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PREFACE

e st

Soon after its foundation in 1952, the Advisory Group for Aeronautical Research

; and Development recognized the need for a compreheasive publication on flight test

: techaiques and the associated instrumentstion. Under iie direction of the AGARD
Flight Test Panel (now the Flight Mechanics Punel), a Flight Test Manual was published
in the years 1954 to 1956. The Manual was divided into four vriumes: 1. Performance,
11. Stability snd Control, IlI. Instrumentation Catalog, and IV. Instrumentation Systems.

BT
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Since thea flight test instrumentation has developed rapidly in a broad field of
sophisticated techniques. In view of this development the Flight Test Instrumentation
Committee of the Flight Mechanics Panel was asked in 1968 to update Volumes i
; and JV 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 scparatel, published monographs on selected subjects of flight test instrur. enta-
'l ; tion: the AGARD Flight Test Instruraentation Series. The first vclume of this Sexies
! : gives a geaeral introduction to the basic principles of flight test instrumentation
: ! engineering and is composed from contributions by several specialized authors. Each
1 : 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 tu accept the responsibility
E ‘ of editing the Series, and Prof. D.Bosman assisted them in editing the introductory
! ' volume. AGARD was fortunate in finding comgetent editors and authors willing to

contribute their knowledge and to spend considerable time in the preparation of this
Series.

Lo - aband

-y

It is hoped that this Series will satisfy the existing need for specialized documenta-
tion in the field of flight test instrumentation and as such may promote a better under-
-standing . etween the flight test engineer and the instrumentation and data processing
specialists. Such understanding is essential for the efficient design and execution of flight
test programs.

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

T.VAN OOSTEROM ?

Member of the Flight Mechanics Panel
Chairman of the Flight Test
Instrumentation Committee

I s v el e e

- v

AN FADFNRNTER g 1 gL




e e e e e e T e
T L I P e b

.
2
b
§
hd

HANTAG AN S TR

PREFACE
LIST OF SYMBOLS
1.0 INTRODUCTION

‘20 CHRONOTACHOMETERS
2.1 Priuciple of Operation
2.2 Design of Airbome Measuring Systems

3.0 TACHOGENERATORS
3.1 Principle of Opesation
3.2 Design of an Airborne Messuring System )
3.3 Advantages and Disadvantages of Tachogenerators and Eddy-Current
Synchronous Indicators Used for Engine rpm Meagurzments
3.4 Vsrious Types of Existing Equipment
3.5 Power Supply
3.6 Messurement Recording
3.6.1 Photographic Recording
3.6.2 Telemetering Transmission
3.6.3 Analog Magnetic Recording
3.6.4 Digital Magnetic Recording
3.6.4.1 Frequencymeter
3.6.4.2 Periodmeter
3.7 Transducers Compatibie with Various Recording Techaiques
3.8 Scale Expander

4.0 MAGNETIC SENSORS
4.1 Geneial
4.1.1 Proximity Detectors
4.1.2 Magnetic Sensors Referred to as “Phonic Wheel”
4.1.3 Mobile Permanent Magnet Associated with a Fixed Coil
4.2 Design of an Airborne Messuring System
4.2.1 Direci Installation of the System on the Engine Without Drive
4.2.2 Installation Using a Shaft Drive
4.2.3 Measurement Recording
4.3 Advantages and Disadvantages ~
4.4 Existing Equipment
4.5 Power Supply

50 COMPARISUN OF THE THREE PREVIOUSLY DESTRIBED SPEED MEASUREMENT
TECHNIQUES

6.0 CALIBRATION OF ROTATION SPEED MEASUREMENT SYSTEMS

APPENDIX

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

20 OTHER ROTATION FPEED MEASURING TECHNIQULIS NOT YET USED FOR
AIRBORNE APPLICA). ONS

REFERENCES
FIGURES

- gy T R TR T
Sua. oo ok o i !

