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SUMMARY

A high accuracy flight test instrumentation system, designed at the Department of Aerospace Ehgineer'ilgg of
the Delft University of Technology 1s described. The system was used durlng the cooperatlve .program ‘-’yvith
the National Aerospace laboratory, Amsterdam, to performe non-steady symmetric flight tests with th'e'::-NLR
laboratory aircraft a Hawker "Hunter" MK VII. The report deals with the design and evaluation - of
transducers, signal condltioning and the data collection system. ‘
The goal of thils program was to demonstrate the technique of measuring performance characteristics as well
as stability and control characteristics simultaneously in dynamlc flight conditions.
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1.1. List of symbols‘

A statlc gain

Ax’Ay’Az specific force along the Xy Xy resp. 7y axes of the accelerometer box
£y signal frequency (Hz)

£ filter cut—off frequency (Hz)

fs ‘ sample frequency (sample per sec)
ih stabilizer trim angle

M output-input amplitude ratio

N frequency ratio fy/f, or wi/wo

n order of fllter characteristic

n engine speed '
Prer absolute pressure in reference reservoir
Ap differential pressure

o] " rate of pitch

r rate of yaw

T total temperature

XB’YB’ZB alrcraft's body reference axes
Xd’Yd’zd accelerometer box reference axes
a angle of attack

6e elevator deflection angle

4 damping ratio

C[, required damping ratlo

time shift

At

At time shift at zero frequency

© angle of bank, phase angle

¢ angle between XB and Xy

¢ angle of yaw (change in heading)
signal corner frequency (rad/sec)

w - filter cut-off frequency (rad/sec)

1.2 List of abbreviations

ac alternating current

BCD binary coded decimal

CMRR common mode rejection ratio
de . direct current '

DUT Delft Unlversity of Technology
DVM digital voltmeter

EGT exhaust gas temperature

ke kilo cycles per second

NLR National Aerospace Laboratory
NTC negative temperature coefficlent
ppm ~ parts per million

PSO parallel to serles converter

RPM revolutions per minute



-2~

1.3, List of figures

1. Hawker Hunter MK VII with tralling cone tube.

2. Hawker Hunter MK VII with instrumentatlon pod.
. Deviations of five combined calibrations of a pressure transducer, (Ap6).
. Deviations of five comblned callbrations of a pressure transducer, (Ath).
. . General arrangement of the instrumentation system.

3
4
5
6. General arrangement of the ground equipment.
7. Arrangement of three accelerometers.

8. Temperature regulator of the accelerometer box.

9. Comnectlion scheme of the accelerometers.

10. Principle of pitch rate measurement.

11. Functional dlagram of pitch rate gyro electronics.

12, Rate gyro electronics.

13. Principle of héading change measurement.

14. Schematic diagram of force-balance absolute pressure transducer.
15. Pressure transducer box (valves and vessels).

16. Pressure transducer box (heater and reservoir).

17. Cornection scheme of pressure transducer box.
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19. Temperature regulators of the pressure transducer box.
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24, Engine speed frequency/dc converter.

25. Total temperature probe.
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34. Electronic filter module.
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36. Scheme of one filter module.
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38. Scheme of filter unit with two buffer amplifiers.

39. Wiring diagram of the filterbox and relay box.

40, Principle of amalog multiplexer.

41. Multiplexer.

42.chheme of the multiplexer.

43, Simplified timing diagram of the applied DWM.

44, Scheme of reference clock in the DVM.

45, Principle of S/H circult in the DVM.

46, Scheme of S/H clrcult.
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2. INTRODUCTTION

In 1967 and 1968 flight test programs were carried out with the DHC-2 Beaver laboratory aircraft of the
Delft University of Technology, Department of Aerospace Engineering.

Relative short (< 60 sec) symmetric non steady manoeuvres demonstrated the flight test technique developed
at this Department. To Investigate the feasibillity of thils technique for the class of high subsonic Jet
propelled aircraft, a cooperative program was started with the National Aerospace Laboratory (Amsterdam)
enabling flight tests to be performed with the Hawker Hunter MK VII, see flg. 1 and fig. 2. The basic
principles of the non steady flight test technlque are described in ref. 1 and ref. 2, whereas the results
of the flight test program are discussed in ref. 3.

The applied data collection system described in this report has a sample rate of 400 measurements per sec
and an overall accuracy of 0.02%. The transducers used have different accuracles depending on the type and
application,, from 0.01 to 5%. To monitor the accuracy during the flight test perlod, rather extensive
callbrations were carrled out before, between and after the actual measurement flights. The used
calibration technique applied 1s described in ref. 4. Some callbration results will be presented in
chapter 3.9 of thls report.

The Inflight measurements are recorded on magnetic tape in digital form, this tape 1s indicated as "tape
O". With speclal groundequipment and a digital computer the "tape 0" 1s converted into IBM compatible
tape, 1indicated as "tape 1". This tape contains transducer output voltages and adminlstrative data
recorded in sequential form. "Tape 1" 1s subsequent by converted into "tape 2" which contains the physical
quantities, computed by the application of calibrations. The program used 1is described in ref. 5 (in
Dutch). The instrumentation system is designed and developed at the Department of Aerospace Engineering in
Delft, whereas the installation of the system including transducers is carried out at Schiphol Airport in
close cooperation with the Natlonal Aerospace Laboratory, Amsterdam. For ease of installation and to
reduce the Installation time as much as possible, it was declded to install the data collectlon system in
an underwing container (pod) of the "Hunter". Transducers used in the system were located at different
places, In order to maintain accessibllity. A small operators panel mounted in the cockpit provided the
necessary controls of the instrumentation system. ’ - '

The architecture of the Instrumentation system as shown in fig. 5 1is rather conventional. Much care
however 1s devoted to the deslgn and manufacture of all the separate components for maximum accuracy,
precision and reliability. In fig. 6 a dlagram is presented of the accompanying ground equipment. At the
time of design few components were availlable in modular form, so several parts of the system_ had to be
synthesized from discrete high quality components. Some components which were avallable had to be adapted
to meet the rather severe environmental requirements. As follows from fig. 5, conceptually the operation
of the system 1s stralght forward. The analog d.c. voltage output signals of transducers or signal
conditioners are passed through low-pass filters. Flltered signals are fed to a multiplexer, the output of
which 1s converted to a digltal signal. The parallel digital output of the analog to digital converter 1s
serialized and recorded on magnetic tape simultaneously with some administrative data. On the ground this
tape is replayed and the information 1s passed to a digital computer (EAI 640) in parallel format. The
computer finally produced a nine-track IBM compatible tape as well as quick look time histories.

The report is organized as follows. .

In chapter 3 formal requirements for flight test instrumentation systems are discussed, a description of
the transducers used in conjunction with the instrumentation system 1s given in chapter 4. A fairly
detalled and comprehensive discussion from the electronic engineering point of view 1s presented in
chapter 5. The work which remains to be done after the fully calibrated instrumentation system, including
the transducers, has 1left the laboratory and before actually taklng off for the first flight test
measurements is the subject of chapter 6. '
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3. REQUIREMENTS OF THE INSTRUMENTATION SYSTEM

3.1. Introduction

The requirements of the instrumentation system were accunmlated during several meetings of a project. group
in which experts fram 'NIR as well as DUT tbok part. The group was formed by pilots, flight test engineers
instrumentation technicians aircraft technicians and software programmers. During the speclfication phase
of the project the following aspects concerning the onboard system received attentlon.

3.2. Number of channels to be recorded

The number of channels to be recorded was established at 19. During the preparation ppg._se of the program
it turned out however, that two additional transducers would be essential for accur-ate post flight engine
net thrust calculation. Because some of the essential hard ware was already completed at that time, it was
decided that these transducers would each share one measuring channel with an already plamned for but not
very essential transducer. Consequently a ratilonal choice of transducers to the actually recorded had to
be made before each measurement flight. ) . )

3.3. Sample rate

The samplé rate of each measured varlable was fixed at 20 measurements per sec. For reason of system
simplicity no attempts have been made to design a random address fagility for the multiplexer applled, so
all measuring charmels had equal sample. rate.

The sequence of the measured variables was also fixed, therefore no individual channel number's had to be
added during the recording process.

3.4. Measurement accuracy and resolution’

Accuracy 1s considered to be of prime Importance for the non-steady flight test technique. This holds in
particular for the inertlal measurements (Ax,l\y,AZ and q).

The accuracy of the data collection system was specified to be 0.02% for each measuring channel. Hence the
combined stability of scale factor and zero of the applied analog to digital converter, with a range from °
0 to 10V, had to be within + 2 MV over the entire design temperature range, from -25 to +30°C. The
transducers applied in the system had different accuracles, depending on type and measurement range.

The resolution of the data collection system was determined by the analog to digital converter. The
applied converter has a U4 digit BCD output, the least significant blt equals 1 mvV or 0.01%.

3.5 Dynamlc performance

The frequency response of the measuring chamnels is important with respect to aircraft motions to about
0.5 Hz introduced during non-steady flight manoeuvres. Due to the 1limited sample rate of the. data
collection system aliasing errors have to be considered. In each measurlg channel, linear presampling
filters attermate the transducer output signal contents at frequencies above the fllter "eut-of £'"
frequency. 'The sample rate should be high enough to avold significant allasing errors. The flight . test
manoeuvres at the other hand should be designed such as to avold significant errors of omlssion. The-low
pass fr-equenéy characteristics of the filters are selected such as to minimize difficult to recover
distortions. '
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3.6. Envirommental conditions ~

The environmental specifications of the instrumentatlon system were based on the environmental conditions
expected and measured during exploratory flight tests. The data collection system i.ncludﬂ’g the tape
recorder had to oper'ate properly in an amblent temperature range from -25°C up to 30°C. Vibration was
considered to cause no meéechanical problems. Shock mounting of the electronic boxes was expected tc
- effectivily eliminate any effect of alrframe vibrations. Accelerometers and rate gyro's were strapped dowr
dorsally mounted to the alrcraft. Exploratory flight test showed the vibratlon level here low enough as to
eliminate the need for any mechanical damper, this iIn contrast to earlier flight test programs with a
plston englned aircraft, ref. 2. )

3.7. Size and welght of the systems

The individual components of the systems were designed to be placed In a drawer which would easily fit
into the underwing pod. The total weight of all componen’bs was approximately 60 kgf.

The pressure transducers were placed In one of the former ammnitlon boxes 1in the fuselage of the
aircraft, for easy access and maintenance. The total welght of the "pressure transducer box" (chapter 4.2)
was 22 kgf. ' '

3.8. FElectrical power supply

The instrumentatlion system was powered by 28 V dec and 115 V ac. The required dc power of 200 W was taken
from the aircraft's dec bussystem, the ac power about 200 VA being supplied ‘by a three phase rotary
inverter.

3.9. Operation during flight

A first 1idea on the operation of the instrumentation system during fligﬁt was to have only a very basic
control panel by the pilot. Later, 1t was thought that thils would increase pllot workload to ar
undesirable level. Consequently an extra crew member would have to operate the instrumentation system. 2
second version of the operators panel was designed with rﬁér-e control and check facilities, lsuch as a
digltal measuring channel voltage output display and a marual chamnel selector.

3.10. Calibration procedure

No separate components but rather the entire measuring channels were callbrated: transducer with
assoclated signal conditioning including fillters, multiplexer and analog to digital converter. For obvious
reasons, the T and EGT transducers and measuring channels were calibrated separately as exceptions to this
general procedure.

Calibrations were. performed at least twice prior to the flight tests, one more during the flight test
period and finally two after completion of the flight test program. As a consequence of the high ratio of
transducer bandwidth to signal frequency contents only. static calibrations were required. The calibration
procedures are described in ref. 6, in Dutch. All calibrations were carried through in the laboratory
except for the elevator deflection - and stabilizer deflection transducer, the angle of attack - and the
EGT transducer. These . latter calibratlions were performed with the transducers installed in the aircraft.
After installation of the pressure measurement system and the pneumatic tubing, dynamic characteristics of
the complete pneumatic system were evaluated. It turned out that each pneumatic system consisting of
_pneumatic tublng, valves, connections and probes could adequately be described by a first order linear
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}f‘ilter'. All the associated time constants were. subsequently measured as further discussed in chapter 6.4.
Results of calibrations are listed in table 8 which shows desired and achleved accuracies in % RMS. The
'r'epr'odupebility of separate calibrations 1is also shown in this table. As discussed in chapter 4.2,
differential pressure transducer zero shifts are measured and corrected for during post. flight data
énalyses. The effect of these corrections on the précision to be expected in flight follows by comparing
the figures in the last two columns. Typical calibration results are presented in fig. 3 and 4. In these
plots the data of séver'al calibrations are combined. The differences between separate calibrations show up
as deviations from a to all calibration data in the least squares sense, fitted curve. Evidently, 'the
sensitivity of the measuring chamnel as well as the zero output as estimated from one calibration are in
fact random variables depending on time.

3.11. Mechanical work

The mechanical work was devided into two parts. One part conslsting of transducer installation, routing of
electric cabeling and installation of pneumatlic tubes was carried out at Schiphol Airport. The other part
consisting of the construction of the drawer for the wing pod and of transducer systems was performed at
DUT. The elevator- and stabilizer deflection transducers were manufactured by NLR.

3.12. Installation in the aircraft

he installation of the entire instrumentation system was eased byv the fact that the data collection
System was located in the under wing pod. Only one multipole connector served as an electrical connection
to the alrcraft. Access to the tape recorder was provided by an inspection hatch on the pod. The pressure
cransducer box was easily installed through the ammnition bay door. Installation of the inertial package
S well as of_ the control surface deflection transducers however required the removal of aircraft spline

airings.
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ly, TRANSDUCERS

The transducers applied in the flight test instrumentation system fall into U categories.
1. Inertial transducers.

2. Pressure transducers.

3. Position/deflection transducers.

4. Temperature- and englne speed transducers.

4.1. Tnertial transducers

4.1.1. Accelerometers

The specific forces along the alrcraft body fixed XB, YB and ZB axes are measured with three force-balanc
type accelerometers of Systron-Donner.Table 2, shows the types and ranges of the transducers applied. Th
3 transducers are mounted orthogonally on a stainless steel frame. The mounting flanges of this frame ar
finished to an angle accuracy of 0.1'. Repeatiblility of aligrment of transducers after replacement 1
necessary, 1s assured by reference end stops. The frame with the 3 accelerometers 1s positioned in
stainless steel box on 4 precision heat-lsolators, in order to achleve a high heat resistance between th
frame and the metal box. The outersurface of the box 1s also finlshed to an accuracy of 0.1' f¢
accelerometer calibration purposes, -ref. 4. The temperature sensitivity of the scale factor of tk
transducei-s used 1s about 0.02% per °C. Laboratory tests showed that scale factor changes due
temperature variations were mainly caused by the resistance change of the measuring resistor in ¢
feedback . loop of the accelerometer. The electric comnections however allow for replacement of thi
resistor with a low tempco resistor with a high long term stabllity. Improvement of zero stability 1
essential and achieved by stabllization of the 'inside temperature of the box at 45°C. To this end
proportional temperature control circuit 1s constructed inside the stalnless steel box. A small blowe
circulates the ailr to achleve the homogeneous temperature distribution inside the box.

Tsolation from the outside world turned out to be essentlal for a small temperature gradient and could t
accomplished by urethane foam isolation on the inside walls. )

A scheme of the simple temperature regulator is given in fig. 8.

Accelerometers of the type as applied heir’e suffer from cross-axis sensitivity. The cause for this 1s th
their operation depends on the deflection of a small pendulum. To keep the influence of this sensivity :
small as possible the transducers are positioned on the frame in the following manner. The transverse ax
of the X~ and Z-accelerometers are placed along the Y-axls and of the Y-accelerometer along the X-axi
This mounting scheme followed from the fact that only nominally symmetric manoeuvres were carried ou
resulting in relatively small accelerations‘along the Y-axls.

The necessary output ranges are achleved by selection of the proper values of the measuring resistor
leaving the total resistance at the same valué as the internal resistance.

The connectlion scheme of the accelerometers 1s given in fig. 9.

