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Soon after its foundation in 1952, the Avior Group for Aeronautical Research
and Development recopid the need for a comprehensive pubItLation on flight test
tec~hiques and the soated instumentation. Under ahe direction of the AGARDI
Flight Test Panel (now the 9ight Mechanics Panel), a Flight Test Manual was published
in the years 1954 to 1956. The Manual was divided into four vr'-.Imea: I. Performance,
IL Stability and Control, IlII. umetation Catalog and IV. Instrunentation Systems.

Since the- flight test instrumentation has developed rapidly in a broad field of
sophisticated techniques. In view of this development the Flight Test Instrumentition
Committee of the Flight Mechanics Panel was asked in 1968 to update Volumes Hi
and IV of the Flight Test Manual. Upon the advice of the Committee, the Panel de 'ided
that Volume III would not be continued and that Volume IV would be replaced by a
series of separately published monographs on selected subjects of flight test instrux enta-

tion: the AGARD Flight Test Instrumrentation Series. The first volume of this S.ries
gives a general introduction to the basic principles of flight test instrumentation
engineering and is composed from contributions by sevcsal specialized authors. Each
of the other volumes provides a more detailed treatise by a specialist on a selected instru-
mentation subject. Mr W.D.Mace and Mr A.Pool were willing to accept the responsibility
of editing the Series, and Prof. D.Bosman assisted them in editing the introductory
volume. AGARD was fortunate in finding competent editors and authors willing tocontribute their knowledge and to spend considerable time in the preparation of this

, Serie

SIt is hoped that this Series will satisfy the existing need for speilie doctunenta-
tion in the field of flight test instrumentation and as such may promote a better under-

-standing. etween the flight test engineer and the instumentation and data processing
speciallsb. Such undertndn is essential for the efficient design and execution of flight
tat programL

The efforts of the Flight Test Instrumentation Committee members and the assis-
tance of the Flight Macbanics Panel in the preparation of the Series are greatly
appreciated.

T.VAN OOSTEROM
Member of the Flight Mechanics Panel
Cbairman of the, Flight Test

Instru-me~ntation Committee

•:~ ~~~ ~~ ~ ~ ~ ~~~~~~~~~ ' .............. . -.- . . , . ,.. , . , :£.:J .. ;•.



PREFACE

LIST OF SYMBOLS

1.0 INTRODUCTION

2.0 CHRIONOTACHONETERS I
2.1 Priaple of Operation I
2.2 Dailgn of Airborne lemurng System 2

3.0 TACHOGENERATORS 2
3.1 Pnciple of Operation 3
3.2 Deagn of an Airore hleamwwl System
3.3 Advantages and DiuadvattaP of Tadhoenufators and Edy-Curent 4

Synchronous Indicatos Used for Engine rptu Memauuments 4
3.4 Vaiow Types of Exstn Equipment 4
3.5 Power Supply 5
3.6 Mimarenwat Rwrding 5

3.6.1 Photoaphic Recording $
3.6.2 Telemetering Transmsion 5
3.6.3 Analog Magnetic Recording 6
3.6.4 Digital Magnetic Recording 7

3.6.4.1 Frequencymeter 7
3.6.4.2 Periadmeter 7

3.7 Transducers Compatible with Various Recording Techniques 8
3.8 Scale Ex• n 9

4.0 MAGNETIC SENSORS 9
4.1 General 9

4.1.1 Proximity Detectors 9
4.1.2 Magnetic Sensors Referred to as "Phonic Wheel" 9
4.1.3 Mobile Pernunent Magnet Associated with a Fixed Coil 9

4.2 Deign of sn Airborn Melasring System 10
4.21 Direct Installation of the System on the Engine Without Drive 10
4.2.2 Installation Using a Shaft Drive 10
4.2.3 Measurement Recording 10

4.3 Advantages and Dicadvantages " 10
4.4 Existing EquipmeW II
4.5 Power Supply 11

5.0 COMPARISJN OF THE THREE PRlEVIOUSLY DESCRIBED SPEED MEASUREMENT
STECHNIQUES 11

6.0 CALIBRATION OF ROTATION SPEED MEASUREMENT SYSTEMS 12

APPENDIX

1.0 ROTATION SPEED MEASURING DEVICES FORMERLY USED ON AIRCRAFT 13
1.1 Centrifugal Tachometer 13
1.2 DC Generators 13

2.0 OTHER ROTATION "M MEASURING Tr•jt/NIQUZ.S NOT YET USED FOR
AIRBORNE APPLICAa. ONS 13

REFERENCES 14

FIGURES i5

--



!LZBTO

magneti0c iDdQCotios

calpacitance
C torque.

. puL". rate

F Lraquency

V centrifugal torc*
!• g gz'in

Z ~curre"t
Ic constant

a weight,
n minbar of rsevolutmsi, pulses, O•t.

sAPOd of rotation

Q charge
.r radius

XVI revolutions per mibute

I resistance

t time constalnt
U suPly

V voltage
angular velocity

U conductivity

Subscript

Is mean value
o output

Abbreviation

U.S. Aiiti..y Standards

BOA. 6-rea do Normealiaation A&komw~tiqu



M • SU1=2W OC& sn= ZAM SPIED

by

X. Vedrnes
Centre d'Essais en Vol

Bretigny sur Orwe
France

1.0 INTP0DUCTION

Measu ats of rotation speed ao commn in flight test programs, and a partelarty
im•ortant Ji engine tests. in some instanmes, th.. +- measuremets appear as an intermedi-
ate variabie in the neasurement of a parameter of primary interest, such as, fuel flow

or toJe. In the eSASUVOMMnt of fuel flow; e.g., one COWmeNly used sen•o utilizes a
spinnr ,idch is imrsed in and is driven by the flo•iing fuel so that the rotation
sped of the spinner is proportional to flow rateo In certain torque mavsuremmntso two
wotation speed measurments are made in such a way that the phase shift between the is
proporujim"s to torque.

There are ther instances. of course, in which the speed of rotation is, itself, the
preciwi vatiable of interest, as is genorally the case in engine measurements.

Thus in flight test programs, it can be seen that measureints of rotation speed* pro-
via*$

(1) an intermediate step in obtaining measurements of some parameters of primary
interest,

(2) functional checks of engine performance in such events as flame out, rellght,

instability, and stabilized descent,

(C) the determination of engine performance charactaristics.

