from a time code generator. A re-
mote time code display i1s mounted in the center area of the in-
strument panel. All data are recorded on a standard airborne
magnetic tape recorder. An interface is available for inflight
transmission of data from one RMDU via L-band telemetry.

[ SV
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1.4 Data Acquisition System. The GFE data acquisition system
provides signal conditioning, time base, PCM encoding, and data
recording functions.

1.4.1 Remote Multiplexer/Demultiplexer Unit. The remote multi-
plexer/demultiplexer unit (RMDU) accepts transducer signals 1in
analog or discrete digital form; conditions, normalizes, and
multiplexes the input data; converts the analog data to a digital
format; and outputs the data in a PCM format. Each unit can ac-
cept up to 256 channels of data with a serial output of up to
125,000 twelve-bit words per second. The word rate for the XV-15
system is limited by the tape recorder kits/inch packing density.

1.4.1.1 Interface Cards. Interface cards are used in conjunc-
tion with the RMDU to provide the correct signal conditioning for
the various aircraft sensors. The RMDU is configured for a re-
search mission by inserting the appropriate interface cards into
anv of 10 card slots. The following interface cards are used.

a. Analog Multiplexer Card (AMX). The AMX card accepts 32
analog input signals and multiplexes them into one sig-
nal channel. This signal is then presented to the gain
programmable amplifier (GPA). Analog signals from
position potentiometers, temperature scanner, volt-
meters and pre-sample fiiter cards are processed by AMX
cards.

b. Pre-Sample Filter Card (PSF). Each PSF card accepts
four signal inputs from strain gage transducers, and
filters them through 100 Hz or S50 Hz filters. The PSF
then amplifies the signals with a gain of 256. Filter
frequency and gain are factory adjustable. The output
of the PSF is presented to an AMX card.

c. Discrete Multiplexer Card (DMX;. The DMX card accepts
any three 12-bit words or 36 bits of informaticn, and
multiplexes this information into the PCM data stream.
Digital inputs such as record number, control words,
and fuel quantity are processed by DMX cards.

d. Scannivalve Driver Card (SVD). The SVD card contains a
programmable clock which is used to control the scanni-
valve stepper drive. The clock is set. for four pulses
per seccend. The card also generates a 12-bit control
word which is used for the scannivalve position en-
coder.

1.2.1.2 Gain Programmable Amplifier (GPA). The RMDU contains a
programmable amplifier which provides for eight preselected pro-
grammable gains to amplify signal strength to 15.12V full scale
(gains are 1, 2, 4, 16, 64, 128, 256, and 512).
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1.4.1.3 SAT-M Module. The RMDU is programmed for frame format,
frame sync wovds, subframe ID word, and gain by a Stand-Alone
Timing Module (SAT-M) which is pre-programmed on a ground based
PROM programmer. The SAT-M provides PCM outputs of serial NR2Z"
code to a telemetering transmitter and serial Miller Code (DM-M)
to the tape recorder.

1.4.2 Preamplifier Filter Unit (PAF). A preamplifier filter
unit is used for low level signals that require extensive filter-
ing. The unit provides for 64 channels with a gain from 128 to
1024 (NASA cards are pre-set to a gain of 256) and a three-pole
active low pass Butterworth filter. Two PAF units are used in
the data acquisition subsystem.

1.4.3 Tape Recorder. The research instrumentation recorder
(MARS 1414 LT-3D) 1s a wide-band, FM, l4-track analog recorder
which takes a 1l4-inch reel of magnetic tape. A PCM bit stream
from each RMDU, the time code generator output, and pilots'
voices are recorded on separate tracks. The re aining tracks are
used to record active network channel outputs 1f required. Tape
deck track assignments are shown in Table 1-1. The tape recorder
1s the limiting item in the system due to its bit packing density
capability as related to amount of tape available, speed of re-
cording and lengih of record required for flight testing. The
MARS 1414 LT-3D recorder is operated at 30 inches per second. a
record rate of 46,666 words (l2-bit words) per second which al-
lows approximately one hour of full time data recording. Miller
code is used to achieve this word rate capacity.

1.4.4 Time Code Generator. The time code generator with inte-
gral battery pack produces an IRIG-B output for recording on the
tape recorder and provides both a 1local and remotely-mounted
pilots' display. This unit can be synchronized with ratio sta-
tion WwV (time standard station) and acts as the time base for
the research instrumentation system.

1.4.5 R-Cal Boxes. The R-Cal boxes use a relay to shunt a pre-
cision resistor across the C-D leg of each strain gage input
signal at the PAF boxes. Each R-Cal box has a 32-channel capa-
bility. Five R-Cal boxes are installed on the instrumentation
pallet. All five boxes are operated by a single push button
switch located on the front face of the active network panel.

1.4.6 Active Network Panel. Circuit cards are installed in the
active network panel to provide special processing for transducer
signals which are not compatible with the RMDU and for special
purpose instrumentation requirements such as thermocouple signal
conditioning. Special circuits used in tue active network panel
are described in Section 8 and include the following functions:

1-3
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Digital stick position

Temperature scanner

Left rotor azimuth

Right rotor azimuth

Data control logic

Mean/peak-to-peak detector (blade beam bending)
Mean/peak-to-peak detector (hub flapping)

Fuel quantity

Tape speed control

HITOQMOOQANOTY

1.4.7 Excitation Power Supply. A common 13 Vdc power source is
provided for excitation of the research instrumentation trans-
ducers (other than air data). The 13 Vdc power supply is located
in the instrumentation pallet and all 20 signal distribution
cables are wired in parallel to this power supply.

1.4.8 Patch Panel. The signal interface between aircraft sen-
sors and the Government-furnished data acquisition system is at
the patch panel installed on the aft end of the instrumentation
pallet. The patch panel consists of a fixed housing with a re-
movable program board. The program board has two sections, esach
32 x 40 points, for a total of 2560 points. Signal distribution
cables are wired into the lower program board (Figure 1-5). The
upper program board (Figure 1-6) serves as the input to the GFE
data acquisition system. Spare program boards are provided with
each aircraft to allow different data acquisition programs to be
pre-wired.

1.4.9 Telemetry System. Complete provisions for L-band teleme-
try are installed i1n the aircraft for the contractor flight test
program. The telemetry (TM) system consists of an L-band TM
transmitter, a pre-modulation filter, TM antenna, TM track select
switch, TM OFF-ON light, and a TM reset switch. The TM trans-
mitter and antennas are provided by BHT for the contractor flight
test program and will be removed from the aircraft prior to
government acceptance of the aircraft. The PCM bit stream 1is
routed from RMDU A and RMDU B to the pre-modulation filter unit.
Pre-modulation filtering is recommended to conserve the RF spec-
trum required for TM. Both PCM bit streams are present at the
pre-modulation filter and either bit stream may be selected for
telemetry by the TM select switch located on the center pedestal.
The selected PCM bit stream (RMDU A or RMDU B) is routed to the
TM transmitter and then to the antennas. Wiring diagrams for the
telemetry system and pre-modulation filter are contained in Sec-
tion 4.

1.5 Controls and Indicators. Cockpit mounted controls and indi-
cators for the research instrumentation and data acquisition sys-
tem include: control monitor (pilot information panel), critical
function monitor, rotor flapping indicator, temperature monitor,
a time code generator control panel, and a control position
indicator.

1-4
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1.5.1 Control Monitor. The control monitor (Figure 1-7) is
mounted 1i1n the copilot instrument panel. This instrument has
five colored lights, three switches and a three-digit record
number display with reset buttons. The Master Power switch is
located on the right side of the indicator. When this switch is
placed in the up position the green PWR ON light should illumi-
nate signifying the system is powered. The Pull Tape switch is
located on the left side of the indicator. Wwhen this switch is
placed ;n the up position, the blue PULL TAPE light should illum-
inate signifying the tape is being pulled in the tape deck. When
the Prime Data button (push-button switch located on the right
side of each power lever) is pushed, the amber PRIME DATA light
should begin to blink. This shows that the system logic is in
the prime data mode. When the Prime Data button is pushed again,
the record number shown on the three-digit display is advanced by
one digit and the PRIME DATA light will cease blinking showing
the system is once again out of the prime data mode. Should the
red FAULT light illuminate, it indicates a fault has occurred in
the system. Pressing the FAULT button should clear or turn off
the FAULT light. 1If the red FAULT light does not go out, data is
considered unreliable and the system should i« shut down. Should
the white TAPE REMAIN light illuminate, this indicates that five
minutes of tape remain on the reel. Only a few (if any) prime
data records should be taken before replacing tape in the tape
recorder.

1.5.2 Prime Data Switch. The prime data switch is a push button
type switch located on the pilot's and copilot's power lever.
When the prime data switch is pressed the control monitor PRIME
DATA light will blink indicating that the data acquisition system
logic is in the prime data mode. Pressure and temperature sensor
scans are initiated by the prime data switch. The scan is ter-
minated at the end of the prime data record or at the end of one
complete scan cycle. Wwhen the prime data switch is pressed a
second time the prime data record is terminated and the PRIME
DATA light will cease blinking. The d~ta record number displayed
on the control monitor will update at the end of each prime data
record.

1.5.3 TM Control Panel. The TM control panel (Figure 1-8) con-
tains controls and indicators associated with the L-band teleme-
try system. The control panel is installed in the center ped-
estal and contains the following controls and indicators.

a. TM Channel Select Switch. The TM channel select switch
is a 9-position rotary control switch used to select
the data channel to transmitted. FM data channels are
selected by placing the switch in positions 1 through
6. Data from either RMDU A or B may be transmitted by
placing the switch in the "A" position. The desired
RMDU is then selected with the RMDU select switch. A
CAL position is also available for use in system check-
out.

1-5
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b. RMDU A/B Select Switch. The RMDU A/B switch is a
two-position guarded toggle switch located on the TM
control panel (Figure 1-8). wWhen placed in the A
position, the output of RMDU A is selected for inflight
transmission of data via L-band telemetry. When the TM
switch is placed in the B position, the output of RMDU
B 1s selected for inflight data transmission. The TM
switch does not affect the output from either RMDU to
the tape deck.

c. TM Reset Switch and Indicator. The TM reset switch is
a push button type switch located on the cockpit center
pedestal. This switch is used to reset the TM trans-
mitter power following a power interruption or bus
transient. TM power on is indicated by a light in-
stalled adjacernt to the TM reset switch.

1.5.4 Critical Function Monitors. Two critical function moni-
tors are installed in the aircraft to enable the crew to monitor
critical research instrumentation measurements. These indicators
(Figures 1-9 and 1-10) are located on the left side of the in-
strument panel directlv below the control monitor. The two chan-
nels selected for display are fore ‘iaft hub flapping and blade
beam bending at blade station 52.

1.5.4.1 Critical Load Meter. The critical load meter (Figure
1-9) is mounted directly below the control monitor. It is a
meter that is driven by the data system and calibrated to display
a given critical parameter during flight and ground runs. The
channel chosen as the most critical channel, or the channel that
would first detect an irregularity in the rotating system, is
considered to be blade beam bending at Sta. 52. The face of the
meter is marked with green and red arcs to indicate the critical
limit of this parameter.

1.5.4.2 Flapping Indicator. The flapping indicator (Figure 1-
10) is mounted in the copilot instrument panel directly below the
critical load meter. It is a meter driven by the data system and
is calibrated to indicate rotor plane flapping (F/A hub spring
motion), stop to stop.

1.5.5 Temperature Monitor. The temperature monitor (Figure
1-11) is mounted in the upper left side of the copilot instrument
panel. This monitor consists of two function lights (CYCLING and
FAULT), a four-digit readout, and channel selection switches.

1.5.5.1 Function Lights. Wwhen the prime data switch on the
power lever is pressed, the CYCLING light will illuminate and
stay illuminated until thermocouple and pressure scanning systems
have scanned all available channels (i.e., the 30 channels for
each of the three temperature scanner locations and the 48 pres-
sure ports have each been sampled once). The CYCLING light will

1-6
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extinguish when one cycle is complete. The duration of one com-
plete scan cycle is ]2 seconds. A new cycle can be taken by
rressing the prime data switch once more to turn off prime data,
then pressing it again to turn prime data back on. The tempera-
ture monitor will cycle once for each prime data record. Should
a maifunction occur in any of the three temperature scanner
locations, the FAULT light will illuminate. The FAULT light can
be extinguished only by correcting the malfunction.

1.5.5.2 Digital Readout. A four-digit readout displays tempera-
ture directly in °F of the selected channel. The digital readout
will flicker while prime data cycling is occurring. This is be-
cause the system is reading the input thermocouples at the rate
of four per second and the readout is displaying these inputs at
the same rate.

1.5.5.3 Channel Selection Switches. Three thumb wheel switches
are provided on the left of the temperature monitor for channel
selection. The first switch (left to right) selects which scan-
rer location is being monitored. There are three scanner loca-
tions: (1) left nacelle, (2) aft fuselage, and (3) right na-
celle. The next two switches c¢ontrol the channel which the
system is monitoring. There are 30 channels (numbered 0 through
29) available at each scanner location. A random access feature
permits any channel to be monitored at any time simply by dialing
the desired scanner location and channel number. See Table 1-II.
When the prime data is started, the monitor switches back to the
zero chanel, and completes one cycle. At the completion of prime
data, the temperature monitor returns to the selected channel.

1.5.6 Time Code Display Panel. The time code display panel
(Figure 1-12) 1s mounted at the top of the center instrument
panel. It consists of an ON-OFF-LAMP TEST switch, a lamp inten-
sity control and a six-digit readout. Placing the ON-OFF switch
in the ON position turns the display on. Placing the switch to
the LAMP TEST position checks all the lamp segments (all segments
illuminate showing the numeral eight). The control on the right
regulates the intensity of the display. The two. digits on the
left of the display are hours, the center two digits are minutes
and the two on the right are seconds.

1.5.7 Control Position Indicator. The control position indica-
tor (Figure 1-13) 1s mounted in the lower left side of the pilot
instrument panel. It consists of four two-digit displays. Con-
trol stick and pedal position are displayed in percent of full
travel. Each display is identified by both a written title and a
symbol. Stick positions to be measured are:

a. F/A cyclic stick position (0% 1is full aft, 99% -is full
forward)
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b. Lateral cyclic stick position (0% is full left, 99% is
full right)

c. Collective stick position (0% is full down, 99% is full
up)

d. Rudder pedal position (0% is full left and 99% is full
right)

1.5.8 Digital RPM Indicator. The digital rpm indicator is a
3-place Iiquid crystal display (LCD) mounted on the instrument
panel glareshield. The indicator (Figure 7-14) displays percent
rotor rpm to the nearest tenth of one percent. When the rpm ex-
ceeds a reading of 99.9 percent the first digit begins to flash
indicating that the displayed reading is above 100 percent e.gq.
(-)1.2 indicates 10l1.2 percent RPM. This indicator is driven by
the pilot's triple tachometer.

1.5.9 Mast Torquemeter. Two mast torquemeters are installed on
the top center of the instrumentation glareshield. The mast
torquemeters (Figure 7-15) are driven by the data system and dis-
play left and right mast torque from zero to 200,000 inch-pounds.

1.6 Sensors. A variety of aircraft sensors are installed to
measure aircraft systems performance, ~ontrol and surface posi-
tions, loads, temperatures and other :ngineering data. Sensors
are selected to provide the most direct method of measurement.
Accessibility for maintenance and calibration checks is provided.
Interference with other aircraft systems is minimized through use
of 1lightweight transducers with compact, rigid 1linkages and
mounts. Selection of sensors is restricted to those units which
have proven reliability. Table 1-111 contains a generic listing
of required aircraft sensors and their functions. Additional
sensors may be instal’led for special test programs. Further de-
scriptior of measuremeats available and a complete listing of
required data channels is given in Section 2. Sensor character-
istics are given in Table 3-1 of Section 3. Vendor specification
sheets for sensors are included in Volume IV.

1.7 PCM Data Processing. A flow diagram of the PCM data pro-
cessing procedure used at the BHT Ground Data Center (GDC) is
shown in Figure 1-16 for reference. The tape generated by the
airborne data acquisition system is brought to the GDC for pro-
cessing. The tape is mounted on analog playback equipment in
preparation for data reduction. The Xerox 530 computer set up
program selects the proper track from the analog tape deck, sets
up the PCM decom equipment, loads the data conversion program,
starts the analog tape deck and generates the 530 PCM digital
tape. The digital tape contains the PCM data in parallel words

1-8
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instead of a serial bit stream. The data on the digital tape is
reformatted and written on a second digital tape which is compa-
tible with BHT time history and loads analysis programs. The
formulas used for PCM calibration are contained in Appendix I anc
II.

1-9
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TABLE 1-I. TAPE DECK TRACK ASSIGNMENTS
Tape NASA Program
Deck Record/Reproduce Board Input
Track Module Type Item Recorded Channel
1 M Right Engine Vibration 5
2 Direct PCM "B" -
3 FM Spare 6
4 Direct PCM "AY -
S FM Right Engine Vib. 1 "/
6 FM Left Engine Vibration 1
7 FM Right Engine Vibration 8
8 Direct Time Code Generator -
9 Direct PCM "B" -
10 FM Left Engine Vibration 2
11 Direct PCM "AY -
12 FM Left Engine Vibration 3
13 Direct Time Code Generator -
14 Direct Voice (1ICS) 4

1-10
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TABLE 1-I1. TEMPERATURE MONITOR CHANNEL NUMBERS

(EXAMPLE)
Itenm Channel
Code No.
Description L R L R Limit °F
Engine:
Inlet Housing - T506 - 309 250
Accessory Housing - TS06 - 310 350
Axial Compressor - T506 - 302 400
centrifugal Compressor - TS506 - 303 450
Compressor Diffuser . T506 - 304 800
Exhaust Diffuser - T506 - 301 1200
Isaition Unit - TSC6 - 305 250
Fuel Control - T506 - 312 2%
Ignitor Solenoid Valve - TS506 - 306 300
Airbleed Control - T506 314 250
Thermocouple Harness Air-
frame Interface Connector - TS506 - 315 250
0il in Coolier T513 TS506 114 311 300
No. 2 Bearing 0il Scavenge T513 TS506 117 313 «30
T-7 Harness TES13 TS506 100 500
IAT at 0° TS13 - 109 -
IAT at 120° TS13 - 110 - -
IAT at 210° TS13 - 111 -
N, Tach Generator - TS506 - 317
A&bient - T506 - 318
Transmission:
Case - Inlet T513 TSU6 104 -
Case - Conversion Axis T513 T506 112 327
Case =~ Swivel T513 T506 113 328
Case - Inlet T513 TS506 115 321
Ambient T513 TS506 - 323
0il In TS513 T506 124 325 230
0il Out T513 T506 125 326 230
Driveshaft Hanger Bearing:
Inboard T351 T351 209 206 250
Outboard T351 T351 208 205 250
Conversion Spindle T351 T351 207 204 250
Center Gearbox - T351 - 214 269
OAT - T322 - 210 -
Hub Spring Bearing TS13 TS506 116 316
1-11
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TABLE 1-III.

RESEARCH INSTRUMENTATION TRANSDUCERS

AREA

NUMBER OF
TRANSDWLIUS

DESCRIPTION

Propulision System
F.
inlet
Inlet

Tailpipe
Turbine Section

Torque

Trubine

Turbine

Engine vibranon
Pylon temperatures

Engine fuei controt

Airtrame Loads

Right wing

Right wing

Right horizontal stabilizer

Right horizontal stabilizer

Right vertical stabilizer

Right pyicn conversion
spindi

Right conversion actuator

Flaps

Flaperon

Elevator

Rudder

Pilot Flight Controls. Loads
Cyclic stick
Power lever
Rudder pedais

Landing Gears. Main, Loads
Trunaton arm
Oleo strut
Drag strut

Nose Gear. Loads
Trunnion
Oleo
Drag strut

2
2
2
{to inlet
transducer)
{to inlet
transducer)

-
g -

NEaN N =N Phbbas NOON

NN

Total fuel used and fuel flow rate
Total and static pressure, 17 ports
Temperature. 4 IC thermocoupies

Static pressure, 4 ports

Temperatura. engine T, thermoccuple
hamess

Transmission, interconnect

Gas producer speed (N1)

Power tutbine speed (N2}

Fore and aft. vertical. lateral

Transmission case and oil. engine oil
(15 thermocoupies. sach engine)}

Fuel control lever position (N1)

Upper and lower panel, bending

Beam and chord bending. torque and shear
Beam bending. upper and lower skin

Beam and chord bending. and torque
Bearr. and chord bending. and torque
B8eam and chord bending

Axisl load

Torque and beam bending

Contrci arm force and beam bending
Torque and beam bending

Torque and beam bending

Fore and aft, and lateral force
Force
Force

Vertical bending
Fore and ait, and lateral bending
Axial force

Vertical bending
Fore and aft. and lateral bending
Axial force

301900-30
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TABLE 1-I11I. (CONTINUED)
NUMBER OF
AREA TRANSDUCERS DESCRIPTION

Rotors and Controls. Loads

Slades 18 Beam and chord bending and torque
{R&L), stress

Hub spindle 4 Bean. and chord bending
Masts 6 Bending {2 drections) and torque
Pitch hnk 6 Axial force on ait knks
Swashplate 2 Drive force

Control Boost Actuators. Loads )
Cyclc. F A 2 Axigl force
Cyclic. Lateral 2 Axisl foice
Collective 2 Axigl force

Airframe. Position
Control surfaces 8 Position measurements
Main landing gear 4 Position measurements
Nose landing gear 3 Position measurements
Honzontsl stabiizer 1 Position measurements

Pilot Controls. Position
Cockpet control 7 Position measurements
SCAS system 3 Position measurements

Rotor Position
Hubd spring motion 4 Position messurements
Gwmnbal trunnion flapping 2 Position messurements
Blade feathening (single) 2 Position measurements
Collective motion 2 Position messurements
Swashpiate monon 4 F - cilon measurements
Convers:on motion 2 - (on measurements
Rotor szsmuth 2 + per rev
Rotor snvmuth 2 512 pev rev

Awrcratt State Measurements
Awspeed 1 Pitot port, from nose boom
Altitude 1 Static port. trom nose boom

1 Radar altimeter

Qutside air temperature 1 Torsperature probe

Relative wind angles 1 Angie of sttack. from nose boom
1 Angie 0f sideshp. trom nose boom

Awcratt attitude 3 Pitch, roll. and yaw
Awrcratt angular rates 3 Pitch, roll, and yaw
Verucal acceleration 1 Awcraft c.g

Joleng-2e
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TABLE 1-III. (CONCLUDED)
NUMBER OF
AREA TRANSDUCERS DESCRIPTION
S
> Awctaft System Monitors
Hydraulc system 3 Pressuro
Electrical system 4 dc voltage and current
Fuel system 2 Quantity
Tempersture. weng fuselage 2 Thermocoupies A 'R to temp. scanner
Oil. engine 2 Pressure
O, transmssion ¢ Pressure
Awcraft Accelerations
Ancratft center of granty 3 Fore and aft. lateral and vertical
Pylons 6 Fore and aft. (ateral and vert:cal
Cockpit 4 interal and verucal
Test Equipment
Exciter mechanism 4 Exciter mechasi:am positions and
loads as spphicable
Yotal 218 ’

3010 301920-28
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SECTION 2. MEASUREMENTS

This section describes the neasurement capabilities of the re-
search instrumentation system. Sensor characteristics and 1in-
stallation are also discussed.

2.1 Propulsion System Measurements. Propulsion system measure-
ments are centered around engine monitoring and performance data
s recommended by the engine manufacturer. Transmission and in-
terconnect system operating parameters are also included in this
measurement classification. Propulsion system measurements are
defined in Table 2-I.

2.1.1 Fuel Systems. Flow rate and total fuel consumed are meas-
ured for each engine by a turbine-type mass fuel flow system
manufactured by Eldec Corporation. Tais system has buffered out-
puts separating the cockpit indicator from the research instru-
mentation systen. The turbine-type fuel flow transducer fur-
nishes a pulsed signal output to the fuel flow signal conditioner
wnich produces a voltage output proportional to flow rate and
generates a 12-bit binary word for total fuel consumed.

2.1.2 Torque Measurements. Engine torque measurements are pro-
vided by a Lycoming torque sensor system which is incorporated in
the LTClK engine. This system measures engine shaft torque by
sensing the magnetostrictive effect of a ferromagnetic material.
Transmission interconnect shaft torque measurements are provided
by a Simmonds precision torque system. This system uses a three-
gear phase displacement technique to measure shaft deflection as
a function of applied tcrque. The data signal is available at
the system signal conditioner as a high level dc signal voltage.

2.1.3 Turbine Speed Measurements. Standard tachometer genera-
tors are mounted on existing engine pads for measuring N, and N.,

speed. These two pole units produce a sinewave whose frequency
tracks some fixed multiple of turbine rpm. This frequency is
approximately 70 Hz at rated rpm. The rpm signal 1s routed
through standard signal cables to Anadex Model PI-355 frequency
to dc converters located in the cabin area. Data is transferred
approximately 10 times per second to fully define rpm transients.

2.1.4 Engine Vibration Measurements. The transducers used for
engine vibration measurements are ENDEVCO Model 2271A piezo-elec-
tric accelerometers. The transducer signal output is processed
by a dual output charge amplifier, ENDEVO Model 2647M77. The two
output signals from the special charge amplifier consist of an
unbiased ac output voltage and a rectified and filtered dc level
output. The ac signal output is connected to the tape recorder
where it is recorded on an FM track for broad band data. The

2-1
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rectified dc level output which represents the average accelera-
tion level is processed by the PCM data acquisition system and
recorded as a PCM data channel.

2.1.5 Pvlon and Engine Temperature Measurements. A low level
temperature scanning switch (30 points/switch) will be used in
each pylon. This unit provides reference juanctions for 26 IC-
type and 4 CA-type thermocouples. Fluid temperatures are meas-
ured by inserting a thermocouple into a fluid line through a
packing gland. Case temperatures are measured by thermocouples
which are silver soldered to a slotted washer placed under a con-
venient bolt head or nut. Compartment air temperatures are meas-
ured by an exposed silver solder thermocouple junction.

2.1.5.1 Temperature Scanning System. The temperature scanning
system can be used as an instrument to moni:or any relevant tem-
peratures on a one at a time basis, or it can be used to scan
through all thermocouples at a rate of 4 thermocouples per sec-
ond. It cannot, however, be used to scan and monitor at the same
time.

when prime data is not selected, the ccpilot can dial in the num-
ber corresponding to anv one thermocouple and monitor its temper-
ature on the temperature monitor (Figure 1-10). Numbers 100-129
correspond to thermocouples in the left pylon, numbers 200-229
correspond to thermocouples in the fuselage, and numbers 300-329
correspond to thermocouples in the right pylon. All other chan-
nels are inoperative.

Channels 100, 101, 102, 103, 200, 201, 202, 203, 300, 301, 302,
and 303 are designed for CR-AL wire. All others are for I-CN
wire.

when prime data is selected, the system automatically begins to
scan. The scan begins with channels: 100 (left pylon), 200
(fuselage) and 300 (right pylon) and is synchronized with the
pressure scanning system. Scanning continues until prime data 1is
terminated or one cycle is completed. Each remote switching unit
dumps its data into a separate data channel; therefore, only 30
scanning periods are required to record a complete set of temper-
ature data.

The temperature monitor also contains two warning lights. One
light is labeled FAULT™. It indicates that either the temperature
reference junctions are not at the proper temperature, or there
is an electrical fault in the system. The other light is labeled
CYCLING. ThLe light comes on when prime data is selected and goes
off when a complete set of temperature and pressure data has been
recorded or prime data is terminated.
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2.1.5.2 Engine Exhaust Temperature Measurements. Engine exhaust
measurements are made at the engi.. turbine inlet using a Lycom-
ing T7 thermocouple harness. This arrangement is necessary since
the LTClK-4K engine does not have provisions for additional tem-
perature probe ports in the turbine discharge case. The aveiage
of the 4 IC thermocouples in the T7 harness are routed to the
temperature scanner.

2.1.6 Pylon and Engine Pressure Measurements. A pressure scan-
ning svstem 1s 1installed 1n the left nacelle to provide lert
engine inlet pressure, left engine exhaust gas pressure, and left
engine compartment pressures. Additional transducers are in-
stalled to provide high frequency engine inlet pressure data at
the 160 and 320 degree bellmouth positions on the left engine.
Transmission compartment and nacelle static pressures are pro-
vided for the left pylon by separate pressure transducers.

2.1.6.1 Pressure Scanning System. The pressure scanning system
consists of scannivalve control box, pressure ports, scannivalve
and integral pressure transducer. The scannivalve 1is a solenoid
driven rotary pressure switch capable of switching up to 48 pres-
sure ports to the diaphragm of the integral pressure transducer.
The pressure transducer is a 1l/2-inch flush diaphragm unbonded
strain gage unit with a $2.5 psi range. This unit (Statham
PM131) is temperature compensated between -65° and +250°F and
provides 14mV/Vex full scale output. The transducer may be re-
moved from the scannivalve if range changes are required. The
scannivalve provides position encoding for port identification
and is furnished with a solid state driver for logic level drive
compatibility. Physically, the scannivalve 1is a cylinder 1.98-
inches in diameter and is 6.63-inches long. Weight is approxi-
mately 1.75 pounds. The transducer connections and pressure in-
put ports, including reference port, are accessible at one end.
Stepper connections and encoder are at the other end. The unit
is mounted in the aircraft left-hard nacelle adjacent to access
panels. The selected scannivalve is a Model 48J9 which requires
no lubrication and is specifically designed for flight testing.
When PRIME DATA 1is selected, the system automatically begins to
scan at a rate of 4 pressure ports per second. The scan begins
at the HOME position and continues to cycle until it returns to
the HOME position (one complete cycle). This cycle is repeated
during each PRIME DATA record.

2.1.6.2 Engine Inlet Pressure Measurements. The left engine in-
let bellmcuth is fitted with an inlet rake consisting of pressure
probe arrzys in nine azimuth positions (see Figure 2-1). The low
pressure and static probes are connected through strip tubing to
a scannivalve mounted ahead of the engine inlet. The two high
frequency probes at the 160 ~nd 320 degree positions are -connec-
ted to separate transducers. The inlet rake is fabricated at BHT
from 1/16~-inch diameter stainless steel tubing. Inlet rake data
provides average inlet pressure measurements and indicates inlet
distortion patterns.

2=3
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2.1.6.3 Engine Exhaust Measurements. Engine exhaust gas pres-
sure measurements are made at the tail pipe. This arrangement is
necessary since the LTClK-4K engine does rot have provisions for
pressure ports in the turbine discharge case. The BHT stainless
steel tail pipe is fitted with fcur static pressure ports at the
locations shown in Figure 2-2. These ports are routed through
the firewall with stainless steel tubing to the scannivalve.

2.2 Load Measurements. Strain gages bonded directly to aircraft
structure are utilized to measure loads. Gages are placed at
locations that will provide high output and linear calibrations.
Most gages are foil type configured in a four-active-arm 350 ohm
bridge circuit. This circuit provides benefits of self-compensa-
tion for both temperature and certain types of cross talk. Gages
are applied under controlled conditions w.th BR600 cement. Indi-
vidual gages are connected into bridges with .. gage epoxy insu-
lated wire and Budd-type foil terminal strips. Parts are then
oven baked (150°F) to drive out moisture and covered with Shell
956.3 epoxy for protective covering. Testino is performed on the
bridge to determine natural balance and recsistance to ground.
Temperature compensation is performed as required and is effec-
tive only when it may be assumed that each gage in a bridge is at
the same temperature such as on control rods up to l.5-inch di-
ameter and other small parts. Large parts such as main rotor
blades and control surfaces cannot be compensated other than with
the inherent compensation of a four-active-arm bridge.

Calibration is performed by application of load and measurement
of gage output. Those parts with multiple gages (wing, blades)
are loaded in beam, chord, and torque. All gages are observed
and crcss talk is noted. 1If cross talk is greater than 5 percent
of full scale, then regaging is generally required after recon-
sidering gage location. Strain gage calibrations are performed
with standard load cells in series with hydraulic cylinders and a
scanning digital millivoltmeter. Large parts will be calibrated
on the aircraft. Tubes, links, and small parts are calibrated in
fixtures. Calibration loads cover the full operating range ex-
pected of the part. Section 7 further describes calibration pro-
cedures and requirements.

Selected strain gage locations have redundant bridges installed
with terminals in accessible areas. These terminals are the sol-
der post type and become the interface between sensor and the
data system. All calibration data are measured at these termi-
nals.