Floating power supplles are used and slgnal returnes are connected to the "high quallty ground" of t
instrumentation system. ) '

4.1.2. Pitch rate gyro

For the measurement of the pltch rate (q) a wide angle miniature integrating gyro, Honeywell, type GG87B
1s employed. The required electronic circuits for rate measurements applying the torque balance princip
will be described next. For a reference schematic dlagram of the gyro and electronics see fig. 10.



4.,1.2.1. Principle of operation

The gyro 1s operated in a closed loop configuration, so the precession torque developed as a result of the
input r'ate‘ is balanced by a torque produced by the gimbal torquer. The torque produced is propor'tional" to
the torquer coll current which is also passed through a precision resistor (Rm), the voltage develdfied
across -thls reslstor being proportional to the input rate. Gimbal deflection 1s detected by an a.nglé
posi‘cion transducer or micro-syn, the output of which is connected to an amplifier demo'dulat;or.' The
demodulator output signal is filtered and connected to a power amplifier stage providing the gilmbal
‘tor'quer' current. The maximum torquing rate of this type of gyr'o is 23° per sec, the over all drift rate is
less than 1° per hr.

Typical characteristics of the gyro are listed in table 6.

4,1.2.2. Gyro electronics

A functional diagram of the gyro electronics is given in fig. 11.

The frequency of the spin motor supply voltage should be stable in order to realize the inherently high
acccuracy of the gyro. This frequency 1is derived from the X-tal controlled time base generator of the data
collection system. The 400 Hz square wave signal is converted into a 7 V sine wave signal, the so called
ac reference voltage. Thils reference voltage 1s the input to the spinmotor power supply, to a current
source and to the demodulator. In the current source circult the ac reference is conver'ted into a current
of 50 mA ac for the supply of the primary winding_ of the micro-syn. The output from the secondary winding
(12.5 V per rad) 1s amplified and corrected for phase-shift in the ac amplifier stage to 7 V at the
maximum input rate of 23° per sec. Phase correction 1s required, because of the 706 phase difference
between the ac‘ reference voltage and the micro-syn output voltage. The amplified signal is demodulated by
a multiplier circuit. In this circult the signal is multiplied by the reference voltage and the product is
divided by 10, to keep the amplitude wlithin the circults operational range. The output 1s a double
frequency ac signal (800 Hz) with a maximum de component of + 5 V. A notch filter, tuned to 800 Hz removes
the ac component from the composite signal. The resulting de signal is passed to the power amplifier,
providing + 100 mA dc at maximum input rate. The output of the amplifier 1is passed to the tor'quer' coll of
the gyro comected in series with the precision measuring resistance Rm.

Spin motor power 1s supplied by a power stage also comnected to the ac reference. An ou‘cput transformer 1is
applied to prevent any dec flowing trough the spin motor coils, thus preventing additional drift of the
gyro. Phase splitting capacitors pi'ovide the amount of phase-shift required by the splitfield spin motor.
The very low drift rate and the proper amount of viscous shear damping are achieved by temperature
regulation of the gyro housing. To this end the gyro is provided with two heater windings and a
temperature sensor. At the nominal operating temperature of 82°C the resistance of this sensor equals 780
ohm. The sensor 1s connected as one arm of a full bridge circuit. The bridge output is amplified to a
signal which controls the power stage providing the heater current required. Gain, bandwidth and damping
are adjusted to achieve stable proportional temperature regulation. With the two available heater windings
conmected in parallel, a maximum power of 50 W can be dissipated, requiring a current of 1A.

The 'gyr'o electronic clrcuits are powered via two mains transformers (115 V ac), with rectifying and
regulating circuits. The box containing the electronlic boards and power supplies measures 10 x 12 x
30 cm? with a weight of 3 kgf. ,

The gyro 1tself is mounted in a frame fastened to one side of -the accelercmeter box. The strainfree noral
frame 1s provided with adjustment screws to permit exact alignment of the output-input- and spin refererfde
axis to the reference axes of the accelerometer box. The aligrnment procedure was carried out o'n""""a
precision turntable (Genilsco) with the gyro operating in open loop configuration.

Complete schemes of the electronic circuits are given in f‘ig.- 12a and 12b.
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4.,1.3. Yaw rate gyro

For the measurement of the yaw rate (r) an open loop type gyro is used with a measuring range of + 7° pel
sec. This gyro type Il4 SFIM 1s provided with a wirewound potentiometer as transduction element. N
électr'onics are requlired to operate this gyro as the spin motor runs on 28 V from the aircraft bus. Wheel
speed 1s stabillzed via a centrifugal force operated interrupter switch. The potentiometer was supplled b;
the 10 V reference voltage of -the instrumentation system (chapter 5). In particular with respect to zero-
shifts, the precision of thls gyro 1s significantly inferior to the pitch rate gyro. In nominall;
symmetrical flight test manoceuvres this transducer has an only very minor influence on the accuracy of the
flight test results and 1ts limited precision is therefore acceptable in the present case.

4.1.4. Heading gyro

Heading change is measured with a Sperry S3A directlonal gyro. This gyro is normally used as part of ¢
compass system with flux valve. Because of the relatively short flight test manoceuvre (ref. 7) the flw
valve was thought to be superfluous. The gyro 1s provided with a synchro connected to a synchro to dc
converter wlth a range of 10 V per 180 °. To prevent step changes occurring in the output signal when the
synchro passes zero or 180°, the gyro was slaved to 90° or midscale before each flight test manceuvre.
This 1s accomplished as follows, see fig. 13. When the data recording system is in the non-recordlng mode
the slaving torque motor of the gyro is connected via the contacts of two relays to the malns powe
transformer. The phase of the voltage as compared to the reference of 115 V U400 Hz depends on the positior
of the first relay. The position of this relay 1s controlled by the output of a comparator. Inputs. to thi:
comparator are a dc reference voltage and the output of the synchro to de converter. Components are choser
such as to force the comparator to switch from one state into the other when the analog input voltag:
reaches 5 V, which is equivalent to a 90° synchroposition. Built in hysteresls provides for a dead—band of
+ 0.5°. The second relay 1s energized in the recording-mode of the recording system, which 1n tum
switches of the slaving torque motor. So whenever the recording process is Initlated during flight, the
output of the gyro 1s 1n or near by the center position of 1its measuring range. It will now be obviou
that no magnetic headlng information is obtained, but only the change In headling during the flight tesf
manoeuvre. '

Components of the circult are on one printed circult which is positioned in a slot of the analog signa’
conditioning box to be described in chapter 5.

4.,1.5. Vertical gyro ' <

Bank angle\ () is measured with a Sperry HG_U—B vertical gyro which is provided with output potenticmeter:
for both pitch- and bank angle measurements. Only the bank-output potentiometer is connected to the 10 1
reference voltage. The accuracy achieved 1s limited to 0,5% of the measuring range of ¢ 20°, due to the
limited resolution of the potentiometer and the vertlcal erection system which is not disabled during the
test flight‘manoeuvr'es.

4,2. Pressure transducers

In the flight test instrumentation system elght pressure transducers are incorporated. Except for one
absolute pressure transducer the seven remaining transducers are mounted in the so called "Pressure
transducer box", installed in the ammnition bay. The types, ranges and accuracles of the pressure
transducers are listed 1n table 3. '
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‘lt.2.l. Absolute pressure transducer

The absolute pressure (Pr'ef) is measured with a force-balance pressure transducer (KTG-1902 Kelvin
Hughes). The basic elements of this transducer are shown in fig. 1U4. In this type of transducer the force
output rather than the deflection of the capsule 1is measured, only its piston characteristics ‘are
therefore of importance, and these are improved by the constraint Imposed on the capsule. i
A change of pressure In the capsule causes a movement of a beam supported on cross-spring pivots. The
movement 1s detected by a differential transformer sensing element (E-core). The output is fed to an ac
amplifier feeding the control phase of the servomotor. The lead screw is driven by the motor through
sultable gearing. A nut rumning on the screw is attached to one end of the bifilar precision spring.
Rotation of the motor adJjusts the force exerted by the spring on the beam until the deflection of the beam
and capsule 1s zero again. The angular rotation of the lead screw 1s thus a precise measure of the capsule
forcé and hence of the pressure 1n the capsule. In practice two capsules are used, one on each side of the
plvots, one 1s evacuated and sealed while the other is connected to the pressure.to be measured. The beam
is staticaily balanced, whilst a bimetal compensator 1s fitted to minimize temperature effects. The output
i1s In the form of a shaft rotation out of the gearbox, giving 150 revolutions for full scale output. A
precision slide wire potentiometer is connected to the output shaft. In the Instrumentation system this
potentiometer 1s cormected to the 10 V reference voltage. The transducer is mounted by shock absorbers in
a aluminium box, having an on/off temperature regulator, set at 43°C. Installation in the box is such that
the plvot axls of the beam is parallel to the Zg-axls of the aircraft. The reason or this aligmment being
that the transducer suffers from angular acceleration sensitivity along the pivot axis due to inertia of
the rotating beam.

4.2,2, Differential pressure transducers

The differential pressure transducer'é are components of an Integrated measurement system housed in the so
called "Pressure transducer box". As discussed in ref. 3, the flight test technique depends on very
accurate flight path reconstruction for which accurate change of altitude measurements are essential. This
requires the measurement of change of static pressure with respect to a reference pressure which 1s
captured at the begimning, and held constant during the flight test manoeuvre. This led to the development
of a subtle pneumatic "Sample and hold" unit installed in the "Pressure transducer box". Also in the box
are 1Installed the transducer signal conditioners, the zer’o/measuremenf valves and the electronic
temperature regulating clrcuilts. .

Pressure transducers are sensitive not only to pressure input but also to temperature, acceleration, power
supply variation and even elapsed time, due to aglng of sensing elements and drift of electronic
components, resulting In zero-shifts and scale factor changes. Other properties of pressure transducers
are non-linearity, hysteresls and some times different sensitivities for positive and negative pressure
inputs. The effects mentioned ar'e taken into account during design, development and calibration of the
pressure measurement system.

In the "Pressure transducer box" the temperature 1s kept at 43 + 1° via an electronic proportional heater
control system with NIC temperature sensors. One single heater filament installed in a tube provides hot
alr which 1s circulated’ through the box by a small electronic léwer', placed at the airintake of the tube.
Small inside temperature differences during the warm-up periods are achieved by the application of several
Cemperature sensors located at different places in the box. To enhance the temperature stability, the box
is ef‘feétivily thermally 1soclated. All g-sensitive pressure transducer axes are set parallel to “‘the
aircraft's Yp axis which is optimal in the case of symmetrical flight test manceuvres. The g-sensitive
axis of a pressure transducer is usually normal to the mebrane or capsule, any way in the directlon of ‘the
deflection of the sensing element. Because maximal g-sensitivity is in most cases smaller than 4% per g
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and the maximum expected vaule of the specific force along the YB-axis is approximately by 0.5 m/secz,
thls results in an only small contribution to the overall measurement error.

Te zero-shifts due to temperature changes are reduced, by keeplng the transducers at a constant
temperature, however not completely eliminated. Therefore each transducer 1s provided with a pneumatic
valve operated by a small electric motor. The two posititions of the valves are: "Measurement" and "Zero",
fig. 17.

In the position "Measurement" one side of the differentlal pressure transducers 1s connected to the
measurement probes fitted on the aircraft, the other side via-a labyrinth permanently to the pressure
transducer box, with absolute pressure Pr‘ef' One differential pressure transducer Ap6 is an exception to
this general rule, fig. 17. Because the pressure transducer box 1s vented, Pr'ef‘ depends on altitude. In
the "zero" position of the valves both sides of each transducer are short clrculted. This position 1s used
for the measurement of zero-shifts before and ater each flight test manoeuvre. These zero-shifts are
subsequently corrected for during data analysis. The static reference pressure 1s stabilized agalnst fan
induced pressure varlations via the labyrinth mentioned above.

For the measurement of change of altitude mentioned above the differential pressure transducer Indicated
as Apl in fig. 17 1s of major importance.

With Ap1 the relative change of Pr-ef is measured more accurate then could be deduced from absolute
. pressure measurements. The measurement problem becomes more complicated however and requires a pneumatilc
"Sample and Hold unit".

An Important item of thls system is a thermosflask comected through a two-way valve and a second flask to
the reference pressure. At manoceuvre initiatlon the flask is shut of from the reference pressure, which 1is
at that moment captured in the flask. The low range differential pressure transducer APl, between the
flask and the reference pressure, measures consequently the change of the reference pressure Pr'ef‘ with
respect to the captured pressure. Change in static pressure equals the sum of APl and APLI outputs.

The accuracy achleved in thils way not only depends on transducer accuracy but also on the stability of the
pressure captured in the flask. The temperature in the flask has to be constant. within & 0.03°C during
each flight test manoeuvre (approximately 4 minutes). To achieve this temperature stabllity the heat
capacity inside the flask 1s Increased by insertion of 150 grf of stainless steelwool. The large contact
surface guarantees a fast heat exchange. The 1solatlon of the flask 1s extremely important, also with
respect to the connection to the valve and the pressure transducer. Actually poly-urethane foam 1s used to
pr'ovidé sufficient isolatlon. A small electric heater and a temperature sensor are mounted in the flask in
order to achleve a reasonable warm up time of about 45 min. starting from 20°C amblent temperature. The
heater element in the flask. 1s controlled by the temperature difference between the box and the flask
which tracks the box temperature without overshooting.

The second flask 1s used as a temperature equalizer and prevents cold alr entering through the valve in
the measurement flask during non-measurement descents. This flask 1is also filled with steelwool and
provided with a tracklng heatercontrol.

The valves used in the system are manufactured by Circle Seal, type 9300 3-way selector valves. This are
valves with a cylindrical plug provided with a special arrangement of Buna N O-rings to achieve a "bubble
tight" seal. Puppet valves avallable in much smaller size, do inject alr at the moment of closing
hencefo'r'th creating an offset pressure when used for zero shift measurements.

Dimensions of the pressure transducer box, are 20 x 40 x 60 cm3, welght 22 kgf, and was extenslvely tested
under different environmental conditions.

A step of change of outside temperature of -55°C resulted in an Inside temperature change of 3°C after one
hour. This temperature shock measurement carried out in the avallable test chamber resulted in a maximum
rate of change of a 4 Pa per min. of the pressure in the closed thermosflask, a figure which equals an
altitude var'iation of approximately 0.3 m/sec at sea level occurring one hour after the thermal shock was
applied.A short flight test program with the laboratory alrcraft DHC-2 "Beaver" was carried through to
perform combined temperature/low pressure measurements. During a test flight lasting for about 3 hours, an
altitude of 20.000 ft was reached with a cabin temperature of ~4°C. The maximum temperature change inside
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he box was 1.5°C. ,
 complete scheme of the pressure transducer box 1s given in fig. 18, the heater regulators are drawn in
‘ig.‘l9. In fig. 20 a picture is presented of the box as installed in the aircraft.

.3. Positlon/deflectlon transducers

hree transducers were required to measure elevator deflection, stabllizer deflection, or trim angle and
he angle of attack. The transducer types and measurement ranges are gilven tabel 4 (ref. 8).