The discussion presented in this AGARDograph in primarily ocacernod with the analysis of
the techniques and system used to measure rotation speeds. The application of these
data in research and/or evaluation programs is a subject that will be left to other
authors. Cenerally, engine functional checks involve engine speed (rpm) measurements
under transient conditions to examine power variations for changes in engine speed of up
to 15-20 percent of the maximum, and to detect and analyze possible periodic low
frequency (< 5 Hz) and low amplitude (up to a few percent) phenomena. Conversely, engine
performance calculations require measurements made at several stabilized power sw.ttings
which are slowly -aried. Measuresments accurate to about :0.15 percent are required in
this application.

The following discussion will first deal with chronotachometers, which are uxed princi-
pally on light aircraft, then with the two types o! sensors widely used on aircraft for
measuring engine rpm; i.e.:

-the four-pole aud two-pole, three-phase, tachogenerators

-the magnetic .sensors (phonic wheel and proximity detector).

Finally, a comparison between these three systems together with a review of the calibration
techniques used with rotation speed measurement systems will complete this document. Vari-
ous measurement processes, nrt often used in flight tests, are briefly described in the
appendix which may prove useful in solving some specific problems.

22.0 CHRONOTACHCHETERS

2.1 Principle of Operation

Chronotachometers are designed for measuring the mean rotation speed of a moving shaft
during the portion of a second that precedes the measurement. The principle of operation
is as follows (Figure 1):

A cl•okwork, wound by friction through the rotational motion whose speed is to be measured,
distributes the time into equal periods during which it successively engages and disengages
a primary wheel linked to the shaft rotation. The primary wheel (a) is first, driven via
the moving shaft by an angle proportional to the measurand (wheel engaged), then, returned

Sto its initial position (wheel disengaged) through a return spring. When the spring
reaches its maxUmu elongation, it drives an auxiliary wheel (b) integral with a pointer.
As the primary wheel begins to return to its initial position, the auxiliary wheel/
pointer assembly is uncoupled and fixed in position. If the apeed increases, while the
primary wheel is engaged, both the auxiliary wheel and the pointer will be driven ljy the
primary wheel; conversely, if the speed decreases, they will be returned to zero through
the action of the return spring until the primary wheel drives them again. The pointer
is moved by mall increments, almost unperceptible to the eye, and continuously indicates
the rotation speed.

*. -"
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If t 2 -t 1 is the time interval during which the primary wheal is engaged and a is tWe
number of *haft revolutions during the corresponding tins, then the shaft rotation speed
N3 Vill be obtained by the following formula&

n

2.2 Design of Airborne Meamuring Systems

The airkorne measuring system includes a means for transitting the shaft rotational
notion to the tacbmeter, the tachomeiar itself, and the masurent recording equipent,
if available. The transmission of the shaft rotational mtion to the chrotachometer
iu usually through a flexible drive shaft. The maximam permtssible speed for this kind
of installation depends upon the length and the bends in the flexible shaft and rangoe
from 2,000 rn to 4,000 rpm. According to UMA*' PRL 34-420 Standard (Ref 1), the maxi-
mm sped is 3,000 rpm. This Standard also specifies as a bending limit, the minimim
distance between the shaft drive and bend start to be 50 - and the beqdin radius for a
90 degree angle to be at least 150 m-.

The recording of tha rotation spived measurement as directly supplied from a chrono-
tachometer is not feasible. Wihen the aircraft tachometer system includes such a unit,
the measurement of the rotation sneed together with the rocordiag on a photographic
recorder is generally performed either by means of a device called a time pulser, or by
measuring at c-nstant time intervals the angular position of a shaft whose rotation speed
is a portion of that to be measured.

In the time pulsaer (Figure 2), the position of the rotating wheel is detected by a mechan-
ic"il link which activates an electrical contact (time signal), the rotation speed measure-
ment being derived from the measuremnt of the time interval between two contacts. The
time pulser consists of a light alloy body, a single-thread worm screw, and a 100-tooth
ring gear. The latter features a boss which actuates a pawl at each revolution of the
ring gear, thus producing a time signal every hundred '-rvolutions of the engine shaft.
These time signals are recorded on a photographic recorder whose time base makes it
possible to measure the time interval between two electrical contacts provided the contact
indications can be easily identified (to this end the paper speed must be high enough to
obtain at least 0.2 mn between indications). Tha time pulser is usually connecteddirectly to the engine drive (Figure 3 and Figure 4).

For measurement of the shaft anguiar position at constant time intervals, a potentiometer
is coupled to the shaft through a mechanism which pe-mits it to be immobilized every
second at the position reached by the shaft. Figure 5 illustrates an instrument con-
figuration which permits the mean rotation speed of jet engine, to be recorded at one-
second intervals. It operates as follows: the shaft, integral with the rotational
motion whose speed is to be measured, can drive a soft iron disk carrying two springs
amd a lug. An electr&-magnet, controlled by the recorder timer, attracts, when energized,
the disk which comes to rest and disengages the driving stops. The lug then cs into
contact with the potentiometer. As soon as the disk im released, it is p'ished back by
the springs thus enabling the driving stops (pin and can follower) to coma into contact.
During the time the disk is driven by the shaft, the lug is clear of the potentiometer.

The accuracy of the rotation speed measurement depends solely on the we3ourement accuracy
of time interval t 2 -t 1 . Therefore, it corresponds to that of the clockwork; i.e.s

3 - -%-

The calculation of accuracy may be illustrated by the following example: assuming that
the reading accuracy of the recn'ded time base is 0.4 mm, then to obtain a one percent
accuracy of the speed aeasurement, it will be necessary to measure the time interval
corresponding to a paper displacement of 40 sm.

The operation of a chronotachometer does not require a power supply. The clockwork is
friction rewound from the rotational motion whose speed is to be aas•urd.

3.0 TACROGEM ,TORS

Most of the aircraft presently in service are fitted with tachometer systems which include
a tachogenerator as the sensor. TfI- -. nearitor is used in conjunction with an eddy-
current type indicator. The general iay%,A in Figure 28 shows the various configuraticus
fox recording engine rotation speed measu.xe .uts using tachoganerators.

S4" 'i



3. 'rinci.1 Of QeLra~op (Figu"e4

A t4chOrwatoz is a moll alternator includi" one or two sets of pol* Piece* which
supplies a thre-phase current whose frequency is proportioea to the rotation speed to
be weasurd. xt coasists of a pye.znant magaet rotor rotatini within a wound stator.
fte stator has three windiAgs wbose axes are gecmmtrically dispisced from we another k&
120 so as to generate three-phase sinal T generator may f*ature four pole but
two-pole genrators can awc zto magnets having a highe an specific energy and, there-
f, are prefe=rd.