2.2.1 Airframe Loads. Airframe load measurements are shown in
Table 2-11 and require a 50 Hz response with the exception of the
wing which require a 10 per rev (100 Hz) response. All airframe
load sensors are calibrated on the aircraft with the exception of
those on the control tubes, support strut, conversion spindle,
and actuator. Airframe co-ordinates used to define gage location
are shown on Figure 3-3.
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2.2.1.1 Right wWing. Upper and lower wing panel stress at the
wing center section are measured with a single gage on each side
of the panel at BL 0. Wing shear is measured at two stations (WS
66 and WS 142) with single gages at the front and rear spars.
Right wing beam and chord bending are measured at WS 22. Right
wing torque is measured at WS 22 with gages on the upper and
lower wing panel surfaces fixed on diagonal axes at Ws 22.

2.2.1.2 Left Wing (Aircraft No. 1 Only). Left wing beam and
chord bending are measured at WS 22. Left wing torque is meas-
ured at WS 22 with gages on upper and lower wing panel surfaces
fixed on diagonal axes.

2.2.1.3 Right Horizontal Stabilizer. Strain gage bridges are
installed t~ measure beam bending moment at two locations (BL 8
and 65). Chord bending moment and torque are measured at one
location (BL 8).

2.2.1.4 Right Vertical Stabilizer. Strain gage bridges are in-
stalled to measure Peam bending moment on the upper portion of
the vertical stabilizer at WL 110 and WL 114.

2.2.1.5 Pylon. The right and left conversion spindles are gaged
at the root for bending in both planes. These planes rotate with
the pylon during conversion. The right and left conversion ac-
tuator shaft trunnions are gaged for beam bending and are cali-
brated to measure conversion actuator axial force. The lower
cowl inboard and outboard support struts on the left and right
nacelles are gaged for axial load.

2.2.1.6 Control Surfaces. The various control arms or tubes are
gaged with bridges measuring input force to the control surfaces.
All are temperature compensated. The flap torque tubes are gaged
for torque. The bending gages on the various surfaces are lo-
cated approximatecly midway between hinge points. The horizontal
stabilizer incidence actuator has been replaced by a fixed link
which is gaged for axial force. 1If at a later date the actuator
is installed, it will be gaged for axial force at th< end connec-
ted to the stabilizer.

2.2.1.7 Flight Controls. The pilot's control sticks and pedals
are gaged with temperature compensated bridges to measure pilot
effort in pounds of force at the center of the grip or pedal.
These gages will accommodate maximum pilot effort.

2.2.1.8 Landing Gear. The three gear assemblies are gaged to
measure oleo strut lateral bending. Each drag strut is gaged for
axial force.

2.2.2 Rotor Loads. Rotor load measurements are shown in Table
2-111. ~The measurements from the rotating control system pass
through slip rings to make the transition to the fixed control
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system. The slip rings mount above the collective cross head and
provide 84 circuits. The limitations on the number of circuits
1s based on the number of wires that can be routed thrcugh the
center of the coliective actuator boost tube. The ccre, or ring
portion, is fixed and the brushes rotate with the rotor. Two
contacts per circuit of silver-graphite material ride on coin
silver rings. The contacts are replaceable and are designed to
wear much faster than the rings. Design brush speed and wear
rates show brushes should be inspected and cleaned every 50
hours. Signal shields are not carried through the slip rings to
allow room for 36 signal pairs, 4 redundant voltage pairs, and 2
voltage sense pairs. This slip ring installation is accessible
by removing the spinner for ease of maintenance and trouble-
shooting.

All wiring in the rotating systems used highly flexible fatigue-
resistant wire. Disconnects are furnished to allow teardown of
pylons.

2.2.2.1 Rotor Blades. The red blade on each pylon is gaged at
four stations. Each station measures beam and chord bending (ex-
cept Station 22.5 which will have only a beam bridge). 1In addi-
tion, Station 52.5 and 112 measure torque. Blade bridges are
wired together at Budd terminals at each station. Four enameled
wires per bridge are then routed down the trailing edge under an
epoxy coating to terminal posts close to the root end of the
blade. The hub and blades are calibrated in a fixture as a unit
and complete cross talk data are recorded.

2.2.2.2 Rotor Hub. Both hubs are strain gaged for beam and
chord bending on each of the three spindles. Enameled wire con-
nects the gages to accessible terminal pests. Each mast is gaged
to measure bending in two planes and torque. Parallel bending 1is
in line with the red blade and perpendicular bending is in quad-
rature with the red blade. Mast torque is measured by gages in a
clean area of the mast close to the upper mast cage bearing.
Redundant gages are installed on both masts. All gages are tem-
perature compensated. Since the gages are out of sight under the
hub spring assembly, fine super-flex wire 1is used to route the
signals up the mast through the ipline master tooth 2at the hub
attachment to the mast. Cross talk data is provided. Tolerances
are approximately halved for the torque bridges in order to main-
tain required accuracy for performance data.

2.2.2.3 Pitch Change Links. All three links in each rotor are
gaged for axial force. These links are temperature compensated
and calibrated in a test machine.

2.2.2.4 Swashplate. The links driving the swashplate »f: both
rotors are gaged to measure driving force in pounds.
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2.2.2.5 Control Boost Actuators. Three actuators are gaged with
redundant bridges for each pylon. Gages measure axial force on
the actuator output shaft. Each bridge is temperature compen-
sated.

2.3 Position Measurements. Tab.e 2-IV lists the position meas-
urements and gives the individual transducers selected for the
most drect method of measurement, for accuracy with environmen-
tal variations, for elimination of hysteresis, and for minimum
weight and lack of mechanical interference. Linear cermet ele-
ment potentiometers are used for position transducers because of
increased life and reliability. The elements provide 10K ohm
resistance in order to limit current drain and line voltage drop
from the power supply. The standard transducer harness is used
up to the postentiometer. The potentiometer is used as a voltage
divider in the circuit and utilizes a high impedance signal con-
ditioner in order to prevent loading of the source. Mechanical
advantage is used in the form of levers, cable and pulleys, and
low backlash nylon and aluminum gears in order to transform small
mechanical motion into linear potentiometer travel equivalent to
60 percent to 90 percent of allowable electrical travel of the
potentiometer.

Calibration of the position transducer potentiometers is accom-
plished after installation on the test vehicle. The calibration
is done by measuring applicable surface motion relative to the
transducer electrical cutput. The calibration accuracy must be
within t1 percent of full scale. Hysteresis and linearity are
similarly limited and checked during calibration. Full mechani-
cal travel is noted along with the current mechanical rigging of
the control surface. These full throw points beccme points of
reference until mechanical rigging is changed.

2.3.1 Airframe.

2.3.1.1 Flaps and Flaperons. The measurement of flap and flap-
eron positions 1s by direct drive with a hinge-mounted bellows
type alignment coupling to a rotory pot. Control surface motion
is 20 degrees up and 75 degrees down for flaps and 36 degrees up
and 61 degrees down for flaperons. Calibrations and data are
presented in units of degrees.

2.3.1.2 Elevator. The measurement of elevator position is made
at the elevator coupled to the contol shaft. Calibrations and
data are presented in units of degrees.

2.3.1.3 Rudder. Position of both rudders is measured using a
linear potentiometer coupled to the rudder actuator shaft Cali-
brations and data are presented in units of degrees. : ’

2.3.1.4 Main Landing Gear. Spring-loaded cable-controlled ro-
tary potentiometers are used to measure the relatively large
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mqtion of both actuators and both oleo extensions. The actuator
displacements are calibrated in units of degrees and the oleo
extensions in units of inches.

2.3.1.5 Nose Landing Gear. Two spring-loaued cable-controlled
rotary potentiometers are used to measure and retracticn motion
between the airframe and the nose landing gear actuator and oleo
extension. The oleo extension positioa is calibrate”™ in uni.s of
inches displacement while actuator posiftion is in .nits ¢ de-
grees.

2.3.1.6 Ailerons. The measurement of aileron position is made
by monitoring displacement of the left and right hand flaperon
actuators. A linear potentiometer is used to sense actuator
position and is calibrated in degrees of aileron displacement.

2.3.2 Pilot Controls. Primary flight contrcls are instrumented
to measure pilot control position.

2.3.2.1 Control Stick (Cyclic Stick). Rotary potentiometers a.e
used in close proximity to the stick to svnce position. Fore and
aft as well as lateral motion is sensed and calibrated in percant
of full travel from full aft (0%) and full left (0%) positions.

2.3.2.2 Power Lever (Collective Stick). A linear potentiometer
is connected to the power lever and caiibrated in percent of full
travel from the full down (0%) position.

2.3.2.3 .- Rudder Pedals. A rotary potentiometer 1is connected
between the rudder pedals to sense position. The motion 1s cali-
brated in percent of full left and right travel from neut:ral
nosition (0%) -

2.3.2.4 Throttle (Fuel Control Lever). The throttle position is
measured by using a rotary potentiometer at the gas producer fuel
control lever on each engine. The positions are calibrated in
units of degrees.

2.3.2.5 Flap Controls. A voltage divider circuit is installed
to measure the flap lever inputs from the pilot The lever input
is calibrated in units of degrees.

2.3.2.6 SCAS System. The stability and contrcl augmentation
system inputs are measured by installing linear potentiometers on
the fore and aft SCAS actuator, on the lateral SCAS actuator, and
on the directional SCAS actuator. Each of these actuators 1is
calibrated in units of inches displacement.

2.3.2.7 Differential Cyclic Washout Actuator. The electro-
mechanical differential cyclic washout actuator has a linear
potentiometer installed across the actuator which is used to
measure actuator position. 7The potentiometer 1is calibrated in
inches.

2-8
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2.3.3 Rotor Positions.

2.3.3.1 Hub Spring Motion. Spring-loaded pull-string potentic-
meters are instazlled to measure the hub spri -~ positior. relative
to the pylon in the fore and aft as well as lateral planes.
These measu-ements are made on both hubs. Cal’bretions are in
units of degrees.

2.3.3.2 Gimbal Trinnion Flapping. The gimbal trunnion flapping
position 1s measured at each hub. This measurement is made using
gear-driven rotary potuni.ometers between the hub and mast.
Calibrations are in units of degrees.

2.3.3.3 Red Blade Feathering. =Red blade feathering position is
measured on each rotor. This measurement is made using gears to
drive a rotary potentiometer 1locatsl on the collective lever
(walking beam). Calibration is in units of degrees.

2.3.3.4 Collective Motion. The collective input at the hub is
mezsured using linear potentiometers at the cnllective slider on
both the left and right rotors. Calibretion units are in degrees
of blade angle.

2.3.3.5 Swashplate Motion. Linear potentiometers are installed
to measuve swashnlate motion in the fore aud aft as well as lat-
eral planes. Both left and right hand swashplates are measured.
Calibration units are in degreec of angular motion.

2.3.3.6 Conversion Angle. Synchro transmitcers are ‘'inked <o
the transm.ssion conversicn spindle to measure the pylon anale
during conversion. Svnchro-to-dc converters are inscalled to
provide the desired input to the data acquisition system. Both
right and left pylons are measured at the axis of rotation at the
wingtip. Calibrations are in urits of degrees.

2.3.3.7 Rotor Azimuth. A light-interrup:ed photo cell is used
to determine the vosition of the rotor within 1/512 of a revolu-
tion. Arother photo cell provides one cutput per revolution in
order to index the higher pulse rate to the red biade.

2.4 Miscellzneous Measurements. Three categories are covered
under this heading: aircraft state measurements, system moni-
tors, and accelerations. These measuremen.s are given ia Table
2-V.

2.4.1 Aircraft State Measurements. These measurements relate to
the rigid-body resronse of the ai.craft with respect to the cut-
side world. This group of variables provides essential perform-
ance and handling qualities data arn. thereforz must be measured
with high accuracy. System calibrations are performed on the
aircraft with the exception of the rate gyros.
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2.4.1.1 Airspeed. Pitot and static pressure ports are located
in the GFE nose boom data head. Pitot and static pressure lines
are routed from the nose boom to a Rosemount differential pres-
sure transducer (Type 542K) whose range is 0 to S5 psid o- 350
knots full scale. This t-ansducer has excellent specifications
for helicopter environment and is a capacitive-sensed, tempera-
ture-compensated diaphragm unit. Excitation is 28 t 4 volts dc
and output is 0 to 7 volts dc. Linearity is 10.1 percent full
scale, hysteresis is $0.02 percent full scale. Temperature vari-
ations are less than tl1 percent full scale from z5° to 125°F,
referenced to 75°F. The pilot's airspeed indicator is connected
to the nose boom data system. The copilot's airspeed indicator
is connected to the aircraft's pitot-static system.

2.4.1.2 Altitud:. Altitude is recorded from the same transducer
as airspeed. The Rosemount transducer (Type 542K) measures ab-
solute pressure from O to 10 psia. Output voltage is propor-
tional to nose boom static pressure, 0 to 8.2 volts for -1,000 to
40,000 feet of altitude. Radar altitude will be furnished by the
recorder output of the radar altimeter electronics.

2.4.1.3 Qutside Air Temperature. A Rosemount total (ram free)
temperature probe 1n conjunction with Rosemount linearizing elec-
tronics provides air temperature data as a high level (0-5 volts
dc) signal. The OAT sensor is mounted under the nose of the air-
craft.

2.4.1.4 Relative Wind Angle. Angle of attack and angle of side-
slip is furnished by the GFE data head on the nose boom. A dual
element potentiometer furnishes one signal to the data system and
one signal to a cockpit display.

2.4.1.5 Aircraft Attitude. Pitch. roll, and yaw angles are
measured with Humphrey modified M.H. 7044 vertical gyros located
on the auxiliary instrumentation pallet. Pitch and roll angles
are measured by one gyro. Yaw angles are measured by another
identical gyro which is mounted on its end. These gyros have
erection motors and can be caged.

2.4.1.6 Aircraft Anqgular Rates. A three-axis packaged rate gyro
located on the auxiliary instrumentation pallet provides angular
rate data. The gyrn 3s powered with 28 t 4 volts dc and provides
$5.4 volts dc outputs for 170 Jdegrees pe second input .ates.
This unit is calibrated on a standard rate t.ple and incorporates
a self-test torque device.

2.4.1.7 Vertical Acceleration. A servo force balance accelero-
meter (Kistler Model 303) measures mean acceleration at the air-
craft center of gravity. A filter network is incorporated in the’
servo feedback loop to restrain the sensing mass from high fre-
quency effects. The cutoff frequency for this unit 1is S Hz.
This unit provides 15 volts dc output for %2.5g 1input and 1is
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povered by 28 t 10 percent volts dc. A self-test torque coil is
provided.

2.4.2 Aircraft System Monitors. The primary aircraft systems
that are monitored are the hydraulic system. the electrical sys-
tem, and the fuel system. Critical structural temperature meas-
urements are also mcnitored.

2.4.2.1 Hydraulic System. Three Statham Model PL722TC, 0-5000
psi, general purpose unidirectional pressure transducers are in-
stalled, one 1in each system. These transducers utilize a dia-
phragm attached to a 350 ohm resistive unbonded strain gage
bridge arranged into a four-active-element configrravion. Full-
scale output is 5 mv/V. Hysteresis and linearity are 10.7S per-
cent full scale. Thermal shift is 0.01 percent full scale per
degree F and zero shift is 0.Gl percent full scale per degree F.
The units are temperature-compensated from -65° tc +250°F. Na-
tural frequency 1is 50 KHz. Response to acceleration is 0.Gl
percent full scale per g. The transducers are installed close to
the pressure source and are calibrated with a dead-weight tester.

2.4.2.2 Electrical System. A calibrated shunt is installed into
both the left-hand and right-hand direct current electrical sys-
tems bhetween the source and the distribution buses. At the
shunt, voltage is monitored by use of a voltage divider. Current
is related to the vcitage drop produced by the shunt and simi-
larly measured as a voltage. The circuits for recording these
data are calibrated on the aircraft. These signals are checked
using a calibrated digital voltmeter at the point of iatroduction
into the instrumentation system.

2.4.2.3 Fuel System. Fuel gquanitty measurements are provided
for right and left fuel tanks. Fuel quantity data is taken from
the Simmonds capacitance-type fuel quantity measuring system con-
sisting of a signal conditioner and fuel tank probe assembly.
(Fuel flow and total fuel consumed measurements are described in
2.1.1.)

2.4.2.4 Temperature. Three 30-point temperature scanners (ref-
erence 2.1.5.1 for description of thermocouple scanning system)
are installed to monitor critical structural temperatures. One
will be located in the left nacelle, one in the right nacelle,
and one in the fuselage.

2.4.2.5 0il Pressure. Four Statham Model PL722TC, 0-150 psi,
general purpose unidirectional pressure transducers are installed
one on each engine and one on each transmission. These trans-
ducers utilize a diaphragm attached to a 350-ohm resistive un-
bonded strain gage bridge arranged into a four-active-element
configuration. Full-scale output 1is 5 mv/V. Hysteresis and
linearity are 10.75 percent full scale. Thermal shift 1is C.01
percent full scale per degres F and zero shift is 0.0l percent
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full scale per degree F. The units are temperature compensated
from -65° to +250°F. Natural frequency is S0 KHz. Response to
acceleration is 0.01 percent full scale per g. The transducers
are 1installed close to the pressure source and are calibrated
with a dead weight tester.

2.4.3 Aircraft Accelerations. Statham Model A69TC linear accel-
erometers are used to measure acceleration. These acceleromelers
employ viscous liquid to achieve 0.7 of critical damping at room
temperature. They are temperature compensated between -65° and
+250°F, limiting the thermal sensitivity shift to below 0.01 per-
cent per degree F and the therma: zero shift to 0.0l percent full
scale per degree F. Full scale output is approximately four mv/V
from the four-active-arm unbonded 350-chm strain gage element.
Linearlity and hysteresis are 0.75 percent of full scale and
transverse acceleration response is 0.0l g/g. Flat frequency
response 1s 260 Hz. The weight per unit is three ounces. This
small size was selected so very little change ir specimen dynamic
characteristics would be encountered when the units are in-
stalled. Urits are calibrated on a electromagnetic shaker with a
standard accelerometer for reference. Upon installation, all
units are bolted tightly in place to ensure sensing only airframe
accelieration.

2.4.3 1 Aircraft Center of Gravity. A cluster of .ree accel-
erometers mounted triaxially are installed. The cluster 1is
located in close proximity to airframe BL 0 and STA 212 on the
deck and aligned for lateral, vertical, and fore and aft measure-
ments. The Statham Model A69TC, 15g accelerometers are installed
and calibrated in units of g.

2.4.3.2 Pylons. Each pylon has a triaxial cluster of three
Statham A69TC, $10g accelerometers installed to the pylon struc-~
ture. Each cluster is aligned for fore and aft, lateral, and
vertical acceleration measurements. The units are calibrated in
units of g.

2.4.4 Sensor Excitation Voltage. Sensor excitation voltage a1is
monitored at cach of the 20 junction boxes.

2.5 Airspeed Boom and Trailing Cone Installation. A nose boom
is fabricated of two-inch 0.D., 1/8-wali aluminum tube extending
four feet two inclkes ahead of the aircraft nose to adapt to a GFE
head containing pitot, static, angle-of-attack, and angle-of-
sideslip detectors. Necessary plumbing and electrical harnesses
are 1nstalled.

An adapter 1s provided at the aft fuselage and 51m11arly wired
and plumbed for a GFE trailing cone.

2.6 Measurement Item Codes. Each sensor requirement is assigned
an 1tem code consisting of an alpha prefix wnach designates the
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measurement type followed by a three-digit number. The three-
digit numbers arg, assigned sequentially from designated blocks
representing sensor location. Table 2-VI defines the alpha meas-
ure.ient types and the number assignments used in the item code.
Table 2-VII lists item codes in numerical order. Open item codes
are included for future use.
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TABLE 2-VI. ITEM CODE DEFINITIONS
Measurements Types
A - Acceleration, Linear or Angular
B - Bending, Moment
D - Position, Linear or Angular, Displacement
E - Electrical, Voltage, Current, Power, Etc.
F - Force, Axial
L - Miscellaneous
M - Moment, Torque
P - Pressure
R - Rate, Flow, RPM, Rotor Blip, Etc.
S - Stress
T - Temperature
V - Velocity, iinear or Angular
X - Event, Firing Mark, Pod Relzase, Etc.
Number Assignments
1-49 Standard items
0-199 Pylon and Rotating
200-299 Empennage
300-499 Fuselage (Nose-Cabin-Ceockpit)
500-599 Engine
£€20-699 Wing
700-999 Miscellaneous
2-233
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TABLE 2-VII. ITEM CODE ASSIGNMENTS
(SHEET 1 OF 40)

sur?__XV=1 rrocRaM_Tilt Rotor Research Ajxcraft
Standargd Irers 001-0uS

ooy

_2_002 No_u Boom Mn;:cad

__003 !

004

_4;\_005 Aircraft C.G. Accel (Vert)

__006

Dboor Nose Boom Angle of Side Slip

beos Nose Boom Angle of Attack
2,009 —Sabin Boll Attitude Gvro
D010  _Cahin Fitch Attitude Gyra
boun Cabin Yaw Attitude Gvro

yoi2 Cabin Roll Rate Gyro
¥O012  _cabin Pitch Rate Gvro

.V o1 _Cabin Yaw Rate Gvro

05

015

o012

Ro1s R/H Rotor l/Rev

Ao Pilot Seat Vert Accel

A 020 Co-Pilot Seat Vert Accel

D021 Pilot F/A gvelic Stick Pos

D 022 ~kilot lat Cvelic Stick Pos.

.p o023 wver lev

2026 _Pilot Rudder Pedal Pos

025 —

2-34
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TABLE 2-VII.

Stand-rd Ite~s - (cont)
__026

(SHEET 2 OF 40)
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TABLE 2-VII. (SHEET 3 OF 40)

Prlon Aregp + 050-099
0s0 .
05 =
B0»2 _R/H Rotor Swashplate (Driver Bending)
_RO0S3 R/H Rotor 512/Rev
054
Foss R/H Ro or Pitch Link (Green) Axial
056
057
RO058 _L/E Rotor 1/Rasv
R 059 L/H Rotor 512/Rev —_
Fo60 L/H Rotor Pitch Link (Red) (Axial)
Fo0s1 L/H Rotor Pitch Link (White) (Axial)
Fo62 _L/B Rotor Pit h Link (Green) (Axial)
063
- Co6L
055
D066 _L/H Roto. Blade (Red) Feathering Pos
067
—.068 -
—0é9 -
070 —
N
_B072 Right Rotor 1 Voltage Sense !
_EO73 Right Rotor 2 Voltage Sense
EOT. _lafe Rotor } Voltage Sanse N
_Ears left Rotor 2 oltage Sense

T e — -
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TABLE 2~VII.

Pvlon Areg - (cont)
_076

(SHEET 4 OF 40)

__077

078

.

079

080

081

082

083

_ o84

85

086

087

088

089

090

091

092

093

ool

95

096

037

098

__099

't
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TABLE . -VYII. (SHEET 5 OF 40)

Main Rotor 10v -199

-.100

. & —_ .

__102 "

_£103 R/H Rotor Pitch Link (Red) Axial
Ficu R/E Rotor Pitch Link (White! Axial
105

loe

NMi07 R/H Rotor Mast Tor

2108 AH Mas+ Para

B1oo R/H m.cor Mast Perp

_2-110 R/H Rotor CGimbal Flapping Pos

.'2.. 11 P/d4 Rotor Blade (Red) Feathering Pos
B 112 R/H Rotor Bub Spindle (Rc3}) Bm Bend
-;-113 R/H Rotor Hub Spindle (Red) Ch Bend
-a-lw L/H Rotor Hub 3pindl > (Red) Bm Bend
Eus L/d4 Rotor Hub Spindle (Red) Ch Bend
116

117

118 ‘

-ll®

B120 R/H Rotor Blade (Red) Bm DBend Sta 22.8
—l2l

B122 R/B Rotor Biasde ‘Med) Bm P .3 Sta 52.5
5123 R/B Rotor Blade (Red) Ch Bend §ta 52.¢
B12u _%/H Rotor Blade (Rec) Bm Bend sta 795
B 125 _R/B Rotor ‘Blade (Red) Ch Bend Sta 75

2-38
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TABLE 2-VI.. (SHE®=T 6 OF 40)

Mgin Rotor - (cont)

3126
2 27
Mz
M9
B30

131

R/H _Rotor

Blade (Rad)

Bm Bend Sta 112.5

R/H Rotor

Bldde (Red)

Ch Bend Sta 112.5

R/H Rotor

Blade (Red)

Torq Sta 112.5

R/R Roto.

Biade (Red)

Torq Sta 52.5

L/R Rotor

Blade ‘Red)

Bm Band Sta 22.8

L/ Rotor

Blade (Red)

Bm Bend Sta 52.5

L/’ Rotor

Blade (Red)

Ch Bend Sta 52.5

L/BR Rotor

Blade (kad)

Bm Bend Sta 75

L/H Rotor

Blade (Red)

Ch Bend Sta 75

L/H Rotor

Blade (Red)

B Bend Sta 112.5

1/B Rotor Blade (Red]} Ch Bend Sta 112.5
L/H Rotor Blade (F._d) Torg Sta 112.5

_%B Rotor

Biade (Red)

Torg Sta 52.5

L/% Rotor

Mast Para

L/H Rotor

Mast Perp

L/8 Rotor

Swashplate (Driver Bending)

L/8 Rator

Mast Torg

L/H Rotor

Gimbal Flapping Pos

R/H Rotor

Blade (Red)

L E Stress Sta 9.5

R/B Rotor

Blade (Red)

T.E Stress Sta 9.5

L/H Rotor

Blade (Red)

L E Stress Sta 9.5

L/R Rotor

Blade (Rad}

T E Stress Sta 9.5

L/B Pvylon Standhby Hydraulic Pressure (#3)

R/H Pylon

P/A Accel

2-39
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Main Rotor

Alsl
Als2

TABLE 2-VII. (SHEET 7 OF 40)

_ 4 Pvion

151-175

lat Acc-l

R/4 Pylon

Vert Accel

R/H Pylon

Hydraulic Pressure (#2)

R/H Pylon

D C Generator (Volts)

R/& Pylon

0 C Generator (Current)

R/H Pvlon

Hub Spring F/A Motion

R/H Pylon

Hub Spring Lat Motion

R/H Pylon

Collective Actuator Pos

R/E Pylon

Swashpliate F/A Motion

R/H Pylon

Swashplate lat Motion

R/H Pylon

Conversion Pos

R/R 2ylon

Contxol Boost Actuator F/A Cyclic Axiai Force

R/R Pylon

Control Boost Actuator Lat Cyclic Axial Force

R/K Pylon

contzol Boost Actuator Collective Axial Force

R/H Pylon

Conversion Spindl~ Seam Bend

R/H Pylon

Converzicn Spindle Chord Bend

R/H Pylon

Conversion Spindle Axial Load

L/R Pylon

Conversion Actuater Axial

—R/E_WhaGe Ssandle Aean Send Sra 3.2
—BY Mhite Spindle Chord Bend Sra 9.0
—RJ4.Graen Spigdle Beam Ber . Sta 8.0
—R(H Green Spindle Chord Bend Sta 9.0

. = H Bvlon P/A Accel

2-40
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TABLE 2-VII. (SHEET 8 OF 40)

Main Rotor - {cont)
AlT6 L/B Pyloa lat Accel

ATT L/H Pylon Vert Accel

P1l7s _L/H Pvlon Hydraulic Pressure (#1)

E179 L/H Pylon DC Generator (Volts)

E 180 L/d Pylon DC Generator (Current)

Disy L/H Pylon Hub Spring F/A Motion

__D_mz L/H Pylon Hub Spring lat Motion

D183 L/H Pylon Collective Actuator Pos

LR L/H Pylon Swashplate F/A Motion

_0_135 L/B Pylon Swashplate lat Motion

2_135 L/H Pvylon Conversion Pous

f_ 187 L/H Pylon Coantrol Boost Actuator F/A Cyclic Axial Force
i 188 L/t Pylon Control Boost Actuator Lat Cyclic Axial Force
F1a9 L/H Pylon Control Boos: Actuator Collective Axial Forge
B 190 L/H Pyion Conversion Spindle Bm Bend

_8_191 L/BE Pylon Cornversion Spindle Ch Bend

B192 L/4 White Spindle deam Band Sta 9.0

3193 L/H White Spindle Chor' Bend Sta 3%.0

Bisu L/4 Green Spincd'e Beam Bend Sta 9.0

B19s L/H Green Spindle Chord Bend Sta 9.0

E 196 Right Pylon 1 Voltage Sense

.5_ 197 Right Pylon 2 Voltage Sense

_5_198 Laft Pylon 1 Voltage Sense

_5.199 __I.of: Pyion 2 Voltage Sense

2-41
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TABLE 2-VII. (SHEET 9 OF 40)

Tail Rotor  200-249
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TABLE 2-VII. (SHEET 10 OF 40)

Tail Rotor - (cont’

2-43
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Tall Boom

250

_2s1
__252

TABLE 2-VII. (SHEET 1li OF 40)

250-299

R/H Eorz

Stab Spar Bm Bend Sta 8 (BL)

R/H Horz

3tab Spar Ch Bend Sta 8 (BL)

R/H Borz

Stab Spar Bm Bend Sta 72 (BL)

R/H Horz

Stak Spar Torqg Bend 3ta 8 (BL)

R/B Vert

Stab Bm Bend Sta 98 (WL)

_R/H Vert

Stap Bm Lead Sta 108 (WlL)

R/R Elevator Control Arm Beam Bend

R/H Elevator Drive Tube Torgque

2-44
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TABLE 2-VII. (SHEET 12 OF 40!

Tail Borzx - (cout)

M276 R/H Rudder Drive Tube Torque
M2z, L/H Rudder Drive Tube Torgque
Bars R/H Rudder Control Arm Bm Bend
M279 L/H Elevator Drive Tube Torgque
B2so L/H Rudder Control Arm 3m Bend
1281 R/H Elevator Pcs
,3_28 2 L/H Elevator Coatrol Arm Bm Bend
283
_D_Qsa R/H Rudder Pos
285 .
F 286 Horizontal Stab Incidence Act Force )
D237 Horizontal Stab Incideance Act Pos
288
289
* B290C Lt Horiz Stab 3m Bend (Skin) Sta 8.0
* B 251 Lt Horiz Stab Bm Bend (Skin) Sta 66.0
* B292 Lt Horiz Stab Bm Bend (Skin) Sta 8.0
* B 293 Lt Horiz Stadb Bm Bend (Skin) Sta 66.0
* _E_:gz. Eph Attach Point Stress LH lug
* S 295 Emph Attach Point Stress RH Lug
29¢
297
E238 _Bm- rage 1 VYoltage Sense
E200 E aage 2 Voltage Sense

*A.rcraft No. 1 only

2-45
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Fuselade

_A 300
A3
_A302
_F303
_A3sos
Daos
D306
Daor
D308
D309

310

3
8312
Fau3
Dy
Das
Bae
R ¥4
Das
319
R320
R321
T 322
P23
Py

P2

TABLE 2-VII. (SHEET 13 OF 40)

300-493
Aircraft CG Accel (IfatL

Aircraft CG Accel (F/A)

Pilot Seat Lat Accel

R/F ‘ain Landing Gear Drag Strut Axial Force

Co-Pilot Seat Lat Accel .

R/H Main Landing Gear Olec Extension Pos

R/H SCAS Actuator F/A Pos

R/1 SCAS Actuator lLat Pos

R/H SCAS Actuatcr Directional Pos

Pilot Flap Laver Pos

L/H Main landing Gear QOleo Strut Lat Bend

L/H Main Landing Gear Drag Strut Axial Force

L/4 Main Landing Gear Actuator Pos °

L/8 Main landing Gear Oleo Extension Pos

R/H Main landing Gear Oleo Strut Lat Bend

R/H Main lLanding Gear Actuator Pos

Diff Cyclic Washout Actuator Pos

—R/E Enqine Fusl Quan
——4/8_Engine Fuel Ouan
Qutside Air Temp
R/H Engine Oi] Pressure
L/H Engine Qil Pressure

B Transmigsi 33

2-46
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TABLE 2-VII. (SHEET 14 OF

Fuselage - (cont)

P 326
D327
R328
R329

B3
B s
B s
RE Y]
2wy
D 3us
D39

K Transmission Oil Pruss

40)

Instrument Panel Radar Altitude

Instrument Panel R/H Engine Fuel Flow Rate

Instrument Panel L/H Engine Fuel Flow Rate

Pilot F/A Cyclic Stick Force

Pilot lat Cyclic Stick Force

Pilot Power leaver Force

Pilot Right Pedal Force

Pilot left Pedal Force

R/H Engine Torg

L/H Engine Torg i

Interconnect Shaft Torg (Cockpit System'

R,/’HE Engine Ny RPM

L/H Engine N, DPM

Nose Boom 2A!titude

Nose lLanding

Nose Landing

Gear R/H Trunnion Vert Bend
Gear L/B Trunnion Vert Bend

Nose Landing

Gear Oleo Strut F/A Bend

Nose lLanding

Gear Oleo Strut lat Bend (Right)

Nose lLanding

Gear Drag Strut Axial Force

Nose Landing

Gear Actuator Pos

Nose Landing

Gear Qlec Extension Pos
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TABLE 2-VII. (SHEET 15 OF 4(!