.3.1. Elevator deflection transducer

he elevator deflectlon angle 1is measured with a transducer designed and manufactured in close cooperation
ith NLR. A precision cermet potentiometer which runs in ball bearings is driven by a set of gears with a
atlo of 6 to 1. This results in an input freedom of about 55°. The elevator deflection, relative to the
orizontal stabilizer, ranges from 9° down to 22° up. Lever lengths are chosen with a ratio of 3 to 5. In
his way the rotation angle of the potentiometer equals about 310° for the full deflection range of the.
levator. The cermet potentiometer, Beckman Helipot Division type 6603/2, 1s chosen for 1ts high
eliability, reasonable linearity (0.5%) and low temperature coefficient 100 ppm. The gear box 1s provided
1th an antibacklash, spring loaded split gear segment driving the pinion on the potentiometer shaft.
orques and acceleration induced forces were consldered for the calculation of the necessary spring
ension.. Thg connecting rod between the two levers is made adjustable, providing for the necessary offset,
Me to the unequal up- and down travel of the elevator. The levers have steel-bronze-teflon precision ball
oints to allow for smal misalignment of the transducer reference axis and the elevator lever axis. The
ransducer itself 1is attached to the inner surface of the horizontal stabilizer, root rib, with .an adjust-
ble mounting flange. The elevator lever is bolted to the elevator control horn. A drawing of the location
f the transducer 1s gilven in fig. 21. A certaln measure of nonlinearity is necessarily introduced by the
pplication of levers with unequal lengths and by the intercomnection mechanism of the two elevator
alves. The applied calibration technique, however can deal with nonlinearity. Unfortunately nothing could
e done to reduce the play in the 8 bearings of the cardanlike actuator mechanism of the elevator. The

ffect of play reaulted in a "slack" of approximately 0.08° measured at one of the elevator halves, which'
s indeed twice the accuracy of t 0.04° achileved durig the flight test period. See ref. 4,

.3.2. Stabllizer trim angle transducer

he transducer for the measurement of the trim angle is designed very much like the elevator transducer.
he potentionmeter and the gears are the same except for the number of teeth of the segments. The up- and
own travel of the stabilizer are respectively 2.5° and 3°. In order to achieve reasonable‘potentiometer
otation the lengths of levers are chosen quite different: 24 mm for the transducer lever and 210 mm for
he stabllizer lever. ‘ )

his Introduced a rather non-linear calibration curve, which 1s not a great disadvantage, as the -trim
etting for each flight-test manoeuvre was fixed.

he measurement principle and the transducer are shown in fig. 22. The accuracy achieved during the flight
est period.is 0.01° or 0.2%. '

.3.3. Angle of attack transducer

he angle of attack is measured with a wind vane transducer, fig. 23, mounted on a nose boom.

hen the transducer was installed, no use could be made of the nose pitot tube.

uring flights with the angle of attack transducer installed, the total pressure was measured via a wing
ounted pitot tube.
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The transducer, designed by NIR is provided with a precision synchro, Kearfott 7E-911-1 with an accuracy
of 7'. Conical gears are applied to achieve right angle translation of the vane axis. The gear ratlo 1s 2
to 1, so the synchro rotation is twice the vane axle rotation. The gear on the vane shaft is preloaded
with a leafspring to minimize play at different temperatures. :
The output of the synchro, 11.8 V, 400 Hz 1s converted to dc voltage with a synchro converter having a
range of 180° for full scale output. In this way full scale output is achleved with a vane deflection of +
45°, The calibrated range 1s 1 30°, relative to the alrcraft Xp-axis. The converter used is the same as
used for the heading change measurement and was placed in the analog signal conditioning box, see chapter
5.7.

4.4, Engine speed measurement

Engine speed measurement 1s performed with the tacho generator already installed in the aireraft as a
transducer. The frequency of the three-phase output voltage is used as input to a frequency to voltage
converter, see fig. 2l.

At the converter the three wvoltages from the generater are cornected to three operational amplifiers,
which act as full wave rectifiers. The triggers connected to the outputs convert the output signals into
two positive pulses for each period. These pulses are differentiated and the negative going edges are
sumed at the clear input of flip-flop A. The clock input is connected to a divide-by-hundred circuit,
consisting of two decade counters. The counter input 1is the 1{0 ke master clock of the instrumentation
system. The second flip-flop synchronizes the output with the master clock, thus removing the uncertainty
of one clock-pulse of 25 ps. In thls way a stable pulse width of 2.5 ms 1is achieved. The output is
connected to an analog switch which is supplied by the systems 10 V reference voltage.

The output of the switch 1s a precizely controlled positive pulse with a stable amplitude. Each tacho
generator revolution produces-  six of those pulses. This yilelds a maximum %000 RPM for the generator,
permitting a maximm of 8150 RPM for the Jet-englne due to the gear ratio applied in the generator drive.
The pulse train is low-pass filtered to a dec voltage proportlonal to the frequency of the generator output
voltage. ' .

The accuracy of this circuit depending on the stabllity of the clock frequency, the reference voltage
stability and on characteristics of the analog switch, 1s better than 1 mV over a temperature range from
=30 to + 50°. " ‘
The circult components are mounted on a single printed circult board, placed 1n the analog signal
conditioning box. ‘

4.5. Total temperature measurement

Outside temperature 1is measured with a total temperature sensor, type 102-W2W from Rosemount Engineering
Company Ltd. This model 1s a non de~iced transducer provided with two 50 ohm sealed platinun resistance
sensing elements. The transducer shown In fig. 25 was mounted on top of the underwing instrumentation
container. Only very short electrical connection leads to the signal conditioner were required which in
turn simplified the electronics. Ref. 9 gives detalled information on in flight temperature measurements.
The slgnal condltloning, see fig. 28 1s stralghtforward. However, special attention 1s payed to the
temperature sensitlvity of the circuit, for relative high voltage galn is required to achieve the standard
dc signal level. -

A stable bridge voltage 1s derived from the -5 V reference voltage with low temp.co. resistors and an
operational amplifier. )

Three more resistors complete the four arm bridge in which the sensor elements form the active arm. The
bridge 1s s'li‘ghtiy offset to create an unipolar output. A differentlal amplifier with a high cmrr
connected to the bridge provided an output of 100 mV per °C. The initial of‘f‘sét is adjusted to zero with
the balance potentlometer. The overall temperature coefficlent of the entire circult 1s about 10 ppm per
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°C over the temperature range fram -30 to +50°C, which 1is about . 0.1°C related to the output range of %
50°C. o

‘It must be emphasized that thils filgure only concerns the electronic circult. The accuracy of the
temperature measurement depend heavily on the transducer accuracy which 1s stated by Rosemount to be %
(0,25 t 0.005t)°C. This figure results iIn % 0,5°C at the extreme ends of the measuring range, see fig..26.
The time constant for this hermetically sealed sensor system depends on alrspeed and Machnumber and 'may
vary between 3 en 5 sec, see fig. 27.

4.6. Exhaust gas temperature measurement

The standard equipment of the "Hunter" was used to perform FGT measurement. A functional diagram of the
installation 1is presented in fig. 29. Eight chromel-alumel thermocouples are installed in the Jjetpipe of
the engine. These thermocouples are connected in parallel to provide an input signal for a magnetic
amplifier ahd a cockpit indicator. A third circult comnected to the thermocouples is used for flight test
puposes. This circult consists of a servo indicator, Howell BH187B80, which accepts ther'moco{xple input.
The servo system 1s provided with a second potentiometer which 1is connected to the 10 V reference
voltage. A disadvantage of this system is the hysteresis of the mechanical part of the servosystem which ‘
1s equivalent to 3°C, and the null uncertalinty of about 8°C. The accubacy achleved with ‘this system over
the flight test period is + 0,6% or + 4°C with a measuring range from O to 700°C.

-
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5. FLECTRONIC PARTS OF THE INSTRUMENTATION SYSTEM

In this-chapter the different electronic systems will be discussed separately in the following order:

1. Analog fliters

. Multiplexer

Analog to digital converter
Parallel to serles converter

Digital recorder
Analog signal conditioning box.

Oy U1 = W
.

5.1. Analog filters

5.1.1. Introduction

Filtering transducer output signales 1s usually necessary before recording the data with a sampling
digital recording system. Filters are used to attenuate the amplitude if the high frequency contents of
the signals. The higher frequencles in the signals are considered as nolse due to structural vibration,
transducer noise and electromagnetic interference.

In the present flight test program, pilot induced motions had frequencles from zero to about 0.5 Hz.
Attenuation of high frequency signal components 1s required to reduce allasing errors caused by the finite
sampling rate of the data collectlion system. This sample rate equalled 20 measurements per second for eact
variable. '

Two conflicting requirements arise in designing pre-sampling filters. On the one hand, the filter cut—off
frequency should be high as compabed to the frequency range of the signal of interest, in order to obtailr
a flat frequency response and a constant group delay over the specified frequency range. On the other hand
the filter cut—off frequency should be low as compared to the sampling rate in order to keep the amplltude
of fold back frequencies withing the required accuracy limits.

5.1.2. Fllter specification

The required bandwidth was 0.5 Hz minimum with an amplitude ratio of input— and output signal between 99¢
and 9.002 in the specified frequency range. The time delay of the filters should be within i 2 msec. The
static gain was not too important for this value 1s taken iInto account during the static calibratior
proces. The gain stabllity required however equalled % 0.02%. The allasing error should be less then 0.17%
with a sample rate of 20 measurements per second. The expected amblent temperature variatlons ranged fronm
-25°C to +50°C.

5.1.3. Filter design

Filter design 1s commenced with an attempt to establish the required order of the filters. . This
calcuiation carried through 1s based on the aliasing specification of 0.1% with the gilven sample rate of
20 s/sec. Further more 1t 1s obvious that the filter cut-off frequency 1s much smaller then the sample
f‘r'equency, ref. 6. A

For' a n-th order low pass filter the following equation 1s valid when wy >> Wy

x T3
log M # - n log 5~ (1)
o
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Tne first inage depends on the difference between the sample frequency f‘s and the signal frequency f‘i,vsee
also fig. 30.

Substitution of fs - fo =rfy in (1) yields:

f -f
log M £ — n log sfo : (2)
R .

Now for di.fferent values of n and fixed values of M and f's, the highest allowable filter cut-off frequency
o Can be calculated. '
1 = 0.001 and fg = 20 substituded in (2) results in

~ 20

f =
°" 1o3M 4

(he values of f, for different values of n are given In the following table:

n [fy (Hz)

0.02
0.6
1.8
3.0
4.0

Ul =W

'rom the results above 1t 1s clear that the first order or second order filter will not satisfy the
mplitude requirements with signal frequencies up to above 0.5 Hz at the same time satisfying the time
lelay requirements. Practical considerations (simplicity 1in design and component selection) lead to the
holce of a U-th order filter, to be realized with identical 2-nd order filters comnected in series. The -
ut—off frequency was established at 19.0 rad/sec or practically 3 Hz.

he next problem to be solved was the determination of the damping coefficient of the filters. The
ollowing 1s a description of the method used.

he output-input ratio of a 2-nd order system is described by the equation:

M= {(1-N)2+ (2en)2) ' (3)

J
he phase angle between output and input is given by:

w
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© = - arctg 2N (1 - N2)_1 )]

Now in order to achleve a bandwidth as high as possible, with the amplitude ratio M between the gair
limits, it 1is necessary to apply a damping smaller then critlcal. So the gain will increase to the upper
1imit of M at a certain signal frequency. From this frequency the gain wlll decrease, passes M = 1 and
reaches the lower limit of M at the maximum allowable signal frequency. An illustration is given in fig.

31.
The required value of { is computed as follows. From setting the derlvative of (3) to zero and solving for
N 1s the result:

N=(1- 22} (5)

With this value for N the maximum of the frequency characteristic is obtained henceforth the maximum value
for M. When now the value of N from (5) 1s substituted 1n (3) and { is solved 1s the result:

¢= (-0 -1) b (gl )

With the maximum value for M belng equal to 1.001 the calculated :equired value Cp equals: .
Cr = 0,691

This value of Cr and the minimum value for M substituded in (3) and solving for N ylelds:
N =1 -2t + (ued (2 -1) + M2y S

With the real values ¢, = 0.691 and M = 0.999
N ='0.329
Henceforth’ the maximum allowable signal frequency in éccordance to:
£y = N |

fhax = 1 Hz

Having established the cut-off frequency and the damping ratio, the time delay of the filter as functior
of the impressed frequency can be calculated, referring to equation (4):
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© = - arctg 20N (1 - N°)2, (1)

the time shift equals:

AT = -

@ 8) -
L\)i .

Combining (4) and (8) yields:

_ arctg 2N (1 - W)~

oy

At

The negative sign denotes that the output is lagging with respect to the input.
For different values of N the time shift is calculated with the following results:

wi(r.sec_l) £y (Hz) N @w(rad) |AT (sec)
0 -0 0 - 0.0727
1 0.1592 0.0526 0.0728 0.0728
2 0.3183 0.1053 0.1460 0.0730
3 0.4775 0.1579 0.2202 0.0734
] 0.6366 0.2105 0.2905 0.0739
5 0.7958 0.2632 0.3726 0.0745
6 0.9549 0.3158 0.4515 0.0752
7 1.1141 0.3684 0.5324 0.0761 -

From the results it can be seen that the time shift increases with about 2 msec for frequencies to 1 Hz. A
plot of the time shift characteristic is presented in fig. 32. As a result, for the frequency range
relevant to flight testing, the time shift was established to 73.5 + 1 msec for one second order filter.

5.1.4. Realization of the filters

The 2-nd order low-pass filters are realized by using operational amplifiers and stable R-C networks. The
basic component conflguration is given in fig. 33 which shows a multiple feedback circuilt. This kind. of
filter has the advantage of mathematical simplicity and is bésed on the behaviour at low frequencles '
compared to cut-off frequency, with good phase and amplitude response.

The following equations describe the low-pass circult:
w = (RRCC,) 9)
o) 2R3 172

‘R R3
: 2 3,52
R. + R + 5=
) 21%

(
RACAREREL

\'
WL | TR,Ry clv&

. (10)
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1

The static gain (zero frequency) required 1s nominally unlty, so the circult produces a signal in version
which adds an extra constant phase shift of 180° to the input-output phase relation.

Substitution of Ry = Ry and solving R and Ry from (9) and (10) yields:

- 2, 0o -1
R = e+ (6 -253 hlag) (12)
Cy b
Ry = &= (£ - 2.0} (200)™ (13)

The calculation of the component values is initiated with the selection of the capacitors, because there
are fewer standards of high quality capacitors than there are resistors. Also resistors are more easlly
used for final édjustment of the complete circults.

Some trial and error work is required to select the proper capacitors in relation to acceptable resistor
values. This i1s done with respect to clrcult input impedance and amplifier characteristlcs, e.g. voltage
and current drift due to temperature changes. The capaclitor values determined are:

Cl=0.47 uF  and C2=O.l uF
The required resistor values are calculated with ¢ = 0.691 and W, = 19 rad sec™! substituted in eq. (12)

and (13).
The nominal component values calculated this way are listed in the following table:

Component | Value | Unit

Ry 484 | K@
R, 484 KQ
R3 122 KQ
c; 0.47 | uF
02 0.1 uF

It 1s necessary to look at the sensitivity of resistor values 1n respect to capacitor tolerance, the
selected capacitors only having a tolerance of 1% and the requirement of all filters belng equal. With a
simple program the extreme values of resistors were calculated, thereby taking into account the capacitor
tolerance. The calculated values are: :

| Component | Minimum | Maximum Unit

Ry 470 500 Ko
Ry 470 500 Ke
Rg 118 127 Ke
o 0.465 | 0.475 | uF

Co | 0.099 0.101 uF
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The aétual resistors are assemblies of a fixed part and an adjustable part with the following values:

Component | Fixed part | Adj. part Unit’
Ry 470 25 K
Ry 470 25 KQ
R3 120 10 KQ

=21~

The resistor Ry from fig. 33 is not yet mentioned in the description but for the measurement of bipolar
Input signals this resistor 1s needed to achieve an unipolar output. This resistor when commected to the
-5 V reference voltage provided a blas to the output of the second stage of the filter circuit. The value -
of Rll calculated to provide +5 V output is 728 Ke.

5.1.5. Filter construction

four second order filters are assembled on one printed circult board of 30 x 6 em? s which is enclosed in a
jural frame work. A total of 10 units 1is placed in the filter box. Four switches and four screwdriver
>otentiometers on the front panel of each unit provide for initial offset adjustment of the operational

mplifiers. The signal- and. the power supply connections are made through one connector on the backpanel
of each filter unit, see fig. 34.