R

L-B-B-B - -] CONINI A d A w W N &) me et

13
i3

13
14

15

o e 34 i AN i o Pt b I . . i - S

e et A A Dbt SRR | ekl

Ly s o

2 ke ki



g

G v

S AT

i

QGQC’.RH”QNOZQ'FHHQO’MHIQOU

Subscript

Abbreviation

X

electrical voltage
pulse rate '
fraquency
centrifugal force
grams

magastic fiald
current.

oconstant

waight

number of revolutions, pulses, etc.
apeed of rotation

radius i;-
revolutions per minute

tinme constant i ,_":-
supply woltage

voltage

angular veliocity

conductivity

nean value

output

U.8. dilitory Standaxds
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1.0 INTFODUCTION

¥sasurementz of rotation speed are common in flight test programe, and are particularly
important in engine tests. In some instances, th. .. measuressnts appear as an intermedi-
ate variabis in the neasurement of a parameter of prisary interest, such as, fusl flow

¢ ar toygué. In the msasuremsent of fusl flow; e.9., one commonly used sensoy utilizes a

! spinney which is immgrsed in and iz driven by the flowing fusl so that the rotation

spend of the spinner is proportional to flow rate. In certain tarqua measuraments; two
rotaticn spead maasuremants ars mads in such a vay that the phase shift betvween them is
proportisasl to torque. : o

There ace otCher instances, of course, in which the spaed of rotation is, itself, the
preciar. variable of interest, as is generally the case in angins measurements.

3T PP NI TR
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'rbig: ip £light test programs, it can bes seen that measuremants of rotation speeds pro-
videi :

(1} 2:: intermediate step in obtaining measurcments of some paramsters of primary
nterest, .

(2) functional checks of engine performance in such events as fiame out, relight,
instability, and stabilixed descant,

(3} the detsrmination of engine performance characteristics.

: The discussion presented in this AGARDograph is primarily concerned with the analysis of

' the techniques and systems used to measure rotation spseds. The applicatioan of these
data in research and/or evaluation programs is a subject that will be left to other
authors. Generally, enging functional checks involve engine speed (rpm) measurements
under transient conditions to examine power variations for changes in engins speed of up

- to 15-20 percent of the maximum, and to detect and analyze possible periodic low

froquency €5 Hz) and low amplitude {(up to & few percent) phenomena. Conversely, engine
performance calculations require measursments made at several stabilized power s :ttings
which are slowly varied. Msasurements accurats to about :0.l5 percent are requared in
this application. :

The following discussion will first deal with chronotachometers, which are used princi-
pally on light aircraft, then with the two types 07 sensors widely used on aircraft for
weasuring engine rpw; i.e,:

«the four-pole and two-pole, three-phase, tachogenerators
-tha magnetic sensors {phonic wheel and proximity detector).

W s e e a o

Finally, a comparison between these thrae systems together with a review of the calibzation
t tachnigques used with rotation speed measurement systems will complete this document. Vari-~
ous measuremant processes, not often used in flight tests, are briefly described in the
appendix which may prove useful in solving some specific probleus.

AR et

2.0 CHRONOTACHOMETERS
2.1 Principle of Operation

Chronotachometars 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 opératioan
is as follows (Pigure 1):

AT e

A clockwork, wound by friction thrcugh the rotaticnal moticn whose speed is to be measured,
distributes the time into equal periods during which it successively engages and disengages
2 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 engagaed), then, returned ;
to its initial position (wheel disengaged) through a return spring. When the spring 3
reaches its maximum elongation, it drives an auxiliary wheel (b) integral with a pointer, 4
As the primary whesl begins to return to its initial position, the auxiliary wheel/
pointer assembly is uncoupled and fixed in position. If the speed increases, while the
primary wheel is engsged, both the auxiliary wheel and the pointer will be driven Ly the
primary wheel; conversely, if the speed decreasss, they will be raturned to zero through
the action of the return spring until the primary wheel drives them again. The pointer
iz wmoved by smell increments, almost unperceptible to the eye, and continuously indicates
the rotation speed.
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number of shaft ravoluticons during the correaponding time, then the shaft rotation speed
N, will be obtained by the following formula:

n
Y

2.2 Design of Airborne Measuring Systoms

The airborne messuring system includes a msans for transmitiing the shaft rotational
motion to the tachometer, tha tachomeier itself, and ths messurement recording equipment,
if available. Tha transmission of the shaft rotational motion to ths chronotachometer
i usually through a filexible drive shaft., 7The maximun permissible speed for this kind
of installation depands upon the length and the bends in the flexible shaft and ranges
from 2,000 rpm to 4,000 rpm. According to BNAe' PRL 34-420 Standard (Ref 1), the maxi~-
mum spesad is 3,000 rpm. This Standard also specifies as a bending limit, the minimum
distance bstwesn the shaft drive and bend start to be 50 ma and the bending radius for a
90 Gegres angle to be at lsast 150 =,