Fuselgge - {(cont)

-350 .
. I3s1 Raght Wing, Left Wing and Puselage Temp

A 3s2 Aircraft CG Accel (Servo)
<353
—1
F ass R/H Main lLanding Gear Drag Strut Axial Force
F 356 L/H Main Landing Gear Drag Strut Axial Force
B 357 Nose Gear Oleo Strut Lat Bend (Left)
358
359
D 360 Temp Scanner Encoder
<J61
362 :
363
364
X 365 Record Number Bo: A
X 366 Record Number Box B

3 267 ] .

. -1
E 369 Co-kpit 1 Voltage Sense
E 370 Cockpit 2 Voltage Sense:
E Cockpit 3 Voltage Sense
E 172 Nose 1 Voltage _c~nse
E 373 Cabin 1 Voltage Sense
_E_;yu Right Main Gear 1 Voltage Sense
E 379 left Main Gear 1 Voltage Sense
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TABLE 2-VII. (SHEET 16 OF 40)

Puselgge - (cont)
__376
_an
__378
__379
__380
_ 381
__382

383

- T

385

386

87

__388
__389
390

__391
__392
393

394

95
396

397

398

o— . e &

v
—

2-49



ORIGINAL PALL .y

Bell Melicopter (13111 OF POON QUALITY 301-099-022C
e e 8 August 1980

Jse a7 discrosure of data an this paue +s subiect 10 the restriction on the hitle pade

TABLE 2-VII. (SHEET 17 OF 40)

Puselage - (cont)
400

401

402

__403
LOL

__405
406

407

408

L09

410

41l
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TAELE 2-vII. (S:iEET 18 OF 40)

Fugelage - (cont)
426

__u27

428

429

__430

431

_u32

433

b3k

et ———————

2=51
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TABLE 2-VII.

Puselgge - (cont)

__us0
_us1
__us2
__us3
__ush
__uss
__us6
__bs7
__uss
__us9
_ueo

Ao

(SHEET 19 OF 40)

C -2
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TABLE 2-VII.

(SHEET 20 OF 40)

Y U
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500-599

Engine

Inlet Case F/A Accel

Engine

Inlet Case lLat Accel

Engine

Inlet Case Vert Accel

Engine Gas Producer N, RPM

Nacelle Atmospheric (Static Ref)

Transaission Compartmant Static )

R/H

Engine Temperature Scanner

L/8

Engine

Inlet Case F/A Accal

L/H

Engine

Inlat Case Lat Accel

Pilot R/H BEngine Throttle Ros

Pilot L/H Engine Throttle Pos

L/H

Engine

Scanivalve Position Encoder

Engine

Pressure (Scannivalve)

Engine

Temperature Scanner

Engine

Inlet Case Vert Accel

Engine

Gas Producer N, RPM

Engine

Total Fuel

Engine

Total Fuel

Engine

Bellmouth 8igh Fraq ¢ 160°

Engine

Bellmouth High Freq 8 000

Lower Cowl Qutboard Support Strut Axial Load

Pylon Lower Cowl Inbd Support Strut Axial Load

Pylon Lower Cowl Outbd Support Strut Axial load

Pylon Lower Cowl Inbd Support Strut Axial Load
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Engine - (cont)

A3
A28
As27

AS28
As29
A S30
s3L
32
533
s34
835
536
537
538
539

Su2

\0e 0il Outlet lat Accel

H _Engine 0il Ou 1

R/H Engine Liftin F/A Accel

} M Channels
ys

L/H Engine Oi1l Outlet Lat Accel

L/H Engine Lifting Eye F/A Accel
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Eoxing - (cont)

Msso
Asst
Ass2
Asss
Assy
Ssss
Dsse

557

Lt

Mast Torque

Lt

F/A Accel (Comb Flange)

Lt

Lat Accel (Comb Flange)

Special Item for

Lt

F/A Accel (Top of Engine)

Engine Torsional

Lt

lat Accel (Top of Engine)

Test (A/C No. 1)

Lt

Gear Box Stress

Lt

215 Shaft Chucking Motion
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376

377

378

__870

380

381

582

583

S84

385

386

387 .

388

589

390

391

392

393

394

395

396

$97

398

SS9
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Wing 600-699

_5_500 R/H Wing Spar Beam Sta 22

501

- 602

1603 R/H Wing Spar Chord Sta 22

=60 . R
. 605 : '
__“_606 R/H Wing Spar Torq Sta 22

07 B

508

S 609 R/H Wing Uip}: Panel Inner Skin Stress
S 610 R/H Wing lLower Panel Inner Skin Stress
JL611 R/H Wing Conversion Actuator Axial load
M612 R/H Flap Drive Tube Torque

2613 R/H Flap Bean Bend

L 614 RJE_TFlapezon gglitxol Arw._Force

JA61S  __R/4 Flaperon Beam Band

516 |

<2617 R/H Flap Pos

_B6ls . L/H Flap Bexm Band

M619 L/H Flap Drive Tube Torque

820

Fe21 L/H Flaperon Control Arm Pozce

3622 L/H Flaperon Beam Bend

523

624
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¥iag - (cont) . .
8.625 _lef:s Wing Choxd Bandiag $ta 22 .\ .
] A/C No. 1 Wind Tunne! Test
A.626 __lafs Wing Beam Bending Sta 32 ¢
M.627 _lafs Wing Torgye Bending Sta 22 )
5. 628 BL 0.0 Right Wing Upper Panel Outer Skin Stress
S_629 0.0 Right Wing Lower Panel Outer Skin Stress

630 WS _66 Right Wing Front Spar Shear (Upper)

S 631 WS_66 Right Wing Front Spar Shear (Lower)
5 632 WS 66 Right Wing Rear Spar Shear (Upper)
S 633 WS66 Right Wing Rear Spar .Shear (Lower)
5 63 WS 142 Right Wing Front Spar Shear (Upper)
S 635 WS 142 Right Wing Front Spar Shear (lLower)
563 WS 142 Right Wing Rear Spar Shear (Upper) i
5 637 Wws 142 Right Wing Rear Spar Shear (Lower)
T 638 leaft Pylon Conversion Actuator Axial lLoad
539

640

641

62

6u3

- 5ha

D sus Rt Aileron Pos

D 6hs Lt Aileron Pos

I 647 Right Wing 1 Voltage Sense

2 cus Right Wing 2 Voltage Sense

.!_5“9 laft Wing 1 Voltage Sense
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§76

677

678

679

680

681

682

683

684

685

686

687

688

689

690

691

692

693

694

695

696

697

698

699
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Wing - (cont)
—Cabin Mike (For Ngise levell o AZC No. 1

4650
651

652

653

654

B 655
B 6S6
Mes?

658

659

660

661

__662
663

664

665

666

667

668

__669
670

_6n
672

673

674

SHEET 28 OF 40)

Right Wing Sta_z2 Chord Ben

d )
{

Right Wing Sta 22 Beam Bend { A/C No. 1 Wind Tunnel Test
)

Right Wing Sta 22 Torque
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External Stores 700-799 )
E 700 GPA Gain - 4 RMDU-A
E 701 GPA Gain - 16 RMDU-A
5_702 GPA Gain - 64 RMDU-A
E 703 GPA Gain - 128  RMDU-A
E 704 GPA Gain - 256 RMDU-A
E 708 GPA Gain - 512  RMDU-A
_5_706 LLC Gain - 512 (Card Slot -~ 7) RMDU-A
5_707 LIC Gain - 512 (Card Slot - 8) RMDU-A
E 708 LLC Gain - 512 (Card Slot ~ 9) RMDU=-A
E 709 LLC Gain - 512 (Card Sl. =~ 10) RMDU-A
Eno LLC Gain - 512 (Card Slot - 11) RMDU-A
E 711 __HLC RMDU - A -
E 712 PSB RMDU =~ A
713
714
1S
E716 __Lat stick Force (Cal Span) \
R.717  __lat Stick Pos (Cal Spanl
£.718 __Pripazv Govarnor RPM Erzox
E719 Primary Gove nor $1 LVDT {
E_720 Primary Governor Actuator Velocity > RPM GOVERNOR TESTS
E721 Primary Governor Command RPM —
E . n2 Primary Monitor Comzand RPM
E 723 Primary Monitor RPM Error
E 724 Standby Governor RPM Error
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Externgl Stores - (cont) :
Es GPA Gain - 4 RMDU-B

E726 GPA Gain - 16  RMDU-B

E27 GPA Gain - 64  RMDU-B

.E.725 GPA Gain - 128 RMDU-~B

729 GPA Gain - 256 RMDU~B

L2730 GPA Gain - 512  RMDU-8

I LIC Gain - 512 (Card Slot - 7) RMDU-B

E732 LLC Gain - 512 (Card Slot - 8) RMDU-B

E733 LLC Gain - 512 (Card Slot - 9) RMDU-B

Rk LLC Gain - 512 (Card Slot - 10) RMDU-B

E7ss LLC Gain - 512 (Card Slot - 11) RMDU-B

E736 HLC RMDU-B

E737 PSB RMDU-B

738

73

L0

74l

_l:_7u2 Airspeed Sinozjut Cyc Cont Box 3

D 7u3 Pos (Rt LVDT) lat Cyc Cont Box

_2_71.1‘ Pos (Lt LVDT) lat Cyc Cont Box

171.5 Servo Drive Volts Exciter L Lat Cyclic
D ue Pos (Collective LVDT) Exciter & Exciter Tests
_D_-_rw Pos (Flaperon LVDT) Exciter

Erus Volts (Coll Solenocid Valve) Exciter

E 7u9 Volts (Flaperon Solenoid Valve) Exciter
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Externgl Storer - (cont) .
750

w—

751

752

—

753

754

755

756

757

758

759
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_775
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Migcellgneous 800-999
800

__801
__802 -
__803
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Migcellaneous - (cont) ’
825

826

827

828

829

8330

831

832

__833
8%
__838 - -
836
837
838

839

_su1
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ace
850
__8s1
__8%2
853
854
__8S5
856
857
__8s8
859
860
861
862
863
864
865
866
867
868
869
870
a71
872
873
874

neo
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900

(SHEET 37 OF 40)

01

902

903

904

__90S

__906

_907

908

909

910

911

912

913

914

915

__916

917 ‘

918

919

S20

921

922

923

924
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Migcellaneoys - (cont) .
925
926
927
928
9
930
931
932
933
9
935 —
936
937

__939
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Migcellaneous - (cont)
950
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951

952

953

954

955

956

957

958

939

960

961

962

963

964

265

__966

967

968

969

970

M

972

_973

974
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975
__976

977

_978

979

980

981

982

_ 983

984

98s

986

987

988

—

989

990

991

992

993

994

L g

995

996

997

998

999
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301 INPUT RAKE
ENGINE (BELLMOUTH}

37-STATIC (BELLMOUTH}

VIEW LOOKING
INTO ENGINE
BELLMOUTH

Figure 2-1. 301 input rake engine
(bellmouth)
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TAIL PIPE STATIC PRESSURE

TRANSMISSION

!

VIEW LOOKING
INTO TALL PIPE

Engine tail pipe static

Figure 2-2.
pressure port locations
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SECTION 3. EQUIPMENT

This section defines the equipment installed for the research
instrumentation and data acquisition system. Aircraft inboard
profile and basic lines data are included for equipment location
and sensor installation reference.

3.1 Contractor Furnished Equipment. Contractor furnished equip-
ment 1s listed in Table 3-I.

3.2 Government Furnished Equipment. Government furnished equip-
ment 1s listed in Table 3-II.

3.3 ships Inventory List. A ships inventory of installed re-
search instrumentation equipment for the XV-15 is given in Volume
No. 2 for Aircraft No. 1 and in Volume No. 3 for Aircraft No. 2.
The ships inventory 1lists the item, type, serial number, and
calibration interval for each installed sensor and eqQuipment.

3.4 Specification Sheets. Vendor specification sheets for con-
tractor furnished equipment are contained in Volume IV.

3.5 Equipment Location. Location of major research instrumenta-
tion equipment 1s shown in Figure 3-1. An inboard profile of the
XV-15 is shown in Figure 3-2 for reference. Basic aircraft lines
data is given in Figure 3-3 for reference to the WL, BL, STA co-
ordinate system used to locate aircraft, sensors, and equipment.
Research instrumentation equipment is not shown on the inboard
profile. This drawing shows location of major aircraft equip-
ment. Aircraft station numbers are shown for reference purposes.
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SECTION 4. POWER AND CONTROL

Electrical power requirements, control signal distribution and
control logic for the research instrumentation and data acquisi-
tion subsystem are contained in this section. Control logic and
wiring for the pressure scanning, thermocouple scanning and
telemetry systems are also discussed.

4.1 Power Required. The GFE data acquisition subsystem requires
28 Vdc and 115 Vac, 400 Hz power. Electrical power is supplied
by the No. 2 28 Vdc bus and a separate 750 VA, 115 Vac solid
state inverter powered by the Nc. 2 28 Vdc bus. Protection and
isolation for the power supply is provided so that the aircraft
power system is not affected by failures in the data acquisition
subsystem. The data acquisition subsystem is in turn protected
from aircraft induced transients by overload sensors, circuit
breaxers, separate power supplies and DC to DC converters. Air-
craft power is connected to the instrumentation pallet and static
inverter as shown in Figure 4-1.

4.1.1 DC Power. The 28 Vdc power is furnished to the data sys-
tem from the aircraft dc bus No. 2 through an 80-amp current
sensor and a 50-amp circuit breaker (Figure 4-1). Current in
excess of 80 amps will open the overload sensor. The overload
fault must be corrected and the sensor reset before power 1is
returned to the system. The overload sensor is installed in the
aircraft master power box located on the left side of the rear
cabin area behind the auxiliary instrumentation pallet. DC power
from the SO-amp circuit breaker panel is routed to the instrumen-
tation pallet thiough input plugs "C" and "F." DC power is
distributed through the circuit breaker panel to the individual
instrumentation system components (see Figure 4-2). The follow-
ing research instrumentation equipment is powered by 28 Vdc.

Tape transport deck

Attitude gyro, cage-uncage function
Rate gyro

VE power supply

Program board

Telemetry transmitter

Active network power supply (%15, +5, +28 Vdc)
Data control monitor

750 VA static inverter

Temperature reference junctions

Time code display panel

Fo-H-aQ mo AOUT

4.1.2 AC Power. The 115 Vac, 400 Hz power is furnished to the

data acquisition subsystem from a Flite-Tronics Co. PC-17A 750 VA
static inverter. The inverter is powered by the No. 2 28 Vdc bus
and pro<ected by the 80-amp overload sensor and a 50-amp circuit

4-1
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breaker (see Figure 4-1). AC power from the inverter is connec-
ted to the instrumentation pallet through input plugs “C" and
"F." The ac power is then distributed through the circuit
breaker panel to the individual instrumentation system components
(see Figure 4-2). This ac voltage is used to power the following
equipment.

PAF #A

PAF #B

RMDU #A

RMDU #B

Tape deck heaters
R-cal box #1

R-cal box #2

R-cal box #3

R=cal Inx #4

R-cal box #5

Time code generator
Attitude gyro power
Flight line tester (FLT)
. Fan

SR E-TAOMO Q00D

4.1.3 Circuit Breaker Panel. The circuit breaker panel is in-
stalled on the instrumentation pallet. Figure 4-3 shows the lay-
out of the circuit breaker panel.

4.2 System Control Logic. Figure 4-4 shows the basic flow dia-
gram for system control logic. Pressure and temperature scans
are initiated by the prime data switch located on the pilot's and
copilot's power lever. Instrumentation system status is dis-
played on the control monitor (Figure 1-7). When the prime data
switch is pressed the prime data light on the control monitor
will blink indicating that system logic is in prime data mode.
when the prime data switch is pressed again, the record numbexr
displayed on the control monitor will update and the prime data
light will cease blinking.

4.3 Control Signal Distribution. A schematic wiring diagram of
the data recorder and control monitor 1is shown in Figure 4-5.
Control signal distribution to the control monitor is shown in
Figure 4-6. Control signal input to instrumentation pallet plugs
"A" and "B" is shown in Figure 4-7. Control signal wiring for
attitude and rate gyro packages 1is shown on Figure 4-8. Display
signal wiring to the pilot's time code generator display is shown
in Figure 4-9.

4.4 Pressure Scanning System. A flow diagram for the pressure
scanning system control logic is shown in Figure 4-10. Control
signal distribution wiring is shown in Figure 4-11. A "scanni-
valve control box, shown schematically in Figure 4-12, 1is in-
stalled to permit manual single step operation of the scannivalve
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for checkout and maintenance. The scannivalve contains a posi-
tion encoder which generates a 1l2-bit word (see Table 4-I) used
to identify the pressure ports during the scan mode of operation.
Pressure and temperature scanning is synchronized so that the
location word (A82-8-1) can be used to identify both pressure
port and temperature channel for the temperature scanning system.

4.5 Temperature Scanning System. A flow diagram for the temper-
ature scanning system control logic is shown in Figure 4-13.
Control signal distribution wiring is shown in Figure 4-14.
Thermocouple signal inputs to the temperature scanner remote uait
(typical of three nunits) is shown in Figure 4-15. Internal wir-
ing for the temperature scanner remote unit is shown in Figure
4-16. The scan mode is initiated automatically when prime data
is selected. The scan is terminated at the end of the prime data
record or at the end of one complete scan cycle. The temperature
monitor (Figure 1-10) contains a FAULT light to indicate that the
system is not ready to take data (thermocouple reference junc-
tions not up to temperature or electrical fault) and a CYCLING
light to indicate that the system is in the scan mode. The CYCL-
ING light remains illuminated until both pressure and temperature
scans are complete. A special circuit card located in the active
network panel generates a 12-bit ID code (see Table 4-I1) which
gives the location of the temperature scanner. This code is gen-
erated in either the scaua or dial in mode.

4.6 Telemetry System. Control and signal distribution wiring
for the L-band telemetry system is shown in Figure 4-17. A sche-
matic of the BHT-fabricated premodulation filter is shown in Fig-
ure 4-18.
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TABLE 4-1. SCANNIVALVE POSITION ENCODER WORD A82-8-1

ID Count Press ID Count Press
(Following "000") Port (Following "0"9") Port

00000010 1 01001010 25

00000100 2 01001100 26

00000110 3 01001110 27

00201000 4 01010000 28

00001010 < 11010010 29

00001100 6 21100000 30

00001110 7 01100010 31

00010000 8 01100100 32

00010010 9 01100110 33

00100000 10 01101000 34

00100010 11 01101010 35

00100100 12 01101100 36

00100110 13 01101110 37

00101000 14 01110000 38

00101010 15 01110010 39

00101100 16 10000000 40

00101110 17 10000019 4]

00110000 18 10000100 42 .

0Cl1o0010 19 10000110 43

01000000 20 10001000 44

01000010 21 10001010 45

01000100 22 10001100 46 Static

01000110 23 10001110 47 Open

01001000 24 10010000 48 Home
Note: Scan starts at Channel 48 (Home)

e R Tl
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TABLE 4-I1. TEMPERATURE SCANNER POSITION
ENCODER WORD A79-8-7
ID Count
M L
Temp! S 3
Chan B B
0 000000000000
1 000€00000001
2 000060000010
3 000000000011
4 000000000100
5 000000000101
6 000000000110
7 000000000111
8 000000001000
9 000000001001
10 000000010000
11 0000600010001
i2 €000000.0010
13 000000017011
14 060000010100
15 000000010102
16 00000C010119
17 00" ""9010111
18 ; 1911000
19 vuudLL 11001
20 0000090100000
21 000CC0U100001
<2 006000100010
23 00000€100011
24 000000100100
25 000000100101
26 000000100110
27 000000120111
28 000000101000
292 000000101001

4-5
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Figure 4-4. Control logic £flow diagram
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Figure ¢-5. Control monitor wiring diagram
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2. MLOT'S DISPLAY POWER SUPPLY MOUNTED IN COCKPIT AREA.

Figure 4-8. Pallet input plug D wiring
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Figure 4-11. Scannivalve control wiring
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SECTION 5. SENSOR CABLES

This section defines the standard signal distribution cable,
sensor disconnect harness, rotor system cables, sensor cable
assignmencs, junction boxes, and patch panel wiring.

5.1 Signal Distribution Cables. The standard signal distribu-
tion cavles are Beldon No. 8769 consisting of 19 foil shielded
twisted pairs of 22-gage stranded wire encased in a gray poly-
propylene jacket. There are 20 standard signal distribution
cables, one for each of the 20 j-box locations distributed
throughout the aircraft (see Figure 5~1). Each of the 20 cables
terminate in a 6l-pin circualar connector at the instrumentation
pallet, and in 16 six-pin connectors mounted on each remote junc-
tion box (i-box). I.. each l19-pair cable, 16 pecirs are used for
signals, one pair for positive excitation, one pair for nzagative
excitation, and one pair for excitation sense. Each sign 1 pair
is returned as a data channel to a given location on the instru-
mentation pallet patch panel. All shields are carried through
for proper termination at either the transducer or insctrumenta=-
tion pallet. Excitation shields are connected to svstem common.
The distribution cables provide common excitation for each 7jroup
of 16 signals (parallel at the j-box). This arrangement : 3uces
slipring requirements and minimizes size anéd weight o. the
cables. One 3 Vdc power supply is located in the instrumenta-
tion pallet and 20 power distribution cables are wired in paral-
lel to this power supply. A typical signal distribution cable is
shown 1n Figure 5-2. Note that spare pins and excitation wires
are located on the outer ring of the 6l-pin connector for easy
access.

5.2 Sensor Disconnect Harness. All instrumentation sensors are
connected to the remote j-bnx locations with a sensor disconnect
harness. The harna2ss consists of a KPT06-10-6P j-box input con-
nector, censor cable, and sensor connector. The sensor cable is
a Beldon No. 8723 consisting of two foil-shielded twisted pairs
of 22-gage stranded wire encased in an orange polypropylene ijac-
jet. A schematic diagram of a typical sensor disconnect harness
is showr. in Figure 5-3 (Form SKASW04375-1). A keyed explanation
of the schematic diagram form is contained on Sheet 3 of Figure
5-3. A KPT06-10-6P input connector is used for each of the 320
j-box inputs (16 connectcrs per j-box x 20 j-box locations).
Connectors may be obtained from any of the several approved manu-
facturers for this type of connector. A discennect harness for
each of the 20 j-box locations is defined on Form SKASW04375-1.
These forms are contained in Volume II for Aircraft No. 1 and
Volume III for Airccaft No. 2. Figure 5-3 shows the disconnect
harness for j-box N-1 as an example. Figure 5-4 shows termina-
tions for the airspeed a,d altitude sensor cablz:. FPFigure 5-5
shows terminations for the nose boom data head.
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5.3 Rotor System Calles. Rotor system cables terminate at
multi- 1n connectors on slip-ring harnesses rathe:r than j-boxes.
Signal distribution in tae rotating system is provided by "super-
flex" wirce (AWG 26, 60 strauds of No. 41) for high fatique life.

5.4 Sensor Cable Assiiynment. Table 5-1 shcws all sensors as-
signed to the 20 standard signal distribu-ion cables and the item
code assigned to each sensor locaticn. Signal pa.rs (channels)
required in each area of the aircraft are summarized in Tab.e
5-1I. Spare channels are also tabulated.

5.5 Junction Box. Junction boxes (j-boxes) are installed at
critical structural breaks in the aircraft to facilitate mainte-
nance of the sensor installation and cabling. Each remote j-box
has excitation and common test pnints. Figure f-2 illustrates
j-box external configuration and internal wiring. There are 20
j=-box locations on the aircraft as shown in F° jure S-1. Each
j-box has 16 input con--ctors identified using the following
scheme (RP-1 as an example).

1. RP-1A
2. RP-1B
3. RP-1C
4. RP-1D
5. RP-1E
6. RP-1F
7. RP-1G
8. RP-1H
9. RP-11
10. RpP-1 7
11. RP-1 K
12. RP-1 1L
13. RP-1M
14. PRP-1 N
15. RP-1 0
l16. RP-1P

5.6 Patch Panel Wiring. A standard system of signal distribu-
tion 1s used to convey signals from remote j-boxes to the patch
panel located on the instrumentation pallet. The standard signal
distribution cables (see 5.1) terminate at 6l-pin plugs which
connect to KPT02-74-61S chassis mount plugs installed on the in-
strumentation paliet. These plugs are wired to the lower half of
the patch panel which contains the removable EHT signal cable
program board (reference Figure 1-5). Figures 5-6 through 5-25
show connector wiring to the BHT signal cable program board for
each of the 20 j-box connectors. The uppei section of the patch
panel contains the NASA data acquisition subsystem program *oard
(reference Figure 1-6).
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TABLE 5-I. SENSOR CABLE ASSIGNMENT.

ITEM
' DISC CHANNEL AND LOCATION CODE
Right Rotcr, Cable No. 1 (RR-1)

a | Right Kotor Blade (Red) Bm Bend Sta 22.8 A\ B120
B Rig. t Rotor Blade (Red) Bn Bend Sta 52.5 B122
¢ | xight Rotor Blade (Red) Bm Bend Sta 75 /A B124
D Right Rotor Blade (Red) Bm Bend Sta 112.5 B126
E Right Rotor Blade (Red) Ch Bend Sta 52.5 Bl123
F Right Rotor Blade (Red) Ch Bend Sta 75 B125

) G Right Rotor Blade (Red) Ch Bend Sta 112.5 B127
H Right Rotor Blade (Red) Torque Bend Sta 52.5 M129
I Right Rotor Blade {Red' Torque Bend Sta 112.5 M128
J | Right Rotor Blade (Reu;, L.E. Stress Sta 9.5 /A S145
K Right Rotor Blade (Red) T.E. Stress Sl46
L Right Rotor Blade (Red) Feathering D111
M | Right Rotor Hub Spindle (Red) Bm Bend A\ B112
N Right Rotor Hub Spindle (Red) Ch Bend B1l13
0 Rignt Pitch Link ({Red) F103
p

R_.ght Rotor, Cabie No. 2 {RR-2)

A Right Rotour Mast Parallel Bend B108
B Right Rotor Mast Perpendicular, Bend B109
C Right . >tor Mast Torgue {02) [35 M107
D Right Rotor Swashplate Driver Fu52
E Right Rotor Gimbal Flapping D110
F
G Right Rotor Pitch Link (White) Fl04
H Right Rotor Pitch Link (Green) F3S3
I Right Rotor Mast Torgque (04) éﬁ (MlO?h
3 ‘
K Right Rotor Hub Spindle Bm (White) B171
L | Right Rotor Hub Spindle Ch (White) B172
M Right Rotor Hub Spindle Bm (Green; B173
N Right Rotor Hub Spindle Ch (Green) B174
o Right Rotor Collective Actuator Pos D158

Notes: [i; Red blade is instrumented, green and white blades

are not.

& Abbreviatic: *© Bm - bean

Ch - chord
LE - leading edge
TE - trailing edge

éﬁ Multiple gages on one component are identified as

01, 02, 03, 04, etc. Item code does not change fcr
redundant gages.

Use or GisciOsure of G2 On Iy dige
SUDNECt 10 Ihe restrichon 0n the hile dige 5-3
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TABLE 5-f. (ZONTINUED)

DISC CHANNEL AND LOCATION ITEN
CODE
Right Pylon, Cable No. 1 (RP-1)
A R/H Pylon F/A Accel AlS50
B R/H Pylon Lateral Accel alsl
C R/H Pylon Vertical Accel Al52
D Right Engine Inlet Case (PCM) (6:30) l A509
E | Right Engine Combustion Flange (PCM) (9:0¢) . N\ A\ A501
F | Right Engine Combustion Flange (PCM) (6:00)) A502
G R/H Pylon Hub Spring F/A Motion D156
H R/H Pylon liub Spring Lat Motion 0157
I Rigyht Fuel Control Lever Pos D509
J R/H Pylon Swashplate F,/A Motion D159
K R/il Pylon Swashplate Lat Motion D160
L R/H Pylon Transmission Oi1l Pressure P325
I R/H Pylon Engine Oil Pressure P323
N R/H Rotor Power for P/C Encoder -
&) R/il Rotor l/Rev RO1S§
P R/H Rctor 512/Rev RO53
Right Pvlon, Cable No. 2 (RP-2)

A Richt F/a Cyclic Boost Actuator Force I'162
B Right Lateral Cyclic Boost Actuator Force F1l63
C Right Collective Boost Actuater Force r'l64
D Right Engine Inlet Case (FM) (6:30} A525
E Right Engine Combustion Flange (FM) (9:00) Z}, Zﬁ A526
F Right Engine Combustion Flange (FM) (6:00). A528
G Right Engine Gas rroducer N; RPH R503
i 28 Vdc ~-
1 Right Pylon Atmospheric Pressure P504
J Right Transmission Compt Static Pressure r505
K Right Pylon 0.B. Cowl Support Strut F522
L Right Pylon I1.B. Cowl Support Strut F523
M Right Pylon liydraulic Pressure (System $2) P153
N -
0 Right Pylon Temn Scanner Control Signal T506
P kight Pylcn Temp Scanner Data Signal
Notes: Ah Transducer radial position shown in parentheses

{(o'clock)

Aﬁ Abbreviations: (PCM) - designated channel is on

the PCM track bit system
(FM) =~ designatcd channel is on

Use or Oivciosure Gf date cn thay page 18
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TABLE 5-I. (CONTINUED!

DISC CHANNEL AND LOCATION ITEM
CODE
Right Wing, Cable No. 1 (RW-1)
A | Right Wing Upper Panel BL-0 Outer Skin Stress 5628
B Right Wing Lower Panel BL-0 Outer Skin Stress 5629
o Right Wing Upper Panel BL-0 Inner Skin Stress $609
D Right Wing Lower Panel BL-0 Inner Skin Stress S610
E Right Wing Beam Bend WS 22 B600
F Right Wing Chord Bend WS 22 B603
G Right Wing Torque WS 22 M606
H
I Right Wing Front Spar Shear Upper WS 66 S630
J Right Wing Front Spar Shear Lower WS 66 5631
K Right Wing Rear Spar Shear Upper WS 6€ S632
L Right Wing Rear Spar Shear Lower WS 66 S633
M Right Flap Drive Tube Torque Mé612
N Right Flap Drive Tube Beam Bend B613
0
P
Right Wing, Cable No. 2 (RW-2)
A Right Flaperon Control Arm Force F614
B Right Flaperon Beam Bend Force ‘B615
C ! Right aileron Pos (Flaperon Actuator) " D645
D | Right Pylon Conversion Act Force F61l
E | Right Pylon Conversion Spindle Beam Bend Bl65
F Right Pylon Conversion Spindle Chord Bend Bl66
G Right Pylon Conversion Pos Dl61l
H Left Pylon Conversion Pos D186
I Right wirng Front Spar Shear Upper WS 142 S6234
J Right Wing Front Spar Shear Lower WS 142 S635
K Right Wing Rear Spar Shear Upper WS 142 . 5636
L | Right Wing Rear Spar Shear Lower WS 142 | S637
M
N
0 \
P Flap Pcs D6el7

Wk -t

e b .