5¢1.6. Filter components

“hopper stabilized amplifiers type 210 from Analog Devices are used because of the stability requirements.
hese ampliflers have a voltage offset drift of 1 pV per °C and a current drift of 3 pA per °C over a
emperature range from -30 to +50°C. One disadvantage of this type of amplifier is the unbalanced power
nput resulting in current flowing through power ground leads. This effect however was reduced by the
pplication of suitable bleeding resistors.

olystyrene capacitors are preferable in precision filter clrcults for low frequencies because of thelr
ow temperature sensitivity, usually below 25 ppm per °C. Thelr physical dimensions hower are much larger
ompared to polycarbonate capacitors. Metallized polycarbonate capacitors, type MKB-3, are chosen for the
1lter clrcuits, they exhibit a reasonable long term stabllity 3.10"Ll per y and a temperature sensitivity
f 50 ppm, per °C. The tolerance available at the time of construction was + 1%.

tabllity and low temperature sensitivity are the requirements of the resistors, the resistance values
elng of less Importance. The resistors used are from. Ultronix, type 205 RP, having a temperature sen-
1tivity of 10 ppm per °C, tracking 2 ppm, a long term stabllity of 1.10'” per y and a tolerance of + 1%.
he resitors are small bifilarly wound with radial leads for printed circuit mounting. The variable
eslstors are from Beckman Helipot. The small diameter potentlometers have cermet resistarnce elements and
he necessary Infinite resolution. Temperature sensitivity depends ‘on the range used but is in the order
f 100 ppm per °C.

- complete scheme of one filter unit with four 2-nd order filters is presented in fig. 36.

+1.7. Adjustment of the filters

he filnal adjustment procedure ‘is carried out wilth the analog computer EAT 680 of the Department ~of
erospace Engineering. An analog model of the filter was made with the calculated values of gain, damping
nd cut-off frequency. Precislon components with a nominal accuracy of 0.0_1% are used in this computer.

ig. 35 shows the block dlagram of the adjustment sett-up. Model and fllter were excited wilth the same
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input, a low frequency sin_e wave Or a square wave signal. During the adjustment with the three filte:
potentiometers, the output of the summing amplifier was monitored. When equality of model and filter was
achleved, this signal remained zero for every input. A peak to peak output of 2 mV was considered to be
acceptable for full scale input signals.

5.1.8. Fllters with voltage gain

Because of the + 2 V full scale output of the pressure transducer system, six filters are requlred with ¢
static gain of 5. This 1s realized in the first stage of the fllter unit. Component values of these
circults, determined with the method described for the standard filters, are listed in the followlng
table.

Component | Fixed part |Adj. part | Unit

Ry 286 20 | ke
Ry 1430 100 Ko
Ry 116 10 Ko
Cy 0.47 - uF
C, 0.033 - uF

The adjustment procedure 1is carrled out in the way described, only the potentiometer setting in the analo,
computer being changed. The input signal ofcourse was reduced to an acceptable level.

5.2. Mlter box

The filter box 1s a ruggedized container in which 19 filters are placed. Also mounted in this box are th
systems reference voltage

unit, the voltage reference element, two high input impedance buffer amplifiers and the balance relal:
unit. l

5.2.1.. Systems reference voltage unit

Transducers with potentiometric ~sensing elements were supplied with a stable dec voltage: the system
reference voltage. Furthermore this voltage was used for the synchrd to de converters and the englne spee
converter. Although the exact nominal value of this reference voltage is 9985 mV, it is referred to as th
10 V reference in this description. A second reference voltage of -5 V was used to provide the require
offset for some filter outputs as mentioned in 5.1.4. The bridge supply voltage of the total temperatur
measurement clrcult was also derived from the -5 V reference. )

Two chopper stabllized amplifiers, see fig. 37, are used, with sultable resistor networks. Either th
internal reference element or the reference element of the DVM can be used as the input for the referenc
unit. In both positions of the switch DVM/INT, the output voltage remains the same within + 1 mV. Thi
feature 1s included for control purposes during pre— and post flight checks.

Normal operatlon is with the switch in DVM position.

A second swltch 0/-5, is used in order to create a zero input for the filter amplifiers provided with bla
inputs, during the zero adjustment of the amplifiers.

The output of the second amplifier in the reference circult 1s buffered with a single transistor ¢t
increase the output current capability. Output sensing takes place at the systems reference poin
(terminal strip)to avold voltage drop in long connecting leads.
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The output change is less than 1 niV over the 4'a:i1bient temperature g:héhgé fr'om =25 to +50°C.

The circuit is contained in a frame with dimensions equal to those of the filter ‘units, both switches are
readlly accessable on the fron panel.

5.2.2. Voltage reference ' ' s

A silicon reference element BZY25 1s used for a stable reference vbltage of 8.4 V. Although having; a
temperature coefficlent of only 10 ppM per °C, the element 1s placed in a small temperature controlled box
vith a regulated temperature of 60°C. Fig. 39 1s a scheme of the voltage reference element connection.

>.2.3. Buffer amplifiers

'wo high I1nput impedance buffer amplifiers type AD180 provide for the required unloading of the
100 K@ potentiometers of the stabilizer— and elevator deflection transducers. Also filter characterlstics
are not changed, because of the low output Impedance of the buffer amplifiers. The electronic circuit,
*1g. 38, is mounted on a filterboard instead of the second fllter, so the 10th unit 1n the filter box
containes one 4th order filter and the two buffer amplifiers.

5.2. 4. Relay unit

Vith the relay unit applied, a means 1s created to record the filter off-sets during flight for correction
urposes 1 necessary. The filter inputs are switched with 5 simultaneously operated relals to a 10 mV
eference voltage derived from the 10 V reference. A so called "live zero" is applied. The relais are
nergized through the mode control switch installed on the operators panel in the cockpit.

\ camplete scheme of the filterbox is presented in fig. '39.

.3. Analog multiplexer

he analog multiplexer used in the iInstrumentation system has 19 analog channels, which are scamned in
sequentlal order. The sample rate is 20 times per second for each individual channel and no subcommutation
s appllied. For reasons to be described later the multiplexer consists out of two subsystems. A first
ystem containing 19 electronic analog switches i1s used during sequential operation. A second system 1is
sed during the calibration of transducers and for the execution of pre- and post flight checks. It
onsists of 20 reed relals. Fig. 40 gives an impression of the muiltiplexer principle.

he electronic switches are single throw double pole ones, Epsylon DPAS2. Although these are differential
witches, they are used single ended in the multiplexer. An excellent property of these switches 1is the
igh ratio between the "off" and "on" resistance, about 109. The switch control circuilt 1is isolated from
he analog signal path. The coupling of the gate control applied, however, introduces a disadvantage. The
aximum "on time" is limited to only 2 msec whereas the required "off time" between on perlods equals
bout 20 msec. v ‘

8 a consequence the modular switches can not be used for static operation.

he series "on" resistance of each switch is determined. In the reed switch circult small series resistors
re included in the signal path. This in order to achieve equal signal path Impedances undependent of the
act wether the signal 1s fed through the electronic switches or through the reed switches. The reed
camner is operated by a multi-position switch mounted on the operator's panel. In this way even durihg
light it was possible to monitor one partlcular analog channel. From the scheme in fig. 42 it can be seen
hat the first position of the multi-position switch activates the output of the electronic switches.  The
ast position 1s used for energlzing the reed. switch comnecting the 10 V reference to. the multiplexer
utput. The reed switch contacts are commected 1in series to avoild possible short .cir'cuiting of two
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charmels during switching.

The gate control pulses of 2 msec duration each, separated by 0.5 msec are generated in the parallel to
series converter, which will be described in chapter 5.5. The TIL outputs of thls converter are buffered
with non-inverting transistor circuits, to provide sufficlent gate input current.

Reed switches, analog switches and buffer stages are mounted on two 1dentical printed clrcuit boards,
placed in a dural box. The rear panel is provided with 5 sockets, for digital- and analog 1nputs, for
marual charmel selection, analog output and for the power supply cormection.

The required power supply voltages are made in the Instrumentation systems digital power supply unit. Some
general specifications of the multiplexer are glven below.

Multiplexer specifications

Acquisition time 5 us

"On" impedance ~ 50 ohm
nOPEM impedance ~ 10° Mohm
Offset voltage 100 WV max
Temperature range -0 to +50°C
Signal current 1 mA max
Gate current 4 mA max

Supply voltages

DPAS2 +6 Vand +12 V
Buffer stage 5V, =15V, +12 Vand +6 V
Reed switch +12V '

5.4. Analog to digital converter

The analog to digital converter (adc) used In the instrumentation system is a modified digital voltmeter
(DVM) type 6000 from EAI. Experience galned with an earlier flight test instrumentation system, used for
non-steady measurements with the De Havilland DHC-2 “"Beaver" aircraft, lead to the selection of this DVM.

Significant specifications of this DVM

input impedance
conversion time

input ranges
display
temperature range
power requirement

weight

accuracy 0.01% of reading 1 LSB
resolution 0.01% of full scale
stability 0.01% + 1 LSB/year -

~ 500 Mohm

1 msec unipolar input
35 msec bipolar input

+ 1V + 10V t 100V d.c.
5 digits

+10 to 40°C

115V 60 Hz ~ 100 VA

~ 14 kgf

The logic system of the DVM to make a conversion requires 16 trials for each new reading. There are four
binary coded (8421) resistors per decade and a logic system determines wether each of these reslstors
should be dropped. or retained for a glven reading. Therefore four trials are needed per decade- and 16
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trials per reading. These trials proceed at a clock rate of 20 ke to give 16 trials plus command signals
for one complete measurement within 1 msec.

A peculilarity of the DVM is the long time required (35 ms) to deal with a change in polarity of the input
signal. This 1s caused by the application of ‘a sign-relay in the DVM. This phenomenon 1s the reason why
all input signals have positive polarity referred to ground reference. s
Inputs to the DWM 1n the instrumentation system are: )k\
- The time multiplexed analog signal. , . , ‘ _'*él-;’
- The sample/hold command.

- The conversion start command.

Outputs are:

- The conversion complete signal.

- The negative sign signal.

- The binary coded decimal output.

- The decimal output.

- The clock reference 10 ke, 20 kc and 40 ke.

A simplified timing diagram of the DWM is glven in fig. 43.

A\ few details had to be modified before this DVM was acceptable for flight test purpose. The modifications
carried out concerned the following: '

- The reference clock.

- The input amplifiers.

- The reference voltage.

- The power supply.

- The display.

>.4.1. Reference clock

riginally the reference clock of the DVM consisted of a unijunction oscillator operating at a frequency
f approximately 22 ke, its stability beilng insufficlent to serve as a time reference. This oscillator is
eplaced by an X-taloscillator with an output frequency of 40 ke. Additional circuitery provids for
level,shifting and frequency dividing to 20 and 10 ke, see fig. 44, The 20 kec is used in the DVM,
"esulting in a stable conversion time of 1,1 m/sec. The 40 -and 10 ke are fed out to the digital output
onnector for use In other parts of the system. Stability and accuracy of the time reference clock 1is
nhanced to 0.01 °/eo over the amblent temperature range of -25 to +50°C. The necessary circuits are
ounted on a printed circuit board placed in space slot A7 of the DVM.

.4.2. Input amplifiers -

he two applied amplifiers of the DVM were stabilized with a electro-mechanical chopper, running on the
ine frequency. Since the aircraft power supply with a 400 Hz line frequency had to be used, the complete
mplifier board was removed and replaced by a pin compatible dual amplifier Board. This board contains two
perational amplifiers type 1003/01, Teledyne Nexus. This are FET input amplifiers with an exceptional low
oltage drift of only 1 uwV per °C. They are specified to operate on supply voltages of 28 V. The
vallable 20 V in the DVM 1s sufficlent to achleve the required #12.5 V output voltage of the amplifiers.
his 12.5 V output with an input of 10 V is required for the realizatlon of a stable high input impedance,
y the application of positive current feedback.

ince the converslion time of the DVM is 1.1 msec and the signal variations due to alrcraft motion my: be
p to 15 mV per msec, the necessity of a sample and hold circuit is obvious. This circuit, the principle
iven in fig. 45, is built around the inpﬁt amplifier. The control signal for the sampie/hold circuit is
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generated in the parallel to serles converter (chapterf 5.5.4.). The hold time is 1.4 msec consequently the
sample time equals 1.1 msec. In order to achleve a low decay rate and a small voltage bullt up due to.
dielectric absorption, high quality storage capacitors, together with fast electronlc switching components !

are required for precision sample and hold clrcults. In the actual circuit a polystyrene capacitor is-"
applied. In the switching circult use 1s made of the low "on" resistance of PNP transistors and the high i
"off" pesistance of Field effect transistors. The decay rate (voltage change in "hold") of this circuit is
about 1 mV per sec, the offset from sample to hold is 0.2 nV and the effect of dilelectric absorption is |
0.01% of the applied voltage after 1 sec. The complete scheme of the sample and hold circult. designed is
glven in fig. U46.

5.4.3. Reference voltage

The reference voltage supply consists of a stable voltagesource and the reference amplifier, stabilized .
with a mechanlcal chopper. The zener diode network 1s placed in a temperature controlled oven. Increasing -
the thermal 1solation was necessary because the maximum available power disslpated by the heating element

was insufficient for low ambient temperature operatlon.

The small mechanical chopper which operated well even under vibrational conditions is maintained in the

eircuit. The necessary 50 Hz driving frequency 1s derived from the 400 Hz malns supply voltage. To this

end an electronlc circuit 1s placed in space slot A8 of the DVM. This clrcuilt, see fig. 47, contains-a

pulse shaper cornected to the mains transformer secondary, three flip-flops for frequency dividing and an -
output power stage tuned to 50 Hz. The necessary power supply components are also located on the printed

circult board.

5.4.4. Power supply

The power supply r'egulator's. of the DVM were fed by a single phase 115 V, 60 Hz mains transformer. This
transformer 1s replaced by a smaller three phase 115 V, 400 Hz transformer. Also the fllter capacitors are
replaced with high quality electrolytic types with less capaclty, 1000 pF instead of 4000 pF . Minor
changes had to be made on the regulator board in order to maintain stability with low environmental
temperature.

5.4.5. Display
\
A projection type in~line display was applied in the DVM. This display 1s removed from the DVM housing. A

smaller type display mounted on the operators panel 1s conmnected instead, through a connector provided on
the rear of the DVM. -

5.5. Parallel to series converter

The parallel to series converter (PSO) required in the data collection system performed the task of a
systems programmer. This is because it not only serializes the digital DVM data but also generates 1nput
commands for several parts of the instrumentation system. These commands are time related and derived from
the reference clock. A functional block dlagram of the PSO is given in fig. 48, complete scheme 1s
presented in fig. 49.

5.5.1. Operation of the parallel to serles converter

Every 2.5 msec when the conversion complete puls from the DVM is ‘true, the 16 bit word is loaded into a
reglster. During recording, however, each group of 16 bits is preceded by a characteristic mark of 9 bits.
Consequently one complete measurement contains 25 bits. The characteristic mark needs some explanation.
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The 9 bits are divided into two groups. The first 6 bits are fixed to one "O" and five "1 s, thus:
01111l. The three bits of the second group are either "0" or "1V,

The flve "I1" s on a row produce the recognizable pattern, because in the data in BCD code never five times
"1" on a row can occur. The three bits of the second group contain information regarding the contents of
the following 16 bits of information. So each of the 20 measurements forming one cycle of 50 msec duration
contains a characteristic mark and measurement data. Because 19 analog chamnels are recorded, the 20th
time slot 1s avallable for administrative data, consisting of the cycle number of a manual selected
manoeuvre number. Selectlon of this number is performed by two thumbwheel switches on the operators panel.
The BCD code (8 bits) is loaded into the register every 100 msec. The cycle number 1s generated by the
cycle counter producing 16 bits BCD coded information, also loaded into the shift reglster every alternate
100 msec. Consequently manoeuvre number and cycle number are loaded alternately in the register resulting
In the recording of odd cycle numbers and of recording manoeuvre rumber when the cycle number 1s even. To
dlstinguish between cycle number and manoeuvre number information, the last group of 3 bits of the
characteristic mark are used as follows

characteristic mark meaning of the 16 bits
of recorded data

first 6 bits | last 3 bits

011111 111 cycle number

011111 110 manoeuvre number

011111 101 zero input data

011111 100 zero pressure input data
011111 011 measurement data

\s mentioned earlier 1In the description of the pressure transducer box and of the analog filters,
orovisions -are made to measure zero offset of the pressure transducers and of the analog filters. The
lifferent modes of measurement are selected by a thumbwheel switch on the operators panel. The actual
selected mode 1s identified in the characteristic mark as can be seen in the foregoling table.

he information loaded in the shift register is shifted in serial form to a divider circuit under control
f the 10 ke clock. This clock 1s inhibited during 6 clock periods to produce the firét 6 bits of the
haracteristic mark. In the divider cilrcult the signal path 1s splitted into two ‘outputs, output My
hanges when the input bit is "0", whereas M; - changes when the input bit is "1". In this way there is
Ilways a change elther in MO or in Ml' Two current driver amplifiers connected to Ml and Nb supply the
rite head coils of the tape recorder.