The recording of tha rotation srcoed measurement as divectly supplied from a chrono-
tachometer is not feasible., Wwhen the aircraft tachometer system includes such a uait,
the wwasurement of the rotation sneed together with the racordiug on a photographic
recorder is generally performed either by means of a device callied a time pulser, or by
measuring at constant time intervals the angular position of a shalt whose rotation speed
is a portion of that to be measured.

In the time pulser (Figure 2), the position of the rotating wheel is Jdetected by a mechsn~
ical link which activates an electrical confact (time signal), the rotation gpsed measure~
ment being derived from the measurement of the time interval betwean two contacts. The
time pulser congists of a light alloy body, a single-thread worm screw, and a 100-tooth
ring gear, The latter features a boss which actuates 2 pawl at each revolution of the
ring gear, thus producing 2 time signal every hundred revcluticns 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 and the paper speed must be high enough to
obtain at least 0.2 mm between indications). The time pulser is usually connected
diractly to the engine drive (Pigure 3 and Figure 4). :

For measuremant of the shaft angu.ar position at const.ant time intervals, a potentiomster
is coupled to the shaft through a mechanism which pe-mits it to be immobilizad every
second at the rosition reached by the shaft, Figure 5 iliustrates an instrument con-
figuration which permits the mean rotation speed of jet enginu. o 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

and a lug. An electro-magnet, controlled by the recorder timer, attracts, when energized,
the disk which comes to rest and disengages the driving stops. The lug then cumes into
contact with the potentiometer. As soon as the disk is released, it is pushed back by
the springs thus enabling the driving stops (pin and cam follower) to coas into contact.
During the time the disk iz driven by the shaft, the lug is clear of the potentiometer.

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

- _ 8t
o

The calculation of accuracy may be illustrated by the following example: assuming that
the reading accuracy of the recnrded time base is 0.4 mm, then to obtain a ons percent
accuracy of the spesd measurement, it will be necessary to measure the time irtarval
corresponding to a vaper displacemant of 40 mm.

:

The operation of a chronotachoweter does not reguire a power supply. The clockwork is
friction rewound from the rotational motion whose spesd iz to bs maasurud,

3.0 TACHOGENERATORS

vt L el A 2

Host of the aircraft presently in service are fitted with tachometer systams whick include
a tachogenerator as the sensor. Th= gener/tor is used in conjunction with &n eddy-
current type indicator. The general layout in Figure 28 shows the various configuratious
fox vecording engine rotation speed measure.~uts using tachogenarators. .

]
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be measured. It consists of a permancnt magnat rotor rotatiny within a wound stator.

Ths stator has three windings whose axes are gecsatrically displaced from ons another by
120° 30 as to generats a three-phase signal. The generator may fsature four poles but
twpoumm“mmmuum.ugmm-wuumm. there-
! fore, ars preferred. R

The three-phase voltage supplied from the generator dyives a synchronous motor at a
speed equivalent to that of the generator rotor. The s is motor utilizes a etaCor
that is similar to that in ths generator, although maalier in size. Its parmansant maguet
i rotor inciudes the same numbar of pols piecas as that of the gensrator. The

; alternating current induces a rotating magpetic field in the synchroncus motor and subjacts
: i the rotor to a torqus causing it to rotate at the sams spesd as the genarator. The
. i rotating rotor is used ic drive an eddy-current tachometer. This type of tachometer can-
s ! sists of a permanent magnet system rotated by the shaft whose spead is to be meagured,
: ' Thus the field produced by thess magnets iz a rotating cne which genaratss eddy-currants
i ! within a drag cup which itself will ba driven in rotatian through the acticn of the figld
- upon these currents. - a C

e i 3

electrical conductivity, and the square of induction B (this tesm is squared beczuse the

forces acting on the cup are proportional to the inductiopn and to the fisld acting upon
thess cuxronts), hence: . - -

i .
E The torque driving the cup in rotation is proportional to the rotation speed K, the
1