Use or grsciosure 31 gata on this oage s . -
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TABLE 5-I. (CONTINUED)

DISC CHANNEL AND LOCATION ITEM
CODE
Right Main Gear, Cable No. 1 (RMG-1)
A
B R/H Main Landing Gear Drag Strut Axial Force (Tension)| F355
Cc R/H Main Landing Gear Oleo Strut Lat Bend B316
D R/H Main Landing Gear Drag Strut Axial Force F303
(Compression)
E R/K Main Landing Gear Actuator Pos D317
F R/H Main Landing Gear Oleo Extension Pos D305
G
H
I 1)
J
K
L
M
N
0]
P
Nose, Cable No. 1 (N-1)

A
B
o Nose Landing Gear 0Oleo Strut Lat Bend (Left) B357
D Nose Landing Gear {leo Strut Lat Bend (Rignt) B346
E Nose Landing Gear Drag Strut Axial Force F347
F Nose Landing Gear Actuator Pos D348
G Nose Landing Gear Oleo Extension Pos D349
H
I | Nose Boom Airspeed . P002
J Nose Boom Altitude P342
K 28V DC te—
L Nose Boom Angle of Attack . D008
M Nose Boom Angle of Sideslip i D007
N ,
0
P

Use Ir grsciosure of Gatd on Ny ige <
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TABLE 5-I. (CONTINUED)

.' DISC CHANNEL AND LOCATION ITEM
CODE
Cockpit, Cable No. 1 (CP-1)
A Pilot F/A Cyclic Stick Force F330
B Pilot Lat Cyclic Stick Force F331
C
D Pilot Right Pedal Force F333
E Pilot Left Pedal Force F334
F Right Fuel Quan R320
' G Left Fuel Quan R321
H
I Instr Panel OAT T322
J 28Vdc (OAT) -
K Radar Altimeter D327
L
M
N
o
P
Cockpit, Cable No. 2 (CP-2)
A Pilot F/A Cyclic Stick Pos D021
B Pilot Lat Cyclic Stick Pos D022
C Pilot Power Lever Pos D023
D Pilot Rudder Pedal Pos D024
E Pilot Flap Lever Pos D309
F
i G
H
I Pilot Seat Vert Accel A01S
J Pilot Seat Lat Accel A202
K Co-pilot Seat Vert Accel A320
L Co-pilot Seat Lat Accel A304
M
N
0
P

LTS

Use or dusclosure of gata on th:s pige s
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TABLE 5-I. (CONTINUED)

DISC CHANNEL AND LOCATION ITEM
CODE
Cockpit, Cable No. 3 (CP-3)
A Right Engine Fuel Flow Rate R32¢
B Left Engine Fuel Flow Rate R32¢
c Right Engine Torgque M335
D | Left Engine Torque M336
E Interconnect Shaft Torque M337
F Right Engine Niy RPM R338
G Left Engine Nir RPM R339
H 28Vdc -
I Inter-comm
J Left Engine Generator Volts E179
K left Engine Generator Amps E180
L Right Engine Generator Volts E154
M Right Engine Generator Amps E155
N
o Fuselage Temp Scanner Control -
P Fuselage Temp Scanner Data Signal T351
Cabin, Cable No. 1 (CAR-1)

A Cabin Roll Attitude Gyro D009
B Cabin Pitch Attitude Gyro DO10
C Cabin Yaw Attitude Gyro D011
D Cabin Roll Rate Gyro volz
E Cabin Pitch Rate Gyro V0l3
F Cabin Yaw Rate Gyro v0l4
G Aircraft CG Accel (Servo) A352
H 28 Vdc Aircraft CG Accel (Servo) -
I Aircraft CG Accel Vert AQ005
J Aircraft CG Accel F/A A301
K Aircraft CG Accel Lat A300
L Diff Cyclic Washout Actuator Pos D318
M F/A SCAS Act Pos D306
N Lat SCAS Act Pos D307
C Dir SCAS Act Pos D308
P

Use or disclosure of Gdta on Ihis page 8
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TABLE 5-1I. (CONTINUED)

DISC CHANNEL AND LOCATION ITEM
CODE
Empennage, Cable No. 1 (EMP-1)
A
B
C R/H Horiz Stab Spar Bm Bend BL 7.7 B262
D R/H Horiz Stab Spar Bm Bend BL 65 B264
E R/H Horiz Stab Spar Ch Bend BL 7.7 B263
F
G R/H Horiz Stab Spar Tcrg Bend BL 8 M266
H L/H Horiz Stab Spar Beam Bend BL 7.7 B259
I
J R/H Vert Stab 8m Bend WL 109.95 B270
K R/H Vert Stab Bm Bend WL 113.94 B258
L
M
N
0 R/H Elevator Drive Tube Torque M275
p R/H Flevator Beam Bend B274
Empennage, Cable No. 2 (EMP-2)
A R/H Rudder Drive Tube Torgque M276
R R/H Rudder Bm Bend B278
C L/H Rudder Drive Tube Torgue M277
D L/H Rudder Bm Bend B280
E L/H Elevator Drive Tube Torque M279
F L/H Elevator Bm Bend B282
G R/H Elevator Pos D281
H
I R/H Rudder Pos D284
i J
| K | Horizontal Stab Incidence Actuatcr Force F286
i L
| M
N
C
P
Use of Jisclosure of 3t on this Dige '3
subiect o the restriction o the tlie page 5-9
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TABLE 5-1I. (CONTINUED)
|
DISC CHANNEL AND LOCATION ITEM
CODE
Left Main Gear, Cable No. 1 (LMG-1)
A
B L/H Main Landing Gear Drag Strut Axial Fcrce F356
({Tension)
C L/H Main Landing Gear Oleo Strut Lat Bend B312
D L/H Main Landing Gear Drag S%rut Axial Force F313
(Compression)
E L/H Main Landing Gear Actuator Pos D314
F L/H Main Landing Gear Oleo Extension Pos D315
G
H
I
J
K
L
M
N
0]
P
: Left Wing, Cable No. 1 (LWw-1)
A E L/H Flap Beam Bend | B618
B L/H Flap Drive Tube Torgue M619
c
D ! L/H Flaperon Control Arm Force F621
E L/H Flaperon Beam Bend BA22
F L/H Aileron Pos (Flaperon Actuator) D646
G
H |
i !
J L/H Pylon Conversion Spindle Beam Bend | B190
K L/H Pylon Conversion Spindle Chord Bend B191
L L/H Pylon Conversion Actuator Force F638
M
N
0
P
l_use o @isciosure nf 6a1a 0N f.es pIGe iy J
subject 10 the restriction on the titie page
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TABLE 5-I. (CONCLUDED)
DISC CHANNEL AND LOCATION ITEM
CODE
Left Rotor, Cable No. 1 (LR-1)
A Left Rotor Blade (Red) Bm Bend Sta 22.8 B130
B Left Rotor Blade (Red) Bm Bend Sta 52.5 B13Z
C Left Rotor Blade (Red) Bm Bend Sta 75 B134
D Left Rotor Blade (Red) Bm Bend Sta 112.5 Bl1l36
E Left Rotor Blade (Red) Ch Bend Sta 52.5 B133
F Left Rotor Blade (Red) Ch Bend Sta 75 Bl35
G Left Rotor Blade (Red) Ch Bend Sta 112.5 B137
H Left Rotor Blade (Red) Torque Sta 52.5 M139%
I Left Rotor Blade (Red) Torque Sta 112.5 M138
J Left Rotor Blade (Red) Stress L.E. Sta 9.5 S147
K Left Rotor Blade (Red) Stress T.E. Sta 9.5 5148
L Left Rotor Blade (Red) Feathering Pos D066
M | Left Rotor Hub Spindle (Red) Bm Bend Blld
N Left Rotor Hub Spindle (Red) Ch Bend B115
0 Left Pitch Link (Red) F060
P
Left Rotor, Cable No. 2 (LR-2)
A Left Rotor Mast Parallel Bend B140
B Left Rotor Mast Perpendicular Bend Bl41
c Left Rotor Mast Torgue (02) M143
D Left Rotor Swashplate Driver Fl42
E Left Rotor Gimbal Flapping Pos D144
1 F
| G | Left Pitch Link (White) F061
! H Left Pitch Link (Green) F062
I Left Rotor Mast Torgue (04) (M143)
J
K Left Rotor Hub Spindle Beam Bend (White) Bl192
L Left Rotor Hub Spindle Ch Bend (White) B193
M Left Rotor Hub Spindle Beam Bend (Green) Bl194
N Left Rotor Hub Spindle Ch Bend (Green) B193
0 Left Rotor Collective Act Pos D183
P

Use or gisciosure of datd on this pige s
Subpect to Ihe restriclion on the title page
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TABLE 5-II.

CABLE DISTRIoUTION SUMMARY.

No. o:f Signal Pailrs !

Cables | Available | Required | Spare !
Right Rotor 2 32 28 4
Left Rotor 2 32 28 4
Right Pylon 2 32 31 1
Left Pvlon 2 32 32 0
Right Wing 2 32 26 6
Left Wing 1 16 8 8
Empennage 2 32 18 14
Cockpit 3 48 32 16
Nose 1 16 10 6
Right Main Gear 1 16 5 11
Left Main Gear 1 16 5 11
Cabin 1 16 15 1
Total 20 320 238 82

Use or disclosure of Gt on this pige 13
subpct 10 the resiriction on the hitle pige
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PALLET

INSTRUMENTATION

AUXILLIARY
INSTRUMENTATION
PALLET

4-Box Designations

cP-3
CAB-1
EMP.1
EMP.2
LMG-1
LW-1
LP-1
LP.2
LR-1
LR-2

Cockpit, Cable No 3
Cabin, Cabie No 1
Empennage. Cabie No 1
Empennasge, Cabie No 2
Left Main Gear, Cabie No. 1
Left Wing, Cable No 1

Left Pyion, Cabie No 1
Left Pylon, Cabie No 2
Left Q¢ tor, Cable No 1
Left Fotor, Cable No 2

LMG-1 RMG 1
8 /
cae

J8ox Designations

RR-1 Right Rotor. Cabie No 1
RR-2 Right Rotor, Cabie No 2
RP-1 R:ght Pyion, Cable No 1
RP.-2 Right Pyion, Cabie No 2
RW-1 Right Wing, Cable No 1
RW-2 Right Wing, Cabie No 2
RMG-1  Right Main Gear. Cable No 1

: : N-1 Nose, Cable No 1

s s CP-1 Cockprt. Cabie No 1
& CcP-2 Cockpit Cabie No 2
se

Figure 5-1.

Instrumentation J-box lccation
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L'
KPT06-106P®
77 @ 7N
| e —————
A RED —
[ [
W S o ———————
@ 3 s WHITE T
DISCE D o
F 347 | L — L]
Pl YW BROWN N7
G 7/
F
@KPY{-6-84S
A
NOTES

OO OO

@

WIRING OF THE KPT06-10-6P INPUT PLUG TYPICAL FOR ALL INPUTS).

OISCONNECT HARNESS SCHEMATIC-KIYED EXPLANATION

©)
RRAG STRUT FORCE

SENSCR PLUGS ARE DRAWN AS A3 BY 4 MATRIX SO THAT YHE SAME FORMAT
MAY BE USED TO SHOW ANY 3 OR4PIN PLUG

SENSOR CHANNELS ARE DESIGNATED FOR EACH J.BOX INPUT
SENSOR CONNECTORS ARE IDEN (IFIED BY LINES TO THE 3-WIDE MATRIX.

SENSOR CONNECTORS WHICrH ARE CIRCLED (SEE SHEET 2 OF FIGURE 5-3) REFER
TO AN ADDITIONAL DRAWING INSERTED AFTER THE BASIC J-BOX PRINT FIGURES

5-4 AND 5-5 ARE EXAMPLES OF ADDENDUMS TO THE BASIC PRINT

THE COLOR CODE IS DEFINED FOR THE INPUT SIGNAL CABLE. THE SHIELD IS CAR-
RiED FRCM THE VOLTAGE INPUT

Biy

o0 @>»

COLOR CODE

RED
WHITE
BLACK
BROWN

FIGURE 5-3 (SHEZTS 1 AND 2) SHOWS SMORTING OF PIN U TO CARRY BRIDGE VOLTAGE

BACK TO LOW SICE OF AMX CARD INPUT FOR POTENTIOMETER CHANNELS

SENSOR CONNECTIONS WHICH SHOW NG CONNECTOR NUMBER OR CONNECTOR
PIN CALLOUTS ARE TERMINATED AT THE SENSOR TERMINAL BOARD WITH NO
INTERMEDIATE SENSOR JUMPER CABLE INSTALLED IN THIS CASE. PIN A OF THE
INPUT CABLE IS CONNECTED TO PIN A OF THE TERMINAL B0ARD,. B TO B, ETC

J-BOX CONNFECTORS ARE IDENTIFIED BY PLUG LETTER AND ITEM CODE

Figure 5-3.

Discennect. harness for J-box location N-1
(sheet 1 »f 3)
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Figure 5-6. BHT gprogram board signal
. input wires disconnect «Rki.
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OR!CINAL paar 1S 301-099-022C
Beft Nelicopter [{TILTT] OF POOR QuaLIry 8 August 1980
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Figure 5-7. BHT Program board sigral
input wires disconnect #RR2.
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ORIGINAL PAGE 1S 301-099-022C

Ovsor o "ear 2~ ~c
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) - 23 lio
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e o= | f i
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Figure 5-8. BHT program board signal
input wires disconr.act #LRl.
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ORIGINAL PAGE 1S 301-099-022C

Belt Nelicopter [ISL0) OF POOR QUALITY 8 August 1980
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¥ . A— - 11 - SHD
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Figure 5-9.

Use or discrosure of 8a1a on this pige '3
tudpect 1 the restrichion on the hitle page

BHT program board siqgnal
input wires disconnect #LR2.
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ORIGINAL PFST

8
or QUALITY 301-099-022C
OF PO Q 8 August 1980

Sell Nelicopter i3I 1]
: £
- ol =z
4 . & B %
1) _{ | RPL -VE -HI
o B & )
7\ I\
s _iyl 1) : KPl - VE - L0 RP1 - VE - SHD
Y
K
fa N -« SEN -
=0 5= " a5
o } - SEN - SHD
P £ - 1 - HI
( { ]} { ] e 1 -10
T A - 1 - SHD
T Jat o\ - 2 - HI
g L ) - 2 -10
v —2 A‘Q’__ - 2 - SHD
w‘—ﬁ— : - 3 -HI
X ] -3 -10
Y — e - 3 - SHD
Z Y - - 4 =HI
rm 00! i) - 4 -10
A A - 4 « SHD
= P V. « S5 = HI
a1/ 1) - 5 -10
= A - S « SHD
LA\ o~ - 6 ~ HI
—1) - - 6 =10
" ) A « 6 = SHD
14 £ - 7 - HI
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Figure 5-10.

Use or nisciosure of 03ta on this page s
subsect fo the restr.ctan on the hile pige

BHT program board signal
input wires disconnect #RP1l.
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ORIGINAL PAGT 15
OF POOR QUALITY

301-099-022C
8 August 1980

Figure 5-~11.

Use or aisciosure of aata on this page 13
SUDIC? 10 Ihe restrchion On the hitle piGe
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BHT program board signal
input wires disconnect #RP2.

L0 } RP2 - /E - SHD
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ORIGINAL FAGL o

OF POOR QUALITY

301-099-022C

Beil Helicopter33.°] 8 August 1980
: £
B s e =
C [ [ W] (-9
? P\ Y o -
—{ ] Ié } LPl - VE - HI
T ] 1] Lei -~ VE - L0 S LP1 - VE - SHD
o B v
L - {~y—. LFL - SEN - HI
T - SEN - LO
T —_ § - SEN - sHD
P _{\) (’\) - 1 = HI
R_ - 1 =10
S f— N - 1 - SHD
Y A - 2 «HI
ﬂ \ f L - 2 -LO
T S= | i
W - . -
X \J 4L - 3 -10
Y — A - 3 - SHD
1Y NN - 4 -H
a - (‘ -LO
51— p A - 4 - SHD
= - -3
d - 5 =10
—1 ¥ A - 5 - SHD
IA) o - 6 - HI
1 A - & -10
s CA— - 6 - SHD
N £ -1 -1
i > - 7 =10
A - 7 - SHD
m_ —. - 8 -HI
= V - 8 =10
D A - 8 - SHD
qQ {\F =\ - 9 < HI
T - () - 9 -10
s N VA - 9 - SHD
t ) - - 10 - HI
" I W A D! - 10 - 10
v N AN - 10 - SHD
rogn BPaN Fa N - 11 < HI
< Iﬁ)ﬁ () -11 =10
7 _ &z — -« 11 = SHD
z -3 - 12 - HI
AN —— -« 12 «10
AR — ) A— - 12 - SHD
e N - 13 < HT
DD - S12 - 10
FE I~ )\L-— =13 - ab
5 - 14 -1
Fa - - 14 .10
W — ) “Am— - 14 = SHD
FaaN 7N
) 7 i T
NN 4 - -
I X—— - 15 - SHD
MM 1 ( l y - 1€ - l:é
AN Co= 16 -
T X 1Pl ~ 16 - SHD
«
Figure 5-12. BHT program board signal

Use o discioture of 62°0 00 INs page S
submct 10 the restncton 0 Re hitie pige

input wires disconnect #LPl.
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301-099-022C

Belt Kelicopter (3T ORIGINAL PAGE 1S 8 August 1980
o o e QF POOR QUALITY
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Figure 5-13.

Use or gisciosure of 02id an this page 1§
tubect fo the “estrichion on the hlie page

BHT program bozrd signal
input wires disconnect #IP2.
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CowSior ot Teauror ~c

ORIGINAL P/5Z i
OF POCR QUALIT

301-099-022C
8 August 1980

Figure 5-14.

[ use or aisciccure of gsta on this pae 15
l‘uoﬁﬂ to the restrictson on the utle Ddge

B
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Fan\ N
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BHT program board signal
input wires disconnect #RW1l.
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ORIGINAL PAGE IS 301-093-022C

Selt Kelicopter (ITILT1] OF POOR QUALITY 8 August 1980
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Figure 5-15.

‘ “€ O disciosure of Gatd On this page s
LDNCt to Ine restriction on the Title phye
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BHT program board signal
input wares di. ronnect #RW2.
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Bell Nelicopter LiIZILT0]

Dovtoen of Tealron ine

ORIGINAL PAGE 13
OF POOR QUALITY

301-099-02.C
€ August 198¢C
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" Figure 5-14. BHT program board signal
input wirer disconnect #7. ..
Use or & sc'osure of 6212 on s page 15 |
sudMCl 10 the restrichon on the litle page J 5«31
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ORIGINAL PAGE 5
OF POOR QuaLiTY

301-099-022C
8 August 1980
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Figure 5-17. BHT program board signal
input wires disconnect #EMP1.

Use or disciosure of 6dla on this caoe s
SUDMCt to the restriction on the Nile pige




ORIGINAL PAGE i3 301-099~-022¢C
Bell Nelicepter ({311 T OF POOR QUALITY 8 August 1980
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Fiadre 5-18. '~ BHT program board signal
input wires disconnect #EMP2.

Use or gincioture of Qi on ™y L op oy
SUDNCE 10 1he TesIriction on The tie page 5-33
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“" Figure 5-19.

Use or gnciosure of 3018 on th:s pige 18
subpct 0 he reatrichion on tng hitie page

BHT program board signal
input wires disconnect #CPl.
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Figure 5-20.
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BHT program board signal
input wires disconnect #CP2.
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" Fiqure 5-21. BHT program board signal
input wires disconnect #CP3.
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Figure 5-22.
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BHT program board signal
input wires disconnect #Nl.
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Figure 5-23.
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"Figure 5-24. BHT program board signal
input wires disconnect #LMGl.
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" Figure 5-25.
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BHT program board signal
input wires disconnect #CABl.
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SECTION 6. SENSOR INSTALLATION

This section defines the installation of the research instrumen-
tation transducers.

6.1 Transducer Installation Worksheets. The installation of
each research 1instrumentation transducer is covered by a 1lab
worksheet or engineering sketch. The worksheet defines the
transducer type and 1location, installatio procedure, lead ter-
minations, and illustrates the instrumented component. Figures
6-1 through 6-7 show the transducer installation worksheets for
all sensors associated with j-box N-1 which is the example used
in Section 5. A complete set of worksheets for transducers in-
stalled in Aircraft No. 1 is found in Volume IX. Worksheets for
Aircraft No. 2 are found in Volume III. A keyed description of
information contained on the standard BHT instrumentation labora-
tory worksheet is found in Figure 6-1. Bell Helicopter Textron
Operating Procedure No. 13-0P-0401 (see reference 1) describes
worksheets and documentation procedures for strain gaging of
structural parts.

6.2 Strain Gage Application. Procedures used to apply strain
gages to structural parts are described in BHT Engineering Lab-
oratory Operating Procedure No. 80-13-004 and 13-0P-0402 (see
reference 2 and 3).
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INSTRUMENTATIGN LARORATORY WORK SHEET

MODLL NO

TYRE
EA-Oé- 250MQ- 350

T
3

€

) 8852

m"?fso t 0.4 ‘7._(5 )

S tos43)

LAD. NO p—
1/3¢84 6
PART NO
21800-200 (9

REIUCSTED O -
A WhiTenER G- 05

D pss G (L)

SERiIAL NO
(2)

TITLE OF TESY
69 301 FLIGHT TEST

AKETON:

~y

REMARKS: @
]

A
-~ 55° 55‘§‘
,: i AB-CD

e §
=y -2 T8 DA
L2
es A‘l A-A
L. n - ERronT View

o

J

INSTALL BENDING BRIDGES AS _SHOWN.. USE _EASTMAN 910 CEMENT,
~MAKE__BRIDSE AT _FLAT.TERMINAL AS INDICATED. _.COVER_WITH
SHELL 9309, ATTACH FOUR T&N INCH SUPRENANT LEADS.
"ENCASE LEADS 1N VINYL SLEEVING AND TERMINATE. WITH

. KPT-06-6-4P PLUG.
' qv,
(19 07 as

.aNcE  T/Lat Y20

q4i3

4 “ts To gRouND
DATE ASSIGNED Qg >

TECHNICIAN
CCW=- WVE 2 0)

DATE COMPLETED g
e (R0 2

TNGINGER E}

ARPSaOVED BY

{ Figure 6-1. Instrumentation laboratory worksheet -
keyed description (Sheet 1 of 3)
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NOTES

Block 1 - MODEL NO. - Model number of the aircraft on which the
instrumented part or component will be used.

Block 2 - GAGE TYPE - Part number, type or catalog number of the
gage installed on the part.

Block 3 - DLN - Dai’y Labor Number assigned for direct engineer-
ing labor cost.

Block 4 - EWA NO. - Engineering Work Authorization number appl.-
cable to this job.

Block 5 - RESISTANCE - Resistance of the gages used on the sub~
ject part.

Block 6 - LAB NUMBER - The sequentially assigned alpha-numeric
designation which identifies the lab sheet.

Block 7 - WORK ORDER - Work Order against which all labor and
materials are charged.

Block 8 ~ GAGE FACTOR - Index of strain sensitivity of the in-
stalled gage.

Block 9 - PART NO. - Part number of the part or component in-
strumented.

Block 10 - REQUESTED BY - Engineering requesting the instrumcata-
tion.

Block 11 - LOT NO. - The manufacturing lot number of the in-
stalled gage. This number is assigned by the gage manulacturer.

Block 12 - SERIAL NO. - The manufacturer's serial number assigned
to the part or component being instrumented. This block is ap-
plicaple only to serialized parts.

Block 13 - TITLE OF TEST - The type of test that the part will be
used in (e.g., flight test, fatigue test, bench test).

Block 14 - SKETCH - A schematic representation of the part which

illustrates the gage location, orientation and designation (e.g.,
01, 02, etc.).

Figure 6-1. Instrumentation laboratory worksheet <
keyed description (Sheet 2 of 3)
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NOTES (Concluded)

Block 15 - REMARKS - V. rbal description of work to be done in-
cluding any special instructions.

Block 16 - BRIDGE - Type of bridge (e.g., bending, torsion,
stress, axial) and bridge designation (e.g., 07, 08).

Block 17 - BALANCE - Indication of the bridge balance network on
a scale of 0-1000 (500 is a perfect balance).

Block 18 - RES TO GROUND - The resistauce (usually in megohms)
from the bridge terminal to a conductinyg surface of the part.

Block 19 - DATE ASSIGNED - The date the part is assigned to be
gaged.

Block 20 - TECHNICIAN - The technician responsible for applica-
tion of instrumentation.

Block 21 -~ EST HOURS - The amount of labor in manhours estimated
to gage the part.

Block 22 - DATE COMPLETED - The date that gaging of the part is
complete.

Block 23 - ENGINEER - The engineer responsible for the gaging.

Block 24 - ACT HRS - Actual manhours used to complete the gage
installation.

Block 25 - APPROVED BY -~ The individual responsible for approving
the materials and procedures used to gage the part.

Note 26 - “TEM CODE - The measurement item code is usually noted
on the lab w“ork sheet for each bridge.

Figure 6-1. Instrumentation laboratory worksheet =
keyed descriptior. (Sheet 3 of 3)
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SECTION 7. SENSOR CALIBRATION

This section establishes calibration requirements, procedures,
re-calibration intervals, and documentation requirements for
XV-15 research instrumentation sensors.

7.1 Sensor Installation and Calibration. Sensors are installed
in the aircraft during assembly. All strain-gaged components are
calibrated prior to installation on the aircraft except where
this is not practical (e.g., wing and landing gear strain gages).
Position sensors are calibrated after installation on the air-
craft and after completion of positive identification and sign
convention checks (see Section 9). Accelerometer and pressure
sensors are calibrated prior to aircraft installation using lab-
oratory procedures. With the aircraft level, the attitude gyros
will be installed and shimmed to give 2zero output between caged
and uncaged positions for pitch and roll attitudes. Wwhen all
sensors have been calibrated, installed on the aircraft and all
signal cables have been connected to the data package, checkout
of each data channel can begin (see Section 9 for checkout proce-
dures).

7.2 Calibration Requirements. Calibration requirements for re-
search instrumentation shall be in accordance with MIL-C-45662.
All transducers are to be calibrated by applying increasing and
decreasing stimuli in both negative and positive directions.
This process will provide linearity and hysteresis data over full
scale range. Data from digital readout equipment will then be
computer processed to provide best straight 1line fit to all
points and these deviations will become the basis for acceptance
or rejection of the calibration. Total error (deviation from
straight 1line) is not to exceed 13 percent of full scale. If
deviations greater than 13 percent cannot be avoided, then spe-
cial considerations must be taken. The best straight line cali-
bration data will be published as "Engineering Units/100K Step."

7.2.1 Strain Gages. Strain gaged structural parts are cali-
brated in accordance with BHT Procedure No. 80-13-005 (reference
4). Strain gage transducers installed on the XV-15 are of the
foil bonded type. These gages are applied under controlled con-
ditions with BR600 cement, baked out and then covered with Shell
956.3 covering. Large parts, such as main rotor blades and the
empennage, which cannot be oven-baked, use Eastman 910 cement and
the same Shell 956.3 covering. All gages ar configured as four
active arm bridges of approximately 350Q resistance. Calibration
is performed by application of actual working loads using appro-
priate laboratory test fixtures. These loads are related to a
standard load by using calibrated pressure gages and hydraulic
cylinders. Gage output is recorded with a calibration computer,
printing digital voltmeter, and scanner. Every effort shall be
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made to match cylinder and gage size to required full-scale cali-
bration load. Acquisition of calibration data for strain gaged

parts 1s covered by BHT Procedure No. 13-OP-0501 (reference 5).
ghe'following list relates full-scale accuracies of load applying
evices:

a. Hydraulic cylinder $1% Full Scale
(friction, dimensions)

o. Pressure gages $1% Full Scale
(hysteresis, linearity)

c. Digital printing system $0.5% Full Scale
Total error at room temperature

d. Human error reading t1% Full Scale
Pressure gage

Calibration RMS Error = $1.8% Full Scale

When multiple gage parts are calibrated (rotor blades, etc.), all
channels are monitored during load application in each direction
(beam and chord). These data provide cross talk information. 1If
cross talk is greater than 15 percent of full scale, the regaging
is generally performed to reduce cross talk. Data are available
that can be used to correct cross talk if desired. Calibration
documentation and records are in accordance with BHT Procedure
No. 13-0P-503 (reference 6).

7.2.2 Position Transducers - Linear and Rotary. All position
transducers are calibrated on the test vehicle after electrical
displacemert has been optimized for maximum mechanical displace-
ment by adjusting the amplifier gain. A clinometer and protrac-
tor are used to calibrate rotary potentiometers, and a dial indi-
cator and 12 inch scale are used for linear potentiometers and
LVDT's. Transducer output is recorded at the output of the
flight line tester in bit count.

Calibration accuracies for position transducers are as follows:

a. Clinometer tl1 minute = $0.009 percent (full scale = 180
degrees)

b. Dial indicator $0.002 inch = $0.13 percent (full scale
= 1.5 inches)

c. Human reading erxor = 10.5 percent

Calibration TMS error = 0.50 percent clinometer
= 0.52 percent dial indicator
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7.2.3 Accelerometers «nd Gyros. All accelerometers shall be
calibrated in the laboratory by the Standards and Calibration
Group. An Unholtz-Dickie Model MA-351 accelerometer calibration
system is used to obtain a calibration accuracy of t2 percent.
Standard plots are made to show frequency response characteris-
tics at a known G-level.

Rate gyros are calibrated on a turntable whose speed is known to
within $0.1 percent of reading. Attitude gyros may be calibrated
either in the laboratory or on the aircraft. Attitude gyros are
cilibrated on a tilt table whose accuracy is known to be within
t]l minute.

7.2.4 Pressure Transducers. These transducers are calibrated by
applying stimulus under laboratory conditions. Standard pressure
is placed on transducers and millivolt output is recorded from a
digital voltmeter. Data are tabulated through full scale range
of the transducer.

7.2.5 Thermocouples. All thermocouples are indicated on a digi-
tal display designed and built by BHT. The total system error
(reference junction, system noise, »bdT circuitrv) is 16°F. The
wire 1is specified as (iron-constantan J type! (32° to 530°F)
$4°F, (530 to 1400 degrees) 13/4 percent of reading. Each roll
is sampled by the Standards Laboratory and a correction is pub-
lished to b%e applied to the data. Data going directly into the
data systenr will only have reference junction error associated
with it, 2°r.

7.2.6 Panel Instruments. These units are calibrated by applying
stimulus under laboratory conditions. The criterion of using a
standard 10 times more accurate than the test instrument is ap-
plied. Data are tabulated as deviation from standard through
full-scale range of the unit. Accuracy of applied stimulus 1is
listed below:

a. Airspeed 10.015 percent of reading
b. Attitude 10.015 percent of reading

c. Rate of climb 10.1 percent of reading

d. Tachometers 10.1 percent of reading
e. Fluid pressure $0.2 psi
7.3 Calibration Intervals. Recommended calibration intervals

for XV-15 research instrumentation are specified in BHT IOM
86:ASW:mc=-3710 (reference 7). o

7.4 Calibration Sheets. Calibration of each sensor 1is docu-
mented by a calibration data sheet. Figure 7-1 through 7-8 show

7-3
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the calibration sheets for all sensors associated with j-box N-1l
which is tb- example used in Section S. A complete set of cali~
bration sheets for all sensors installed in Aircraft No. 1 is
found in Volume II. cCalibration sheets for Aircraft No. 2 are
found in Volume III.

7-4
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11.

12.

13.

DEFINITIONS

Calibration Sheet - Identification of printout as a
calibration sheet

Lab Engineer: Whitener - The individual responsible for
the measurement data when the part is in.talled on aircraft

Data Analyst: Mary Lou Wright - The individual who checks
data and puts it in the computer for calibration number

Lab Technician: Anderson - The individual who records data
during calibration

Project: 301 Flight Test - Project that will use the part

Lab No.: 11349A01 - Number assigned to this part when it
is sent to lab for gaging and calibration
11349 - Number assigned to part
A - Number of times the part has been calibrated (A-1lst,
B-2nd, C-3rd, etc.)
01 - If there is more than one (1) gage on the part, this
number identifies the gage

Cal. Date: 1-16-78 - The date the part was calibrated

Serial No.: None - This is BHT serial number for this part
(if serialized)

P/N: None - BHT part number for this part

Item Code: F347 - This is item code number assigned to
part’gage for data acquisition

Part Name: Rod End - General name for part

Channel: 03 - Pos Axial Loading - Channel number of the
salibration data system (pos axial loading - what type load
was applied)

Calibrate Egquivalent:

100K = 25159 Pounds - Cal step eguivalent (used on XV-15)

Unit Cal = 28536 Pounds/MV/V - Cal step equivalent (used
on BHT FM system)

Figure 7-2. Nose gear drag strut force.