+5.2. Recorder start/stop command

henever a start command is generated with the recorder switch on the operators panel, the recorder starts
unning Immedlately although without recording, the signals My and M; being inhibited. After a certaln
ime, adjustable with jumpers and set to 3 sec, the recording process 1s started with a characteristic
ark followed by the cycle counter contents. ‘ ,

he delay time of 3 sec 1s required by the recorder to attain its normal operation speed. When a stop
ommand 1s generated, the recorder keeps on rumming until the cycle is completed and My and My are again
nhibited. :
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5.5.3. Control circuits

During the recording process no parity checks are carried out and no channel numbers are recorded. Some
faulty conditions however are detected. Whenever a negative analog signal appears at the Input of the
DVM, the Information 1s useless. The negative sign of the DVM 1is used to set a flip-flop which turns on an
indicator lamp on the operator's panel. '

When a positive signal greater then the allowed 9999 mV appears at the input, both the "8 pbit and the "2
bit of the most significant decade are turned on. Those two bits are gated and fed to the lamp drive flip-
. flop. A check is made by comparison of the conversion complete pulse of the DVM and the clear pulse of the
shift register. As there are no additional latch circuits in the DVWM, only rellable information is
obtained when the conversion process 1s finished, which 1is indicated by the conversion complete signal.
The output of this comparison circult 1s used to light a second indlcation lamp on the operator's panel.
Both check flip-flops can be reset by a single push button switch. ’

A 1 Hz signal is derived from the cycle counter when the recording mode 1is selected and the cycle counter
is cleared. This signal is used to increment an electromechanical counter on the operator's panel. Each
count represents 20 cycles of recorded information so the indicated number 1s the total duration of the

recording in seconds.

5.5.4. Ouput signals

The analog switches of the multiplexer are controlled by 19 output commands from the PSO. The control
pulses of 2 msec duration are checked by a "watch dog" circuit with a preset time of 2.1 msec to prevent
short circulting of anélog switches in the case of a malfunction in the timing circults. The 19 outputs
are of standard TIL level, broperly interfaced in the multiplexer. _

The control pulse for the sample/hold circuit, located in the DVM has a duration of 1.1 msec. Thls TIL
level pulse generated every 2.5 msec, independent of the mode selected, 1s interfaced in the PSO to the
required level, O V-hold and 6 V-sample. The conversion start pulse (50 usec) generated also every 2.5
msec, 1s delayed 50 psec after the sample/hold command, to cope with the turn-off time and aperture
uncertainty of the sample/hold circuit. As é.lr-eady mentioned in the description of the pltch~rate gyro, a
400 Hz precision square wave signal 1s derived from the reference clock. This TIL 1level signal 1is
interfaced in the analog signal conditioning box on printed circult A5.

5.5.5. Construction

A1 loglc circults used are TIL series 5400. The compnents are located on 5 printed circult boards placed
in slotted metal case. A mother board provides the necessary cross comnections between the boards. The box
measures 20 x 20 x 6 em3 and 1is provided with sockets for comnection to the DVM, the multiplexer, the
operators panel the tape recorder and the power supply. The required power supply voltages 5 V, £ 15 V and
22 V are derived from the "digital power supply".

The interconnection of the PSO with peripheral par'tsA is shown in fig. 50.

5.6. Tape recorder

The tape recorder used In the instrumentation system is a NAGRA IV D. This recorder, shown in fig. 51,
designed to operate within specifications at low temperature is however an audlorecorder. The servo tape
moving system proved to be highly accurate under adverse condltlons.
The digital information available in serles form from the PSO 1s recorded with the "zeros" on the ‘upper
track and the "6nes" on the lower track. '
Standard triple play i" tape 1s used on 6" reels allowing for an effectlve recording time of approximately
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"half an hour. A tape speed of 15" per sec resulted in a bit density of1667 bits per inch. The recorder 1s
powered by 2.5 Ah nicad batterles carefully recharged after each flight. The internal full track play-back
amplifier 1s used to drive a small indicator mounted on the operators panel. Thié indicator proved to be
very useful for the observer during flight in giving ‘a final indication of the recording process.

The recorder is placed on a tray and was easily put in the Instrumentation pod through the access. door,
fig. 52. ‘ : ny
Two comnectors are provided, one for the digital input and indicator ocutput and one for the start/stop
command of the tape transport system.

5.7. Analog signal conditioning box

In the analog signal conditloning box several different circults are placed. Some of them have been
already mentioned in the transducer chapter.

The complete wiring diagram of the box with the various interface boards 1s glven in fig. 53.
The circuits placed in the box are:

- Recorder operation control.

- Power supply for accelerometers.

- Ingine speed measurement interface.

- Total temperature measurement interface.

— Reference clock interface.

- Headling change measurement interface.

- Angle of attack measurement interface.

- D.c. power supply 15 V.

5.7.1. Recorder operaéion control

The function of this circult is to provide an easy means for the operator to select the various recording
modes of the system. The recorder on/off switch and the mode selector switch are mounted on the operator
panel.

The four possible recording modes are:

Balance (zero filter input).

— Zero pressure (shobt circuit of pneumatics).

Manoeuvre (recording of manoeuvre data).
Automatic (Balance and Zero in sequence).

The circult, fig. 54, 1is realized with relais and two simple timing networks. The operation of the circuit
is as follows, with reference to fig. 55.

When the recorder on/off switch is placed in the "on" position a re corder start command is fed to the
parallel to series converter.

Dependent on the position of the mode selector, balance data, zero pressure data or manoeuvre data is
recorded. With the mode selector switch the position of the pneumatic valves and of the balance relais is
determined. In addition the last three bits iIn the characteristic mark, generated in the parallel to
serles converter are set. ‘

When the momentary recorder switch is pushed a recorder start pulse is generated with a duration time of 5
sec, ylelding a recording time of 2 sec, due to the start up time of the recorder. If the mode selector: is
in the "automatlc" posltion two recorder start commands are generated in sequence. During the first
recording time "balance data" is recorded and during the second recording time "zero pressure data"sis
recorded.

The pneumatlic valves, in the pressure transducer box, are always in the "zero pressure” position except
when the "manoeuvre" mode 1s selected and the recorder switch is placed in the "on" position.
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5.7.2. Accelerometer power supply

Accelerometer power supply voltages + 15 V and + 28 V are made with voltage regulators, type IM305, for
the positive voltages and LM304 for the negative voltages. The clrcuit dlagram is in fig. 56. The circults
operate in the current limiting mode, hence are short circult proof. Supply ground 1s not cormnected to
signal reference ground in the signal condltioning box, but to the signal returns In the accelerometer
box, for relatively long leads are necessary to comnect the power supply with  the -accelerometerbox
dorsally mounted on the alrcraft. ‘

\' . B
5.7.3. Engine speed, measurement Interface

This signal conditioning unit, a frequency to voltage converter 1s already described in 4.4, of the
¢
transducer chapter. '

5.7.4. Total temperature measurement interface

<

This signal conditioning circult, a high gein differential amplifier and bridge supply 1s described in
4.5, of the transducer chapter. - '

5.7.5. Comparator 40 k¢ clock

A differential comparator IM21l with high Input impedance 1is used to "isolate" digital and analog ground
in the analog signal conditioning box. The scheme is given in fig. 57. The 40 ke signal 1s used for the
engine speed frequency to voltage converter. The printed clrcult board also contalns some components used
for the heading change measurement to be described next. '

5.7.6. Heading change measurement interface

The synchro of the Sperry S3A directional gyf'o is demodulated with a synchro to d ¢ converter. This
converter 1s of a design based on the well lknown principle of the R-C phase-shift converter. The
converter, the scheme given in fig. 58, accepts the three wire output of a 26 V, 400 Hz synchro and
produces an output from 0 to 10 V for 180° of synchro armature rotation.

The synchro stator is connected to a triple differential irput stage Q;, Q and Q3. Outputs of Q; and Q3
are comnected to two tuned R-C networks, which produce U45° phase-shift at 400 Hz. The buffered outputs of
Qy and Qp are subtracted from a fraction of the Qy output. Outputs of Q; and Q)3 are 400 Hz sin waves
with constant amplitude independent of synchro armature rotation. Relative phase-difference however 1s
twice the rotation angle of the synchro. Two 2nd order low pass filter Q6 and Q8 reduce unwanted high
frequency contents of the signals. Comparators Q7 and Qg, switching at the zero crossings of the inputs
produce two square waves, signals p and q, used to set and reset a flip-flop. The set time of this flip-
flop is proportional to synchro input angle. An analog switch, Q) and Q15, fed by the 10V reference
voltage and controlled by the flip-flop output produces an output square wave with constant amplitude.
Low-pass filtering with Q;5 and Qll results in a d ¢ voltage proportional to synchro input angle. Due to
the application of two R-C networks twice full scale output 1s attained for éach revolution of the
synchro, hence a 180° anomaly is introduced by the converter.

To prevent fast signal changes from 10 V to zero, or from zero to 10 V at 180° and 360°, the slaving
torque motor of the gyro is used in the following way, see fig. 57 and fig. 59.

The converter ocutput signal 1s filtered and buffered with Q;,. Comparator Ql3’ with hysteresis, switches
around a -5 V level, corresponding to 90° or 270° of synchro output angle. The comparator controls R18
with the output stage Q5. Contacts of R18 change the phase of the voltage applied to the control winding
of the slaving torque motor, the fixed phase belng energized permanently. So when the instrumentation
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system 1s switched on, the gyro being in any arbitrary position, starts slaving to elther the 90° or 270°
position. Possible output signals are shown in fig. 60a and b. Consequently during flight the gyro 1s
forced to maintain its position relative to the alrcraft. During the recording of measurement data, the
switched torque motor supply 1s interrupted by R19 ‘controlled‘by the recorder on/off switch. Henceforth,
juring recording the directional gyro 1s a free gyro and heading change measurement always starts
approximately from the 90° or 270° position. Y
lhe synchro to d ¢ converter is placed In slot A6 or the analog signal conditioning box, the comparator
circuit in slot A5. - '

>.7.7. Angle of attack measurement interface.

'his interface A6 is equal to the heading change measurement Interface. Full scale output of the synchro
to d ¢ converter 1s attalned by 180° of synchro rotation. Due to the 2 to 1 gear ratio in the transducer,
the vane 1nput angle is limited to +45°. The anmomaly introduced, four times zero output for one
revolution, causes no problem for angle of attack measurement.

5.7.8. D ¢ power supply

o supply varlous clrcuits in the box a + 15 V, 100 mA readily available power supply type Cl5-1D from
Delta Electronics 1s used. The supply board is placed in slot AlLQ and connected to a 115 V, 400 Hz mains
transformer.

>.8. Operators control panel

Switches and displays required for opehation and monitoring of the instrumentation system are mounted on a -
small panel, installed in the cockplt on starboard side. Fig.v 61 shows the panel installed.

In the following a summary is glven of the different components and their purposes, in fig. 62 the
romplete scheme of the panel 1s shown. '

5.8.1. Manual channel selector

Vith a 24 position switch, each of the 19 analog channels, the multiplexer output or the 10 V reference
joltage can be selected. The analog value of the selected signal 1is digitized at a rate of 400
neasurements per sec and displayed.

5.8.2. Display unit

[he display unit applied, a one plane projection type read out, is connected to the decimal outputs of the
VM. A t sign indicator and a 5-diglts display are installed on the panel.

>.8.3. Pressure transducer box mode indicator

in electromagnetic indicator is used to display the position of the pheumatic valves in the preséure
ransducer box. The indlcator 1s activated by micro switches which sense the actual position of the rotary
ralves. Both "end" positions "measure" and "zero pressure" are actlve so even a power failure or a Jamming
ralve is indicated by the passive mid-position of the indicator.

5.8.4. Record mode selector and manoeuvre counter

(he mode slector and the manoceuvre counter are part of an assembly of three thumbwheel switches. Two are
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used to generate, in BCD code, the manoceuvre number to be recorded. The third switch is the mode selector
with the positions:

- balance

- Zero pressure

~ manoeuvre

- automatic.

With thils switch the appEopriate relays of the recorder operation control are activated.

5.8.5. Cycle counter

A resettable electromechanical counter is applied to display the rumber of cycles recorded. Actually the
counter 1s an elapsed time indicator, for it is comnected to the 1 sec pulse output of the parallel to
serles converter. Each count on the indicator equals 20 'cycles of recorded data.

5.8.6. Modulation indicator

'Ih:fs indicator 1is a small movingcoll Instrument connected to the rectified dutput of the play-back
amplifiler of the NAGRA recorder.

Both, upper and lower, chanmnels are read by a full track head, nevertheless a single tr'aék failure is
easily indicated by this simple device.

5.8.7. Recorder switches

Recorder on/off 1is performed wlth a toggle switch for continuous operation and a push~button switch for
momentary operation. The latter activates the recorder in the modes '"balance", "zerc pressure" and
"automatic". A small green light 1is "on" when the recorder is switched in "run" by the recorder relay of

the recorder operation control circuilt.

5.8.8. Error indicator

\

As mentioned in the description of the parallel to series converter, three error conditions are detected.
The indication on the panel ‘1s with two small red lights. A push-button switch 1is provided to reset the
error detection clrcults in the converter. ‘

5.8.9. Signal lights, switches and conhectors

A set of four white 1lights 1s mounted to show the operation of the temperature regulators of the
accelerometer box, the pitch rate gyro, the pressure transducer box and the altimeter (static pressure)
box. An amber "press to test" light is connected to the alrcraft's 28 V bus. The instrumentation system's
master switch, which actlvates the master relay 1s also located on the panel. Another, spring activated,
éwitch is provided for the release of the "mouse trap" holding the tralling cone tube during take off.
Furthermore, for ease of installation, 5 sockets are provided, shown in the scheme presented in fig. 62,
for the comnection with the power supply, the DVM, the parallel to serles converter, the analog signal
conditioning box and the multiplexer.

5.9. Power supplles

Thrée main power supplles are used in the instrumentation systems.




-33-

' 5.9.1. Reference supply

A reference buffer supply is required because the total current drawn from the 10 V reference is

approximately 40 mA. This is mainly caused by the low resistance values of the yaw-rate gyro potentiometer

ard the altimeter potentiometer, 800 resp. 450 ohm. Without a reference supply or a reference sensepoint
close to these two units, at least An~10 wires should have been required to deal with resistance .vari-
ations due to temperature changes. The possibility of a sensepoint is consldered, however not applied for
rather long (~ 15 m) sense wires would be required, next to the problem of the common ground of the
system. Instead a simple reference buffer amplifier, see fig. 63, with 1ts own power supply regulator is
applied. ‘

Consequently the 10 V reference point 1s not the reference unit in the filterbox, but a post of a terminal
strip mounted -in the radio compartment of the aircraft. To this point equipment is comnected requiring 10
V reference.

592. Dual 15 V supply

This power supply is used only for the amplifiers 1in the filter box. The unit conslsts of two
complementrary 15 V serles regulators, fig. 64, The maximum available current is 2A at 15 V from each

-supply. Foldback current charateristics applied not only make the outputs short circuit proof but also

lower the output voltage during possible overload.  Both cilrcults are coupled in order to ‘achleve a
balanced output in any circumstance. Remote sensing of the voltage at the Junction strip in the filter box
is applied. The mains transformer 1s three phase 115 V, 400 Hz for easy ripple free rectification. A and C
phase are protected with fuses.

5.9.3. 5 V power supply

This power supply provides 5V, 15 V and 22 V for the parallel to series converter and 5V, 6 V, 12 V and
=15 V for the multiplexer. Output voltages are series regulated except for the 22 V which is only used for
relay power.The scheme of the power supply is shown in fig. 65.