C =X N B? :

Under the action of the return spring, the cup comas to a balance poaition depending on
i value N of the rotation spsed, thus:

8 =k N B?

|
!
{in this formula, 8 corresponds to the angle by which the cup has lsen rotated with ;
respect to the positioca selected as a referance). i
{
i
!

Note: Some manufacturers install a disk or a metal drum instead c¢f the above mentioned
cup.

3.2 Degign of an Airborne Measuring System

A rotation speed msasuring system fitted with a tacuogenarator includes the coupling of f
the shaft to the generator, the tachogénerator itself, the transaission of the generator

motion to an indicatwr, the indicator and a recorder.

Coupling of the shaft rotational motion to the generator can be parformed using a

flexible shaft where the limitations are similar to those stated in paragraph 2.2 for

the chronotachometers. Usually, however, the generator is attached to a gear box which,

5 in turn, is mechanically coupled to the shaft whote rotation speed is to be measured.

F ; The gear ratio used, is a function of the maximum rpm %0 be measured as specified in
MIL~I-7069, dated 29.12.1950 and BHAe' PRI~72-120¢ Standards, i.e.: the step~down ratio

: is 1/2 for a maximum rom less than 10,000 rpm, 1/4 for a maximum rpm from 8,000 to
20,0600 rpm, 1/206 for a maximum rpm from 16,000 to 50,000 rpm.

“i.

o el

Various configurations are available for transmission of the generator cutput to the
indicator depending on whether tha generator is instaliod solely for the tests or servas |
bcth the aircraft operational system and the tests, In some cases, a single indicatox ;
can serve the needs of both the aircraft system and the tests while in others separate ‘
systems are required. Some of the coufigurations that may be encountered with a
tachogenerator are:

A A T AT s aan e o

- one aircraft indicstor without recording means

- two aircraft indicators without recording means

Lol

4 = gne aircraft indicator with recording means

-2t
[
%

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

i
R PREATARE . b ma i vt £l e PO Dl n

I1f several drives ars available, one tachogenerator may be installied for measuring !
purposes only (Pigure 9). Scmetimes, an additional drive can be provided, as illustrated
in Pigure 3, or several gensrators may be stacked on & single drive (Figure 10).

L i

BT,
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In traasmitting the generator output to the indicator(g), 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 genarator.
This speed is closely dependent upon the motor tempersature. For two-pole miniature

s
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gensrators, this cpoed is nigher than with “our<pole generatoxs and iis valua is doubled
whan two mctors ars condscted in psrulliel to the same ganerator (the engscemant dpsed of
a synchronous motor commected with a two-pole getisrator is approximuzely 250 rym wherdss
its disengagement speed 1z about 100 rpm. If the indicator is sukjscted to temparatuves
as high &3 60°C, the enqageasent spoad may reich {,500 rpm with two indicators connected
in allel)., The slectroical wiring sust be shidlded and incorporaise thres wires sach
havig a minimom cross-section of 0.4 mm (Specification PRL 72-120), - o

H The measuresant recording can be psrfc.med aither from a tachogenerator iastalled for
the testx, from an indicator pro with a recording cutput, or from an jinstrusent

similar to the indicator but suited for recording. It is also possible to record one
phasa of the threse-phare signal dsveloped by the aircraft gensratsr. This process is
not recommendsd bacause of safety considerations; i.e., a messuremsnt circuit failwure
could affect ths information displayed to the pilot and the introduction of 2 phase
wibalance in tha signai from the genarator. : ’ )

i Techniquea for recording the output of tachogenerators will be discussed in paragraph
. 3.6; this subject being of sufficient importance to ba dealt with separatsly. ‘

3.3 Mvartages and Disadvantaces of Tachogenarators and Eddy-Currant Synchronous
Eanéu:E: Tor Eiﬁ' Ips Heasuremen i

The engine rpm measurements performed with such devices inwolve the transmission of an
electrical woltage whers the intormation is contained in the signali freguency, The
measuresent is not feasible at low rotation speeds but, as socor as the synchronous
indicator engages, the rotation spead to bs measured by the eddy~current tachomstar
exactly correspands to that of the taciogensrator. Thus, the measurement accuracy is
dstarnined by the eddy-current tachometer.