(Sheet 3 of 4)
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Cefinitions (Cont'd.)

14. Bridge Res.: 350.00 - Resistance of bridge

15S. Gage Factor: 2.120 - Gage factor for this set of gages
taken from srec sheet with gage package

16. Bridge Volts: 6.00 - Actual voltage appolied to gage during
calibration

17. Pre. Cal.: 5.29 - Mv output obtained by placing a 100K
resistor across the CD leg of bridge before calibration
loading begins

18. Post Cal.: 5.29 - Same as Item 17 except done after com-
pletion of calibration

19. Jack Fac.: 0.0018 PSI/LB ~ The conversion factor frcm psi
to lbs for the particular hydraulic cylinder use on the
calibration

20. Lever Arm: None - Distance between place where load is
applied and gage location

21. Cal. Res.: 100K - The precision (l%) resistor that is
placed across the CD leg of the bridge to get calibration
eguivalent

22. Loads-Std-Mv - Standard load applied to part before jack
factcr correction

23. Load-Pounds - Load applied to part after jack factor
correctici.

24. Output-MV - Output in Mv from gage
25. & 26. Variation from Mean Line - These are how far off the
Millivolts Pounds best straight line that
each of these points fall
off in millivolts and pounds

27. Maximum Calibration Load: 8124 - Max loc” used in calibra-
tion of the part

28. BEC Program FCCR33 - Run Date: 02-03-7 - The BHT computer
program number used for this calibration - -

Figure 7-2. Nose gear drag strut force,
{Sheet 4 of d)
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SECTION 8. SPECIAL CIRCUITS

This section describes the special circuits developed for the
Active Network Panel (ANP). Active network circuits are in-
stalled to provide special processing for transducer signals
which are not compatible with the RMDU and for other speciai pur-
pose instrumentation requirements.

8.1 Active Network Panel. The active network panel is installed
on the instrumentation pallet. The panel contains 23 card slots
for special purpcse circuits. Table 8-1 identifies the special
circuit cards currently in use in the active network panel.

8.2 Mean/Peak-to-Pe=ak Detector (Card Slots 9 and 10). Card No.
301ASW220-1 1is a mean/peak-to-peak detecto- card used to condi-
tion signals for the critical function monitors (Figures l1-8 and
1-9). The twe research instrumentation chanels selected for
cockpit display are blade beam bending at Station 52.5 (card slot
S) and F/A hub flapping (card slct 10j. Figure 6-1 shows an
electrical scnematic of the mean/peak-to-peak detector card No.
301ASW220-1.

8.2.1 Signal Flow. Figure 8-2 shows the signal flow from the
strain ~age to the critical locad meter display (blade bezax bend-
ing). Figure 8-3 shows the signal flow from the transducer to
the hub spring flapping indicator. The signal flows from trans-
ducer to the program board where it is patched to the correct PSF
channel in the RMDU. The RMDU piaces the signal in the assigned
location of the PCM format. A buffered output from the PSF card
is brought back to the program board and patched into the as-
signed cara slot in the active network panel.

8.2.2 Mean/Peak-to-Peak Card Setup. Card No. 30l1AsSwW220-1 con-
tains a MEAN,P-P switch, zero, and gain acdjustments located as
shown on Figure 8-4. The mean detector circuit contains zero and
gain adjustments. The peak-to-peak detection circuit is a simple
rectifier circuit with a gain adjustment only. These gain ad-
justments allow various signal input levels to the conditioned
for compatibility with the 0-100 micro-amp meter used as the dis-

play.

8.3 Digital St.ck Position (Card No. 11l). The digital stick
position control card located in card slot 11 of the active net-
work panel contains all the circuitsy to drive the control posi-
tion indicator display (Figure 1-12) as well as gain and balance
adjustments to se: up the zero and 100 percent positions for each
control. Adjustment potentiomete~ locations are shown on Figure
8-5 for each of the four controi position displays. T

A schematic wiring diagram of the digital stick position control
card (card No. 1l1l) is shown on BHT drawing SKHD3-20-78-3 (Figure

8-1
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8-6). The drawing also shows the card electrical interface with
the active network panel. Interface between the active network
panel and control position indicator and position potentiometers
is through plug "2" on the instrumentation pallet (see Figure
8-T1.

8.4 Temperature Scan Control (Card No. 12). The temperature
scan control card contains the circuitry to produce a serial code
which controls the three remote temperature scanner units. Dur-
ing normal operation this serial code directs a given temperature
scanner to read one of thirty thermocouple signals manually se-
lectei by a crew member at the temperature monitor (Figure 1-10).
When the prime data is selected the scan mode of operation is
automatically initiated and is terminated when prime data is
turned otf cr at the end of one complete scan cycle (thirty ther-
mocouples). The control card also monitors the temperature ref-
erence junctions, checks for the presence of a readable serial
code, checks for proper powe: supply operation, and generates a
fault signal if a system malfunction is detected.

A schematic wiring diagram for the temperature scanning system
control card is shown in BHT drawing SKHD3-20-78-2 (Figure 8-8).
The drawing also shows control card interface with the active
network panel. Interface between the active network panel and
the temperature monitor and remote switching units is through
plug "E" on the instrumentaticn pallet (see Figure 8-7). Loca-
tion of adjustment controls and test points is shown on Figure
8-9. Setup procedures for the temperature scanning system are
covered in Section 9.

8.5 Temperature Scanner ADC (Card No. 13). The temperature
scanner a~-log-to-digital converter card contains the circuitry
to convert the conditioned analog temperature signal to digital
format for the temperature monitor cockpit display. The circuit
card is illustrated in Figure 8-10. An electrical schematic for
the card is shown on BHT drawing SKHD3-20-78-2 (Figure 8-8). The
card is installed in card slot No. 13 of the ANP. Interface be-
tween the ANP and temperature monitor is through plug "E" on the
instrumentation pallet (see Figure 8-7).

8.6 Rotor Azimuth Circuit Card. The rotor azimuth circuit card
P/N Al4117-D42 1s a GFE circuilt card installed in ANP card slots
14 and 15. This circuit contains a buffer amplifier which pro-
vides isolc"ion for the rotor azimuth encoder circuitry.

8.7 Temperature Scanner (Card No. 16). Temperature scanner card
No. 16 provides signal conditioning for the temperature display.
A schematic wiring diagram for circuit card No. 16 1s shown on
BHT drawing SKHD3-20-78-2 (Figure 8-8). The drawing also ‘shows
card interface with the active network panel. Location of con-
trols and adjustments is shown on Figure 8-11.
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8.8 Data Control Word (Card No. i7). A twelve-bit data control
word 1s generated by card No. 17 in the active network panel.
The control word is located in the PCM kit stream directly after
the subframe ID counter and contains information used both in
data reduction and prflight checkout. Bits one through six are
used to drive computer interrupts in the data reduction process.
Bits seven through twelve can be monitored either during flight
or preflight checkout in order to control system faults.

8.8.1 Wiring Diagram. A schematic wiring diagram of the data
control word card No. 17 is shown in BHT drawing SKHD3-20-78-1
(Figure 8-12). This drawing also shows the electrical interface
between the card and the active network panel. Figure 8-13 shows
the location of test points and adjustment potentiometers.

8.8.2 Data Control Word Bit Designation. The data control word
bit designation 1s shown 1n Tigure 8-14. The following list de-
scribes the function of each bit of the contrcl word.

BIT #1 (R/H AZIMUTH) - This bit goes high for at least one main-
frame each time the R/H red blade passes the 0 degree position
(red blade aft). The bit may stay high for more than one main-
frame.

BIT #2 (L/H AZIMUTH) - This bit goes high for at least one main-
frame each time the L/H red blade passes the 0 degree position
(red biade aft). The bit may stay high for more than one main-
frame.

BIT #3 (FAULT LIGHET) - This bit goes high whenever the fault
light on the instrumentation control panel comes on and stays on
until the copilot resets the fault light by pressing the reset
button on the control panel. The fault light is turned on by
either a bridge voltage error, a loss of either rotor azimuth,
the loss of either PCM bit stream or a fault detected by the tape
deck internal fault logic.

BIT #4 (R-CAL) - This bit goes high one qQuarter second after the
R-CAL button is pushed and goes low immediately when the button
is released. The ore quarter second deiay is to allow the data
to settle before signalling the computer to read the R-Cal
values.

BIT #5 (PRIME DATA) - This bit is high during prime data and low
during non-prime data.

BIT #6 (DATA) - This bit is low during prime data and high during
ncn-prime data. )
BIT #7 (TAPE LOW) - This bit goes high when the tape low light on
the instrumentation control panel comes on. This occurs approxi-
mately five minutes before the end of the tape.
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BIT #8 (NO TAPE MOTION) - This bit goes high when the tape deck
is stopped.

BIT #9 (EXCITATION FAULT) =~ This bit goes high when the bridge
voltage goes lower than 5.7v or higher than 6.3v at the power
supply. A fault detected by this circuit will also turn on the
fault light and the fault bit (#3). The excitation fault bit
goes low when the fault is cleared. It does not stay high until
the fault light is reset.

BIT #10 (IDENTIFICATION BIT) - This bit is low for RMDU "A" and
high for RMDU "B."

BIT #l1 (AZIMUTH FAULT) - This bit goes high when either azimuth
circuit goes more than one second without producing an azimuth
pulse. A fault detected by this circuit will normally turn on
the fault light and the fault bit (#3), but a switch is provided
on card No. 17 of the active network panel to disable this link
for ground checkout and ground run, where data is often taken
without the rotors turning. This bit is only high when a fault
exists; it does not stay high until the fault light is reset.

BIT #12 (TAPE DECK FAULT) - This bit goes hi¢ when the tape
fault logic in the Astro Science tape deck sig .s a fault. A
tape deck fault also turns on the fault light ar = the fault bit
(#3). This bit is high only when a tape fault is signaled.

8.9 Stepper Position Interface (Card No. 18). The stepper posi-
tion 1interface card, P/N Al4117-C24, 1s a GFE card which provides
signal distribution for the scannivalve encoder function. Figure
8-15 shows the location of test points provided on the stepper
position interface card.

8.10 Fuel Quantity Jumper (Card No. 19 and 20). Tre fuel quan-
tity jumper cards (P/N 30l1ASWl19 and 301ASW20) provide signal dis-
tribution for the left and right fuel quantity measurement chan-
nels. These cards are installed in ANP card slots 19 and 20.
Figure 8-16 shows the location of test points provided on the

fuel quantity jumper card.

8.11 Record Number Jumper (Card No. 21 and 22). The record
number jumper cards (P/N 301ASW2l and 30l1ASwW22) provide signal
distribution for the record number function. These circuit cards
are installed in ANP card slots 21 and 22. Figure 8-17 shows the
location of test points provided on the record number jumper
card.

8.12 Tape Speed Control (Card No. 23). The tape speed control
card (F/N Ala117-D17) is a GFE circuit card installed in ANP card
slot No. 23. This card provides the tape transport speed control
function. Figure 8-18 shows location of adjustments, controls,
and indicator lights provided on this circuit card.
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CARD
SLCT
18
BCO
SCOE

0) @———— BLACK TEST POINT COMM +LSB;
(o] ) @ BROWN TEST POINT SPARE
o] ) @ RED TEST POINT 1
0) @———mne ORANGE TEST PQINT 2

—aal
o] @  YELLOW TEST POINT 4 -

L ]

(o] @~ GREEN TEST POINT 8
o) @———— BLUE TEST POINT 12
0) @—————— PURPLE TEST POINT 20
o) @ GRAY TEST POINT 40
(@] ) Qe WHITE TEST POINT SPARE
(o) ) @———— BLACK TEST POINT SPARE
0) @@= BROWN TEST PCINT SPARE

| 0) e—— meoTESTRONT SPARE
o> @ ORANGE TEST POINT SPARE \iSE'

3
Figure 8-15. Scannivalve stepper [ .ition interface card
(ANP card slot 18)
8-32



Beli Neticopter LIZILTT]

WY iy 2vnre 3 N3ME 0N 1R 6 pae S a1 the restr i hion e the Nlhie Jaae

301-099-022C
8 August 1980

CARDC
SLCT
19 20

10

"

12

13

B,016,56,6,556, 666,66/

Figure 8-16.

I "
UNiwhrira.g

OF POGR oReitT

Ppmcsrmees BLACK TEST POINT

@ BROWN TEST POINT

e RED TEST POINT

Q. QRANGE TEST POINT

@ YELLOW TEST POINT

e SREEN TEST POINT

e BLUE TEST POINT

———— PYRPLE TEST POINT

. GRAY TEST POINT

e WHITE TEST POINT

Qrrsnee BLACK TEST POINT

@ RED TEST POINT

s SRANGE TEST POINT

<. N

4

COMM
SPARE
B8IT 1 1L38!
8IT?2
8IT3
81T
8iTs
8iTE
T?
IR ]
BIT9
8iT 10

BIT 11

BIT 12 :\MSE

Fuel gquantity jumper card

{ANP card slots 19 and 20)
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RECORD NUMBER JUMPER CARD

CARD
SLOT
2 22
L L L
TCG CODE
fe) ) 1 @———— BLACK TEST POINT COMM
Q)2 @~ BROWN TEST POINT SPARE
0) 3 «@——— RED TEST POINT 1 (Ls®)
“
G4 @—e——— ORANGE TEST POINT 2
O) 5 @——— YELLOW TEST POINT 4
0) 6 @———— GREEN TEST POINT 8
0) 7 @ BLUE TEST POINT 10
O)s @——— PURPLE TEST POINT 20
Q)9 @———— GRAY TEST POINT
) )m @ WHITE TEST POINT
(o] )11 @——— BLACK TEST POINT 100
o) )12 @———— BROWN TEST POINT 200
O>13 P HED TEST POINT 400
o) )14 @——— ORANGE TES~ POINT 800 (MSB)
222

Figure 8-17. Record number jumper card
(ANP cara slots 21 and 22)
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CARD
sSLOT

e TAPE REMAINING ADJUSTMENT POTENTIOMETER

- ¥

q: @————— TAPE REMAINING LIGHT

@ TAPE STEED SELECT SWITCH

< @——reeenee TAPE BIAS LIGHT

Gmeemen. TAPE SPEED SELECT SWITCH

Tape speed control card
(ANP card slot 23)

LI

Figure 8-11.
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SECTION 9. OPERATING TECHNIQUES AND CHECKOUT PROCEDURES

This section establishes the techniques and procedures to be used
for operation and checkout of the XV-15 research instrumentation
system. These procedures include system power and control check-
out, sensor setup, and preflight checkout of the research instru-
mentation system.

9.1 System Power and Control Checkout. The sample check list
shown in Table 9-I may be used while performing the following
checks.

9.1.1 Initial Power application. After instrumentation pallet
installation, all power, control, and signal cables shall be con-
nected and power applied to the system. For initial power appli-
cations, all circuit breakers should be open and power control
switches placed in the OFF position.

a. Energize the aircraft 28 Vdc bus No. 2 and close the
two 50-amp instrumentation circuit breakers located in
the aircraft's master power distribution box. Position
the power switch on the control monitor (Figure 1-7) to
the PWR ON position. This will supply 28 Vdc power to
plugs "C" and "F" on the instrumentation pallet and 28
Vdz input power to the 115 Vac 400 Hz static inverter.

b. Check for correct 28 vVdc power distribution to the sta-
tic inverter by measuring the voltage at the inverter
connector. See Figure 4-1 for connector pin numbers.

c. Check for correct 115 Vac, 400 Hz power distribution to
the instrumentation pallet by measuring the voltage at
plug “C." Check for correct 28 Vdc power distribution
to the instrumentation pallet by measuring the voltage

at plugs "C" and "F." See Figure 4-1 for connector pin
numbers.
d. Energize research instrumentation equipment indivi-

dually by closing the associated circuit breaker lo-
cated on the instrumentation pailet circuit breaker
panel (see Figure 4-3).

9.1.2 Control Function Checkout. when input power bas been
determined to be correct, close all circuit breakers. Load a
reel of tape on the tape transport and check the following con-
trol functions.

a. Tape start - stop - the tape start-stop switch on the
controcl monitor will be turned on and off while watch-
ing the tape deck to see 1f it starts and stops cor-
rectly.

9-1



YR

Sell Helicopter LIZ1ITL] 301-099-022C
A 8 August 1980

UGe OF MSCiesLre S Odld A this pave s subiel to the restricticn on the e paqe

b. Tape motion light - while the tape start-stop switch is
in the start position and the tape deck is running,
observe the tape motion light to ensure that it is on.

c. Prime data light - with the tape running, push the pi-
lot's stick prime data trigger and see if the prime
data light comes on, push the pilot's stick trigger
again to ensure it goes off. Repeat this procedure
with copilot's stick prime data trigger and data pack-
age trigger to ensure that these triggers perform cor-
rectly.

d. Fault light - momentarily short out the bridge voltage
and check that the fault light comes on.

e. Fault reset switch - push in the fault reset switch to
see if the fault light goes out.

f. Tape remaining light - run the tape deck to the point
that approximately 5 minutes of tape remains and check
that the tape remaining light comes on.

g. Record number update - push the pilot and copilot prime
data stick triggers on and off. Observe that the re-
cord number updates each time prime data is turned off.
Check to ensure that the control monitor and the time
code gererator display the same record number.

h. Check pilot's time code display to ensure that it is
functioning properly and that both display and time
code generator show the same time.

9.2 Sensor Setup. A sensor setup cornfiguration shall be deter-
mined for the PCM format. A sample PCM system sensor setup form
is given in Table 9-II. Table 9-II1 (RMDU A) and 9-IV (RMDU B)
show a sample PCM format location and gain for each sensor item
code (see PCM setup sheets for latest configuration). Wwhen a
final setup configuration has been determined, the program board
will be patched in and its checkout will run concurrently with
the checkout of the data channels. Any incorrect patches will be
revealed and corrected during this checkout phase. The sensor
se.up sheet (Table 9-I1) can be used as the sensor pass/fail
checkout sheet. When all channel.: have been checked to ensure
that a data channel is in each .ocation as designated by the
setup sheet, tests will be performed to positively identify and
establish sign conventions for each channel.

9.2.1 Positive ldentification. Positive identification of a
channel 1s a means of ensuring that the designated parameter
shown on the setup sheet is truly in that position in the data
system. By using the flight line tester, each data channel can
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be dialed up and monitored while it is being checked. The fol-
lowing means of positive identifi~ation may be used for positive
1dentification of each type of sensor:

a. Accelerometers - with the accelerometer unbolted, it is
given a "2.g" turnover (turning it 180 degrees on its
active axis). This gives 2 g's worth of sensor output
at the monitor.

b. Strain gages - usirg a 100K probe as a simulated load,
probe acrnss one leg of the bridge at the terminal
board for the particular channel. This will give an
output at the monitoring eguipment.

C. Position potentiometers - with the wiper arm free to
move, rotate the wiper arm which produces a simulated
motion of the part under consideration which produces
an output at the monitoring equipment.

d. Pressure - pressure is applied to the open port of the
sensor and this load produces output at the monitoring
equipment.

e. Gyros - with the gyro base free to rotate, the gyro is
rotated in the desired axis and this simulated aircraft
motivn produces output at the monitoring equipment.

f. Temperature - with the temperature scanner set to the
desired location, the thermocouples is heated with some
heat source (soldering iron, heat gun, etc.) and the
output is monitored.

g. Rotor azimuth ~ output of the encoder (l/rev or 512/
rev) is monitored on the oscilloscope while the rotor
is being rotated.

9.2.2 Sign Convention After all channels have been properly
identified using the procedure of 9.2.1, any discrepancies such
as faulty wiring or incorrect patching shall be corrected. Chan-
nel sign conventions will then be checked using the procedure of
dialing up each individual channel with the flight line tester
and monitoring the electrical output signal for a given mechani-
cial input load. To minimize confusion, all sign conventions will
be taken with the aircraft in helicopter mode. For conversion
and airplane mode operation, all sign conventions will be with
reference to the helicopter mode. Table 9-V is a list of stand-
ard sign conventions which will be used except as otherwise noted
on the aircraft setup sheet. General rules for sign convention
are as follows: T
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Trace moves upscale when:

a. Tension loads increase

b. Motions occur to right, forward or up

c Temperatures, pressures, flows, etc. increase

d. For stress bridges, tension occurs in CD leg of r-idge

e. Displacement or velocity at a transducer is forwargd,
right or up

f. For unoriented bending bridges, tension occurs in the

CD leg of bridge

9.2.3 Noise Level. Noise level for each channel should not ex-
ceed 120 counts (12 percent of full scale) on the flight line
tester.

9.3 Temperature Scanning System Setup Procedure. A flow diagram
for the temperature scanning system i1s shown in Section 4. Sche-
matic diagrams of system components are contained in Volume IV.
The thermocouple scanning system is set up using the setup sheets
shown in Table 9-VI and the following procedures.

9.3.1 Control Signal Checkout. The following procedure shall be
used to test the random access thermocouple channel selection
function.

a. Using a dual beam oscilloscope, connect the upper beam
to blue terminal No. 1 of Card No. 12, logic card in
the active network panel. Ccnnect the lower beam to
blue termiral No. 2, common to the black terminal, and
Ext Sync to the gray terminal of the same card (see
Figure 8~9). A pattern six bits long should be pres-
ent. The pattern will be centered about common on both
traces and the lower beam will be the exact inverse of
the upper beam. Set the potentiometer on card No. 16
for a bit pattern 20 msec in length from first bit to
first bit.

b. With the instrumentation system in the non-prime data
mode, select channels 100 through 129 on the control~”
display panel. Check the scope as each number 1is
dialed to see that the six bit code corresponds to the
number dialed in binary coded decimal (BCD).

9.3.2 Reference Junction Monitors. Set the adjustme:.t potentio-~
meter located in the rear of the remote temperature scanner logic
box (P/N SKASW-5479-1) to the full counterclockwise position. If
the thermocouple reference junctions have not had 30 minutes to

94
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reach operating temperatures, allow sufficient time for them to
heat. The fault light on the control monitor should now be off.
Starting with any remote switching unit, turn the potenticmeter
clockwise until the fault light comes on, then back counterclock-
wise 1/2 turn. Repeat this procedure for =ach remote temperature
scanner logic box.

9.3.3 Temperature Monitor. The following procedure shall be
used to calibrate the temperature monitor (Figure 1-10).

a. Select channel 000 on the temperature monitor. Connect
a short piece of wire between the orange and red test
terminals of card No. 17 (Figure 8-13) in the active
network panel. Adjust BAL 1 of the same card for a
reading of 212°F on the temperature monitor.

b. Replace the jumper wire between the orange and red test
terminals with a 17.9 mv voltage source. Adjust GAIN 1
until the temperature monitor reads 1000°F.

c. Select channel 005 on the temperature monitor. Replace
the shorting wire between the orange and red test ter-
minals. Adjust BAL 2 for an output of 212°F.

d. Replace the jumper wire between the orange and red ter-
minals with a =-6.16 mv voltage source. Adjust GAIN 2
for an output of 0°F.

e. Repeat the adjustments of BAL 1, GAIN 1 and BAL 2, GAIN
2 as necessary until both voltage settings produce the
proper output without further adjustments.

9.4 Control Position Indicator. The following procedure shall
be used to calibrate the digital control positi~-n indicator (Fig-
ure 1-12).

a. Adjust each stick position transducer (linear or rotary
potentiometers) so that its center of travel corres-
ponds approximately with the center of travel of its
respective control stick or pedal.

b. Connect external hydraulic power to the ship and deter-
mine the full throw posit ons of each control.

c. Place the lateral cyclic stick in the full left posi-
tion.

d. Locate the adjustment potentiometers visible on the
front of ANP card No. 1ll1l. Gair and balance comtrols
are provided for each control position function (see
Figure 8-5).

9-5
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9.5

Adjust the LAT BAL control to the point where the lat-
eral position indicator switches from "1" to "O0."

Place the lateral cyclic stick in the full right posi-
tion.

Adjust the LAT GAIN control to the point where the lat-
eral position indicator switches from "9&" to "99."

Go back and forth between 0 and 99 percent, adjusting
both balance and gain controls until both zero and 99
percent positions are correctly indicated.

Repeat steps 4 through 8 for the other position indica-
tors.

Scannivalve Setup. Schematic and flow diagrams for the

pressure scanning system are shown in Section 4. Checke't of
scannivalve data channels is accomplished with the flight line
tester using the following procedures.

a.

The flight line tester shall be dialed to the item code
and channel number that the scannivalve setup sheet
(Table 9-VII) calls out for the scannivalve port unic .
test.

Set the control switch on the scannivalve control boex
to the "home disable" position.

Using the scannivalve setup sheet (Table 9-VII), check
port No. 1 for positive identification and sign con.en-
tion to ensure that the system is working. This can be
done by applying test pressure to port No. 1 using a
piece of tubing and a low pressure source (mouth, pres-
sure bulb, etc.).

when assured that the data channel for port No. 1 is
functional, step through each of the remaining ports
and check them for positive identification and sign
convention by applying pressure to each port.

When the manual sequence has been checked, put the con-
trol switch on the scannivaive control box to "AUTO"
and push the prime data trigger switch on the pil.t's
rower lever. This should step the scannivalve at a
«/sec rate [driven by the scannivalve control card
(SVD) in RMIU A].

when assured that both "MANUAL" and "AUTO" modes of the

scannivalve circuitry work correctly, and checkout of
the scannivalve system is complete.

9~-6
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~.6 Shaft Encoder Setup and Checkout. The rotor azimuth shaft
encoder will be s2t up with the aircraft in helicopter mnde.

9.6.1 Right Rotor. The shaft encoder for the richt rotor azi-
muth shall be set up foi correct positioning using the following
procedure.

a. Rotate the right-handi rotor so that the tip of the red
blace is pointing directly aft.

b. Loc: 2n the hold-down screws that fasten the shcft en-
coder to the right-hand rotcr.

c. With an oscilloscope connected to the output of the
encoder, rotate the case of the encoder ...itil the index
pulse occurs.

d. Tighten the hold-down screws and rotate the rotor to
ensure that the index pulse occurs when the red blade
is directly aft.

9.6.2 Left Rcror. The shaft enccder for the left rotor azimuth
shall be set u¢p using the procedure of 9.6.1 for the left rotor.

9.7 Preflight Checks. Pref..ght checkout procedures for the
"V-15 research i1nstrumentation system are given in Table 9-VIII.
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TABLE 9-I. XV-15 SYSTEM FX3S/FAIL CHECKOUT SHEET

XV-15 'MODEL 301) SYSTEM FASS/FAIL CHEICKQUT SHEET (Exargie:

SHIP ¢
L REASCN TOR
REFERENCE | PASS | FAIL FAILURE INITIALS
1. 3C Power to Data System 9.1.1(a; !
2. 2C Power to Inverter 3.1.1%) i
3. AC Power to Data .ystem S.1l.1¢(ec}
4. EZguipment Cirzcuit Breakers 9.1.1(d}
3. Tage Starzt-Stop 9.1.2(a} :
€. Tape Mot:iom lLight 9.1.2) i
7. Prime Data Light : 3.1.2ic) | !
§. Fault Light p3.l.20@) !
9. Fault lleas Switch ' 9.1.2{e; l x ! !
’ 10. Tape Remaining Ligat . 7-1.2.8) ; ' , :
11. Record Numpe: Uscates E 9.2.27g; ; i :
12. P:iot's Time Code Sisplay f9.1.2¢h) | | !
13. Sensor Setup Shee:* | 9.2 ' f
a. Positive Identification : 3.2.1 ' l :
5. Sign Canveatzaicn » 9.2.2 ! i
c. Noise £ 9.2.3 E : ! '
14. Thermocouple Setup Sheex* ) : 9.3 ; i | i '
; a. Control Signal Checkout i 9.3.1 ; 3 ! !
s. Rmference Junc:tion Moai:orsz 3.3.2 ‘ l i
c. Temperat.re MORLtors ; 9.3.3 f . :
+3. Zontrol Pssitizn Iadicator i 9.4 ' !
1. Scannivaive Sezup , 3.2 i
1" Shaf:z Zacoder Setup N ' ! ;
a. Right Rotor Shafz Encoder i 3.6.1 ; : l
5. LeZ: Rotor Shaft “ncoder | 3.5.2 ? !
. c o ‘ '
LN L T
*These .tens checked alter
comp.etion 9f se:up sheet checkcut.
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TABLE 9-I[. XV-15 PCM TAPE DATA SYSTEM SETUP (CONTINUED)

13.

14.

15.

Prog. No. - Program number assigned to the program that is
currently being run on the ship. This number is assigned by
G. Carter and can remain the same or can be changed for dif-
ferent phases of the program [i.e., one (1) for ground run
and one (1) for flight].

Model - Model .. mber of the aircraft, in this case Model 301
(XV-15 could be used).

S/N - Serial number of aircraft (either Ship #1 or Ship #2).
Date - Date of the last change made to this setup sheet.

lst Flt/Gr - The number of the 1lst flight/ground run after
the last change made to tnis setup sheet.

1st Rec. No. - 1lst record number taken after the last change
made to this setup sheet.

Track - The number of the track on the tape deck which this
setup sheet is being recorded.

RMDU - The RMDU bit stream which this setup sheet covers
(IIA" or "B" ) .

Data Ccrd. - The name of the data coordinator (responsible
rerson from Data Reduction Group) assigned to this program.

Engr. - The name of the Instrumentation eagineer assigned to
this program.

Tech. - The name of the Instrumentation technician assigned
to this program.

Prog. - The title assigned to the phase of the program being
conducted at the present time (ground run, hover perform-
ance, flight test, etc.).

EWA - The Engineering Work Authorization number assigned to
this program (A427, A439, etc.).

DLN - The Daily Lator Number assigned to this phase of the
program (67646. - Ship #2 flight test).

W/0 - The Work Order number assioned to this phase of the
program (A4 -7, etc.). T

9-10
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TABLE 9-II. XV-15 PCM TAPE DATA SYSTEM SETUP (CONTINUED)

l6.

17.

18.

19.

20.

21.
22.
23.

24.

25.

26.

27.

28.

Frame Location - The frame location (word location) of a
given parameter in the bit stream.

MF - The mainframe word location in the bit stream (1 - Word
#1, 28 ~ Word #28, etc.).

SF - The depth of the subframe (1 - 1 deep, 2 - 2 deep, and
8 - 8 deep).

Pos. - The position in the subframe of a given parameter
{7-1-1 Mainframe word (100 Hz)]

[52-2-2 Mainframe word 52, second subframe word (50 Hz)]
[80-8-5 Mainframe word 80, fifth subframe word (12 Hz)]

Item Code - A number assigned to a given measurement parame-
ter for identification purposes.

Item - The name of the measurement parameter (beam bending).
Loc. - The location of the transducer (right rotor blade).

Sta. - The station on the part where the strain gage is lo-
cated (blade Sta. 52.5).

Br. No. - The bridge number specified in the Laboratory Work
Sheet. 8ridge numbers are assigned to each bridge on the
part at the time the part is gaged.

Lab. No. - The number assigned to a part by the T.strumenta-
tion Laboratory at the time of gaging.

PAF Cs/Chan - These are channels which go into a pre-ampli-
fier filter box. Tre upper nmber is card slot location in
the box, the lower nuinber is the channel number on that
card: 1/1 Card Slot #1/Channel #1.

Note: In cases where there is no number in this column,
the channel does not go through a PSF card, but directly
into the RMDU and intoc a AMX or DMX card.

RMDU CS/Chan - The RMDU AMX designations for each parameter.
The upper number is the card slot location in the box and
the lcwer number is the channel number on that card: 10/20
Card Slot #10/Channel #20.

Cable No. - The J-box channel number that this parameéteér is
brought into the data system on (RR-1B, LW-1M, etc.).
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TABLE 9-II. XV-15 PCM TAPE DATA SYSTEM SETUP (CONCLUDED)

29.

30.

31.

32.

33.

34.

35.

PSF Gain -~ The gain set up for each channel in the PAF boxes
(all channels are factory set at a gain of 256).

GPA Gain ~ The gain of the gain programmable amplifier for
each parameter.

Cal. Res. -~ The value of the calibration resistor for each
parameter (115KQ or 500KQ).

Note: In cases where no value appears in this location,
indicate that the channel is a AMX or DMX channel and does
not use a calibration resistor.

The calibration equivalent taken from the calibration sheets
[ factored to fit 115KQ calibration resistor (calibration
sheet shows 100XQ = XXX in engineering units, etc.), and to
allow for voltage drop from R-Cal point to actual bridge
excitation voltage, and indiviaial channel sensitivity].