The three-phase voltage supplied from the generator driws a synchronous motor at a
speed equivalent to that of the generator rotor. The synchronous =tor utilixes a etator
that is sixilar to that in the generator* although saallar in size. Its panent maguet
rotor includes the same number of pole pieces as that of the generator. The thre*-phase
alternatinq current induces a rotating magnetic field in the synchrondus motor and subjects
the rotor to a torque causing it to rotate at the sawe speed as the generator. The
rotating rotor is ured La drive an eddy-curruent tacheter . This type of taohter cen-
sists of a permanent magnet system rotated by the shaft whose speed is to be measured.
Thus the field produced by these magnets is a rotating one which generates eddy-currents
within a drag cup which itself will be driven in rotation through the ac%.o of the fiqid
upon these currents.

The torque driving the cup in rotation is proportional to the rotation speed H, the
electrical conductivity, and the square of induction B (this term is squared because the
forces acting on the cup are proportional to the induction, and to the field actin_ upon
these currents), hence:

Under the action of the return spring, the cup comes to a balance position depending on
value N of the rotation speed, thus:

a - X N EB

(in this formula, 6 corresponds to the angle by which the cup has Leoen rotated with
respect to the position selected as a referince).

Notet Sam manufacturers install a disk or a metal drum instead ci the above mentioned
CUp.

3.2 Design of an Airborne Measuring System i
A rotation speed measuring system fitted with a tachogenerator includes the coupling of
the shaft to the genew:ator, the tachogenerator itself, tDe transai-sion of the generator
motion to an Indicat-.r, the indicator and a recorder.

Coupling of the shaft rotational motion to the generator can be performed using a
flexible shaft where the limitations are similar to those stated In paragraph 2.2 for
the chronotachometers. Uxually, however, the generator is attached to a gear box which,
in turn, is mechanically coupled to the shaft whote rotation speed is to be measured.
The gear ratio used, is a function of the maximum rpm to be measured as specified in
MIL-I-7069, dated 29.12.1950 and S4Ae' PRL-72-120 Standards, i.e.z the step-down ratio
is 1/2 for a maxiauo rum less than 10,000 rpm, 1/4 for a maximum rpm from 8,000 to
20,000 rpm, 1/.0 for a iaximum rp from 16,000 to 50,000 rpm.

Various configurations are available for transmiAion of the generator output to the
indicator depending on whether the generator is installed solely for the tests or serves
bc th the aircraft operational system and the tests. In some cases, a single indicator
can serve the needs of both the aircraft system and the tests while in others separate
systems are reT-ired. Some of the co-figurations that may be encountered with a
tachogenerator are:

- one aircraft ind4istor without recording means

- two aircraft indicators withbout recording means

- one aircraft indicator with recording means

- two aircraft indicators, one with and one without
recording means.

If several drives are available, one tachogenerator may be installed for measuring
purposes only (Figure 9). Sometimes, an additional drive can be provided, as illustrated
in Figure 3, or several generators may be stacked on a single drive (Figure 10).

In traamitting the generator output to the indicator(s), the line length and resistance
affect only the driving torque of the Indicator's synchronous motor, which, in turn,
affects the lowest speed at which the indicator will stay in sync with the generator.
This speed is closeZy dependent upon the motor temperature. For two-pole miniature

i~
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generators, this z-4 is highe than with lour-lzie generators aend Is value is doubled
when two mota-s a"r connecte in parullel to the same generator (the engagement AP6ed of
a synchronous motor zoo cted with a two-pole 9enrator is rapprozimatey 250 " *tUeres
as high as 600C# t engagay reech L,500 rpm with two iudicato-s cd

,• ~~having a minimm crose-section of 0.4 -- (Specific-ton'SE 72-0) •. .

The measuremnt recording can be p~erfc•d %ither fn=m a ator installed for
"the test*, from an indicator provided with a recording output, or fro an instrume t
similar to the lvwUcator but suited for recording. it is also po&ible to record one
phase of the three-phare signal developed by the aircraft generator. this pxocess is
not rocoAmeaded because of safety oonsiderationsi i.e., a maurement circuit failure
could affect the information displayed to tha pilot and the introduation of a Phase
vmbalance in tha signal from the generator.

Techniques for recording the output of tachogenarators will be discusse in paragraph
3.6; this subject being of sufficient importance to a do-alt with separately.
3,3 Advantages and Disadvantaoes of Tacahogerrat add-Cuorrnt aynnhdonous

Indicators Used for 1ine rm Measureents

electrical voltage where the information is contained in the signal frequency. The

measurement is not feasible at low rotation speeds but, as soor as the synchronous
indicator engages, the rotation speed to be wasured by the eddy-current tachoter
exactly corresponds to that of the tac .•onator. Thus, tha amasaement accuracy is
determined by the eddy-current tach ter.

The construction of the latter is simple, light and their measuremnt range, 200 rpm to
5,000 rp. is well suited for flight tests. The time constant involved is acceptable for
most of the applications and the accuracy obtained is 10.5 percent. Such devices, however,
require a prestabilization treatment of the magnets in order to produce a constant magnetic
field. Long term stability of the magnetic field, and hance, system geometry, continues
to be a problem. Furthermore, as they are particularly affected by temperature variations,
it is necessary to provide them with a cowmpensating device. It has been demostred, . that
a temperature variation causes the followings

(a) A change in conductivity, o, of the eddy-current disk. The alloy generally used
for the drag cup is selected according to its high conductivity, (12 times that of copper)
and low density (1/3 that of copper). Its conductivity variation is similar to that of
copperl i.e., 0.4 percen4 per degree centigrade. This value corresponds to an average
rotation speed error of -6 percent for a temperature variation of +1000C. (The purpose
of the above mentioned selection criteria is to obtain a maximum drive torque of the
rotating disk, this, torque being proportional to conductivity, a, and to minimize the
errors due to friction.)

(b) A change in the magnetic field generated by the permanent magnets. This field
decreases as the temperature increases. As a result, the torque acting upon the drag
cup, due to the presence of eddy-currents, is proportional to the square of induction B1
i.e., the square of the magnetic field generated by the magnets, induction B being equal
to the product of magnetic field H timas the pezusability. The error in rotation speed
due to temperature changes is -0.05 percent per degiee centigrade; i.e., a tamperature
variation of 1006C corresponds to a rotation speed error of -5 percent.

(W) A change in width of the gap, since the expansion of the permanent magnet sup-
ports is greater than that of the magnets. This gap variation tay be reduced through the
use of INVAR magnet supports. In that case, a temperature variation of +1009C corresponds
to A rotation speed error of -1 percent. Therefore, when the temperature decreases, the
driving system (magnets and drag cup) tends to indicate an excessive rotation epeed value
whereas the torque on the return spring increases. An appropriate heat treatment of the
metal disk alloy allows the temperatxze coefficient to be correctly matched with that of
the return spring. If the temperature of the spring and the disk are nearly identical,
which usually happens, the tachometer being housed in a closed box, the errors resulting
from tesWerature variations will cancel each other. The magnets must be compensated bymagnet keepers which also serve to regulate the flux acro: % the gap containing the drag
cup.