Foldback current charateristic 1s applied for the 5 V digital supply together with an SCR controlled
"erowbar" overvoltage protection circuilt. The maximum output current .equals 1.6 A. This power supply also
has a three phase mains transformer, provided with different secundary windings supplying the regulator
circuits. A and C phase are fuse protected.
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6. INSTALLATION IN THE AIRCRAFT

The parts of the instrumentation system placed in' the underwing pod are from front to rear: the recorder,
the power supplies, the multiplexer, the parallel to serles converter, the analog to digital converter and
the analog signal conditioning box. Fig. 66 shows the Instrumentation drawer. .

Terminal strips are mounted on the bottom side of the drawer and provided for interconnectlon of the
different parts. The wiring diagram of the pod is given in fig. 67. From the terminals a cable harness is
conducted to the top connector just in front of the mounting pylon. This connecter is the only electrical
commection with the aircraft. In the a_ir'cr'aft the cabling 1s conducted through the leading edge of‘ the
wing to the fuselage. The harness 1s ter'minated on several 58 pin MRA-50 comnectors in the radlo
compartment. From this compartment connections are made, through the pressure bulkhead, to the operators
panel in the cockpit. In the radio compartment are furthermore installed the vertical gyro, the
directional gyro, the altimeter (pressure transducer) with servo amplifier and the reference buffer. The
complete alrcraft wiring dlagram 1is glven in fig. 68. The pressure transducer box 1s placed in the
starboard ammunition bay. In this bay also provislons are made for the comnections of the pneumatic tubing
from the trailing cone probe, the exhaust pitot and static probes, the nose pitot tube and the wing
static— and pitot tube.

Under the spline fairing are placed the accelerometer box, the pltch and yaw rate gyro's and the pitch
rate amplifier demodulator.

The required electrical power for the instrumentation system 1s derived from a 750 VA, 115 V, 400 Hz three
phase rotary inverter, Leland MGH-182-100, installed underneath -the ammunition box. Power distribution
strips, power relay and clrcult breakers are placed in the ammnition compartment oﬁ port side.

Dependent on the type of flight either the angle of attack transducer or the pitot tube 1s installed on
the nose boom.

Locations of system parts are glven in fig. 69..

Before the functional testflight was performed the following activities are carried out:

Calibration of the elevator- and of the stabilizer-deflection transducer.

Calibration of the angle of attack transducer.

- Alignment of the accelerometer box.

Measurement of dynamlc characteristics of the pneumatic system.

6.1. Calibration of the elevator— and of the stabilizer deflection transducer

Elevator deflection transducer calibration was carried out with a precision inclinometer (Optical Winkel
Iibelle, Miller) placed on a mouhting frame attached to the left elevator half, perpendicular to the
rotation axls of this elevator half. Because elevator deflection is measured relative to the horizontal
stabilizer it was necessary to trim the stabilizer in horizontal position. To this end the "Hunter" was
jacked horizontally with the X- and Y-reference axes. The reference datum points 1n the wheel bay were
used together with a long fluild filled tube held agalnst wing tlp reference points. The zero position of
the elevator was established with a three point preclsion template placed on marked points of the
horizontal stabilizer. As already mentioned in the transducer chaptef', the play in the control mechanilsm
showed to be significant, about 0.08°. Calibration points were adjusted with a special screw-Jack placed
on the ground and hooked up to elevator trailing-edge. »

The stabilizer' deflection transducer was calibrated with the same inclinometer, now put perpendicular to
the stabilizer rotation axis. With a precision clamp the elevator half with the incllinometer was rigged to
the stabilizer. Calibration points now were adjusted, using the electrical trim actuator, to this end the
elevator push-rod had to be removed.
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6.2. Calibration of the angle of attack transducer

Because angle of attack measurement was added after thé calibration of transducers and instrumentation
system in the laboratory was carried out, the a.ngle‘ of attack transducer had to be calibrated installed on
the nose boom. The calibration was performed with a small inclinometer,attached to a frameWork, which was
clamped directly to the vane shaft. The transducer housing had to be fixed rigidly during calibr'étion, to
exclude uncertainties due to bending of the approximately 2 m long nose boom. This method however did not
prove to be -satlsfactory, so more calibrations were carried out with the transducer removed from the
aircraft, with the aid of an extender cable between the nose boom connector and the transducer.

6.3. Aligrment of‘ the accelerometer |

Alignment of the accelerometer box with reference to the X YB plane of the alrcraft was no problem and
was carried out with an inclinometer, the aircraft being Jacked horizontally. Alignment of the Xq and Y4
reference axes (rotation around the Zd—axis of the accelerometer box was carrled out with an- optical
alming device. The following procedure, see fig. 70, was executed.

The aircraft was Jacked horizontally with the XB- and YB-axes. After removal-of a part of the spline
falring a straight ruler was attached to the accelerometer. box in alignment with the Yq-axls of the box.
The aiming device placed at some distance was aligned with the ruler and point P was marked on the hangar
wall. Next the alming device was placed with its rotation axis just over the center of the accelerometer
box. Mark P was displaced over 90° to point Q, also marked on the wall. Furthermore a straight 1line was
drawn’ on the floor parallel to the alrcraft's Xp-axls. This line, preclsely drawn under the alrcraft's
center'line was extended to the wall and point R was marked. Consequently the horizontal distance between Q
and R devided by the distance from the accelerometer box to point R, equaled the misalignment angle R
(rad) of the accelercmeter box. : '

Measurements carried out resulted in a ¢p of 0.0017 rad.

No further attempts have been made to realign the box, necessary correction is taken in account during
flight test data processing.

6.4. Measurement of dynamic characteristics of the pneumatic system

The pressure transducers of the instrumentation system were used to determine the dynamic characteristics
of the pneumatic systems. Each pneumatic system consisted of the ‘measur'ement probe, the connecting tube
and the transducer located in the pressure transducer box. The 'step response measurements were carried out
as follows, see also PFig. 71. The -particular measurement probe was closed with a special piece of
equipment allowing for connection of a suction/pressure pump. A small plece of glass tube being part of
the comnectlon’ could be closed by a valve. With the pump system pressure was applied to about 80% of the
range of the transducer, then the valve was closed and the glass tube was broken. The r'esponse to the’ step
change of pressure was displayed on a memory scope. 'I'ne time base trigger was taken, fr-om a simple
circuit, at the moment of glass tube destruction.

leasurements were carried out only under sealevel conditions, change of absolute pressure and of
-emperature were not taken into account.

Some  results are shown in fig. 72.

‘he dynamlc characteristics are approximated with a 'first order system and a time delay.
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CONCLUDING REMARKS

With the instrumentation system described, the validity of the flight test method to derive performance,
stability and control characteristics from measurements in non steady flights for high performance
aircraft is demonstrated.

Some remarks concerning the instrumentatlon however have to be made:

The precision of the elevator deflection measurement was degradated by the play in the control assembly
far more than was expected. A possible solutlon would have been the use of two deflection transducers,
connected directly to the elevator halves and positioned in the horizontal stabilizer.

The use of the statlc pressure change measurement system as descrlbed is no longer Justified by the
improvement of available high performance absolute pressure transducers.

The measurement of zero input related output of differential pressure transducers improves the
obtainable precilsion.

Acceleration sensitive pressure transducers should be placed in the most favourable direction.

Accuraccy (stability) of transducers is improved by stabllizing the envirommental conditions.

Extensive leak tests have to be carried out on pneumatic systems, especlally on those which connect
probes located in the engine exhaust.

Delay times in pneumatic systems should be measured not only at sea level preessure, but also on lower
absolute pressure levels. ’

Mthough final calibration of the angle of attack transducer 1s carrled out during data processing, the
static calibration (scale factor and zero-reference angle) should be carried out with maximum achlevable
accuracy.

Increasing the sample frequency of the data collectlon system, would allow for- a higher filter cut-off
frequency, resulting in a more linear phase characteristic in the frequency range of Interest.

The implementation of digital filters in onboard systems, with more preclsely controlled filter
characteristics should be investigated.
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Table 1. Variables measured wlth the 1nstrﬁmentation system.

channel measured variable
number

1 q " .rate of pitch

2 Ay specific force along X-axils

3 Ay specific force along Y-axis

4 A, specific force along Z-axis

5 P change in heading

6 r rate of yaw

7 n véngine speed

8 T total temperature

9 Apu cone static pressure - reference pressure
10 Ap5 nose static pressure - reference pressure
1lla )Ap6 cone static pressure — nose statlc pressure
11b EGT exhaust gas temperature

12 Apl vessel pressure - refererice pressure

13a o angle of attack

13b Aps exhaust static pressure -~ reference pressure
14 Aptj exhaust total pressure - reference pressure
15 ée'J elevator deflection angle

16 Ppof reference pressure (absolute)

17 de total pressure -~ reference pressure

18 ® angle of bank

19 1, stabilizer trim angle




Table 2. Desired and achleved accuracies (% RMS).

Achieved accuracy

Chamnel | Measured | Desired

number variable | accuracy | not corrected corrected

for zero shift | for zero shift

1 q 0.022 - 0.013

o2 Ay 0.02 - . 0.013
3 Ay 0.02 - 0.015
4 A, 0.02 - 0.012
5 (7 0.55 - 0.06
6 r 0.5 - 0.3
7 n 0.1 - 0.015
8 T 0.1 - 0.04*
9 Apu 0.5 0.3 _ 0.24
10 Ap5 0.5 0.2 0.12
1lla Ap6 0.5 0.3 0.17
11b EGT 0.5 - 0.35
12 Ap1 0.5 0.23 0.07
13a o 0.5 - 0.32
13b Aps 0.5 0.11 0.08
14 Ath 0.5 0.13 0.12
15 6, 9 0.3 - 0.26
16 Prer 0.2 - 0.05
17 de 0.5 0.11 0.11
18 (0] 0.5 - 0.15
19 1, 1.0 - 0.78

without the dual 509 p, sensor.

Table 3. Inertial transducers types and ranges.

channel | measured transducer transducer
number variable type range
1 q Honeywell GG87B7 | + 23°/sec
2 Ay Dormer 4810 | + 10 m/sec?
3 Ay Donner 4310A t 5 m/sec?
u A, Domer 4810 |+ 100 m/sec®
5 ) Sperry  S3A - | 360°
6 r SFIM J14 t 7°/sec
18 © Sperry HGU-B + 90°
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Pressure transducers types and ranges.

Table 4.
channel | measured transducer transducer
number variable type range
9 bp, A.C.B. H5010 + 200 kgf/m?
10 Apg A.C.B. H5010 + 200 kgf/m?
lia Apg A.C.B. H5010 + 200 kgf/m°
12 Ap, Statham PMETC + 700 kgf/m?
13b Bp Statham PM6TC + 7000 kgf/m°
14 Ath Statham PM6TC + 17,500 kgf/m°
16 Ppef Kelvin HKTG1902 [ 11000 kEf/m?
17 4o Statham PMETC + 7000 kef/m?
Table 5. Position/deflection transducers.
channel | measured transducer transducern
number variable type range
13a a synchro 7E911-1 + 45°
15 6e potentiometer, -9 tg +21°
19 1, Beckman 6603 + 2.5°

Table 6. Engine speed and temperature transducers.

chamnel | measured transducer transducer
number variable type range

7 n a.c. generator 8150 RPM

8 T Rosemount 102W2W | =100 to +200°C
11b EGT B and H 1874-80 0 to 1200°C
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Table 7. Typlcal integrating gyro characterlstics Honeywell GG8TB7.

Angular momentum 1x 10° grf em?/sec
Damping coefficient 333,000 dyne cm sec/rad
Polar moment of gimbal inertia | 200 grf cm2
Characteristic time 0.6 m sec

Gyro transfer function 3.75 V/rad
Sensitivity (pick off) 12.5 V/rad

Gyro gain 0.3 rad/rad
Sensitivity (torquer) 825 ° /hr/mA
Maximum torquing rate 82500 . °/nr
Operating temperature 355 K

Spin motor excitation 25/400 V/Hz







FIG. 1: HAWKER HUNTER MK YII WITH TRAILING CONE 'I;UBE.

FIG. 2. HAWKER HUNTER MK ¥II WITH INSTRUMENTATION POD.




- 300 300
A(Ape) . blapgl
kgt/m2 kgf/m?

200 2.00

1.00 1.00

___//

—"
S
|/

0.00

-1.00

-1.00
VY,

(ORISR

Zanan
7= A T
/0

K/ =2.00 -2 .00

-3.00 -3.00

-20.00 -10.00 0.00 «10' 10.00 20.00 -2000 -10.00 0.00 10! 10.00 20.00
Apg kgf/m? Apg kgf/m?
a.NOT CORRECTED FOR ZEROSHIFT b.CORRECTED FOR ZEROSHIFT

FIG. 3: DEVIATIONS OF FIVE COMBINED CALIBRATIONS OF A PRESSURE
TRANSDUCER {Apg)

60.00 60,00
Alapy) atapy)
kgf/m? kgt/m?

40.00 -

18474 — -} = — o P/
: a-s—'74---——7%['\/7<
2000

40.00

™

20.00

REE

000 000
16-1-7% - SN & -}
2000 - /\ -20.00
L 27-9-73 -+ - - NLk - ~
A
. 18-9-73—1-- — — -] A\/\&
-40.00 4000
-80.00 -6000
-160.00 -80.00 0.00 0% 80.00 160.00 ~160.00 -80.00 0.00 102 80.00 160.00
——> &pyj kgt/m? — &py kgt/m?
a. NOT CORRECTED FOR ZEROSHIFT b. CORRECTED FOR ZEROSHIFT

FIG.4: DEVIATIONS OF FIVE COMBINED CALIBRATIONS OF A PRESSURE .
TRANSDUCER (Ap; )



N. COND.
] I

LOW-PASS FILTERS

MULTIPLEXER

S/H

4 DIG. INPUTI

PSO Hi(} REC.]

i ]

'

TAPE *0*.

> MEASUREMENT DATA
» CONTROL DATA

FIG.5: GENERAL ARRANGEMENT OF THE INSTRUMENTATIONSYSTEM.

. 1svnc.

REPLAY I_.l '_.‘ HYBRID
-| ity SPO. INTERF. o
= 0" .

: “QUICK g
l L00K" l TAPE"1 I

FIG. 6 : GENERAL ARRANGEMENT OF THE GROUND EQUIPMENT.

! 22k
2
3 Lk7
0 o4 a
S Ax D4810
o6 tig

Pt
010V
5 f_0/P LOW
21 _O/PHI
|
1 |_-28v
9 +28V
|
1
131 _O/P HI
f
|
|
7 1_O/P LOW
[
|
t
4 =15V
3L +15V
|
|
|
|
|
|
6! _0/Piow
14 | _O/PHI
1
IR +28V
p—t28Y
f
2 L SIBN.LT
|SIGNLT.
|
8 |__OVPWR
I

DM pmIT

! =+ %
02

3 Jd
ob

2k
(e}
S Ay D4310
6 +0.5g
—
1 =T sk
%
5k
O o4 -
5 Az D4810
o6 2109

SEE F1G.8

FIG. 9 : CONNECTION SCHEME OF ACCELEROMETERS.

PICK-OFF GYROWHEEL HEATER

TORQUER

o REFERENCE
FREQUENCY.
(400¢ps)

FIG.10: PRINCIPLE OF PITCH RATE MEASUREMENT.

F1G.7 : ARRANGEMENT OF THE THREE ACCELEROMETERS.

P oev
1
s I sion.T.
i
! 560 HEATER
| 220V 50 OHM
| . ~ 15W
{ 680
|
} 2N3055
|
| 2F10
lze39
(A
} T 2N2102 IN40O02
| F
Lov AN
8
FIG.8: TEMPERATURE REGULATOR ACCELEROMETERBOX.
15V |
400~ ! CASE GND
PWR.  Ja1svV PWR. 230V PWR, S0V i ’
SUPPLY SUPPLY SUPPLY | T
- . ' TEMP,
SENSOR.
400¢ps
_._E—E—‘— E
; N
*' HEATER
CURRENT SP.MOTOR | :
SOURCE PWR. |
L’_ SPIN
MOTOR
PRIM.