C.E. = 115 K Q Cal = Slope x A counts

A counts = R-Cal Counts -~ Reference Counts

Slope = JC* X 3528 X 355 X GFA GATN
where:
U.C. = Unity Cal from Calibration Sheet
B.V. = Bridge Voltage at Bridge
5120 _ Input MV

1024 =~ Output Counts

1 1
256 PSF Card Gain

Ref. Value - The reference value designated by preflight
(reference) conditions (F/A cyclic stick » 50%, F/A pilot's
seat accel » 0 g's, pylon pos » 95°, etc.).

Units - The engineering units that the parts were calibrated
in (in-lbs, 1lbs, g's, psi, etc.).

Remarks - A column for any special comments that will clar- "
ify each parameter.

9-12



ORIGINAL FAGE IS
OF POOR QUALITY

301-099-022C

m"‘m‘"m 8 August 1980
TABLE 9-III. SAMPLE FORMAT RMDU A
ITEM GPA ITEM GPA
LOCATION CODE GAIN LOCATION CODE GAIN
13-1 SYNC 1 -- 241-1 B193 1
2;-1 SYNC 2 -- 25,-1 1
3;-1 D 1 - 267-1 B127 4
4;-1 INFO - 27;-1 B613 1
51-1 F638 2 283 -1 Mol2 1
61-1 S145 16 29;-1 4
71-1 S146 16 307-1 F163 4
81-1 M128 2 31;-1 P153 1
9:-1 S147 16 327-1 P178 1
10;1-1 S148 16 3371 P149 1
11;-1 M138 2 34;-1 P504 1
125-1 B120 4 35;-1 P512 1
137-1 M129 1 361-1 B194 1
14;-1 M277 1 371-1 M619 1
15-1 B615 1 381-1 B613 1
161-1 Bl126 2 391-1 B622 1
17;-1 Fe6l4 4 401-1 B282 1
18;-1 B195 1 41;-1 B280 1
194-1 F62l 4 42;-1 F286 4
201-1 M279 1 43,-1 B264 1
217-1 B109 4 44:-1 P505 1
22;-1 M129 1 451-1 B171 1
23;-1 B192 1 467 -1 B172 1
NOTE: All PSF gain is 256.

Use or disclosure of 4ata on this page s
SubCt 10 the restriction on the hitte page

9-13
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CRIGINAL PAGE IS
OF POOR QUALITY

301-099-022C

Bell Helicopter L3311 8 August 1980
TABLE 9-III. (CONTINUED)
~ ITEM GPA ITEM GPA |

LOCATION CODE GAIN LOCATION CODE GAIN
471-1 B173 1 612-1 P323 1
481-1 B174 1 612-2 P325 1
401-1 E154 1 622-1 $630 128
501-1 E155 256 622-2 $631 128
511-1 T506 512 632-1 5632 128
525-1 F330 4 632-2 $633 128
522-2 F331 4 642-1 5634 128
532-1 F332 4 642-2 $635 128
53;- F334 4 652-1 S636 128
542-1 B259 4 652-2 $637 128
542-2 BZ68 4 662-1 D317 1
55_-1 M275 4 66 -2 D305 1
552-2 4 6721 E374 1
562-1 1 672 -2 1
56-2 B274 1 682~1 1
572-1 M276 1 682-2 1

% 57-2 B278 1 692-1 1

. 582-1 A304 1 692-2 16
58-2 A020 4 702-1 R338 1
595-1 5609 | 4 702-2 D617 1
592-2 $610 % 2 712-1 L
602-1 5628 4 712-2 M336 1
602-2 629 | 2 722-1 D110 16

_
NOTE: All PSF gain is 256.
unct 10 e rextrchon on e 1o oome 9~14



ORIGINAL PR D
nF PCOR QUALITY.

301-099-022C

mudicopterm 8 August 1980
TABLE 9-III. (CONTINUED)
ITEM GPA ITEM GPA

LOCATION CODE GAIN LOCATION CODE GAIN
72,-2 D160 1 7955 E197 1
73,-1 R503 1 7946 E298 1
73,-2 | R515 1 795-7 D360 64
74,-1 D348 1 794-8 E708 512
74,-2 D349 1 80g-1 E299 1
75,-1 1 80g-2 T351 512
75,-2 R328 1 : 804-3 E372 1
76,-1 R329 1 i 80,-4 E647 1
76,-2 R339 1 | 804-5 E648 1
/7,m1 M335 1 8046 T322 1
77,-2 D111 2 80g~7 E703 128
7851 D645 1 80g-8 E709 512
TRg~2 D281 1 81g-1 D510 1
784-3 D284 1 81g-2 D309 1
785-4 T524 128 81g-3 E074 1
78¢-5 7531 128 81g-4 E075 1
7856 D509 : 1 81g-5 ? E198 1
7847 E701 16 81,-6 ? E199 1
784-8 E707 312 81g-7 % E704 256
794-1 R32L 1 | 8lg-8 '~ E710 512
794-2 E072 | 1 = 824-1 f D511 --
7943 E073 f 1 ‘ 824-2 - E375 1
7944 E196 | 1 6253 l E369 1

. .
NOTE: All PSF gain is 256.
LBt 9 e vesmICOn o the tae. st 9-13




301-099-022C

Belt llellcoptorm 8 August 1980
TABLE 9-III. (CONCLUDED)
ITEM GPA 1 ITEM GPA

LOCATION CODE GAIN LOCATION CODE GAIN

82g-4 E370 1

824-5 E371 1

828-6 E373 1l

828—7 E705 512

828-8 E711 -

83g-1 X363 -

834-2 R516 --

835-3 P002 1

83g-4 TS13 512

838-5 P342 1

83g-6 E700 4

834-7 E706 512

838-8 E712 -

NOTE: All PSF gain is 256.

Use or disciosure of d3ta SN s page §
subpect 10 the restrichon on the titie page




301-099-022C

lenllcllcoptcrm 8 August 1980
TABLE 9-IV. SAMPLE FORMAT RMCJ B
ITEM GPA iTEM GPA
LOCATION CODE GAIN LOCATION CODE GAIN
1,-1 SYNC 1 ~- 24;-1 Fl142 4
2;-1 SYNC 2 -- 25;-1 F523 2
3;-1 D 1 -- 26,-1 F522 2
4;-1 INFO -- 274-1 F187 4
59-1 M143 2 28,-1 F188 4
6,-1 M107 2 29;-1 F189 16
71-1 F6l1 2 307-1 Al75 4
81-1 B132 1 317-1 Al76 4
9,-1 B133 2 32;-1 Al77 4
10;-1 B122 1 33;-1 B108 2
11,-1 B134 1 34;-1 Bl1: 1
12,-1 B135 2 351-1 B124 2
13;-1 B136 2 367-1 B125 2
14,-1 B137 4 37;-1 Al50 4
15,-1 Bl1l4 1 389-1 als51 4
16,-1 B115 1 39;-1 Al52 4
17;-1 B140 2 40,-1 F162 1
18;~1 B141 4 41.-1 F521 2
19;-1 F164 16 42;-1 F520 2
204-1 B123 2 43,-1 B130 1
21,-1 F060 4 44;-1 FOZZ 4
22;-1 FO61 4 45,-1 | F.03 4
23,-1 F062 4 46,-1 i F104 } -4
i

NOTE: All PSF gain 1is 256.

Use or disclesure of data on the, pige 3
subjec’ ) the restriction on hee titte pdge

-



ORIGINAL PAGE IS

OF POOR QUALITY 301-099-022C
Boil Helicopter LZTT] Q 8 August 1980

Dnosidr 01 Teuh e ing

TABLE 9-IV. (CONTINUED)

Ky ™ T

ITEM GPA TTEM GPA
LOCATION CODE GAIN LOCATION CODE GAIN
47;-1 F055 4 61,5-1 P324 1
48;-1 B112 1 615-2 P326 1
49;-1 E179 1 62,5-1 M337 1
50;-1 E180 256 62,-2 1
£1,-1 1 63-1 B316 128
52,5-1 A301 4 635-2 1
52,-2 A300 4 64,-1 F353 128
53,5-1 A003 4 64,-2 512
53,-2 4 65,-1 B312 128
54,-1 AOLS 4 65,-2 F318 128
54,-2 B190 4 665-1 B357 128
55,-1 B191 a 66,-2 512
55,5-2 B603 2 675-1 16
56,-1 B606 1 67,-2 B346 128
565~2 M6y 6 4 685-1 F347 128
5751 B165 4 68,5~2 1
575~2 B166 4 | 69-1 1
58,-1 B262 4 ; 69,2 1
58,5~2 B263 4 705-1 V012 1
59,~1 M266 4 70,2 V013 1
595+2 B258 1 715-1 V014 1

60,1 B270 1 | 715-2 D011
60,-2 B259 4 72,5-1 { D010 -
d

NOTE: All PSF gain is 256.

Use or Gisclosure o 0310 ON this pige 1

Subect to the restrichior on the Niile nage 9-18




ORIGINAL PAGE IS
W T . - had 22c
Belt Nelicopteriiiiii OF POOR QUALITY 332\119823. 2986

Ces ot Tianea g

TABLE 9-IV. (CONTINUED)

ITEH GPA ITEM GPA
LOCATION CODE GAIN LOCATION CODE GAIN
72,-2 D009 4 79g-5 D185 1
73,-1 DO66€ 2 79g-6 D131 1
73,-2 2507 2 79g-7 E727 64
74,-1 AS14 2 7958 E733 512
74,5-2 A508 50g-1 1
75,-1 A500 2 80g-2 D646 1
755-2 A502 2 8.g-3 D314 1
76,-1 A501 2 Il 80g-4 D315 1
76,-2 D308 1 80g-5 D186 1
77,-1 D306 1 80g-6 1
77,2 3307 1 80g-" E728 128
78g-1 D021 1 80g-8 E734 512
78g-2 DC22 1 8lg-1 D327 1
78g-3 D023 1 81g-2 1
78g-4 D024 1 81g-3 DCO7 -
78g-5 B318 1 8lg-4 D008 1
784-6 D144 16 81g-5 A352 1
784-7 E726 16 8ly-6 R21 1
784-8 E732 512 81g-7 E729 236
795-1 1 81g-8 E735 512
794-2 | D182 1 825-1 1
79g-3 D183 1 82g-2 D156 1
79g-4 J D184 i 1 824-3 D157 -l

1

NOTE: All PSF gain is 256.

r
' U.» 0r CisCinsure of dafa on this page 1y

CLrect ‘6 Ty restrclion an the hitle page 9'19
¥
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OR,GINAL PAGE IS
cr POCR QUALITY,

301-099-022C

Sell mucopterm 8 August 1980
TABLE 9-1IV. {(CONCLUDED)
ITEM GPA ITEM GPA
LOCATION COLE GAIN LOCATION COLE GAIN
82g-4 D158 1
82g-5 D159 1
82g-6 D161 1
82g-7 E730 512
82g-8 E736 -~
83g-1 X366 DMX
83g-2 R517 DMX
83g-3 E649 1
83g-4 1
83g-2 1l
835-6 r725 4
83g-7 E731 512
83g-8 E737 --

NOTE: All PSF gain is 256.

Use or discioss-e ¢ Jala a0 1M pige 18
subect to the t¢s' ..10n on the Litie page

9

20
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301-099-022C

Seil Helicopter LIZILTT] 8 August 1980
TABLE 9-V. SIGN CONVENTIONS FOR FFCORDERS.
PARAMETER TRACE MOVES
PARAMETER ABBREVIATION UPSCALE IF:
1. Airspeed A/S Speed increases
2. Voltage Volt Voltage increases
3. Current Amps Amperage increares
4. Altitude Alt Altitude increases

5. Power Lever
a. Boost Tube Axial
Force

b. Pilot Effort
{terque on jack-
shaft or something
in the system
calibrated in terms
of force at grip,

C. Stick Position

6. Cyclic
a. Boost Tube Axial
Force

b. Fore and Aft Stick
Position

c. Pilot Elfort,
Fore and Aft

4. Lateral Stick
Position

e. Filot Effort,
Lateral

7. R/H, L/H Directiomnal
Control Tube Axial
Force

8. E.evator
a. Beam Ra2nding

Use or gisclosure of 6aty on this pige 13
subect o the restrichar on the titte pige

Power lLever,
Boost Axial

Pilot Effort,
Power Lever

Power Lever
Stick Position

F/A or Lateral
Cvclic Bcost Axial

F/A Cyclic Posi-
tion

Pilot Effort,
F/A Cyclic

lateral Cyclic
Position

Pilot Effort
Lateral

Directioral
Contrs 1 Tube

Lt or Rt Elevater
3eam Bending

Tube in t. .. .ion

Pull up or. powar
lever :- '~

Power lever stick
up

Tuk. in tension
Cyclic s-ick moved

forward

rorward fo: e on
cyclic stick

Cyclic stick movec.
to the right

Puil right on
cyclic =t.ck

Control tube in
tension

Lower s -face .
in tension
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ORIGINAL PAGE IS

301-099-022C

Seit m‘lﬂﬂ’m OF POOR QUALITY 8 August 1980
TABLE 9-V. (CONTINUED)
PARAMETER TRACE MOVES
PAR: _IETER ABBREVIATION UPSCALE IF:

10.

11.

12.

13.

14.

b. Drive Tube Torque

Rudder
- . Beam Bending

b. Drive Tube Torque

c. Position

Flaps
a. Beam Bending

b. Drive Tube Torque

c. Position

Flaperons
a. Beam Bending

b. Control Arm Force
c. Position

Aileron

a. Position

Engine

a. RBM

b. Torgue

Fuel Flow

Use or tsclosure of gatd on Ihis page 1§
subpect 1o the restriction on the Lille page

Lt or Rt Elevator
Drive Tube Torgque
(Control Arm Force)

Lt or Rt Rudder
Beam Bending

Lt or Rt Rudder
Drive Tube Torque

Rudder Position

Lt or Rt Flap
Beam Bend

Lt or Rt Flap
Drive Tube Torque

Lt or Rt Flap
Position

Lt or Rt Flaperon
Beam Bend

Lt or Rt Flaperon
Con Arm Force
Flaperon Position

Lt or Rt Aileron
Pos

Eng RPM

Eng Torgre

Fuel Flow

L~y

Trailing edge up

Left surface in
tension

Trailing edge to
the left

Trailing edge to
the right
Lower survace in

tension

Trailing edge up

Trailing edge down

Lower surface in
tension

Tube in tension

Trailing edge down

Right aileron
trailing edge up

RPM increase:s

Torgue increases -
engine power output
increases

Fuel flow increases

9-22
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Bell Nelicopter [{3I[TT]

Dvgedr 3 Toewmpn e

ORIGINAL PAGE IS
OF POOR QUALITY

301-099-022C
8 August 1980

PARAMETER

15. Main Rotor
a. Azimuth

b. Blade Pitch Angle

c. Blade Flapping
Angle

d. Blade Beam Bending

e. Blade Cnord
Bending

f. Trunnion Fork
Bending

ga. Yoke Extension
(Grip/Spindle)
Beam Bending

h. Yoke Extension
(Grip/Spindle)
Chord Bending

i. Swashplate
Driver Bending

j. Mast Perpendiculer

Bending

k. Mast Parallel
Bending

1. Mast Torqgue

m. Pitch Link Axial

Force

n. Spinner - Lower
Support Arm

a) Red Beam Bend-

ing

Use or d v-losure of Gata on this page 's
subect 1o the ~esir:lton on the Litle pige

TABLE 9-V. (CONTINUED)

PARAMETER
ABBREVIATION

M/R Azimuth

M/R Pitch Ang

M/R Flap

M/R Bl Bm
M/R Bl Ch
Trunnion Fork
Bend

M/R Yoke Ext Bm

M/R Yoke Ext Ch

Swashplate Drive
Bend
M/R Mast Perp

M/R Mast Para

M/R Mast Torgue

M/R Pitch Link

Spinner Support Arm
Red Beam Bend

TRACE MOVES
UPSCALE IF:

Red blade aft = Q©
Az

Pitch increases

Red biade up

Lower side in tension

Leading edge in
tension

Leading edge in
tension

Lower side in
tension

Leading edge in
tension

Leading edge in
tension

Red blade forward,
top of mast to right

Red blade forward,
top of mast aft

Input torgque to

main rotor increases
(leading edge of
main rotor in
tension)

Pitch link in
tension

Lower surface in
tension

§-~23
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ORIGINAL PAGE 1S

OF POOR QUALITY 301-099-022C
lolll.ﬂcoptermm 8 August 1980
TABLE 9-V. (CONTINUED)
PARAMETER TRACE MOVES
PARAMETER ABBREVIATION UPSCALE 1IF:

l6.

17.

18.

19.

b) Chord Bending

Swashplate Motion
a) Fore and Aft

b) Lateral

Hub Spring Motion

a.

b.

Fore and Aft

Lateral

Actuator Position

a.

b.

C.

Fore and Aft
Cyclic

Lateral Cyclic

Collective

Control Boost
Actuator Axial Force

a.

b.

C.

rore and Aft
Cyclic

Lateral Cyclic

Collective

Pylon Conversion
Spindle

a.

b.

Beam Bending

Chord Eending

Use or gisciosure of 0atd on thiy page 3
SuBNCt 1o the restricion on the title page

Spinner Support
Arm - Chord Bend

Swashplate Motion-
F/A

Swashplate Motion-
Lat
Hub Spring Motion
F/A
Hub Spring Motion
Lat

Act Pos - F/A
Cyclic

Act Pos - Lat
Cyclic

Act Pos - Coll

Contrecl Boost Act
Axial - F/A Cyc

Control Boost Act
Axial - Lat Cyc

Control Boost Act
Axial - Coll

Pylon Conv
Spindle Beam Bend

Pylen Conv
Spindle Chord
Bend

Leading edge in
tension

Red blade forward
Red blade up

Red blade outboard
Red blade down

Red blade forward
Red piade up

Red blade outboard
Red blade down

Forward on cyclic
stick

Outboard diameter
of blade disc down

Increase pitch -
power lever up

Tube in tension
Tube in tension

Tube in tension

Helicopter mode
Lower surface in
tension
Helicopter mode
forward surface
in tension



ORIGINAL PACE 1S

301-099-022C
BeXt Nuicopter [IZILTT] OF POOR QUALITY 8 Aogust 1980
TABLE 9-V. (CONTINUED)
PARAMETER TRACE MOVES
PARAMETER ABBREVIATION UPSCALE IF:

20‘

21.

22,

¢. Position

Pitch
a. Acceleration

b. Attitude

c. Rate

Roll

a. Acceleration

b. Attitude

Cc. Rate

Yaw
a. Acceleration

b. Attitude

Use or diclosure of 0Ma on this pige 13
subect 10 the restrichion on the title page

Pylon Conv
Spindle Position

Pitch Ang Acc

Pitch Att

Pitch Rate

Roll Accel

Roll Att

Roll Rate

Yaw Ang Accel

Yaw Att

Airplane to
Helicopter Conv

Ship's nose has
upward angular accel-
eration about pitch
axis

Nose of helicopter
moves upward about
pitch axis

Nose of ship has
upward angular velo-
city about pitch axis

Ship has clockwise
angular acceleration
about roll axis as
viewed from behind

Ship has clockwise
motion about roll
axis as viewed
from behind

Ship has clockwise
angular velocity

about roll axis as
viewed from behind

Ship's nose has
angular acceleration
to the right about
the yaw axis as
viewed from above

Ship's nose moves to
the right about yaw
axis as viewed

from above - - -

9-25
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ORIGIN "
ALITY -099-022C
0OR QUAL 301-099
Bell Nelicopter [I33L5T) OF P 8 August 1980
TABLE 9-V. (CONTINUED)
PARAMETER TRACE MOVES
PARAMETER ABBREVIATION UPSCALE IF:

c. Rate Yaw Rate Ship's nose has
angular velocity
to the right about
the yaw axis as
viewed from above

23. Pressures Pres Pressure increases
24. Rudder Pedal Rudder Pedal Pos Motion of right
Position pedal forward
25. Rudder Pedal Force Rudder Pedal Right pedal up
Force scale
26. Horizontal Stabilizers
a. Beam Bending Horiz Stab Lower surface in
Beam Bending tension
b. Torque Horiz Stab Leading edge up,
Beam Bending trailing edge down
c. Chord Bending Horiz Stab Leading edge in
Chord Bending tension
27. Vertical Fin

a. Beam Bending Fin Lat Bending Tail fin bends to
the right as viewed
from rear

b. Chord Bending Fin F/A Bending leading edge of
fin in tension

c. Torgue Fin Torg Leading edge to the
right

28. Temperature Temp Increasing tempera-
tures
29. Vibration

a. Fore and Aft F/A Accel Ship accelerates
forward

b. Lateral Lat Accel Ship accelerates to
the right - - i

c. Vertical Vert Accel Ship accelerates

Use or disclosure of 4312 on this page s
subpect 10 the restriction on the hitte page

upward



ORIGINAL P

OF POOR Q
301-099-022C
Bell Helicopter (IZILTT] 8 August 1980
TABLE 9-V. (CONTINUED)
PARAMETER TRACE MOVES
PARAMETER ABBREVIATION UPSCALE IF:

30. Nose Boom Vanes
a. Angle of Attack

b. Angle of Sideslip

31. SCAS Actuator Position

a. Fore and Aft

b. Lateral

c. Directional

32. Swashplate Drive
Links

33. Swashplate Anti-Drive
Links

34. Main Landing Gear
a. Trunnion Arm
Vertical Bending

b. Oleo Strut Fore
and Aft Bending

c. Oleo Strut
Lateral Bending

Use or disciosure of Gata on hss Ddge 3
SuDPXt to the restrichion on the litie pige

Angle of Attack

Angle of Sideslip

F/A SCAS Pos

Lat SCAS Pos

Dir SCAS Pos

Swplate Drive
Link

Swplate A/D
Link

Main Land Gear
Trunnion Arm
Vert Bend

Main lLand Gear
Oleo Strut F/A

Main Land Gear
Olec Strut lat
Bend

Nose of horizontal
vane moves down

Nose of vertical
vane moves to right

1" forward step

input applied to
cyclic stick fror
a static position

1" right step input
applied to cyclic
stick from a static
position

1" forward step
input applied to
right pedal from a
static position

NOTT: SCAS traces

wi' . return to zero
following completion
of step input.

Leading edge in
tension

Right side in
tension as viewed
from rear

Lower suriace in
tension

Aircraft forward -
upscale (aft on
wheels - upscale)
Aircraft right -
Upscale (left on
wheels - upscale)

9-27
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Bell Helicopter LITIL L]

Dgor of Teatrye ing

ORIGINAL PAGE IS
OF POOR QUALITY

301-099-022C
8 August 1980

35.

36.

TABLE 9-V. (CONTINUED)
PARAMETER
PARAMETER ABBREVIATION

d. Drag Strut
Axial Force

e. Actuatcr Position

f. Oleo Extension
Position

Nose Landing Gear

a. Trunnion Vertical
Bending

b. Oleo Strut Fore
and Aft Bending

c. Oleo Strut
Lateral Bending

d. Drag Strut
Axial Force

e. Actuator Position

f. Oleo Evtension
Position

g. Steering Position
Wing

a. Panel Bending

b. Beam Bending

¢. Chord Bending

d. Torgue

Use or gisciosure of gata on this pige 1§
subect 10 the restriction on the hitle page

Main Land Gear -
Drag Strut Axial

Main Land Gear -
Act Pos

Main Land Gear -
Oleo Ext Pos

Nose Land Gear -
Trunnion Vert
Bend

Nose Land Gear -~
Oleo Strut F/A
Bend

Nose Land Gear -~
Oleo Strut
Lateral Bend

Nose Land Gear -
Drag Strut Axial

Nose Land Gear -
Act Pos
Nose Land Gear -

Oleo Ext Pos

Nose Land Gear -
Steer Pos

Wing Panel Be~d

Wing ~ Beam Bend

Wing Chord Bend

Wing - Torgue

TRACE MOVES
UPSCALE IF:

Link in tension

Landing gear down -
full upscale (ex-
tend goes upscale)

Extend goes upscale

Lower surface in
tension

Aircraft forward -
upscale (aft on
wheels - upscale)
Aircraft right -
upscale (left on
wheels - upscale)

Link in tension
Landing gear down -
full upscale (ex-
tend goes upscale)
Extend goes upscale
Nose of ship moves
to right

Panel in tension

Lower surface in
tension

Leading edge in
tension -

Leading edge up
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ORIGINAL PAGE IS
OF POOR QUALITY

301-099-022C

mueucopurm 8 August 1980
v $Or Of Tentron ing
TABLE 9-V. (CONTINUED)
PARAMETER TRACE MOVES
PARAMETER ABBREVIATION UPSCALE IF:

e. Shear - Right Wing

37. Fuel Control Lever
Position

28. Flap Control Lever
Position

39. Differential Cyclic
Washout Actuator
Position

40. Control Tube Bending
a. Lateral Bending

b. Vertical Bending

Use or qisclosure of 8ata on this page s
subect 1o the restrichicn on the hitle pege

Item $630 - Front
Spar Upper Shear
WS 66.0

Item S631 - Front
Spar Lower Shear
WS 66.0

Item S632 - Rear
Spar Upper Shear
WS 66.0

Item $633 - Rear
Spar Lower Shear
WS 66.0

Item S634 - Front
Spar Upper Shear
WS 142.0

Item S635 - Front
Spar Lower Shear
WS 142.0

Item S636 - Rear
Spar Upper Shear
WS 142.0

Item $S637 - Rear
Spar Lower Shear
WS 142.0

Fuel Cont Lever
Pos

Flap Cont Lever
Pos

Diff Cyc Washout
Act Pos

Lat Cont Tube Bend

Vert Cont Tube
Bend

Airplane to heli-
copter conversion

Helicopter to
airplane conversion

Helicopter to
airplane conversion

Airplane to heli-
copter conversion

Helicopter to
airplane conversion

Airplane to heli-
copter conversion

Airplane to heli-
copter conversion

Helicopter to
airplane conversion

Forward on lever
{(throttle)

(Trailing edge
down)

Increase airspeed

Left side in tension

Bottom side in
tension

9-29



Bell Neficopter LIZI1TT]

Drvs on ot Teategr A

301-099~-022C
8 August 1980

PARAMETER

c. Fore and Aft
Bending

® or disclosure of 63ta on this pige 15 |
subrect 1o the restriction on the titie page |

TABLE 9-V. (CONCLUDED)

PARAMETER
ABBREVIATION

F/A Cont Tube Bend

TRACE MOVES
UPSCALE IF:

Aft side in
tension
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ENGR.

TECH.

TABLE 9-VI.

XV-15 (MODEL 301) THERMOCOUPLE SETUP SHEET

TEST PURPOSE

SHIP NO. DATE
FLT NO. G/R NO.
EWA DLN

subpct 10 the restrichion on the litle page

TEMPERATURE SCANNER NO. 1 - LEFT PYLON I
T/C ITEM
CHAN | TYPE LOCATION CODE
100 | CR-AL | Left Engine, T-7 Harness T524
101 | CR-AL
102 | CR-AL
103 | CR-AL
104 | 1-CN Left Transmission Case - Inlet T513
105 | 1-CN
106 | 1-CN
107 { 1-CN
108 ] 1-CN l
109 | 1-CN [ Left Engine, IAT at 0° T513 |
110 | 1-CN Left Engine, IAT at 1200 T513
111 { 1-CN | Left Engine, IAT at 21090 T513
112 | 1-CN | Left Transmission Case - Conversion Ax1s To13
1131 1-CN Left Transmission Case - Swivel T513
114 | 1-CN Left Engine, Oil Cooler Inlet T513
1151 1-CN | Left Transmission Case - Inlet T513
116 | 1-CN left Rotor Hub Spring Bearing T513
17 -CN Left Engine, No. 2 Oil Bearing Scavenge T513
118 | 1-CN
-~ 119 ] 1-CN
120 | 1-CN
121 | 1-CN
122 | 1-CN
123 { 1-CN
124 | 1-CN | Left Transmission -~ Oil Inlet T513
1251 1-CN left Transmission - Oil Outlet T513
126 | 1-CN
127 1 1-CN
128 | 1-CN
129 ] 1-CN
Use or gisclosure of data on this page s 9-31
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ENGR.

TECH.

XV-15

TABLE 9-VI (CONTINUED).

SHIP NO.

FLT NO.

TEST PURPOSE

EWA

(MODEL 301) THERMOCOUPLE SETUP SHEET

DATE ____

G/R NC

DLN

——" P —————

e e

TEMPERATURE

SCANNER NO. 2 - FUSELAGE

CHAN

———

T/C
TYPE

LOCATION

ITEM
CODE

200

CR-AL

201

CR-AL

202

CR-AL

293

CR-AL

204

1~-CN

Drive Shaft

Hanger Bearing

Cvrsn Spdl, RH

T35l

205

1-CN

Drive Shatft

Hanger Bearing

Outbeard, RH

T351

206

~1-CN

Drive Shaft

Hanger Bearing

Inboard, RH

T351

207

1-CN

Drive Shaft

Hanger Bearing

Cvrsn Spdl, LH

T351

208

1-CN

Drive Shaft

Hanger Bearing

Outboard, LH

T351 |

209

1-CN

Drive Shatt

Hanger Bearing

Inboard, LH

210

1=CN

Outside Air

211

1-CN

212

1-CN

213

1-CN

214

1-CN

Center Gearbox

215

1-CN

216

-CN

217

1-CN

218

1-CN

219

1-CN

<20

1-CN

221

1-CN

222

~CN

223

1-CN

224

1-CN

225

1-CN

226

1-CN

¥y

[ 224

1-CN

| 1-CN

229

1-CN

Use or disclosure of 6312 on this page 15 |
SuUDNCt 10 the restriction on the Utie pige i
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TABLE 9-VI (CONCLUDED) .

Xv-15 (MODEL 301) THERMOCOUPLE SETUP SHEET

ENGR. SHIP NO. DATE
TECH. FLT NO. G/R NO.
TEST PURPOSE EWA DLN

TEMPERATURE SCANNER NO. 3 - RIGHT PYLON
T/C ITEM

CHAN | TYPE LOCA™ION CODE
300 | CR-AL | Right Engine, T-7 Harness T531
301 | CR=AL [ Right Englne, "Exhaust Diffuser To531
302 | CR~AL | Right Ei Engine, Axial Compressor T531
303 | CR-AL | Right Engine, Centrifugal Compressor T531
304 | 1-CN Right Engine, Compressor Diffuser 7506
305 | 1-CN Right Engine, Ignition Unit T506
306 | 1-CN | Right Engine, Igniter Solenoid Valve T506
307 [ 1-CN

308 | 1-CN ‘
309 1-CN Right Engine Inlet Housing T506
310 | 1-CN | Right Engine Accessory Housing 56 |
311 | 1-CN__ | Right Engine Oil Cooler Inlet 5]
312 [ 1-CN | Right Engine “Fuel Control Je
313 | I-CN_|Right Engine No. 2 Bearing Oil Scavenge T506 |
314 | 1-CN Right Engine Airbleed Control T506
315 | I-CN__| Right Engine Thermocouple Harness T

316 | 1-CN | Hub Spring Bearing T

317 | I-CN__| Right Engine N] Tach Generator T

318 I?g§f Right Engine Ambient T506
319 | 1-CN

320 | 1-CN _

321 | 1-CN Right Transmission Case - Inlet T506
3221 1-CN

323 1 1-CN | Right Transmission Case - Ambient T

324 | I-CN —

325 ] 1-CN Right Transmission Case - Oil Inlet T506
326 | 1-CN | Right Transmission Case - Oil Outlet T506
327 | 1-CN__| Right Transmission Case - Conversion Axis T506
328 [ 1-CN Right Transmission Case - Swivel T506
329 [ 1-CN

Use or disciosure of 0ata on this page 1§
$ubMct 10 Ihe restriction on the tille page 9-3
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TABLE 9-VII.