It is to be noted that the tachogenerator tamperature range is limited to +150c.

3.4 Various TZpes of Existing Equipment

Until 1967, airborne generators were heavy (from 750 to 1,250 g.) and bulkyl they
includ._ two pairs of pole pieces and a rotation speed liwit of 5,000 rpm. According to
BN& PRL 75-122 Standard, the maximm module of the indicators associated with these
generators is limited to 57 and they are calibrated in percent: 100 percent - 4,200 rM.

All of thase generators have approximately the same characteristics; i.e.,

no-load voltage at 1,500 rpms 36 V zms,
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operating vltage into a amn-inluctive cirquit of 202: 3 V rms at 300 rpm.

vltage variation vZUs spud is linear as follows&

20 mV/rpm with a coveational four-pole indicator, 18 mV/rpm with two conventional
four-pole indicators.

Sinoe 1967, miniature generators wighi• pproximately 320 g. (Figure 32) have been
availshle, which "o about one-half the size of the previously men generators (see
rigur 9). The two-pole generators are normally intended for driving one cc two indica-tors, altNA• witi two indLicatozv the eagamt apee" is higher than that obtairedwith the older tacho9seerntors. The rotation &peed of the newer generators is limited

to 10,000 rpm. The module of the synchronous indicators rzmally assoi4ated with these
generators in a foI.awt

am"50 for a single indicator (2 in. diameter case)

MM 57 for a dual indicator and

UMAB80 for a triple indicator (see Figure 13)
i 3.5 _Power Supply

Tha5 type of engine rpm eeasrement system does not require c power rupply.

3,6 emen. t Racording

Th 'V , 6 posd measurmets are usually reorded in flight on a photographic cor maq-
njv1 a ear And/or telemetered to the ground. Various signal conditioners have beenj• zA(/ ,of. ota these different applications. Some of these are specific to a
g,•.au " ,o i• f , n device, while the more recently produced units are general purpose

ING +res 4 )44 amyu uelivered by the tachogenerator may be recorded using a tachoter
' liCn % F 1 ,1" 4 V1'S for both a photographic recorder and an indicator. This device is

ijftr I c as v P51 tachometer. This is an eddy-current tach ter derived frm the
air~ _ 9oho~Aaers and adapted for use with the A13 photographic recorders. It is
tridely ps in France for flight tests. This tachometer (see Figures 14a and 14b) con-
sists oi drag cup (3), subjected to eddy-currents, which drives a mirror wheel
(5) whose position therefore depends upon the rotation speed to be measured. The mirror
wheel (5) located in front of lens (6) reflects via mirror (7) the light ray emitted by
the recorder lamp towards the recording slot.

For -eh of the mirrors in the P51 tachoter, a full sweep of the slot corresponds to a
500 rpm rotation speed of the generator and the mirror distribution avoids any gaps in
the aasurotent range. The measurement range of the P51 tachometer is from 150 to 5,000
rpm. The instrument features 24 mirrors and affords an accuracy of about ±5 rpm for
constant Aglne speed. Although this was almost the only type of tachometer used in
France from 1957 to 1967, it was not entirely satisfactory for the two following reasons:

(1) There is no 'coarse scanningm allowing several mirrors to be sensed.
Various techniques have been used to alleviate this deficiency, all of which are base
on the rectification of the voltage from the generator.

(2) For some tests, the response of the P51 tachometer is too slow. Comparisons of
the responses of the generator output which has been rectified (constant delay equal to
0.14 sec) and recorded on photographic paper using a P51 tachome-r, with fast rotationSspeed variations of the generator, indicate that the PSI tak ter introduces a
significant time delay (see Figures 15 and 16).

Currently, the most frequently used P51 tachometers are of the four-pole type a&ihough,
a two-pole version has bean developed which in atible with the new two-pole generators.P51 tachometers are directly mounted into the A-13 photographic recorders 'see Figure
17). sowever, a number of precautions must be observed in installing cert-in types of
galvanometers in a recorder fitted with a P51 tachometer. Depending on the aircraft
imdir.tor used, it is also necessary to check whether the parallel-connection of a PSI
tachometer is feasible. Whereas the P51 tachometer does not require a power supply, pro-
vision does have to be made to power tha lam in the photographic recorder.

3. i.2. Telemetering Transmission

If the aircraft incorporates telemetry ther the capability for real-time monitoring of
rotation speed variations may be provided on the ground. Similar design problems are
encountered whether the signals are to be telemetared, or recorded. in order to limit
the number of telemetry channels requ~xed for engine rpm measurement, it is necessary to

1 convert the three-phase signal from the generator into single-phase signal. The latter
can then be read on the ground using i, frequencyneter.
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The three-phase to single-phass conversion of the signal goner. .y implies a frequency
multiplication of the signal since the signal frequency from the tachogenerator is
generally too low to obtain the accuracy desired in the engine tests. This frequency
multiplication of the signal is an advantage since it frequently avoids the need to
install an additional generator having a greater number of poles.

This conversion has been successively accomplished using the following techniques,

(1) A 10-buh resistor is connected in series with one phase of the P51 tachogenerator-
indicator system. The stability of the voltage across the resistor terminals is better
than that of the interphase voltage supplying the aircraft indicator. The lock-on
thresholds, however, of the P51 tachometer-indicator assembly are higher. This practice
is not rec mended because the impedances of the tachogenerators and indicators are
adjusted to provide the correct matching of the units whl h could be impaired by the
Insertion of an additional resistor.

(2) Frequency tripler. The three-phases of the current supplied from the generators are
star-connected (commonly referred to as Y-conn-cted in the US). The phases are connected
through diodes, to a junction point where the voltage is continuously equal to that of
the phase having the highest algebraic value (Figures 18-19). Such a device does not
require power supply.

(3) Frequency multiplier x12 (four-pole generator signal) and x 13 (two-pole generator
signal) (Figure 20). The system includes two secondary windings, one being star-conruectad
and the other delta-connected. The voltages across each terminal of the star-connected
secondary winding and the juncztion point are phrae-shifted by 2w/3. The voltages across
the terminals of the delta-connected secondary winding are phase-shifted by w/6 with
respect to the previous ones. These six voltages are rectified by means of mid-point
transformers and 12 diodes. The latter connect the transformer outputs with a junction
point where the voltage is continuously equal to that of the phr-e having the highest
algebraic value. The signal frequency multiplication by ratios of 6:1 or 12:1 simplifies
the measurement functions but the design of a doublo-hexaphase system is complicated and
requires a number of precautions. Such a device is supplied with 28V DC and requires
less than 50 mA.