SESIS

PICK.QFF

AC.AMP

FILTER

@ TORQUER

PITCH RATE SIGNAL

FIG. 11 : FUNCTIONAL DIAGRAM OF PITCHRATE GYRO ELECTRONICS.




R 56K
worz Py 3 R10K
sa 1 83 € 0039
common P1oY___ 6K 2 %
22K | || [22
6.8y
i 10K
It
10K
10K 10K
]100
+15V
b PUK o soma
ov MICRO SYN PWR
P1-11
-15v 6K8
P4 2y acRer
A.C. REFERENCE AMPLIFIER
AC. CURRENT SOURSE
7v AC. REF.
6n8 100K
| A4
=%
100K
— x out
P1-P — .
39 m AD426A '
. v z P1-L
=720
MICROSYN DC| SIGNAL
SEC. 100K YB X8 OUTB . I oout
SIGNAL R'S SEL '
3K9 ZERQO 100 i
100p ADJ. 1_ P !
P1-$ !
$ PHASE SHIFT !
- - !
DEMODUL ATOR '
t
P.C. BOARD 1 :
I
_——— e e — T
j
P2-2 P2-A
+50V D.C. SIGNAL
100 P2-E
470 ov +30V
as 200 ;
1500p L
i} GYRO 1)
zF15 o2 390 v HEATER | !
680) 10K . b
#2-1 10K 0M J
HI 27 '
HEATER 3 i
SENSOR  p2-4 10K 9 g P2-6 P56
Lo 3L T -
10K HEATER A
ZF15 8K2 Imop HI i
1
zF2 Y
o 0 Q7 —— [~ 01p
P2-8 %li/ P5-H 6 13 - P2-1
410 SK6 HEATER e @18 3 TORQUER
100 2102 Lo s [l
ov . P2Y : &
TORQUER
HEATER AMPLIFIER P2-10.L LO
sy P2 P2-F
gy F2:20 012, o —— q SIGNAL
f 1 50
DOZ SIGNAL
100 =
== P2-H RTN
[=——] -
ou P2-11.M
YE -
. P2-1719 T ) £ q0v
ov - ! e £15V POWER SUPPLY TORQUER AMPLIFIER {£100mA )
Ty vt 10 112
04T
» 027
100 L° PC BOARD 2
. ALL DIDDES BAW 62 PHILIPS
iy P2216 01§ i 1c 1 LM 311 NAT. SEMICONDUCTOR
5y P2Y 1C 2,4.5.6,7.8,9 LM 308 NAT. SEMICONDUCTOR
T - o ic 3 WA 761 SG.S.
- - 1C 10 SG 3501 SILICON GENERAL
vy P3IAB c 11 HCA 2000 RC.A.
02.3,5.7.8.13 2N 2102 RC.A.
PC. BOARD 3 G 1,4.6,9.12 2N 4036 RC.A.
10K G 10 2N_3740 MOTOROLA
o 2N40250 RC.A
a1 TiS 58 TEXAS INSTRUMENTS
P3-Y.Z
-30V P3-W,X 13
17VAC 11 6e
:§H 5 26VAC
gy FP3:D* P3-D e 21 R i

SPIN MOTOR POWER SUPPLY

FIG.12a : RATE GYRO ELECTRONICS.



IN 4004

AD T~ PS-C ___ P3-FH a1s P3-AB
b )4 +30v
—H—— 180
— 4
1
™~
= ==
B D W 10004 10004
o4 ; PC_BOARD 3
1
™J
A1 c2 PS-d i
-1 ™~
oA —
A0 co_ | Ps-e ~
1 1000p | 1000y
[—— _
nsv o | —D—— 180
400 Hz 1
30 ™~
c2 __|Ps-t 1 PS-A___P3-TU VAN P3-v,Z
) ~ a16 =30V
¢8 — PC_BOARD S
BO __Pi ~ Pi-G
T ’
-
36V~ . 180 | T2 paey N co0L e
1 ! z 24
« PL-H i *A T/ [y
___________ [
Al B2 __Peb A 1wV~ | wop
oc — | ™~ - ___Pa-L P4L-L
AQ BO __ Ph-c — D ov
1V~ = 470
PL-K P&-N
_{>f_" = |=L,_'a ¢C _————
2x 220 ! -1V
— K3 PC. BOARD &
B2 __Pid s
LNl
: T3 20224, )
B0 P4-c ~N P3-W,X PS-j _PLq-10
_______ T - e - ____________i
P 1
_D|._ T T PLq-12 1
17V~ 26V~ PS-h . _rvanmigg
1 A !
™~ o e
082 == PLQ-11 !
: Al Bz __Pu-t —K} P4-F PID__. —— L N2 £ 3 W]
0 vOLT 8
PC BOARD & {PC BOARD 5] SPIN MOTOR
]
1
RATE GYRO INTERCONNECTION DIAGRAM 1 PLQ-15 X FINE
ouTPUT PC BOARD TRANSFORMERS Plg-3 e p COARSE HEATER
.CONNECTORS CONNECTORS
. , o PLG-5 K
' 4 I
PLq PLIS Pl P2 P3 PL Ps ™ T2 3| plg-2 c ;ﬁlj
;
! i ! : ! ] : ' ! ' Plq-5 p TEMP. SENSOR
| ' : 1 -
13 | TORQ AMPOUT ) U ! A X | i
— T * + H 4 | t ' Plq-6 HI E
! q SIONAL F FH 1 c , | ' Pla-t " P
i + r t + ' ,
4 A o MICRO SYN
' 1]4 TORQUER RTN,  10.L wx P : : |17V b7 e HI ,
' 2 SIGNAL RIN. M i i F ! : ' Pla.o b oL s
T T |
2 | HEATERSENSE HI 1 [a18 | | H ! : : PLa-17 —
t
! 3 400Hz Z 3 | ! ) I ! H Pla-1e HI M TORGQUER
1 — H | I | |' PLq-13 T
; 4 oy 6 i ! 5 | ! ‘
1 — |
i Y R R N
+ ; L T . | I .
' 5 N5V ~ 04 ! i I 1A, | ! PLg-12 P SPIN MOTOR
¢ T T T t + -4 [
: 6 115V ~08 | ! | 2A, ! 1
1 4 T t t t — ! | PlLg-1 R
! 7 | 1sv~ec ! : ! 380 ! !
T T T T M [
110 ! : : i ! 9 { U geve | PLg<1 B 7/1” CASE GROUND
M ] v . T T .
" i L | i ! j | |26V~ | . g
b T T T : : N : ' 1 RATE GYRO 61
- ; + + 4 I 1 1
; \ J vAC. REr. € J : | v~ | !
' t T ¢+ t t 4 !
5 HEATER SENSE (0 & ! K ! | 1y~ ! i
¥ i v t 1 + i q15.17 2N40250 RC.A.
S _MicRo SY|N PWRHI K zg | M ! | } I Q16 2N3740 MOTOROLA
& MICRO SYN PWR L0 1! B L | L gy | | Q18 2N 3055 RC.A.
+ T 4 * : t t i Gl MINIRIG_GG87B7 HONEYWELL
7 MICRO SYN SEC Hi P 16 . N i ’ : :
+ -~ + T 4 .
9 MICRO SYN SECLO $ E .3v AB a ' . B0 !
[asa s | —= — =
117 DV ,5v X H b 1. B2 '
— g —_—y
| CU sy T ! c ! .. B0 i
— ——
! M2 gy 171819 H d i . B2 - i
1 ! — 1
! HAR,S',W,X UVW oo vz M i . BO !
i L A ! f i . B2 ! .
| — i B S p—
35 ¢ | Z ,50v ) Q17 G a . C0 }
H z
+ T —t 1
— e ;
' [ [ c co !
) | i — 1 FIG.12b: PITCH RATE GYRO ELECTRONICS.
i ! | d c2 i .
b ~
: ! i a— {
' 1 1 e ~ Co 1
i i i — 3 |
i 8Y F t . c2 |
| —y 1
RS ov c1.c1.00. 17V~ |




|
HEAD. ! SYNCHRO

10V REFERENCE

|
; S
1
Ry )
Ry 5
S

1
!
|
|
|
|
|
|
|
!
|
|
|
|
|

GYRO

®

[

o
115V, 400~
A
B

[
@

@ TORQUER

FIG. 13 : PRINCIPLE OF HEADING CHANGE MEASUREMENT.

CROSS SPRING
PivOT

WASA g

>l SPLITFIELD
1 MOTOR

e leasd)

AND g

DEMOD. ®

GEARTRAIN
p——
M5V400~

¥ SPRING
,

CAPSULE

SCREW
THRUSTRACE

SLIDEWIRE
POTENTIOMETER

w

W\

BALANCE

WEIGHT

FIG. 14 : SCHEMATIC DIAGRAM FORCE BALANCE ABSOLUTE

PRESSURE TRANSDUCER

FIG. 15: PRESSURE TRANSDUCER BOX.(VALVES AND VESSELS )

ENGINE
STATIC TUBE

6-TWO-WAY VALVES

-

PRESSURE
TRANSDUCER

ENGINE
PITOT TUBES

1

N
AR 'L

70_

_/\N\/_

PITOT TUBE

HEATEQ

7

VENT 7

RESERVOIR

———ed O — - —

/O

o

|

TRAILING
CONE

o—-2 4

FOAM

ISOLATION
—

VALVE
ACTUATOR
WING-OR NOSE \
STATIC TUBE ——
Pref.
ABSOLUTE AP
PRESS.TDR |

REFERENCE

VESSEL

-

ELECTRONICS

FIG.16: PRESSURE TRANSOUCER BOX .[ HEATER AND RESERVOIRI




Y 2

SIGN.LT PL7-1
28V PWR SW PL7-S
ZERO INDICATOR PL7-P
Ino .
]
28VPWR y TEMPERATURE REFERENCE VESSEL
VALVE CONTROL PL7-R [ R Srr ( )  vaLvE REGULATOR -—
------ ACTUATOR o
L IONING VESSE
MEASURE J, CONDITIONING VESSEL
MEASURE INDICATOR PL7-N
BOX SENSOR g
+28V PWR PL7-A 28VPWR TEMPERATURE |
REGULATOR !
OV PWR PL7-B 28V PWR 1 i
OVPWR T _____
. HEATER
MAXt o [ ‘L
TEMP SIGNLT  PL7-C
FIG.18 : PRESSURE TRANSDUCER BOX,VALVE-AND TEMPERATURE CONTROL.
15
S50 o I 28V PWR
——n
i
) 8K2 L
K8 | oK8 390 1 MAXt 70°C
2N40250 '
ZF10 1K I~ i
7 | HEATER
e — 3 A ZF39 22K oe
SuF .. .
1K L] 1
FOL 4y 100
TEMP. SENSORS :
2N3055
T T
i OVPWR
3xKB22 2000 @ 20°L
680 pL7-S o +28VPWR
- oA7s e
!
10K i
br===n
27K M2 330 !
o
15K . K
[\ PLT T sionrd -4
ZF20 2K 2 0N |ze ,J) 0 e ____ N
o S ‘.
? 3, N | 68 68 68 H
I
BAW 62
| | REF.VESSEL
]| 15k L] ! |
| T - SENSOR !
: oS4 |
| PR VOGP A g »--—--IP 7.
i LB ov PwR
r ______________ ==
!  COND.VESSEL
. [ [ 0o -
FI1G.19: TEMPERATURE REGULATORS OF THE PRESSURE TRANSDUCER BOX.




«f—————— DIRECTION OF FLIGHT

/

- 21°30'-22°3¢

INNER ROOTRIB
ST.BD STABILIZER

CONTROL-LEVER
OF ELEVATOR

FIG. 20: PRESSURE TRANSDUCER BOX IN THE AMMUNITION CONTAINER.

FI1G.21: POSITION OF ELEVATOR DEFLECTION TRANSDUCER

DIRECTION OF FLIGHT

2°24-2°36'

2°47-2°59' i

FUSELAGE HINGE FOINT

(NNER ROOTRIB PORT STABILIZER

FIG.22: POSITION OF STABILIZER TRIMANGLE TRANSDUCER.

mH

|
e ]

il

il

F1G.23: ANGLE OF ATTACK TRANSDUCER



4OkHz Aq-1

~

N - 10K 0A35 10K
; St A4 A SN7420
T 2200p
s
S w2 3
s 2F 47 3
‘ 10K
0
AAARA
W
0495
52 Ay-15 10% Ak
o
13 2200p
<
S 22 J 124 g
< < 10
< ZFL7 -
< 10K
8
. 10K 0ASS 10K
S3 Aglk ANWA o SN7620
13 2200p
>
Sx2 d 122 75
P . b: 10
< <
2FL7 b: ) o
>
2100
) i
5

WW

SV

FIG : 24 : ENGINE SPEED FREQUENCY/DC CONVERTER.[SLOT A3)

AIRFLOW

—
vy ~ T
—_— __—_—~\\\\\ — -
l'ﬂ‘ — —
- = =
1 SENSING
4 |, —
DEICING HEATERS ELEMENT

— FO SNy

AN

FIG. 25 : TOTAL TEMPERATURE PROBE [ROSEMOUNT ENG. COMP LTD )

112 2 112 3
—e1e 10 & " 0 3
10 6 kil 106 i
[ ekHz
BAWGZ SN7430 SN7490
400Hz
270 sV
5:330
|
680 7 7
3 15 S
15 [
1A} . (8}
[—16 1% :—12 0
BAWG2 3 8
¥
SN7476 SN7476
-
2377 1ovReF
b3 s 3
5603 IKIZT D2
s 2 i- 1500 a2 2N2222
AAAAA I A3-8 gyteut
Q3 2N2807
2375 ov rer
BAWE2
oo AT 5y
OMT  axs gy
" =
o T Az-24
-15v
+15V 45V -
A 9
J, LM309
¢
P
5°C
4
-50 -40 -30 20 -0 [0 10 20 30 4 S0 °C
-5

FIG. 26: STANDARD TOLERANCE OF TOTAL TEMPERATURE SENSOR, MODEL 102.

Mz
0.1

02
/
0.3
—o7

100 >
N
\§‘\
R
N
S
) NN
' N

2000

TOTAL PRESSU’RE {mmHg)

F16.27 : TIME CONSTANT OF TOTAL TEMPERATURE SENSOR.{SEALED ELEMENT}.




18K

AN
SVREF AU
LK75 475 -
1K5 100 $6202100
i1 9 1K 1K5
1—
i .
ALS gutput
AL-13 AL9 +15V
TEMP. 3 30K
ELEMENT g 100 o Ad-13 -15V
Ag-717 AL-11 OV

FIG. 28 : TOTAL TEMPERATURE MEASUREMENT CIRCUIT.

{SLOT A4)
I~ ADJ. RESISTOR TYPE FD871
£ +10V REF
d
5:;»— cb————— EGT SIGNAL COCKPIT
»% EGT
- INDICATOR
v R
( e Ov ReF TYPE $.6.4.
|
D ——
H ALUMEL
|- el 15V 400Hz o
f
LM}
J
!
)
I
]
i
A |8 CHROMEL
o
<
MNe—— A ALUMEL
N
Py S —

SERVQO E.G.T. INDICATOR
TYPE HOWELL BH187B80

NSV g

TO TRHOTTLE

TRIMMER ACTUATOR {

FROM SAFETY OVERRIDE SWITCH

FROM TIME SWITCH

pe—

L00Hz 4

THERMO COUPLES TYPE H16-24

————

ENGEE

I

MAGNETIC

AMPLIFIER

TYPE EC.4

FIG.29 : CIRCUIT DIAGRAM E.GT. MEASUREMENT.