Thaé construction of the latter is simple, light and their measurement range, 200 rpm to
5,000 rpm. is well suited for flight tests. The time constant involved is accsptable for
most of the applications and the accuracy obtained is £0.5 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 hence, system gecmetry, continues
to be & problem. Furthermore, &s they are psriicularly sffactsd by temperature variations,
it is necessary to provide them with a compensating device. It has been demonstiited that
a temperature variation causes the following:

(a) A change in conductivity, o, of the eddy~current disk. The alloy generally used
for the drag cup is gelected according to its high conductivity (12 times that of copper)
and low density (1/3 that of copper). Its conducktivity variation is similar to that of
copper; i.e., 0.4 percent per degree centigrade. This value corresponds to aa average
rotation opeed error of =6 parcent for a temperature variation of +100°C. (Th& purpose
of the above mentioned selection criteria is to obtain a maximum drive torque of the
rotating disk, this torgue being proportional to conductivity, o, and to minimize the
srroxs due to friction.)

{b) A change in the magnetic field gensrated by the permanent magnets. This field
decreases as the temperature increases. As a result, the torque acting upon the drag
cup, due to the presonce of eddy-currents, ig proportional to the sguare of induction B:
i.e., the square of the magnetic field generated by the magnets, induction B being équal
to the product of magnetic field H timss the permeability. The erxor in rotation speed
dus to temperature changes is -0.05 percent par degree centigrade; i.e., a temperature
variation of 100°C corresponds to a rotation spesd error of -5 percent.

(c} 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 may be reduced through tha
use of INVAK magnet supports. In that case, a temperature variation of +100°C correspands
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 tpeed value
vhereas the torque on the return spring increases. An appropriate heat trsatment of the
metal disk alloy allows the temperature coafficient 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 tachomster being housed in a closed box, the errors resulting
from temperaturs variations will cancel sach other. The magnets must be compensated by
magnet keepers which also serve to regulate the flux acro: s the gap containing the drag
cup.

It is to be noted that the tachogenerater tempsrature range is limited to +150°C,

3.4 Various Types of Existing Equipment

Until 1967, airborne generators were heavy (from 750 to 1,250 g.) and bulky; they
include? twt pairs of pole pieces and a rotation speed limit of 5,000 rpm. According to
BNA» PRL 75-122 Standard, the maximum module of the indicators associated with these
generators is limited to 57 and they are calibrated in percent: 100 percent = 4,200 rpm.

All of these gensrators have approximately the same characteristics; i.e.,
no~load voltage at 1,500 rpws 36 V ins, '

il

i Mam, il 2 ke 5 e e e R L STl + sabact il e AL

AR
¥

3

¥

1

s

2

J

%

it 2 et s i b it




pp——"

A BN T R ATV TN SRR LR st AR | S A P 1

T AT

T R

T
W

T T R - Y~ = e A R e e T

operating woltage into a non~inductive clzeuit of 202: 3 V rma at 300 rpa.
voltage variation versus spasd is linsar as follows:
20 mV/rpm with & conveational four-pole indicator, 18 mV/rpm with two conventcioaal

tors.
Since 1967, miniature gunerators weighing spproximately 320 g. (P 12) kave been
availabla, which are about one-half ths size of ths previocusly xen genarators (sse

Pigure 9). Tha two-pole gensrators are noramally intended for driving ome cz two indica-
tors, although withi two indicatoze the engugemant speed is higher than that obtaired
with the oldsr tachogeneratorz. The rctation supsed of the nawer generators is limited
to 10,000 xrpm, The module of the synchronnus indicators muimally assoziated with thase
gensrators is as follows:

BlAe 50 for a single indicator (Z in. diameter case)

BNAw 57 for a dual indicator and

BiAs 80 for a triple indicator {ses Piguxe 13)
3.5 Power Scpply
Thag type of angine rpm measurement system does not requirs g power zupply.