(4) Generation of square-wave si.gnals using an optical device integral with the airborne
indicators: P55 tachometer (Figure 21). A circular element incorporating9w)?0 white and
black strips is mad integral with the synchronous motor of the rpm indicas . This
element is illuminated by a lamp and as it rotates the lighting variationIN t viewed
by a photodiode. After shaping the photodiode output, the resultant signd~t', a square
wave with a frequency 60 times higher than the rotation speed of the element. The
advantages of such a device are:

(a) A failure in the recording system has no effect on the aircraft indicator, and,

(b) The higher signal frequency permits good accuracy through pulse counting. On
the other hand, the measurement can only take olace after the airborne indicator has
locked on. This arrangement is better than the P51 tachometer system because there is
one less indicator (a P51 tachometer is generally connected in parallel with the aircraft
indicator). This device requires a 28V DC supply and requires less than 50 mA.

(5) Recovery of a three-phase signal from a telemetered single phase signal. In order
that the measurement may be displayed and recorded on the ground using an indicator
similar to the airborne indicator, and a photographic recorder, equipments have been
developed which can simultaneously drive telemetry discriminators and two parallel-connected
indicators (an aircraft indicator and a P51 tachometer). The principle of operation is as
follows: a supply voltage U is successively applied through three switches to the threeterminals of an indicator coil (roe Figure 22). The switching rate of the switches depends

upon the frequency of the signal from the telemetering discriminator. The various currents
flowing through the three indicator coils are shown in Figure 22. These three currents
are equally phase shifted by 1/3 of a period with relation to each other.

The power supply of such a device is either 127-220V, 50 Hz, single-phase; 115-208V,
400 Hz, three-phase; or 28V DC.

with a load of two indicators, O.SA is required at 220V.

3.6.3 Analog Magnetic Recording

As a result of the standardization of the input specifi tions, the problems encountered
in telemetering and recording the rotation speed of a tL,:ee-phase tachogenerator are
similar. Two differences, however, are to be noted:

(1) For analog magnetic recording, there is no point in recovering a three-phase signal.

(2) The single-phase signal can be directly processed on a computer. This operation,
however, is practical only if the computer is already dedicated to the tests which roquire
the measurement of the rotation speed.

A l ' "
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3.6.4 Digital Mantic Recordin g,

Digital acquisition systems permit pulse cunting. Thus, to ad the signal fr the
tachogenerator to a digital r system, it is n, as in the case of
French AJAX telemetering tranmissiou and analog magnettc recordi perform thrai-
phase-to-single-phase signal conversion where the fLaquancy iS Sam multiple of i• -
Lotation speed. A cicpromisa is made between the counting time (i.e., the measurement
rate) and the desied accuracy. The adaptation of the single-pa- signal to tha digital
reoding system is accomplished using digital transducers.

The tranaucers associated with rotation speed sensrs consiat of& ..

- zircuits for impedance matching, amplification and shaping of the signal delivered
by the senMsoXS

- a time base, usually consisting of a temp•erature-controlled master crystal
together with a divider link and,t - a counter.

The digital transduue's used are either of the frequencymeter or periodmeter type,
depending on the pul"4 rate of the signal from the rotation vpeod sensor.

3.6.4.1. Fre/oency,'par

The time base pDr•vi44e equal time intervals T which are generally either 0.01 sec, 0.1sec or 10 see. The ao•iw, sums the numbe of periodic signal pulses transmitted by tha
rotation speed mezo and shaped during time interva.1s equal to T. Consid~ring P as thesignal frequency ge-•cted by the rotation speed sensor, the number n counted by the
counter during a thPe interval T will be given by the forsulals

With an instrument of this type, the error in measuring the frequency F is:

bF A n AiT

Under conditions of no noise, the error introduced by the counter for determining n is
at the most equal to one whereas the relative error of the tim base

is generally less than 10-. This error is negligible with respect to the accuracy

generally required which is ±0.15 percent hence:
=r 1 + 10-5 1 _

The measurement accuracy obtained with a frequencymeter is inversely proportional to the
product of the frequency to be measured times the counting time. To reach the desired
valu" of 0.15 percent, this product must be higher than 660. Consequently, such a device
enables accurate measurements of slowly varying speeds to be made. Thi. device, bowever,
is not suited for the analysis of transient phenomena.

3.6.4.2 Periodmeter

To obviate the need for excessive counting time, it is advisable to perfoxa low frequency
measuremnts by means of transducers of the periodmeter type. The counter sums the
number of pulses generated by the timer during the time interval between two pulses from
the rotation speed sensor. Considering F as the frequency of the signal generated by
the rotation speed sezsor, the number n counted by the counter will be:

1
a f x4-

T-e error introduced by a periodmeter into the measurement of frequency F isg

tAF Af + n

V_ , r n
As for the frequencymeter measuzements (assuming no noise), the error introduced by the
counter for determining n is at most equal to one whereas the relative error

is 166~a than 10-, hance

AP 1 -5 F7:N+ 10

!'I



no parac tof r meaure•er nt our in btter sin the measured frequency im e v150 .T ao
lower than the oscillator frequency (usuaily 100 kfls). Thus, to reach the desirodaccuracy of 14.15 pecet, the nease.-'d freuec must be lovre than 150 Ha. The Major
inonvenience e.oa•atred with periodmeters is that the summed number n is inversely
pXPortional to the frequency to be asuce and that the 'lat &ust- the.4e ce-iculated

byprcedigin th e~eodr
3*7 Transducers Compatible with Various Recording Techniq•es

Instead of using the devices described in paragraph 3.6.2 (through direct acquisition in
digital form either from a owuter, fro a digital acquisition device, or by reconversion
into three-phase signal), the three-phase signal may be convrted into DC voltage propor-
tional to the rotation speed. Such a device is referred to au a frequency-to-voltage
converter. The resulting DC voltage can thon be recorded on a photographic or magnetic
tape recorder or telemotered. There seem to be no significant reasons for recording on

analog device, although this is practical.

The froquency-to-voltage conversion can be a plished by either of two pocesses:
(1) Prqec-to-voltage convertor including a dioda pump (Figure 23). The input signal
of frequency r in applied through capacitor c to the junction point of two diodes D1 and
D2. The anode of diode DI is at grouad potential while the cathod of diode D2 is con-
neced to the input of an operational amplifier whose negative feedback loop cýnsivts of
a capacitor and resistor in parallel. When the input voltage is negative, capacitor c
is charged across diode D1. When the input voltage in positive, cape itor c is discharged
across diode D2 and generates a current I in opposition with current 1' of the plifie
negative feedback loop. For each Signal period, 'the potential stored in capacitur c
corresponds to Q - cV, where V represents the charging voltage of capacitor cl i.e., the
peak-to-peak amplitude of the input rignal. Hence:

Current I is equal to c x V x F

Current I' is equal to V0 /R (V0 being the output voltage

of the operational amplifier), thusc
Vo/R - c V F.