XV- 5 (MODEL 30l1) SCANNIVALVE SETUP SHEET
LEFT ENGINE INLET

PORT ITEM
NO LC- \TION CODE
1 Left Engine Bellmouth, 0-Deg, Pos 1 P512

2 Left Engine Bellmouth, 0-Deg, Pos 2 P512

3 Left Engine Bellmouth, 0-Deg, Pos 3 P51l2

4 Left Engine Bellmouth, 0-Deg, Pos 4 P512

5 Left Engine Bellmcuth, 40-Deg, Pos 5 P512

6 Left Engine Bellmouth, 40-Deg, Pos 6 P512

7 Left Engine Bellmouth, 40-Deg, Pos 7 P512

8 Left Engine Bellmouth, 40-Deg, Pos 8 P512

9 Left Engine Bellmouth, 80-Deg, Pos 9 P512
10 Left Engine Bellmouth, 80-Deg, Pos 10 P512
11 Left Engine Bellmouth, 80-Deg, Pos 1l P512

12 Left Engine Bellmouth, 80-Deg, Pos 12 P512 |

13 Left Engine Bellmouth, 120-Deg, Pos 13 P512
14 Left Engine Bellmouth, 120-Deg, Pos 14 P512
15 Left Engine Bellmouth, 120-Deg, Pos 15 P512
16 Left Engine Bellmouth, 120-Deg, Pos i6 P512
17 Left Engine Bellmoutn, 160-Deg, Pos 17 | P512_
18 Left Engine Bellmouth, 160-Deg, Fos 18 P512
19 Left Engine Bellmouth, 160-~Deg, Pos 19 P512
_20 Left Engine Bellmouth, 160-Deg, Pos 20 P512
21 Left Engine Bellmouth, 200-Deg, Pos 21 P512
22 Left Engine Bellmouth, 200-Deg, Pos 22 P512
23 Left Engine Bellmouth, 200-Deg, Pos 23 P512
I 24 Left Engine Bellmouth, 200-Deg, Pos 24 P512

9-34
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TAB

XV-15 (MODEL 301) SCANNIVALVE SETUP SHEET

LEFT ENGINE INLET
PORT ITEM
NO. LOCATICN CODE
25 Left Engine Bellmouth, 240-Deg, Pos 25 P512
26 Left Engine Bellmouth, 240-Deg, Pos 26 P512
27 Left Engine Bellmouth, 240-Deg, Pos 27 P512
28 Left Engine Bellmouth, 240-Deg, Pos 28 P512
29 Left Engine Bellmouth, 280-Deg, Pos 29 P512
30 Left Engine Bellmouth, 280-Deg, Pos 30 P512
1 31 Left Engine Bellmouth, 280-Deg, Pos 31 P512
P32 Left Engine Bellmouth, 280-Deg, Pos 32 P512
33 Left Engine Bellmouth, 320-Deg, Pos 33 P512 |
34 Left £ngine Bellmouth, 320-Deg, Pos 24 P512
35 Left Enginz Bellmouth, 320-Deg, Pos 35 P512
36 Left Engine Bellmouth, 320-Dag, Pos 36 P512
37 Left Engine Bellmouth, Static P512
38 Tailpipe, 45-Deg P512
39 Tallpipe, 135-Deg P512
40 Tailpipe, 225-Deg P512
41 Tailpipe, 315-Deg P512
42 Engine Compartment, Rt Outboard P512
43 Engine Compartmert, Rt Inboard P312
44 Engine Compartment, Lt Outboard P512
45 Engine Compartment, Lt Inbcard P512
46 Engine Compartment, Static PS12
47
48
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TABLE 9-VIII. XV-15 PREFLIGHT CHECKLIST.

STEP
NO. PROCEDURE CHECK
1. Turn on system power. Master power switch on ()
pilot's info panel. (Allow 15 minutes warmup
before beginning preflight.)
2. Hook up flight line tester to RMDU-1. ()
3. Have shop connect hydraulic boost cart and turn ()

on.

4. Install null fixtures:

a. S50% rudder pedal ()
b. 50% F/A and lateral stick ()
¢c. 0% - full down power lever ()
d. 0% on throttle (not flight idle) ()
e. 09 on flap control ()
f. 950 pylon conversioa (helicopter mode). ()
g. Governor wheel as low as it can be turned ()

without moving the power lever.

5. Turn off hydraulic boost (DO NOT REMOVE). ()

6. Put following in reference position:

a. Oleo extension and actuator potentiometers ()
fully retracted (nose, LHLG and RMLG).

b. 0° clamps on YAPS head (angle of attack and ()
angle of sideslip).

c. Turn OAT and altitude reference switch (on ()
prograr: board) to reference.

d. Pull torque system circuit breaker (eng. ()
torque sig. cond.) located on panel to left
of cockpit doorway. LEAVE CROSS SHAFT SIGNAL
CONDITIONER ON.

e. Pull €fuel guantity circuit breaxer (fuel gty.) ()
on overhead panel for Rt and Lt fuel quantity
(tank) zeros.

Use Or @isciosure of GI2 ON Mis page 1§
SUDNCE 16 the restrachon on the htie pige 9-36
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STEP

NO.

*9,

11.

12.
13.

14.
15.
16.
17.

18.

TABLE 9-VIII. (CONTINUED)

PROCEDURE

f. Check to insure that both of the ships
inverters are on.
*NOTE: Ship's inverters must be on for
Rt and Lt pylon conversions position zeros.

Check scannivalve to insure it steps in the auto
mode. Start prime data and listen to the unit
as it steps through one complete cycle. Open
active network panel and turn temperature and

scannivalve reference switch to reference (switch

located between cards 16 and 17). Dial in
Channel 329 on temperature readout in copilot's
panel.

By using scanner switch on copilot panel, step
through all thermocouples to insure all are

operating. Good channels should read room tempera-
ture (assuming ship has no. been running), bad or
open channels should read rardomly changing number.

Using the flight line tester, dial through all

channels and check all zeros against preset zeros.

Fix or flag any problems

Turn on R-Cals and check values against pre R-Cal

values. Fix or flag any problems.

*2A program to let the computer do these functions
by use of the telemetry link 1is being completed.

Hook up RMDU-2 to the flight line tester and
repeat steps 9 and 10.

Set correct record number at pilot's info panel.

Turn on time code generator and check to see if
it is functioning properly.

Set correct time in time code generator.

Load tape on tape deck.

Run 30 second leader and turn off tape deck.
Call Ground Data Center for telemetry preflight.

Turn on telemetry transmitter.

Use or Sscienure Of $3td ONn s Dige 3
Ut B ne restrction on e hitie Mge

CHECK

()



S

CRIGINAL PAGE 1S

OF POCR QUALITY 301-099-022C
Bot Helicopter [T 8 August 1980
TABLE 9-VIII. (CONTINUED)
STEP
NO. PROCEDURE CHECK
*19. When requested press R-Cal switch, wait two ()
seconds, release R-Cal switch, wait two seconds,
press R~Cal switch, wait two seconds, then
release R-Cal switch.

*20. Ground Data Center checks zeros. ()
*21. Ground Data Center checks R-Cals. ()
*When the before-mentioned computer program is

used, Step 19 is performed, but while the system
is in Prime Data, Steps 19, 20 and 21 are
repeated (while in Prime Data) with RMDU-A
connected to the telemetry transmitter. Switch
to put RMDU-A on TM is located on auxiliary
instrumentation pallet.
22. Turn on tape deck (at the same time Ground Data ()
Center turns on the telemetry tape deck).
23. Press prime data switch and run 10 second ()
reference record; press prime data switch sec-~d
time to get system out of prime data.
24, Press prime data switch and run R-Cal record ()
(repeat Step 19) (2~2 second R-Cals). Press prime
data switch second time to get out of prime data.
25. Tirn off tape deck. ()
26. Remove null fixtures. ()
27. Turn on hydraulic boost. ()
28. Turn on tape deck. ()
9. Run full throw record (for onboard tape and { )
telemetry tape).
30. Turn off tape deck. ()
31. Turn off telemetry transmitter. ()
32. Check visual indication (full throws). AR
33. Disconnect flight line tester. ()

Use or gisciosure ! Gt on s page 13
SuDMCY 10 the resiricion on the tille page 9-38
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TABLE 9-VIII. (CONCLUDED)

STEP

NO. PROCEDURE

34. Turn off system power.

35. Put the following in data position:

a. 90° pylon conversion

b. Connect oleo extensicn string position
cables (nose, LMLG and RMLG).

c. Remove 0° clamps from YAPS head.

d. Turn OAT and altitude reference switch to
data.

e. Open active network panel and turn tempera-
ture and scannivalve reference switch to
data.

f. Push in engine torque signal conditioner
circuit breaker.

g. Push in fuel quantity (tank) circuit
breaker.

h. Turn off both ships inverters.

36. Disconnect hydraulic boost cart.
37. Sign off preflight item in ship's workbook and

instrumentation preflight sheet.

Use Or disciosure of 6ata On s page s
subect fo the restrichon on the hitte page

CHECK

9-39



PR SRR ¥ e e e e A e g

Sell Helicopter LZILTL] 301-099-022C
8 August 1980

e IS0 Ay e 2 At P Pes DAL S il P I The ratrctinr e the Yile 5300

SECTION 10. MAINTENANCE

This section covers special tools and test equipment, alignment
and calibration instruction, scheduled inspections, testing and
troubleshooting, and recommended spare parts required to maintain
the XV-15 research instrumentation system.

10.1 Ground Support Equipment. Common and peculiar test eguip-~
ment and special tools required to perform flight line mainte-
nance, testing and troubleshooting, inspections and preflight
checks are listed in Table 10-I.

10.2 Flight Line Testing. The Model AIFTDS-4000 flight line
tester (Figure 10-1) 1s a piece of special ground suppo:t equip-
ment used to check out and troubleshoot the research instrumenta-
tion system. It is a portable test set, designed to operate in
conjunction with a remote multiplexer/demultiplexer unit (RMDU)
configured with a s*“and-alone timing card (SAT-*). The flight
line tester will operate at any frame rate, word length and bit
rate provided from the RMDU. It acts as a combined bit and frame
synchronizer capable of receiving and decoding the IRIG Serial
PCM data stream from the RMDU and displaying any single channel
of data manually selected from the PCM format. As a plug-in op-
tion to the basic unit, the flight line tester can verify opera-
tion of the Sperry 1819A computer (or any other computer) inter-
face card installed in the RMDU.

The flight line tester contains a power supply assembly which can
be operated from 115 Vac, 400 Hz power.

10.2.1 Input Signals. Signal inputs to the flight line tester
from the RMDU PCM output connector are transmitter output, tape
recorder output, PCM-frame sync pulse and PCM clock. The signal
input lines are differential and conform electrically to the out-
put characteristics of the SAT-M line drivers, which are capable
of driving a 250~-foot twisted pair shielded cable.

10.2.2 Controls and Displays. Controls are defined as below:

a. Data point selection ccntrol: Locates
(1) Subframe number, and
(2) Wwerd number

b. Display rate sample control: Controls
(1) Continuous display, or
(2) One cf 8 detented sample rates

c. Port selector: Selects signal from

(1) Transmitter port, or
(2) Tape recorder port

10-1
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d. Decoder selector: Selects from one of
(1) NRZ-L
(2) NRZ2-M
(3) Bi-phase-L
(4) Bi-phase-M
(5) Miller

e. Display control
(1) BHold
(2) Reset
(3) Lamp test

f. Test/monitor mode control: Selects

(1) Test, or
(2) Simultaneous monitoring

Gain display
Data value display
i. Discrete data display

j. Buffered output (BNC)
(1) Transmitted input
(2) Tape recorder input
(3) Bit clock
(4) Frame sync pulse
(5) Analog output

10.2.3 Operation. The selection of one data word from the PCM
format display on the test is achieved by setting two groups of
quick action lever type thumbwheel switches requiring only 90
degrees rotation to cover all ten (10) numbers. The two groups
of switches control selection of the data cycle subframe and the
individual data word of that subframe. The data word from the
PCM format is trapped, decoded and displayed on the numberical
indicators along with the gain tag bit. The data word is also
displayed in binary form on the 12-bit indicator lamps. One
switch controls data selection between the RF transmitter line
and the tape recorder line from the SAT-M so that both outputs
may be verified. A display sample rate control switch controls
the display update rate. The test set can provide continuous
updates of the displayed data or controlled samples per second
updates so that bit jitter or noise can be measured. There are 8
different sample rates available. Since PCM word rate is a
variable, the user may also select a suitable display sample rate
for the program.

10.2.3.1 Verifier Option. The mode selector toggle  switch
selects whether the data being displayed is standard analog/
discrete data or computer 1/0 verification. In the SC I1/0 posi-
tion the verify/fail indicators tell whether the sampled computer

10-2
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words are valid or invalid. If a data transmission failure oc-
curs, the fail light illuminates and stays illuminated until man-
ually reset, and the actual data value is displayed on the numer-
ical data indicators and the 1l2-bit indicator lamps.

10.2.3.2 Personal Card. The following program variable must be
understood by the flight line tester. The task is achieved by
inserting cf a hard-wire personal card into the system.

word size

Subframe ID word location
Customized word re-structure

2's complement or offset binary code

10.2.3.3 Power Controls. The flight line tester operates from
115 Vac, 400 Hz, 1@ power. The power control switches are push
button switches with integral power on indicator lamps. Power
for the test set is less than 50 watts.

10.2.3.4 Mechanical Configquration. The fliglt line tester 1is
assembled 1n a lightweight case. The tester case dimensions are:
width, S5.75 inches; depth, 6.5 inches; and height, 9 inches.

Parallel signal connectors are provided on the rear side so that
the L-band transmitter anc digital recorder can be connected to
the test set and operated simultaneously to achieve real time
dynamic test of the complete RMDU as well as an individual chan-
nel data readout. Four buffered test points are available for
scope display of each of the four signal lines from the RMDU out-
put.

10.3 Scheduled Maintenance Inspections. This section ccntains
the requirements for preflight, 25-hour, 50-hour, special inspec-
tions, and confitional inspections. The inspection intervals
designated herein are the maximum allowable and should not be
exceeded. wWhere unusual environmental exposure, utilization
rates, or operational modes dictate a higher level of mainte-
nance, it is the responsibility of the operator to increase the
scope and frequency of inspections as necessary to ensure effi-
cient operation of the instrumentation and data acquisition sys-
tem.

10.3.1 Preflight Checks. Preflight checkout procedures for the
XV-15 research instrumentation system are given in Table 9-VIII.

10.3.2 2S5-Hour Inspection. Prior to inspection, remove or open
as necessary cowling, fairing inspection doors, and plates.

Instrumentation - right pylon

a. Visually inspect slip ring mounting bracket for condi-
tion and security.

10-3
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4.

Visually inspect engine oil cooler outlet thermocouple
for security and leakage.

Visually inspect engine o0il pressure transducer <for
condition, security and leakage.

Visually inspect engine fuel line thermocouple for con-
dition, security and leakage.

Instrumentation - left pylon

a.

10.3.3

Visually inspect slip ring mounting bracket for condi-
tion and security.

Visually inspect engine oil cooler outlet thermocouple
for security and leakage.

Visually inspect engine o1l pressure transducer for
condition, security and leakage.

Inspect bellmouth temperature thermocouples (induction
system) for security and condition.

Inspect bellmouth pressure probes (induction system)
for security and condition.

S0-Hour Inspection. Prior to inspection, remove Or open

as necessary cowling, fairing, inspection doors and plates.

Instrumentation slip ring

a.

Inspect and clean left proprotor instrumentation slip
ring as follows:

(1) Remove slip ring package from top of collective
head. Refer to Wendon drawings W84-101 and W84-
103.

(2) Inspect slip rng for obvious damage or excessive
wear. Clean slip ring and inspect brushes for
wear. Replace brushes if reguired.

(3) Check slip ring brushes for proper contact and
uniform spring tension.

(4) Reassemble slip ring and install above rotor on
top of collective head.

Inspect and clean right proprotor instrumentation slip
ring as follows:

10-4
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(1) Remove slip ring package from top of collective
head. Refer to Wendon drawings W84-101 and w84-
103 (Volume 1V).

(2) 1Inspect slip ring for obvious damage or excessive
wear. Clean slip ring and inspect brushes for
wear. Replace brushes if required.

(3) Check slip ring brushes for proper contact and
uniform spring tension.

(4) Reassemble slip ring and install above rotor on
top of collective head.

c. Cable potentiometers

(1) Remove covers of cable potentiometers and clean
the cable and interior of the unit.

(2) Apply one drop of instrument oil (for wide temper-
ature range) to the negator spring bearings.
(Note: If used in a dQusty atmosphere, frequency
of cleaning should be increased.)

10.4 Calibration Procedures. Calibration and adjustment of
transducers and signal conditioners are in accordance with Sec-
tion 7. Calibration instructions are specified in the manufac-
turer's technical data (see Volume 1V),

10.5 Testing and Troubleshooting. Testing of the research in-
strumentation to validate individual measurement channels shall
be in accordance with the procedures of Section 9. Troubleshoot-
ing, repair, and overhaul of instrumentation eqguipment shall be
in accordance with the manufacturer's recommendation (see Volume
IV for contractor furnished equipment).

10.6 Recommended Spare Parts. Recommended spare parts required
to support the research instrumentation system through 200 hours
of flight research testing are given in Table 190-II.

10-5
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TITLE STRAIN GAGING OF STRUCTURAL PARTS = | proyar-i Iy otbd obiiics 2.77

LA

WORKSHEETS AND DOCUMENTATION Cheche T tv: FFoeds vluge 70
Approved Lyt €0 Datesl N
GENERAL: The Instrumentation Laboratory has responsibility

REFERENCE: Engineering Laboratori¢ s Grcup Function 80-13-004,
Instrumentation Laboratories Strain Gaging of Structural
Parts.

PROCEDURE:

1.0 DESCRIPTION - The strain gage lab vork sheet is designed to

2.0

[¥2)
.
o

4.0

for all strain gage laboratory worksheets. Thes:
sheets include most of the information necessary for
gaging test parts, and become a permanent record for

future reference.

contain mos: of the information necessary to determine where
gages shculd be applied to a structural part. A sketch of the
structural part shows gage lccations and needed reference points
for measuring these locations. Spaces are alsc provided to
record strain gage information such as type, resistance, factor
ané lot number. Other spaces are provided for date, bridge
balance, resistance to grcund, technicians name, and current
work order, EWA and DLN

COORDINATION WITH REQUESTOR - Before a lab worksheet can be
started, varicus information must be acquired. This includes

(a) correct EWA, (b) priority, schedule, (c) special requirements
and any cther information necessary to perform the task.

GAGE SELECTION AND PLACEMENT - Specific information is needed
from the Structures Group on what ty- of gage installation

is necessary and at what places they snould be applied. The
normal installation at BHT is usually one of the following

(a) bending, (b) torsion, (c) axial, (d) rosette, or (e) a
single active arm uniaxial gage, most often referred to as a
stress gage. Four active arm bridges, measuring either bending,
torsion or axial loads are the ones most commonly selected.
These bridges are mor: stable during changes of temperature and
with an accurate calibration provicds very reliable data. When
the necessary information has been received, a work sheet can then
be started.

DRAWING OF WORKSHEET - Form No. 7872 55420 is used for the actual
drawing. These drawings are not as critical as blueprints anc
are intended to be a guide for the strain gage technician. an
original is made with pencil and Xerox copies are distvibuted

as follows. One copy goes to the technician doirg the work. .
After the yage work is complete, this copy is returned to the
technician supervisor. Information is transferred from this
copy and will be retained as the file copy. Two copies go the
the Instcumentation Test Operations Group, one to the Mechanical
Lab Calibration Engineer and cne to the Instrumentation Cali-
bration Technician. This is done if the part is for flight
test. If the part is for fatij.e test, the two normally going

7352
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to Flight Test are not used. This distribution is the normal
route and is sufficient for most parts.

ASSIGNMENT OF PROJECT - The assignment of parts to be gaged is
usually done by the Technician Supervisor. Assignments are made
after considering the workload, Technician abilities, time element
and any other factors that may affect the job. Strain gaging,
particulariy the smaller parts, requires very special handling.

In this respect, assignments are made accordingly.

CHECK AND FILE WORK SHEET - upon completion of gaging, the work-
sheet must be finished. The technician completes all information
as shown in paragraph 1.0, then gives it to *"=2 Technician
Supervisor who files the original and distributes the rest as
ncted in paragraph 4.0. Filing is done by lab numbers for

future reference.

ORIGINAL PAGE IS
OF POOR QUALITY

RF-3




I

| w3 EL R

—— e o e ——t et — it S S e ———r e S—
e e e e ot e e e . T s — —  — —

INSTRUMENTATION LABORATORY WORK SHE T_» »

No.13-0P-0401

e st it W DO B o,

GAGT TveE ,L.—~ — T SHEET MO
, 20L& em FA AL 22N IFA-e€-tS3Tk-350 6 9/25¥ _
J] Ewa 22 HESISTANCT ‘ LAD WD
ZG7A2 3 13/ 3Z0n- 3 S~ — [4437A
‘NC"’ QRoe GAGF FaTTOA JART 4O
! ¥eo/s” N-AZSLL Iy | £.57 T 8.5 206-0¥0-5C5-/
| REQUESTED 3v LCT HO SERIAL HO
&/ . CRESRP | 20y = 0.£2 |R-AZ1AD 164 VT F~-/_
TITLE OF 1£57
e _ DL 206 _ LA FElCHT TELT o
XKETL .-
SKETLH- /,7,,_/,;_0:
J _Z______-
A "ol -
————— 1 143 e s ———
{ 23'21)8,'01 RHIRE 17
nn .
| L
“=N !
v Rco 0Lo ORIGINAL PAGE IS
e e, T OF POCR QUALITY
N |
e § + &F.;/._\
Ber~pD orrl To £ ”
SPiLINE - { —_— O
(34 éLo ! 8LD.
A-A masT
SLUVE Oc0D.
REWMAIIXS
IVS7RLL.  BENDING AnvD TomRSro~s BRIDGES NS Sevocrrs. oSE
BR-G00 CEMENT. APPLY FLAT 7ERMIF/ALS 27 APPeoX
E7A. /SO RND /0 Covir cewirrsr 3069, RPOLY Farwi STz, FEs
7o MAZT OF L0coRS smDicaTED A7 STA /36 ; x o5
FAR A PERP pran. PERP PARA Pere B
—_— e RpJoivE CIN/’Gﬂﬁ_TREP/l"!E.~Iﬂd/6Ld RED SOl pen fGan :
| D27 7.00 |Emi 28 or) pyasbo- 03 |grp s6.0 AR S0 05 lpenseiee | iToR< 4
] B
Noacauce (mo/ )| 12 |-0.94 {00z |insc (-0.26 (1020 ot
Q€S YO GRZunD soN l rox ‘ Py 4 SO Ve s ro e { P
YTy D R e A R A LT C IR
/-Z,\"7 re ’ i R et
OATE CoveLs feo ENGINCER ACT nRS
P23 7 RF-4




-

No.13-0pP-0401

____ INSTRUMENTATION LABORATORY WORK SHEET
STEL 8O GAGE Tvmt SHEET MO -
NI . RESISTANCE LaB WO Tt T T T/
Ta. Az3Ea GAGE FACTOR PART NO T

EEREEREEEY LOT NO SERIAL NO T
= —— =

ORIGINAL PAGE IS
OF POOR QUALITY

A8

(DA) (c 5)

TErzrar /:ammu cSresd

-

A8 N
« . (0A)

8¢ (\ (co)

TorSron

- —— v— — 4

......

i

ALY

I e —

BEN DinNG

S : 2

L]

OA

SINGLE AR CTIVE

Al

i 2Ewasss
1; STRESS.
i
§ L]
a FATIGUE
~ . o ‘* | -
w) y - —_—
» “ = ~—=A
l >} } 18 _ ’ ;1[1
A ) lg
NS
- - i
' C ) ) LA \\\‘
"’I. '\"E‘
—_ -( ,—‘ Supel "v\'x\"‘
_ Ftey --C
- O
—_— nd - —
..... ™ ! |
W 8% 5%E L i
32 _autE i
b= - .
e I e S T mo—emoe o= MmeemmTe e — o lpe——= e e
SATE 238 3uED TECHNICIAN E5T was apE]m 2
Tate soveLETE0 ENGINEES azT mRs |
| Re-

~&



Reference 2 B
No. 80-13-001%

Ben Helicopter (AL ENGINLERING LABORATORIES Rev
OU'P FUNCTION ’
| GROI'P FUNCTIONS Dot e2-16-77
TITLE  INSTRUMENTATION LABORATOR. - Preparce byi!‘; U Datel /(77
STRAIN GAGING OF STRUCTURAL PARTS | Checked by:- . Date. =
Approved bLv: - ... o' Dates ;-:7

GENERAL: The Instrumentation Laboratory applies strain gages
to structural parts for flight tests, fatigue tests,
R&D Lab and other tests.

REFERENCES: None
FUNCTIONS:

1. worksheets and Documentation - Group 13 coordinates with Project,
Deslgn, and Laboratory personnel to determine the location and
guantity of strain gages to be applied. A laboratecry wcrksheet
is then prepared to describe and document all pertinent facts
regarding the installation procedure to be used by the strain
gage technician.

2. train Gage Application - With the wcrksheet as a guide, the
strain gage technician follows established laboratory procedures
and practices to accomplish the strain gage application.

3. Quality Control - Each strain gaged part is thoroughly inspected
by Group 13 supervisory personnel prior to and after calibration.
Each part must meet established performance standards for bridge
balance, resistance to ground, linearity, cross talk, etc.

ORIGINAL PAGE 15
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Sell Nelicopter (3911} ENGINEFRING LABORATORIES

No.13-0P-0402
Rev,

GRCTP FUNCTIONS
Dated4-25-77

TITLE INSTRUMENTATION LAB - STRAIN GAGING | Prepared bxiﬁ’{;’dawébateﬁ// 21

OF STRUCTURAL PARTS - STRAIN GAGE Checked by: } £ O.o.Dates s/ 22
APPLICATION Approved by: f £ CadDates /7 27
GEUERAL: Application of all strain gages at BHT is the res-

REFERENCES: Encineering Lab Group Function 80-13-004, Instrumen-

FUNLICTION:

1.

ponsibility of the Instrumentation Lab, Group 13.

tation Lab Strain Gaging of Structural Parts.

ASSIGKMENT AND DISCUSSION OF PROJECT - The Instrumentation Lab
Technician Supervisor has responsibility for assigning strzin gage
;0bs to individual technicians. Some of the things considered
are scope of job, technician capabilities, location and time
necessary for completion. At the time of assignment, some gques-
tions about the project that may come up are discussed. These
guestions may be concerned with special instructions nct covered
vn the work sheet or something nct considered as general practice.
Most items gaged are general in application and very little dis-
cussion 1is necessary.

DIMENSIONAL LAYOUT OF PART FOR GAGING - Most dimensions for strain
gaged parts are shown on the lab work sheet. 1If not, verbal in-
structions are necessary. Dimensional tolerances are usually given
in hundredths so as to place the gage very close to the desired

area as wanted by the requesting group. 3 close tolerance installa-
tion 1s a very necessary part of the fina. outcome of a test.

CLEANING OF PART - Cleaning of parts for sirain gaging has one

main function - to get down to the basic material that is to be
gaged. Paint, plating, or other covering must be removed in order
to expose the basic material. 1If a part is painted, either
sanding or paint stripper is used. Diluted ammonium hitrate is
used for stripping cad plate. In addition to removing paint, etc.,
from parts, a good bonding surface is necessary. This can be
achieved by vapor blasting, sand blasting, sanding, grinding, or
some surfaces, just cleaning. Vapor blasting is the preferred
method to prepare the surface. Steel parts must also have metal
conditioner applied to prevent rust from forming. When the surface
is properly prepared the next step is cleaning. Cn steel, aluminum
and fiberglass, ammonia cleaning detergent is used to remove oil.
This ic followed by several applications of acetone. A cotton

swab will show no trace of dirt when completely clean. All
titanium parts must be heated to approximately 50°F ahove the
M-bond adhesive curing temperature, wiping with acetone and re-
peated three times. This drives the o0il cut of the pores of the
metal. After this treatment, titanium can be cleaned in the normal
manner. A clean area is absolutely necessary for bonding ¢f gages.

APPLICATION OF GAGES - Gages can be applied in several!l ways, however
two preferred methods are used at BHT. The first and best methed is
using M-Bond 600. This is a heat and pressure curing method which

7852 59447
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ENGINEERING LABORATORIES
GROVT FENCTTIONS

gives excellent stability and long life. Complete instructions
are given in the lab notebook IL-B-001A (copy attached). The
second, less desirable method, is with Eastman 910. This is a
cyancacrylate contact bonding agent. The time involved for in-
stallation is less but so is the expected life of the adhesive.
This type of installation is used mostly on items that cannot be
readily heated, off-site installations, tail booms, fuselages
and short term tests. About one year is the expected life of

a 910 installation. Some special techniques have been developed
by several technicians for using 910 but in general, following
instructions given in micro-measurement instruction bulletin
B-127 (copy attached) is sufficient. The main difference between
this instruction and actual use in the Instrumentation Lab is
substituting 3M 5490 teflon tape in place of cellophane tape.

CURING OF ADHESIVES - As 910 is a contact adhesive only M-Bond
€00 will be discussed. For proper curing, M-Bond 600 requires

a clamping pressure of 10 to 70 psi with 30 to 40 psi as the
crptimum. Several curing cycles, dependent on temperature, can
be used. They are five hours at 150°F, two hours at 180°F,

and one hour at 225°F with eight hours at 125°F used on occasion,
Either one of these cycles can be used for a good long lasting
cure.

WIRING OF BRIDGES - Wiring of bridges for flight test is done

in a conventional manner using single strand, color coded, teflon
insulated wire. The four gages of a bridge are labeled: AB -

BC - CD - DA. An accompanying drawing shows the varicus methods
of bridge layout for bending, torsion, axial, and single active
arm stress. Fatigue test requires a different approach due to

the higher loads encountered. Gages are wired to a flat terminal
using a small loop of wire to relieve high strains. This 1is
referred to as a "Kitty Whisker"™. Using this method in conjunction
with multistranded superflex wire has resulted in very good fatigue
life.

CHECKOUT OF BRIDGES - Checkout of bridges is covered in Procedure
13-0P-0403, Strain Gaging of Structural Parts, Quality Control.

COVERING OF INSTALLATION - As protection is needed to keep the
strain gages in good operating condition, a covering is used over
all gages for most tests except fatigue tests. The covering used
is Hysol 9309 Epoxy. This covering also provides a small degree
of mechanical protection, and is clear enough so that visual
observation of the gages can be maintained.

COMPLETION OF WORK SHEET - All work sheets are completely filled
out with necessary information and kept in a file in the Instrumen-
tation Lab. This is covered in Procedure 13-GP-931, Strain Gaging
of Structural Parts, Worksheets and Documentation.
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STRAIN GAGE APPLICATIONS WITH
M-BOND 600 ADHES[VES

I. IVIRODUCTION

Micro-Measurement M-Bond 600 Adhesive is a high performance
epoxy resin formulatced specifically for bonding strain gages,
temperature scnsor gages, and $/N® Faotigue Life Gapes. Vhen
properly curcd, it.is uscful from -452°F to over 700°F for
short-tcerm tests. In common with most other wmaterials., life
is limited by oxidation and sublimation effccts at clevated
temperaturcs.

I1. MIXING INSTRUCTIONS

1. Resin and curing agent bottles must be at room
tempcrature before opening.

2. Using the dispnsable plastic funnel, pour the
curing agent Part B into the resiu bottle con-
taining Part A. Drain curing ageunt until it
takes two (2) seconds for a drop to form on lip
of Part B bottle,

3. After replacing the brush-cap, shake the bottle
vigorously for 10 seconds to mix.

4. The freshly-mixed adhesive should be allowed to
stand for at least 10 minutes before use.

5. VWrite the mixing date in the space provided alter
the bottles have been mixed. The mixed shelf life
is approximately two weeks. However, when adhesive
begins to thicken, it should be discarded.

111, SURFACLC PREPARATION

1. Using ink pen or pencil, mark off gape location
areas per instructions on lab work shect.

2. Remove all foreign matter (paint, oxide, scale,
etc,) from surface in gage crea, using either
one or a combination of the folloving: paint-. -
stripper (L lchem 223G-A), abrasive vheceln
turncd by air motors, fiberglass brushes or
100 grit sandpaper. On blades, e'c., lead-in
wires can be reuted on top of priwer., Codmium

e FS TR ee—mre e 3 ATTTv— L ] - L
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REVISION A (3-2u4-72)

plating must be removed from steel parts, in
gage and wire routing areas, by use of cad
stripper (Ammonium Nitrate 5073 - Water 50%).
Use acclone Lo neutralize cad stripper or
water Lo necutralize paint stripper.