Bl

3]CPs 20[5PS
AMPLITUDE RATIO M .
0 Ut g 21, — M MAX. LIMIT
10 — - - . fo
’ 1.001 )
\ : 1.000 = s —— % [ _c0a%
AMPLITUDE RATIO M \ 0.999 x
\
3 \ \ L— M MIN LIMIT
2ND ORDER SLOPE
107
4THORDER
SLOPE
3 / )
w02 i
3 \ : FREQUENCY [cps)
. —_—
06 09 10 30
107
18T IMAGE\/ . FIG. 31 : FREQUENCY CHARACTERISTIC OF 2ND ORDER FILTER.
__——_/
3
8 I TIME SHIFT [msec) fo,.
82
0™ !
I
! | usasLE Rrance :
2ND IMAGE —_ ’ 784 |
3 = I
7% ¢ I
. 4 b= é— :
o
FREQUENCY{CPS) .. 74 AT [T oz lmsec FREQUENCY [CPS] |
- —_— 1 UNCERTAINTY |
72— T T + T T v T
1 3 1 3 10 30 100 1 T 2 3
FIG. 30 : IMAGES PRODUCED BY SAMPLING OF 4TH ORDER DATA
Ry JIC,
NN\~ !
RL
°—/\A/\/_% -~
Ry Rs
El e Q'.7

FI1G. 33 BASIC COMPONENTS OF 2ND ORDER FILTER.

A =1.000
£=0.691
Wo=19rad/s

FILTER
(A5 . we

FIG.34 . ELECTRONIC FILTER MODULE.

FIG. 35: ANALOG COMPUTéR ARRANGEMENT FOR FILTER
ADJUSTMENT.



Sta

25K

470K

470K RIS 1l

120K

470K

AMPLIFIERS : AD 210

S4

470K

L AAN

VY

«

F

G.36 : SCHEME OF FILTER MODULE .

470

2N2102

33LK

0.5K

189K

159K

318K

1KS

0A202

3K9

3K9

FIG.37: REFEREN

CE VOLTAGE UNIT.

25K s

470K 0.

120K |

25K

0.47p

50K

S1b

1

-—a

330

|
r

bo

ow

FI1G. 38: SCHEME OF FILTER UNIT WiTH TWO "BUFFER"” AMPLIFIERS.

INPUT {q)

QUTPUT

-5V REF.

GND{HQ}

+15V

-15v

OUTPUT 2

INPUT 2 {Ax

+ 15V

-15v

+10V SENSE

+10V REF

GND (OV)

GND [HQ)

-5V REF.

FROM DVM

REF. INPUT

QUTPUT 2

+15V

-15V

GND(HQ)

INPUT 2 (i}

QUTPUT 1

INPUT (5]



i it | =
=1 — 1 Ew - 4 r——
wZ | - ! Zw A , A
oY < ! rigc] _ N 1 /
z3 o—d = x < o “q- 1 o>t
ww ) ki | W x i ]
=i ° o ] it A | A I
W o % I B2 w N 1 N
oo ] ) « 5 AN ! Lo
& [N AR RS U HUUIDY ] - [ | | ' 1
R~ S N o—— T 2
T L T - . D T E- N o 9« 0w o &~ o
o PJI.iI!lII.g..I —_—y—7— - -F—T-—-"T—T—T-T—
- . _ T
o1 al 2 .
& K > = = s O e ™
a
5 o B oo g @ § 2| ¢ S
s W = w Y ’ b
« < . > . o
g " § 5 s 2 ?po2l o wl & 2| B
S m Y I i T e 1 8 & © I 2 W 07 g o
R S A - o <
W.b M_ o M. 2 W s Lad - = = = [ - - W m W - wl F = - = o = - - o -
S @ 3 2 9 9 2 & & £ €
s _a 7 1 1 1 1 _1_1_1_ e L4 L L 71 _ 1.
- w
w
e -~ E - v - e w [ © o o~ ol =3 8 =S ~ =} 8 < o & M
ST T T TTYTYTTTCOTTTTT T T 7T Illll_wllﬁlll|l Illﬁll.‘v b
1 o~ o N w © & 2 \Aﬁ\ Z g ;
S o & a & [ & - o a
P s W - — O P O — W O — - - — O — =) — — W — = = — —@ =~ — N —= W e — O —— e = — D .
- - —— -—l - T _— - -1r —_—— b bl —_—— - —Tr T
KA AT AT e Ao e | et
_ _ _ ! _ _ Lo _ _
I I I |
[ _ | ! [ ! _ _ _ _ _ . I
| | i | | I ! r f [ 2 +
| - ~ = < | w | © | ~ © | | . I e B _ v |
| | | ! | I | | { F—+t
i I | | I | i i | i . I ' |
! I I I I ! ! I I i 1N L\ | ——
.
L -1- 1 o _1_ T- L -T- L |.~.| L T L T i I._| —3 L -T- Ll -T- _ |
: o
. , o—94
— -~ o= a— LS gt et~ megen e - - m——— l
- . o~ ) - w © ~ @ o m
g T & £ g z z ® L] z £
~ — - o~ o~ - — - -
o~ [ nd Lo Ll L] [ [ [ -
D N e k@ nl@ o Q. R——m——= PSRN RV S Pl
'S
o
=t
@
<
e
~ .
] 1|..2II|MI|I3IlIﬁllnL!IIﬁlllSlllﬁlllSl||WIII7I|I..@I'IWIlINI.IIglil..M 8|l|HIIIMIII1LII|ﬂ
g
- ~ = - T
o] ] ] ) =
wl w w w w
o o @ @ -4
© o o~ 0 © o ﬂg v © S o n o = L ﬁg © @ o L )
T
|||I/ llllll D VL Y R VO YU Y Ve vkl St VU YO v x ™~
] . S ~
o wle] efo] el ] wlo] e]o] e uﬂv wlo] oo =g uﬁ Am ool clel = N I E=) G ) S £ uﬂ ~
N ] >
- e
o
wd—- 1L & I L __ {1+ 1 ___I__1 ____ 411
x - ~ - = 0 - © w ~ © © ~ ) o o 3 = © ~ I ™
x 2 o ~ ® -4 e < S g b
- x = ~ o= —_ —_ o = -

TERMINAL STRIP

RELAY-V23162-B0721

PREL3 4

Fi1G. 39: WIRING DIAGRAM OF FILTERBOX AND OF RELAYBOX.




ANALOG T TTL INPUT
-

INPUTS
AS
1 o0— o .
MANUAL
CONTROL
RS INPUT
__—_—/\/\/\/—— \ le—0 )]
T -©
AS
20 o e
I
|
1 . o RS -
| ——%— “~e}—o
: -
| —
| ELECTRONIC |
| ANALOG SWITCH { { REED SwiTCH
| 1
! ) 1
| ? i
! I
| AS |
19 & < .- t
|
SERIES RESISTOR TIME
ERIES RESISTO ; MULTIPLEXED
ANALOG
o RS o RS OUTPUT)
0 -0

FIG.40: PRINCIPLE OF ANALOG MULTIPLEXER.

FIG.41: MULTIPLEXER.



G
'S)

ul
212;_1

FIG. 42

: SCHEME OF THE MULTIPLEXER.

1

[MANUAL SW) seB_®_ 7 6 5w 3 12 v © 9 8 7 6 5 & 3 2 1 22 2 psc2 8 _ 5 _ & _3_2 1 (PWRSUPPLY}
' I ovT 5] «2f 46| o5 N.CT
REED RELAIS
(_pc-1c-128 |
Psc3 REED RELAY PWR
[l
20 10VREF 1
|
I 47 Psc1  [SWITCH CONTR.
| - . DPAS2 119 INPUTS )
[ l , . ]
19 ih L § - \k_ (:
| . 1 L
1 47 1
1 l—:)—o DPASZ {18
! |
182 + \Lo-—4 |
1 A | |
' 39 !
| 1—(:}—0 L DPAS2 {17
|
l {0—4
17— } |
| l | |
i o |
: DPAS2 116
| l \J\_4 1
1} Pref L : |
| |
! 39’ !
| l—-l:—c DPAS2 415
l \I\—< l
1508 } I
I : $ , |
| o - |
| I_(:_Q DPAS2 =14
. |
I
1oL BRIt T \k_q \
| Iy [
! w7 - !
| l——l___)—a DPAS2 {13
| . 1
13} o/8Ps] ; 4\_4 X
| l | |
b 27 I
: DPAS2 112
N -~ :
r T e
| J: ! - t
1 ) |
( 68 |
| DPAS2 11
! aPs/EGT . T \[ '
1t {
! Ry |
t 7 . I
l DPAS2 410
l \LO—q !
10t APS + o |
I I |
I 39 . I
: I—c:»—o DPAS2 - 9
3 \I |
o2 ' |
| I |
| 47 . |
| 1——4:—0 DPAS2 {8
| \L’_‘
8¢ T - + |
| | : g
| 27 |
[ DPAS2 17
l \L¢—<
70— ; :
| ’ S | .
| 47 !
| DPAS2 456
b, I ' d !
6} + !
| 31 [
| W7 |
| l——4:l—o DPAS2 — 5
1
St Ld + \J\—< }
i i (R |
| 27 : |
: - l—-{:—c DPASZ - | ¢
| \L*_‘ |
4t Az 1 — |
| L ]
| <7 . !
| l—(::)—o DPAS2 |3
|
|
3:—” } \L.—q !
K I . ! |
I 7, : |
| l—(:)—o DPAS2 t 2. ‘
| \L— |
Ax
2t ' ' |
| ! |
| 47 |
[ l—:)—o DPAS2 {1
1
13 + \k—q I
i SINGLE CH. 4 & t PscS (ANALOG
| MONITOR I ~Nee— ja  OUTPUT)
|
! Ho : MUX. { |
| 1y



|
I
L on
AS o LT L T OFF MUX.
|
[ e
S/H + HOLD
-
} START
C.CMD J1 N -+ CONVERSION
[
1 SETALLBITS
ZERO SET 1 I —+ T0"ZERO"
]
1 susy
C.COMPL. _——[—l—_—h_———:- DONE
|
MsB- (0} LL___________T ouTPUT
| | {iTS
: | {~zero~ or
| ————- + {“ONE”
LSB  {15) P, +
|
1 LOAD INFQ
PR. Fl I 11 | INREGISTER
| oF Pso’
|
. . |
0 25 5 msec.
FIG. 43 : SIMPLIFIED TIMING DIAGRAM OF THE APPLIED DVM.
.
~25K
i/p R
100K 125K
\ j\/\/\f 10K
o——b HQ
|
HEE Ty EEN
_._.{ '\ - o/p
| 1 L~
t
GAIN : 1.250
Zi :>10M
0033p.

FIG.45 : PRINCIPLE OF SAMPLE/HOLD CIRCUIT IN THE DVM.

+24

+15

ZﬁLOEG

2N2102

8K2 w2 !
11 ’ |
l ov
ov o5 v2 ov |
-5
-
FIG.44 : SCHEME OF REFERENCE CLOCK IN DVM.ISLOT A7}
100K 125K
isp {_} —F
@ ;[lnm 2
-6
s
wd

ov

2N3640

+6

2K2

FIG.46: SCHEME OF SAMPLE HOLD CIRCUIT.



-15 OV45

Ittt |
|
!
|
]
|
|
—
|
5 |
+2
|
1
|
t
ov ov 415 {
I
[}
!
I
12K F L—— 3 —=
+18
A8 L — 15
1BVAC 54 w70
B
|
| /‘ = 100p ZF15
i
| 4x IN4OO2
Y \ ov
I X
|
l = K 2e1s
: T 1001 %
|
18VAC o0
{— -15
18

220K
M5 —"_""1—2¢

AJZUST FOR
SYMMETRICAL

ouTPUT

—_——

CLAMP VOLTAGE
-~

1

i
l
: ¥ 2r3g
|
|
|
1
| 33K ov
1
1. 100K
| —
| 3
| 15K 15K
—{ {7
I m
1 L
0.22p 0.22p
A “
2x0.22// 2x 15K/

Ty - 2NLO4

T2 - 2N2102
T3 - 2N4036

A - MC1709C6
D - 0A202

FIG. 47 : SCHEME OF DVM REFERENCE VOLTAGE CHOPPER POWER SUPPLY {SLOT A8)

OUTPUT:
6.3V 50cps ~

S

(20} [wx e
GATEH CH.COUNT l——-l oate |} MUX
[ ANALOZTFO—D
K19 PR
s MAGNITUDE
ERROR
-SIGN
ERROR .
104 MEN.
CLEAR _r‘e?— t41 ‘ al10kel )
— COSUQT- ADC *————————I INT. I—o‘x‘»j RESET
142 ) l_ €C. | ERROR .
PR I I '® °
- eaTE INT. 116) . MEN.
p————0C
— [ <, SYNC ERROR
GATE ME DECODER 3
B - 101 2. KKICLEAR)
GATE
Yo 400cps {0/P) MODE SWITCH
P T reser
@ 1epsio/p) 8BITS le— K19 CH.COUNTER -
|COUNT PULSE) REseT SELECTABLE DECODER o001 vcLe CouNTER
CYCLE COUNT MAN.CNT. L,
K19 140 o
16 8) € 0020 ME | care
€ 0040 Kag .
k3 )¢ 00801 e cx
_____ £0100 ] . ERASE REC.
Lo Gate b
)y MA
______ ) ADJUST. RECORDER
, DELAY N
{RECORDER ON /OFF
7
1]
(s l ) l (s)l (ﬂ 3l l T, ~0" TRACK
SHIFT REG. | SHIFT REG. ®{ SHIFT REG. SHIFT REG. & DIVIDER
PR f T T I INT. "1" TRACK
CLEAR

- FIG.48: BLOCK DIAGRAM OF THE PARALLEL TO SERIES CONVERTER.



PSO1. DVMP,, PSO2 Psc1 PS03 Pb3
10D 1 (DATA} 1 181 [CHANNEL 1] ., 1M 1 -
0D 2 - L 2 - 0 [ FI ZE M 2 12
30 4 - 16 a3l - 1 - 3) 3 Y 4 | 3
0D 8 - 18 P 2 [ A . M 8 I
52D 10 - 1 S N 3 [ 5) N LM 10 .
D 20 - - 4 ! 51 M 20 )
5 5 m — 12 6} = {6 6} — 6
7 = {1 7 —o 5 L - A e 7 M 40 Ly
D 80 - L. 6 - 8 M 80 X
8 —— + 16 8} —1 8 8} 1 8
6l_0 100 . I o= 7 - 9 oM 100 o
) 200 N ! - 8 [ o0 Y 200 I
10 - > 5 {20 10 - 1 {10 10 = }
My o - {22 pry— 9 - N gy 1M M 400 i
12 p—D 0 - 2 o~ 10 [ 2, M 800
D 1000 s B T - 1) ™ w1000 |
B ) 2000 126 B 12 ( 14] 113 B !
1} 0 P - i 28 L - " 10 p—M 2000 |
15 - <130 [CyI— 3 - 1815 15 p—M 4000 i
1} D 8000 - s 15' - 1% (- 16) 116 161 M 8000 |
4
vk ;3 ({SQMPGLNED/ HOLDI 4, e - 15 - 17} e 17[ Lc SYNC ERROR) 5
18— OV PSC GND | s Bl - 16 [ TR 16—t (SIGN_ERROR) 110
15 |—HC ICONV. CMD.J 50 19— - [ - I 19 LRES (LT RESETI 1
20 —MNT 1-SIGN.} 68 20— IMECH. COUNT) 13
21 —cc ICONV. COMPL} {7 b . 5V po
22 a 10 KC CLOCK]) y77 31 iL ov {PSO GND! s
{
3 p—t22Y {19
33—_+MOO.M 2
3¢ |——=MOD.M 9
25 Ve (NC.)
22 . NC) PAZ
PSO 4 - PSO 5 Prec ) IMODE MAN.) ¢
1 5V SENSE L 10" {WRITE CURRENT} LA 23— 2% (- z.PRESS)
2f 5V {H IR 1 - - ' B Zl.:r 75 { - BALANCE)
3 | 3: 1 [RETURN) X c 27151 {REC.SW. "ON") «
L ov [PSO GND) K 0" - o 81 52 [REC. SW_"OFF '] | |
M 1 G SW {REC. PWR) g' ) I -
of 15V i D a: SW {RETURN ) I n
| _15V N T MoD.M )
;‘L 222V | ; ;' —MOD.M ) ;
¥ i I i
of L00cps___{GYRD SYNC! | Paz-a

FIG. 50: INTERCONNECTION OF PARALLEL TO SERIES CONVERTER. (PSO).
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