The output voltage of the operational amplifier is Vo - c R V F; it is proportional to
the input xignal frequency F and to the capacitor charging voltage V. Therefore, the
peak-to-peak voltage of the input signal must be constant and its leading and trailing
edges free of distortion. This condition is achieved by the use of a shaping stage.
Capacitor c', connected in parallel with resistor R, is used for filtering and pulses
during the operation. L

(2) Frequency-to-voltage converteor including a flip-flop (sa diagram in Figure 24).
The duration of the input signal, having a frequency F, is determined by a flip-zlop cir-
cuit. The latter drives a switch consisting of two PNP and NPU type transistors, series-
connected between the ground and a reference voltage Vref. In the rest state, the
flip-flop delivers an output signal Which causes transistor I to conduct and to saturate
whereas transistor 2 is blocked. Thus, no current flows through resistor R, one end of
which is connected to the junction point of both transistors, and the other to the oper-
ational amplifier input. In working condition, the flip-flop output signal blocks
transistor 1 and causes transistor 2 to conduct. The current I flowing then through
resistor R is I - Vref/R. If we consid,.,r t as being one state of the flip-flop, the
charge applied across resistor R will tu , - Vref x t/R.
If F is the input signal frequency, thb flip-flop will change its state F times par
""cond and current I will correspond to I - Vref x t/R x F.

This current is in opposition to the negative feedback loop current I* of the operational
amplifier:

Is' - ec- t Vrof x IE x r - yt°

Consequently, the output %,oltage V is pvc-oertional to frequency F of the signal ubose

frequency is to be measured.

Ragardless of the process us"d, the o.atpuz nltage V. includes a DC component which is
proportional to the frequency of the uigul ix0 be measured; i.e., to the rotation speed,
and an AC component which must be suppressed by a filter. A compromise can be made
between the permissible residual noise ltvol in the output signal and bandwidth required,
for the ransducer. The analog transducnrr sxe presently available with time con.tants
of 65 pezeent less than 200 msec, with a Tesidual voltage below 2 mV and an input signal
f"equsnw y highe" than 16 Hz.

i . , ,-- -!-- j



3.8 Scale EZcander
In order to improve the reading accuracy of the DC signal voltage, use can be made of a

coa&rse-tizWs system. 2his system is designed to provide two output voktages; i.e.,j (1) the *coorse* channel has provisions for impedance matching; ho~weir, the output
voltage is identical to the input voltage;

(2) the Ofizoe hauunel contains provisions for epnding the scale of the input$ i.e.,a change in voltage of xero to full scale at the input ise represented by a selected
aplification factor of five was selected, then each successive 20 percent of full scale

voltge hang attheinput would result in & zero to full scale voltage change the output(Figure 25).* (Votes 'ThO L voltage0i equivalent tothe snivesweeps of the P51
tachometer.)

A tachometer transducer of this type, referred to aa P6200 (Figure 200, has been developedat the Centre d'Essa~is en Vol. Me ocoarse-f inem system includes up to 5 sensitivitieswhich make it possible to obtain an overall system accuracy of up to *0.30 percent inrecording or telemetry systems. The advantage of this tachometer is essentially its highrate; the system time constant is less) than 200 mease which corresponds toaroesPonse time
phaae/aingle-phass conversion system and a recording of telemetry system (Figure 23).* TheP62 transducer requires a 28V DC power supply and its consumtion it less than 450 a~

* 4.0 MAGVETIC SEUSORS

At the present ties, tachogenerators are used almost exclusively for rotation speed1 meaurementsg however, now techniques employing magnatic sensors are being introduced inflight test programs.
4.1 General

There are three types of magnetic sensors usable for engine tests: Proximity dtcosphonic whbeels, and mobile permanent magnets ac~ociated with a fixed coil,. eecos

4.1.1 Proximity Detectors
This type of datector incorporates an oscillator consisting of two tuned circuits. mae
of these circuits, asking up the detector proper, is fitted with a detector coil. Thealternating current supplied to this coil produces induction flux lines which generateeddy-currents on any mesalli surface which ia sufficiently close. The eddy-currents inturn Produce a magnetic field which counteracts the initial magnetic field and tends todecreamc the current flowing through the coil. *if the metallic surface is clogse to the

ssothe addyi-currents are high whereas the current in the coil in low. This circuitthen becomes untuned with respect to the second tank circuit and the oscillation ceases.0 If the metallic surface is away from the snsowr, the eddy-curraitz are low while the cur-rent in the coil is high. This corresponds to a tuned condition of both tiam .circuits.

Each time the Auxiliary cog wehoel, used for the rotation speed measurement,- is moved byone cog, these sensors act as successively open or closed mechanical contacts; the closing(or opening) frequency of the oo~.acts is proportional to the number Olk cogg per uniittime and hene to the rotation spaed of the auxiliary wheel. The modulation frequency isF - k x N/60 where V is the rotation speed in terms of rpmt, and K the number of cogs ofthe aizxiliarl wheel.

4.1.2 Magnetic Sensors Referred to as *phonic WhaolO (Figures 29 and 30)
The magnetic flux variations caused by the dioplacement of a cog Uteel. or turbine bladeswithin A magnetic field can be used to genetrate signals whose frequency is proportional tothe rotation speed (the blades or cogs must be made of magnetic metal).* This type oftachometer can be comparedi to a small multiple pole alternator. The magnetic cL-rouitconsists of two soft iron cores interlninked by a magjnet and an auxiliary cog wheel integralwith the notion. rach time a cog of the wheel, called "Phonic ftheel, moves in front cfthe soft iron cores, a flux variation occurs in the windings of two *oils which areconcentrically arranged about the corel thes Coils are electrically wired in series. 2hef ~frequency of the oaf induced in the coils is Proportional to the rotation speed of tileAuxiliary cog wheel and the number of cogs; i.e., F - N/60 x a.