Have specimen degrcased or degrease in lab with
solvenLts. To degreasc titanium parts, heat to

a temperature of 50YF above the curing tempera-
ture that will be uscd aud clean with acelone.
Repeat this step three (3) times before applying
gages to Litanium parts.

Sand or vapor blast gage areas vhen possible or
abrade the surface with metal conditioner (Rudd
No. 1) and clean with ammonia fellowed by acetone.

Using ink pen, mark gage locaticn points per lab
work shect.

GAGE PREPARATION

l.

All currently available micro-measurcments gages,
except the li-backed series, do not require a pre-
clecaning before application unless contaminated
during handling, which we assumc always happens.
The gages may be clcancd on the bonding side by
using a cotton applicator moistencd with acetonc,

Remnove gage from acetate envelope with tweczers
and place on a chemically clean glass or metal
plate or the gage box with the bonding side of
the gage down,

Press a strip, approx. 2 or 3 imches long, of
Scotch Brand Teflon Film Plastic Tape No. 549
across gage, cither lengthwisc or widtbhwise,
depending on available space for placing gage
on specimen. Using a metal straight edge and
X-Acto Irife, trim tape width Lo approx. width
or lenglh of gage matrix. .

GAGE INSTALIATION

1.

Pogilion page on specimen so that gare alignment
marks match gage location ink limes on sperimdn
surflace.

e+
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GE 1S
OR‘G‘“AL gAlAUTY Using Scotch Brand No. 349 tape, wusk off
OF POOR t} rich side of gage and across one end of gage

holding tape. (approx. U.l inch from gage)

[
-

3. Using a pair of tucezers, peel gavc/Lape
asscmbly bhack Lrom surface and [inish
masking gage areca., Remove lnk lines with
ammoniatcd cotton tipped applicator.

4. Reclean specimen and gage with cotton apnli-
cators moistened in acetone,

5. Coat specimen and back of pgages with adhesive,
and allow surfaces to air dry at lcast 2 minutes
at 75'F and 50% relative huaidity to allow
solvents to evaporate. Longer drying times
required at lower tcmporatures and h15hnf rela-
tive huwmidity. DO NOT ALLOV ADHESIVE APPLICATOR
TO TOUCIl TAPE MASTIC.

6. Re-position gage on surface of specimen.

7. Plece a piece of Teflon film tape crosswise over
installation,

8. Place silicone rubber pad and back-up plate over
installation,

9. Spring-clamp or C-clamp installation. Once
clamps are applicd, DO ROT RELEASE CLANI'ING
FRESSURE UMTIL N‘llRaIVl CUR ['. 18 COulPLELE,
Clamping pressurc: 10 to 70 psi, 30 to 40
psi optimmm, Scteps S5 through 9 should be
completed within 20-30 minutes.

Vi1, CURE PROCEDURE

1. Place specimen in oven, and raisc temperature,
per instructions on lab work sheet, to curing
level. 7Time aud cure temperaturc recommend.:-
tions are as fellows: 5 heurs at 130YF, 2 hours
at 180'F, 1 hour at 225°F, ’

2. Upon completion of cure cycle, cool spccimeq to
a temperature of approx. 100 F before remeving -

TEYY TTele

clomping hardwarc., Teg to ideatify hot part to
prevent accidental burns to bdersons in the area.
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REVISION A (3-2u-72)

VII., FINAL INSTALLATION PROCEDURE

L. Very carclully remove the tape from and around
gages,

N
°

Reclean gape and survounding area with cotton
applicators moistenced in acectone.

3. Using ink pen, identify all gages per work
sheel .
4. Sclect appropriate solder and attach lead-in
wires to gages, being sure to use solderiug
flux., Remove flux with acetone.

5. Route wires neatly to terminal strip, com.leting
a bLridge circuit or as instructed vy lab work
sheet,

6. Check and record on lab work shect the following:
bridge balance, 100K bridge balance and resistance
to ground. Be sure bridpe has proper cutput ond
good '"zero' return stability. (Check for mixed
wiring at this time.)

7. Using ink pen, mark lab number on specimen.

8. Very carefully clean arca to be covercd with
acetone and apply protective coating per in-
structions on lab work shect.

9. Total completed installation must be checked for
quality and workmanship, as specificd by the lat
work sheet, by another qualified person or lab
technician, acknowledging approval by signing
the work sheet.

ORIGINAL PAGE IS
OF POOR QUALITY
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MICRO-MEASUREMENTS AL/ ACCESSORIES

ORIGINAL PAGE IS
OF POOR QUALITY

1. Introduction:

Micro-Measurements Certified Eastman 910 coment is an exeellent general-purpose laboratory adhesive
because of its fart toom-temperature cure and case of application. When properly handled it can be used
{ar high elongation tests, for fatirue studies, for one-excle proof tests to over 200°F or to helow —~300°F,
1t is compatilde with all M-M strain gages and all commaon structtieal materials. For best reliability it
should be applicd to sueface - between the temperatures of 70 F and 857F and a relative humidity envi-
ronment of 20 to 65%. M-M 0 Catalyst bas been specially formulated to control the reactivity rate of
thi< adhesive. The catalyst should be used sparingly for best pesults. Excessive eatalyst can contribute
many problems, ez poor bond strength, age embritticment of the adhesive, poor glue-line thickness
control. extended solvent evaporation time requirements, ete, Since Fastman 910, a cyano-acrylate,
is very hygroseopic it should be carcfully protected agrainst moisture absorption.

Surface Preparation:

There are many surface preparze'.on techniques available to suit the requirements of various structural
materials, sueh as those indicated in MM TECH NOTE TN-135. Basic metallie cleaning procedures are
to deg. case with solvents such as Chlorothene NU or Freon TF: abrade surface. ind clean with M-Prep
Conditioner A and Neotralizer 5, in that sequence. Eastman 910 will not produce satisfactory hond
strengths to acidie surfaces nor Lo highly alkaline surfaces. Dest surface conditions can be obitained with
a final cleaning solution such as M-M Neutralizer 5. Sinee this solution is weakly aikaline, it should not
be allowed to dey at its own evaporation rate on the surface but should be removed with one stroke usic ¢
giuze sponges. N0 Cement shoule not be used on porous or heavily pitted surfaces since proper hond
formation oceurs only in a thin fitm.

1. Gare Preparation:

A

I AH present-day MAT pagges used for experimental stress anadysis have been treated for optimum
boading conditions and require no pre-cleaning before use unless contaminated during handling.
The back of any wage may e cleancd with @ cotton applicator slightly moistened with Neutralizer 5.

2. Place the bonding side of the gage on a chemically clean work surface such as'a glass plate or the
e hox.

3. Pick up the gage with a strip of 3-M #157 cellophane tape and apply terminal strip in desized location.

Gage Installation:

1. Position gage roflophane tape aver lay-out lines on specimen.
2. Lift ope end of tape at a shallow angle to surface tabout 45 ) until gage and terminal are free from
surface,
3. Tuek lonse end of tape nneder sl press to surface so that the exposed gage Livs flat.
. Remove 910 catalyst brush from botte amd wipe several times on neck of hottie to remove excess
fluid.
. Apply catalyst to gage by swahhing surface without lifting brush. Move down to terminal strip,
swah, and then lift brush,
. Allow eataby st to dry for at least one minnte.
Apply adeap of M-M Certified 910 (o surface just below edge of tape.
. Lift end of tape and bridgee over adhesive at approximately a 45° angle.
. With o piece of ganze or teflon lilm make a single lirm stroke over tape amd within one seeond place
thumb over instalation and hold for at least 1) seconds,
10, When ready to atiach leads, pemove tape by peeling back over gagee installation so vhat tape remains
parallel to su e,
ROTE: To prevent exeessive flow of 910 cewent over surface of speeimen, mask desired area with the
A0 2157 eellophane tape prior to gaee installation. RF=-13
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Strain Gage Installations With
M-M Certitied Eastman 910
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Approved by P 0. Datc g i1 1)

1.0

2.0

3.0

4.0

GENERAL: The Instrumentation Laboratcry has responsibility

REFERENCE: Engineering Laboratories Group Function 80-13-004,

PROCEDURL:

for quality control of strain gage installaticuas.

Instrumentation Laboratories Strain Gaging of
Structural Parts

VISUAL INSPECTION OF INSTALLATION - A visual inspection of all
installations 1s conducted by the gaging technician to determine
if gage is bonded in the correct place, wiring is correct, and
no obvious defects exis%, that can be seen with the naked eye.

ELECTRICAL BALANCE OF BRIDGES ~ An electrical balanc: of each
bridge 1s made tc determine if all gage resistances are ap-
proxlmately equal. A bridge bhalance box with a millivoltmeter

is used for this purpose. For all tests, a reading between plus
and minus ten millivolts, with ten volts excitation (¢l mv/volt)
is acceptable. This conditicn is satisfactcry with 350 ohm gages
on metal and 1000 ohm gages ¢~ fiberglass. When 350 ohm gages are
used on fiberglass specimens, the voltage must be reduced tc ap-
proximateiy three volts. When the strain gage bridge or "st:iess
gage" has met this requirement, in an unstrained cendition, it

is deemed satisfactory as far as ba'ar~- is concerned.

RESISTANCE TO GROUND CHECKS ~ The nex. sueD in checking a bridge
for gquality 1is made usiny an insulation tester. A very aigh
resistance to ground of at least 10,000 rmeg ohms rer bridge is
requiced with a minimum resistance af 1000 megs for multiple

(in excess of ten) bridges that are common wired. Many bridges
may be tied together through the common vcltage, and low resis-
tance to ground wculd degrade the whole s’/stem. Some degradation
occurs with time and the elements so it is mandatory to have

a very high resistarce to ground to start with. Anything less
than this requires rework of the gages cr associated wiring.

POSITIVE 1D OF GAGES - Positive identification ¢f gages is an
absclute necessity to prevent the possibility of mistaking one
bridge for another. Several methods can be used but the most
acceptable and accurate is to verify continuity fror each

bridge terminal through all associated wiring to the connector

or terminal block. Bridge interwiring can usually be detected
using this method too. A very bad assumption is "thinking"” -
that a bridge is one parameter when it is another. All bridges !
must be verified before data can be accepted, as many decisions
are based on good usaktle information obtained from strain gage
bridges.

Jo447 =18
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5.0 CALIBRATION, EVALUATION AND FINAL ACCEPTANCE - The final deter-

mination of a good bridge 1s made during calibration. A known {
load is mechanically applied to the strain gaged part and the
electrical output is measured to establish a unity cal. Ac-
ceptable quality of calibrations involving linearity and cross
talk limits are given in Operating Procedure 13-0P-0502.

ORIGINAL PAGE IS
OF POOR QUALITY
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GROUF FUNCTIONS .
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Referance—b—mmm

ITLE INSTRUMENTAIION LABORATCEY -

. N A . e
Preparcd by:§ € & Datel s

™

CALIDRATION OF STRAIN GAGED PARTS | Checked bv: . .-

Date

Approved bv: o "

Date.w -2y

GENERAL: The Instrumentation Laboratory provides equipment
and personnel to support the acquisition, reducticn,
and documentation of calibratiorn data from strain
gaged parts.

REFERENCES:: None

FUNCTIONS:

M

Acquisition of Calibraticn Data - Group 13 provides equipment,
wiring, and personnel to indicate and record the output vc_.taces
from strain gaged parts during calibration. Close ccordination
with the Mechanical Lab, Group 18, is involved in this effort.

Data Recuction and Checking - Calibration data is reduced and
checkec by Group 13 personnel. This effort is generally ac-
complished using a calculator based data system although other
methods may be used. Data is also checked and approved by

Group 18.
3. Documentation and Reccrds - All reduced calibration data is
entered 1nto a file maintained by Group 13 personnel.
ORIGINAL PACE IS
OF POCR QUALTY
39447 RF-16
-

® m— —m em e - — - —— -

et T D]

4



.“" LT

.“.gu‘

ORIGINAL FACE iS

OF POOR QUALITY Reference 5
8elt “ﬂic"h‘c'm I,‘:S': "””‘:’ r:\!‘lr\):! L[-\BO:;~‘.1.£¢“:.', .'. '1 3-OP'05C ;
ATCEATING PROCCDURES e A
11122077

TITLE  CALIBRATICN OF STRAIN GAGED PARTS | preparcd bv: Y2 Dite y-ze 72

- ACQUISITION OF CALIBRATION DATA [Checkod Tw: T 10 a3, 57
approved byiy s Datoj-zg 9

GENERAL: Group 13 provides equipment, wiring, and personnel to
acquire and record the output vcltages from strain
gaged parts during calibration. Clcse coordination
with the Mechanical Lab, Group 18, is involved in
this effort.

REFERENCES: (1) Engineering Laboratories Group Function 80-13-005,
Calibration of Strain Gaged Parts
(2) Instrumentation Laboratory Group Procedure 13-0P-
0502
(3) HP 9830 Operation and Software Manual

PRCCEDURE:
1.0 GENERAL CALIBRATION PROCEDCURES

1.1 Group Responsibilities ~ The responsibility for calibration
of structural parts is shared by Group 13 and Group 18
{Mechanical Lab). Group 18 is primarily responsible
for providing the equipment, personnel, and prccedure used
to load the part. Similarly, Grecup 13 acquires the output
data from the strain gages, reduces the data, and files
and catalogs the results. The data is checked by both
groups, however, final responsibility for approval of the
calibration lies with Group 18.

1.2 Load Standards - Depending on the method chosen, the load
standara may consist of calibrated load cells or calibrated
hydraulic cylinders and pressure gages.

1.3 Data Acquisition Equipment - The equipment used to acquire
strain gage output voltage readings may be any of the
following:

a. HP 9830A Calculator Based Data Acquisition System
b. HP2013J Calibrator System ‘
c. Fatigue DAS

1.4 Accuracy Classification - Calibration accuracy is dependent
on the nature of the part and the equipmen% and methcd used
for calibration. After a part is calibrated, an analysis
of the data will be made tc determine the accuracy classi-
fication for that particular part. Specific criteria ¢:
be used for this classification are agreed upcn by Groups
13, 18, 46 and other data users. See 13-0P-0502, Data 1
Reduction and Checking, Section 2.0.

32 57447 RF-17
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2.

1.5

0 CALIBRATIONS DONE WITH HP9830A CALCULATOR - The preferred cali-
bration method is to use the HP9830A calculator system with load
cells as the force stardard. This method not only provides best
accuracy but saves considerable time and effort.

2.1

Recalibration Intervals - The use and required accuracy
determines the necessary recalibration interval. All
parts shall be downgraded to the next accuracy classifica-
tion after 1 year has elapsed since the date of calibra-
tion. At the discretion of the test engineer, a part may
be recalibrated or else continue in use at the downgraded
accuracy classification.

Calibration Setup - Preliminary steps involve coordination
with Group 18 to determine the type of pull, number of
calibration points, load cells to be used, gage and load
stations, etc.

2.1.1 Calculator System Preparation - The calculator
system 1s prepared by connecting it to a 115V AC
power source and allowing a 15 minute warmup.
During this time each of the input channels should
be connected and the -alibration data sheet prepared.
After warmup, the pr« r bridge voltage should be
set on the power supt (6.000 volts for flight
test parts, 10.000 vo s for parts to be used on the
fatigue DAS). The ca. ibrate program is next entered
into the calculator using detailed operating in-
struction provided by the "HP9830 Operation and
Software Manual".

2.1.2 Setup Data Entry - The calibration data sheet is
filled out using information provided by Group 18
and the worksheet for the part being calibrated.
This information is entered into the ocalculator
using the "start" and "input" subroutines (Ref.
"HP9830 Operation and Software Manual®).

Data Acquisition - The first step prior to beginning data
acquisition 1s to perform a positive identification check
for each of the bridges being calibrated. This is done
using the "monitor" subroutine.

2.2.1 Zero Point - With the test specimen at the zero
Toad condition, execution of the "load" subroutine
is begun. After several cycles to the max. load
point and back to zero and when indicated by the
calculator, the zero load readings are taken and
stored. T r

2.2.2 Load Points - Each succeeding load is applied and
a set of readings are taken. At least five load
points are taken (plus the pre and post zero points).
Only increasing load point are recorded. This
procedure is continued until all pulls (beam, chord,

torsion, etc.) are complete.

7252
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3.0

Data Output and Handling - After each pull the "lst order"
subroutine 1s executed. This subroutine performs a 1lst
orcder least squares curve fit forcing the curve through
zero. The calculator then checks gage output and deviation
from the fitted line to determine which calibration class
the gage meets. The unity cal and 100K CE are then printed
out along with the load and MV output for the data pull on
each gage.

2.3.1 After all pulls are complete, the "crosstalk" sub-
routine is used to calculate the percent crosstalk
for each gage for each pull. The calculator then
checks the crosstalk to determine which calibration
class each gage falls in.

2.3.2 After execution of the "crosstalk" subroutine, the
"data summary" routine may be used to obtain a data
summary tabulation. At this point, the calculator
has checked the data for crosstalk, linearity, etc.,
and provided final unity cal values. This data is
further checked for proper values by the instrumenta-
tion technician and the Mechanical Lab .est Engineer.
If the data does not meet acceptable standards, it
may be necessary to regage the part or make other
changes prior to recalibration. All acceptable
calibrations are signed by the Group 18 Test Engi-
neer and the part is returned to the Instrumentation
Lab for final covering and shipping. Approved data
is delivered to the Group 13 data analyst for filing.

CALIBRATIONS DONE WITH HP2013J - This method is less accurate
and requires more data reduction time and should, therefore, be
used only as a backup to the HP9830A. '

3.1

3.2

Calibration Setup - Preliminary steps include coordination
with Group 18 to determine the type of pull, number of
calibration points, jack factors, lever arm lengths, etc.
Calibrator system preparation includes a 15 minute warmup
time, connection of input cables and check and setting of
the excitation voltage level. The calibration data sheet
is completed with information from Group 18 and the work-
sheet. .

Data Acquisition - The first step prior *o beginning data
acquisition is to perform a positive identification check
for each of the bridges being calibrated. This 1is dore in .
the manual scan mode.

3.2.1 Zero Point - With the test specimen at the zero
Toad condition, each bridge balance potentiometer
is adjusted for zero volts offset. After several
cyc:es to max load and tack to zero, a set of zero
readings is taken.

RF-19
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3J.2.2 Load Points - Each succeeding load is applied and a
set of readings is taken. At least four load points
are taken (plus the pre and post zero points). Only

increasing load points are recorded. This procedure
_ is continued until all pulls (beam, chord, torsicn,
. . etc.) are complete.

3.3 Data Handling - After all pulls are complete, the output
data 1s given a preliminary check by the Group 18 Test
Engineer for linearity, crosstalk, and proper output.
Depending on whether the calibration data meets accepted
standards, the part is either returned for regaging and
recalibrction or else the calibration is approved and
signed by the Group 18 Test Engineer and the part returned
to the Instrumentation Lab for final covering and shipping.
Approved data is delivered :o the Group 13 data analyst for
filing.

4.0 CALIBRATIONS DONE ON FATIGUE DAS - In machine calibrations done
on the Fatigue DAS are handled similarly to those done on the
HP9830A. DAS software operation details are maintained by
Group 92 and Scientific and Technical Computing.
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TITLE CALIBRATION OF STRAIN GAGED PARTS,

Prepared bLy: MV47 Date 3.4-77)

PROCEDURE:

DOCUMENTATION AND RECORDS Checked bY=41511 Date 3 j¢ 77
Approved by:{ § 9. Datcg 1?7
GENERAL: The Instrumentation Lab is responsible for the

documentation and recording of all calibrations

of strain gaged parts done for both flight and
fatigque testing. Also, the calibrations for gyros,
pressure transducers and flow meters calibrated in
the Standards Lab are documented and recorded by
the Instrumentation Group.

REFERENCE: Engineering Laboratories Group Function #80-13-005,
Documentation and Records

1.0 CALIBRATIONS DONE ON HP9830A CALCULATOR:

in the cross-reference file.

sections.

hand plotted.

and stress groups.

the appropriate files,

1.1 Upon receipt of the calibration, the actual date of cali-
bration is logged in the Calibration Egquivalent Book and
1.2 The calibration is then separated into data and crosstalk

1.3 At this point any crosstalk which has been questicned is

1.4 After questioned crosstalk has been plotted, copies of all
data and plotted crosstalk are made for flight test, fatigue

1.5 Calibrate equivalents and unit cals are then recorded in

1.6 The original data is then filed in notebooks.

2.0 CALIBRATIONS DONE ON HP2013J CALIBRATOR:

Book and in the cross-reference

strumentation office.

2.1 When the calibration is received from the lab, the
date of calibration is recorded in the Calibrate Equivalent

file.

2.2 Following the instructions for computing program FCCR33,
the calibrations are keypunched for batch data lcading
into the computer. A copy of the description and operaticn
procedures for the FCCR33 program is available in the In-

2.3 The FCCR33 program generates four (4) copies of the final
ccmputated data which is distributed z2s follows:

(1) Group 13 retains the original for recording and filing.
(2) Group 46 or Group 18, depending on intended use of the
part, receives the second ccpy.

actual

~)

[y 3]
o
[ 9]
s
O
e
p -
4

Faridh

RF-21




. ."l""‘

¥
k3

OR'GINAL PAGE ™°
OF PCO%N Sl

Bell Reticepter RS INSTRUMENTATION LABORATORY

No.13-0P-05013

Rev. A

OPE?" "ING PROCEDU
RES Date 3-14=77

3.

2.5

(3) Stress Group receiv. the third copy.
(4) Group 92 receives the fourth copy.

The original copy from computing is combined with the raw
millivolt data for storage.

The calibrations from this pcint are handled the same as
the data from the HP9830A calculator.

CALIBRATIONS DONE ON OSCILLOGRAPH

3.1

3.2

3.3

3.4

3.5

After calibration data is logged into the Calibrate Eguivalent
Book and in the cross-reference file, the actual data is read
in inches from the oscillograph. This data includes zeros,
cal steps, and actual load readings.

The zero is subtracted from each data point read to arrive
at a delta inch value for each loading increment.

These delta readings are then hand plotted against their
corresponding load points.

The resulting slope is used to arrive at the desired cali-
brate equivalent. For symmetrical 3502 bridges the unit
cal is determined by multiplying the 100K calibrate
equivalent by the factor of 0.874.

From this poirnt,. copies, recording, and £filing are done
the same as for the previous calibrations.

INSTRUMENT CALIBRATIONS FROM THE STANDARDS LAB:

4.1

4.3

The calibrations of pressure transducers, except for logging
of the calibration date in the Calibrate Equivalent Book,
are handled the same as the ones from the HP20]13J using the
FCCR3 computer program,

The gyros, rate and attitude, are hand plotted to determine
the calibrate equivalent and the unit cal or the calibrate
constant. :

The flow meter calibrations are also hand plotted to determine
the calibrate constant only.

Each of these three types of instrument calibrations 1is
recorded in the instrument card file then filed in the
separate instrument file notebooks. Only one copy of the
original computed data is sent to the Standards Lab for
discribution. The original is retained by Instrumentation. -~
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- TITLE CALIBRATION OF STRAIN GAG!: PARTS = | pri i by 60, Died
DATA REDUCTION AND CHECKILG Chocke ! Lyt A9 L. 91700
Appioved by: ¥¢ O Datc g (420

GENERAL:

REFERENCES: (1) Engineering Laboratories Group Function 80-13-005,

PROCEDURE:

1.0 TERMINOLOGY - Specialized terminology relative to data reduction

Calibration data is reduced and checked by Group 13
personnel. This effort is generally accomplished
using a calculator based data system although other
methods may be used. Data is also checked and ap-
proved by Group 18.

Calibration of Strain Gaged Parts
(2) HP9830 Operation and Software Manual

and

a.

checking include the following:

U~ity Cal (UC) - A calibration constant for bridge type
transducers. In the general case, this is determined by
plotting individual calibration data points of bridge voltage
output in terms of millivolts per volt of excitaticn versus
physical input to the transducer in appropriate engineering
units. Unity cal is defined as the slope in engineering
units per millivolt per volt of a straight line fitted to
these data points.

100K Calibration Equivalent (100K C.E.) - An alternate cali-
bration constant for bridge type transducers. This is
determined by dividing unity cal by the amount of bridge
output in millivolts per volt of excitation produced when

a 100K ohm resistor is shunted directly across the CD leg

of the bridge.

Accuracy Class - A classification system applied to cali-
bration data. The numerical value of the class is indicative
of the approximate three-sigma error percentage to be expected
in the unity cal value. The method and equipment used during
calibration as well as the characteristics of the part will
determine which of three accuracy classes is ass’gned.

Least-Squares Error Band - The allowable range of deviations

of bridge output values from a least-squares line (i.e. - the
straight line for which the sum of the squares of the devia-

tions is minimized). '

Crosstalk - Undesirable output from a strain gage bridge when
a part 1s loaded in any directicn other than the sensitive: -
axis of the bridge. As an example, 2 beam gage on a rotdr 1
blade mav exhibit undesirable output when the blade is
loaded in torsion, or in the chord direction.

Percent crosstalk is the amount of output with maximum crcss
axis loading relative to the amount of output with maximunm
sensitive axis loading.
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2.0 ACCURACY CLASSIFICATION CRITERIA - As previously stated, the
method and equipment used during calibration as well as the
characteristics of the part will determine which of four
accuracy classes 1s assigned to an individual bridge. Table 1
lists the minimum performance standards, equipment requirements,
and recalibration interval for each class.

TABLE 1

ACCURACY CLASSIFICATION CRITERIA

Minimum

Ferformance

Standards Class 3 Class 5 Class 10
1. Minimum Output Voltage 8 mv 4 mv 2 mv

2. Least-Sguares Error Band +0.5% FSO +1% FSO t2% FSO
3. Crosstalk 2.5% 43 9%

Equipment Reguirements

1. Load Standard Load Cells Pressure/Cyl., Pressure/Cyl
or Dead Wts. Load Cells, Load Cells,
Dead Wts., or Dead Wts,
2. Reauout Eguipment HP9830A, HP98304, HP9830A,
HP2013J, HP2013J, HP2013J,
or DAS or DAS or DAS
Recalibration Intervai 1 year 2 years 3 years

Approximate Error (3-Sigma)
in Unity Cal 3% 5% $10%

Class 29 indicates no calibration on gage.
3.0 HP9830A CALIBRATIONS

3.1 Calculator Checks -~ Each bridge calibrated using the HP9830A
is automatically compared to the criteria listed in Table 1.
The calculator determines and prints out the best accuracy
class met by the bridge. Also listed is maximum output
voltage, actual error band and percent crosstalk.

3.2 Calibration Approval - Should the accuracy class determined
be deemed acceptable by the Group 18 calibration engineer,
he will sign the ocutput listing and the calibration will
be complete. Should it not be acceptable, regaging or
changes in equipment may be required.

. - - - -

4.0 HP2013J CALIBRATIONS

4.1 Preliminary Data Check - The Group 18 calibration engineer
w1ll make a preliminary check of printer output data to
verify linearity and crosstalk amounts. 1If these are found
acceptable, the data is keypunched by the Group 13 data
analyst and reduced by computer program FCCR33.

RF-24
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3.2

calibration.

FATIGUE DAS CALIBRATIONS - Calibrations done on the fatigue DAS

- Final output data is checked by the
Group 13 data analyst to determine whether the Jdata meets

Class 5 or Class 10 requirements.
by the Group 18 calibration engineer, the data sheet is
signed or elsz the part is returned for regaging or re-

have final output data available which is similar to that prcduced
by FCCR33. calibration approval is similar to that listed in

paragraph 4.2 above.

ORIGINAL PAGL :3
OF POCR GQUALITY

After a final review




emyi Panb 3 BeX Heticoptor iR 000 Reference 7
GR*: ‘:" ;) ,}} “31_3 A Drwig.on ot Teatron ing
S e INTER-OFFICE MEMO
18 August 1978
86 :ASW:mc~3710
Memo to: Mr. K. G. Wernicke
Copies to: Messrs. S. Blackman, P. Darden, J. Dillard,
W. Jennings, J. Kidwell, H. Lawton,
P, Mahaney, R. Marr, L. Roach,
G. Rodriguez, T. Thomason, Files
Subject: XV~-15 PERIODIC CALIBRATION OF FLIGHT TEST

INSTRUMENTATION

The BHT recalibration policy is that shelf life on sensors is
one year. Shelf life is defined as the time between the date
a part is calibrated and the date the part is actually used.

Sensors such as accelerometers, pressure transducers (calibrated
by the Standards and Calibration Laboratory) are good for six
months after the date the sensor is tagged (end of shelf life).

Strain gage sensors are calibrated by the Mechanical Laboratory.
With the existing technology in strain gage materials, bonéing
materials and bonding procedures, it is felt the shelf life for
strain gage parts can be extended almost indefinitely. This
assumes that the part is not subjected to adverse conditions
such as moisture, temperature or loading. Once installecd,
strain gage structural parts are used without recalibration for
the curation of a particular flight test program. Experience
has shown that malfunction of a strain gage sensor on a struc-
tural part wil) manifest itself in such a manner as to be
detectable dur...g normal preflight checks.

It is recommended that this policy be continued during the XV-15

flight tes% program. '

aron Wwihltener
XV-15 Research Instrumentation
Coordinator
( Instrumentation Test Operations
Ext. 4882
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APPENDIX I

XV-15 PCM CALIBRATION FORMUI AS
AS USED IN GDC PROCESSING

PSF cards with Rcal resistors ("P" module code)

RCAL(EU)

M = JRCAL(cts) - VREF(cts)

B = REF(EU) - M VREF (cts)

AMX cards no cal resistor ("A" module code)

RCAL(EU) 512

M = {ICAL(cts) - GPAO(Cts) GAIN(GPRA)

B = REF(EU) -
M VREF (cts)

Definitions: All readings based on an average of 40 data cycles

RCAL(EU) "P": Engineering units represented by Rcal resis-
tor used on aircraft

RCAL(EU) "A": Engineering units represented by difference
between LLCAL and CPAQ

Cts RCAL(VRCAL): Digital counts with Rcals switched in

Cts REF(VREF): Digit:l counts with aircraft in reference
condition

REF(EU): Engineering units associated with sensors when in
reference condition

LLCAL: An inserted cal value of precise voltage on each AMX
card; available at gain of 512

GPAO: Shorted input to gain programmable amplifier; avail-
able at certain gains

Transformation of calibraticn sheet 100k calibration equivalent
to calibration equivalent used on ship.

SHIP CAL (SET UP SHEET)

C.E. = 115 K Q@ Cal Slope x A counts

A counts = R-Cal Counts ~ Keference Counts

5120 1 1 L 3
X 356 * GPA GAIN

Slope = g'

C.
v. * 1024
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where:
U.C. = Unity Cal from Calibratic.. Sheet
B.V. = Bridge Voltage at Bridge

5120 Input MV
1024 Output Counts

1 1

256 = PSF Card Gain




.

Sell Helicopterf{331.1°0]

S e 301-099-022C

USE N SCOSyre O aald O thiy DG 13 yudit 10 the restriCticn N the hitie paqe 8 AquSt 1980

APPENDIX 11
XV-15 PCM CALIBRATION FORMULAS
AS USED IN GDC PROCESSING
(PRIOR METHOD)

PSF cards with Rcal resistors ("“P" module code)

M= RCAL(EU;
VRCAL(cts) - VREF(cts)

B = REF(EU) - M VREF (cts)

AMX cards no cal resistor (“A" module code)

kCAL(EU) 512

M = {TCAL(cts] - GPAO(cCts) GAIN(GPA)

B = REF(EU) -
M VREF(cts)

Definitions: All readings based on an average of 40 data cycles

RCAL(EU) "P": Engineering units represented by Rcal resis-
tor used on aircraft

RCAL(EU) "A": Engineering units represented by difference
between LLCAL and GPAO

Cts RCAL(VRCAL): Digital counts with Rcals switched in

Cts REF(VREF): Digital counts with aircraft in reference
condition

REF(EU): Engineering units associated with sensors when in
reference condition

LLCAL: An inserted cal value of precise vcltage on each AMX
card; available at gain of 512

GPAO: Shorted input to gain programmable amplifier; avail-
able at certain gains

Transformation of calibration sheet 100k calibration equivalent
to calibration equivalent used on ship.

SHIP CAL (SET UP SHEET) =
BRIDGE VOLTAGE

106X0 AT PROGRAM BOARD
RCAL RESISTORG X BRIDGE VOLTAGE  ~ 100k CE FROM SET UP SHEET
MEASURED AT L ]
TRANSDUCER

"rAwe .
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