413 Mobile Petroanent. Magnet Associated with a Fixed Coil
The Permanent Magnet is fittsd to a blade of the turbine whose rotation speed is to bemeasured. The turbine blades must be made of magnetic metal and the turbine itself mustbe dYuxidi~callly balanced. At each rvlution of the turbine, the magnet induces in thecil two pulses having opposed polarities. To ensure that tesignal induced in the coilas sine WAV, thef following conditions must be fulfilled:
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0.) either several magnets should be distributed over the turbine blades (thi-bladess
are generally fitted with tw diametrically opposed magnets),

(2) *r the rotation speed should be relatively high (as in the came of expansion
turbines). The magnets " wall as the coil location must be provided for in the
original design.

vrotes Instead of the rotation speed sensor coils describad in the two -preceding para-
graphs (Phonic Wheal and mobile permanent agnet associated with a fixed coil),
it is possible to Install mnanetoresistors (these are sGiL-conductor devices weh
resistance increases when placed within a magnetic field). Tho iagnetoresistor-
type instrunts develop forces acting upon the rotating elerAnt, which aresmle than those generated by coil-tcype instruments. "- -y are .pftrticulurlywell suited for mwasuring the rotation speed of spinners used in flow Aetecto=
shich m onl r t the fee parated into iotation tuerad aresur ticmla

.2 •Design of an airborne measuring syst•m

4.2. Direct Installation of the tm onthe Engine without Drive

Sincm part of the engine is used as a part of the magnetic sensor, the sensor is normally
made integral with the engine. Therefore, provisions should be made for this when the
"engine is designed. However, the maguntic sensor may be added later using an auxiliary
cog wheel. This solution is not reocmmnded because the resulting signal shows a
tendency to be more affected by noise. stm first two types of magnetic sensors described
presuppose the presence of metal blades and correspond to engine rotation speed measurements
originating from the compressor blades. The third type is used with non-magnetic blades.
It c-xresponds to the rotation speed measuremat of expansion turbines.

4.2.2 Inetillation Using a Shaft Drive

Self-contained magnetic %ansors are available which include a cog wheel and a phonic
wheel-type sensor housed in a case of approximately the Aame size as that of a tacho-
generator. Such a sensor is installed on the shaft drive and is separate from the engine.
This type of installation is rarely used, although the resulting signal is less affected
by noise than in the case of a samuetic sensor integral with the engine. In fact, this
solution is not as attractive as the conventional tachogenerator since it requires one
shaft drive for two generators (or may even require two shaft drives) due to the fact
that the signal from the magnetic sensors cannot be displayed on a standard aircraft
indicator. Thus, it is necessary to provide a specific shaft drive in additi= to that
used f= the aircraft generator.

4.2.3 Measurement PeCording

The frequency of the signal developed by a magnetic sensor is generally between 1,000 as
and 15,000 Us. In some applications it may reach 35,000 Ha; this is the case for
rotation spea" measurements using certain types of torqu•meters for which the magnitude
of the torque is proportional to a differential rotation speed.

The recording of a signal generated by a magnetic sensor does not cause any problems,
even if the sensor is not specifically intended for rpm recording, provided, however,
that the impedances of the measuring instruments involved are high enough. This
recording can be accomplished using any of the recording facilities normally used in
flight tests. Before the recording takes place, it is also possible to transmit the data
via a telemetry system. The following signal conditioning devices axe required:

- either analog: of the frequency-to-voltage converter type P62 described in para-
graph 3.8,

- or digital: essentially provided for impedance matchl and signal shaping, they
belong to the digital system used for the overall data acquisition (such devices
are aoocmodatm 4 in the DAMIEN system of JAGUAR aircraft for the acquisition ot rpm
m e t from P55 airboxne indicators).

Figure 31 shows the general layout of the various recording processes of rotation speed
measurements using a magnetic sensor.

4.3 Advantages and Disadvantages

magnetic sensors offer the aignificant advantage of smaller &is* and weight, and the
stress imposed upon the rotating shaft, is low (the repelling power is less than 10-6
Newtonsm). The effects of environmental conditions (teaperature,, ac-elertion, vibration)
are almost negligible. In addition, the ensors may be remotely installed from the
associamtd elect roni system without compromising the measurement accuracy. They am-capable-of operation under exreey "veto ambient coditionms _tam rattre (-404C to

+450"C), immrsion into lubricating oil at a pressure of about 6 kg/in.

Nevertheless, the magnctic sensors do have certain Limitations:

I'
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(1) With regard to the spacing betweoe the detection ooiL and the wheal cogs or turbine
bladess the minim do.ection distance depends upon the nature of the metal. This
mi<um spacing is inversely. proportioal to frqin, Fo.

(2' The permissible off-sett.ngs have very close tolerances and are in"m•ely propor-

(3) The cog and blad dimensions are restricted to wirnama vaJles.

(4) The thickness of the cog Wheel is limited.

(5) the maximum frequency r is usually limited to 2,000 Us (5,000 xa for saw mano-
facturerz).

For reference purposes, the cog-to-detector spacing must be of about I mm with permissible
off-settings of :0.2 mm for steel cogs and a modulation frequency lower than 500 Rs. If
the modulation frequency is higher. the permissible off-setting tolerance becomes *0.05
a Th cog must be 2 = wide when the depth is 4 - and their spacing is 5 mm.

4.4 Existing Equipment

The application of magnetic sensors as rotation speed detectors in the field of regulation
controls is becoming common practice. To this end, steps have been taken to initiate
development of a magnetic sensor whose overall dimensions are 50 x 38 x 30 mmI other
characteristics include: high resistance to vibration, hermetically sealed, unaffected
by lubricants, hydraulic fluids and :,aels, satisfactory operation at temperatures of3500C for the sensor and 4500 for the -ahle.

Magnetic sensorin are also used for torque measurements (the torque value being derived
fzrm rotation spe&LA -easurements), for flow measurements and vibration measurements made
on the first stage blades of compressors (in that case the rotation spoed parameter appears
in the vibration frequencies as a spurious carrier)

I]
It is also to be noted that the engine manufacturers have started using the magnetic
sensors for in-flight engina tests.

4.5 Power Supply

Magnetic sewsors require a power supply but the power consumption is low.

5.0 COMPARISON OF THE THREE PREVIOUSLY DE•SCRIBED SPEED MEASURE24ENT TECHNIQUES

The three rotation speed measurement processes discussed in this AGARDograph; i.e.,
zhronotachameters, tachogenerators and magnetic sensors have been succensfully applied in
fl.ght tests. At present, they are all three used for rpm measurements and their
coexistence can be explained on the basis of the diversity of problems encountered in
their application.

The chronotach(;meters are simple, accurate and do not require extarnal power. They are
appropriate for stabilized rpm measurements and are suitable to the rpm measurmants on
small private airplanes. Except for the fact that the corresponding recording system
requires a 1.wer supply, their characteristics are similar. Both of them are subject to
the limitatiois inherent to the transmission of motion through a flexible shaft.

The systems fitted with tachogenerators allow an electrical transmission of the signals.
Although these systems have recently been miniaturized, they are still ralatively bulky.
They do not require extirnal power and a recorder can be connected either in parallel
with the generator or to a separate recording output provided on the aircraft indicator,
or to an additional generator if a shaft drive is available. Furthermore, the recent
development of frequency-to-voltage converters with low tim constants allows variable
rotation speed measurements to be mAde from the signals delivered by the techogenerators.

Magnetic sensors are considerably saaller and lighter than tachogenerators for equivalent
range and accuracy. The magnetic sensors may be used in cases where, due to sensor
dimensions and temperature considerations, the installation of a tachogenerator would not
be feasible. Their use, however, remains limited because of the extremely severe mechanical
tolerances associated with these devices.

It is to be noted that the aircraft system plays an important role in the selection of
the measuring system. If an aircraft is equipped with magnetic sensors, for regulationpurposes or other applications, the simplest solution is to obtain the measurement through
parallel-connection with these magnetic sensors instead of installing an additional
tachogenerator. On the other hand, if the magnetic sensor has not been supplied by the
engine manufacturer, the problems of noise which are liable to be encountered i. the
mechanical tolerances are exceeded rendurs the installation of this type of system
inappropriate. Therefore, a tachogenerator should be installed, whenever possible. The
question is whether the tachogenerators will be gradually replaced by the maguetic
sensors. The answer cannot be given yet and will probably depend upon the tschnical
improvemet. to be achieved in the production of magnetic sensors.

- .-=-- 2.aa----~- -
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6.0 C'Jza&zu ZWor 0?WTATZON MubZ MZASUIDSW SYTESTB

- -- i Mat be calibrated prior to use. a typical Calibration faLlity
inaludes a eries-mound motor whose speed oqn be adjusted to desired values to an
accuracy of about t3 rm. Typically, the toxMu available on the motor .is 0.4 m5 during
the tA semonds following the starting snd .0.2 a in 4ntiniuous servic* (ses ?fiure 32).

The taogenerators do not require -- 3 ibation duo to I.ir, priinciple of operation,
vheress the associated eddy-current indicators and sianýIar davions are usually calibrated
using a tachgmenerator driven by a motor whosa speed i adjustable and knoA. The cali-
bration of the lectronic devices used tor fg-y-voltae 0n"mrs.on is acooe lished
using a *ine wave voltage generator controlled IW a frequencynetex. -fe digital devices
do not require Calibration.

The magnetic sensors do not require calibration, where"s their associated electronic
dalviose (frw-uy-to vo.ltage converters mid digital converters) , which are similar to
the devioae used with-tachageertors, amre calibrated usng the procedure stated in the
ebw paragraph.

I
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1 OTATIOW SPEED KEASU1X DEVICES POIRLY USED ON AIRCRAFT

1.1 Centrifugal Tachometer

The cqntrifug•l force V acting upon a weight a integral with a rotating shaft is propor-
tional to the square of the rotation speed of that sbht# beans

~ M 2 ro

in teis formula, a represents a punctual weight integral with the rotating shaft. Unde
the action of a compressed spring force, this weight comes to a balance position at a
distance r from the shaft axis. VW1'I bell regulator, one the major applications of
this property, has been used on aircraft for speed regulation purposes., It should be
rmumbred that a WATZ's regulator consists of a centering device acodatinq two
hinged levers and two balls (weight a) who" balance positi.cn Us ittd to a
s/iding sleeve by maans of two additional hingd levers.

1.2 V-, Generators

Such devices generally consist of a small magneto including comutators or of an
alternator-rectifier assembly. They deliver a DC voltage proportional to the rotation I-

speed. The DC generators are rarely used because of numerous atageni i.e a

*The residual ripple voltage, superimposed upon the DC voltage proportional to the
rotation speed may, in the case of magnetos, be reduced by increasing the niber of con-
mutator barsi however, this complicates the design.

- The loarI impedance of the voltmeters associated with these generators must be
high compared to the line resistance.

- The induced oaf tends to vary in time and as a function of temperature due to the
magnetic field variation of the permanent magnets.

- tn addition, the magnetos fitted with comutators raise problems inherent to
brush wear as well as defective elctd.cal contacts at low atmospheric pressure and high
temperature conditions. I
2.0 OTHE= ROTATION SPEED MEASURING TECHNIQUES NOT YET USED FOR AIRBORNE APPLICO.TIONS

In this paragraph, attention is inrited to optical sensors which use optical fibrsa. An
optical fiber is made up of a large number of wry thin fibers (in the order of a micron)
grouped within a cylindrical tube of 3 diameter for instance. one-half of the fibers
carries the light from a light source while the other half carries light reflected fom
and modulated by a device mounted on the member whose rotation speed is to be measured.
The optical fibers produced in France withstand temperatures of 3000C, while a number of
US manufacturers advertise products which can function at up to 7006C.

In the future, we may witne a a competition between the optical fibers and photocells, on
the one hand, an, magnetic sensors on the other hand, for the rotation spee measurements.
It should be noted that the photodiode time constant limits the range of optical sensors;
however, they do not derive any energy from the rotating shaft; furthermore, and owing
to the optical fibers, they are compatible with the various metals used for the construction
of blades (magnetic and non magnetic), and they may be ideal when the space available in
the proximity of the rotating shaft is very confined or under high tempseatures.

II
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L Fig,4 Installation of the tachogenerator device shown in FiS.3 i
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Fig.5 Measurement of average r.p.m. with a potentiometer
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Fig.9 Installation of aircraft and flight test tachor'enerators on an er eequipped
with two power take offs

Fig. tO Helicopter installation of 4

take-off

Flx.)I Tachogenerator driven through a flexible shaft

The tach igenerator has boon connacted
directly to the power take oft
instead of to th. tfinx~bo shaft

Flexible shaft

YJr

Fig. 12 Measurement of rotor speed on an autogyro, J
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Fig. 14(a) Schematic diagram of the PSI tachometer
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4 Soring
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r-11.l4(b) Ooosu gection of'& PSI tachometer
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Fig.19 Voltags obtained at terminals AB.,C
and D of the diagra in Fig. 18

Fig.18 Schematic diagram of a frequency
multiplier
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Fig.20 Schematic diagram of a twelve phase system
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SCHEMATIC DIAGRAM
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'Fig.22 Recovery of a three-phase signal from a
single-phase signal

Disk with contrasting sectwrs -k F R

SCHEMATIC REPRESENTATION O F.ig23 Frequency to voltage conversion using

THE DEVICE a diode pump

Fig.21 Schematic representation ald

diagram of the pulse emitter of a P55
tachometer

V

Fig.24 Frequency to voltage conve-sion using
a single vibrator
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