3.6 ¥ v, sment Racording

The & « W speed asasurements are usually recorded in flight on a photographic oxr may-
nruic . ., dor Aand/or telametered to the ground. Various signal conditioners have been

¢ Yeailg s acrormodute these different applications., Some of these are sgpecific to a
giiup -~ s8 uf rn~rvd.ong device, while the more recently produced units are genarazl purpose
O igge

1. ¥ - ogw *-c Recording

Thg *rheor Na w. nLs velivered by the tachogenerator may be recorded using a tachometer
- Sienw vk e 91’8 for both a photographic recordar and an indicator. This device is
raferred cu as » P51 tachometer. This iz an eddy-current tachometer derived from the
aircray . Fachomicers and adaptoed for use with the Al3 photographic recorders. It is
videly rv - in Prance for flight tests. This tachometer (see Figures 1l4a and 14b) con-
sists oo . drag cup (3), subjected to eddy-curxrents, which drives a mirror whssl

(5) whose position therefore dspends upcn the rotation speed to be mocasured. The mirror
wheel (S) located in front of lens (6} reflects via mirror (7) the light ray emitted by
the recorder lamp towards the recording slot.

Por each of the miryors in the P51 tachometer, a full aweep of the slot corresponds to a
500 rpm rotation speed of the ganerator and the mirror distribution avoids any gaps in
the ssasurement range. The measurement range of the P51 tachometer is from 150 te 5,000
rpm. The instrument features 24 mirrors and affords an accuracy of about 5 rpm for
constant eagine speed. Although this was azlmost the ocnly typs of tachometer used in
France from 1957 to 1967, it was not entirely satisfactory for the two following reasons:

(1) Thare is mo “coarse scanning” allowing several mirrors to be sensed.
Various tschniques have been used to alleviate this deficiency, all of which are base”
on the rectification of the voltage from thes generator.

(2) For some tasts, the response of the P51 tachometer is too slow. Comparigons of
the respcnses of the generator output which has been rectified (constant delay equal to
0.14 sec) and recorded on photographic paper using a P51 tashometicr, with fast rotation
spesd variations of ths generator, indicate that the P51 tachometer introduces a
significant time delay (see Figures 15 and l6).

Currently, the most frequently used P51 tachometers are of the four-pole type although,

a two-pole version has been developed which is compatible with the new two-pole generators.
P51 tachometurs are directly mounted into the A-13 photographic recorders (see Pigure

17). Howsver, a number of precautions must be obaserved in installing cert-in types of
galvancmeters in a recorder fitted with z P51 tachometer. Depending on thia aircraft
indicstor used, it is also necessary to check whather the parzllel-cannection of a P51
tachoseter is feasible. Whereas the P51 tachometer does not require a power supply, pro-
vision does have to be aade to power tha lzmp in the photographic recorder.

3.5.2, Telemetering Transmission

1f the aircraft incorporates telemetry ther: the capability for veal-time monitoring of
rotation speed variations may be providied on the ground. Similar design problems are
encounterad whether the signals are to be teclemetered, or recorded. In order to limit
the number of telemetry channels required for engine rpm measuremant, it is necessary to
convert thc three-phase signal from the generator into single-phase signal. The latter
can then be read on the ground using » frequencymeter.
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4 The three-thase to singls-phass counversion of the signal gener. .y implies & frequency
] multiplication of the signal since the signal frequency from the tachogenerator is
genarally too low to obtain the accuracy desired in the engine tests, This fraquency
multiplication of the signal is an advantage since it freguently avoids the need to
ingtall an additional generator having a greater number of poles.

This conversion has been successively accomplished using the following techniques:

{1) A lo-chm resistor is coannected in series with one phase of the P51 tachogenerator-
indicator systemi. The stability of the woltage acruse the resistor terminals is better
than that of the interphase voltage supplying the aircraft indicator. The lock-on
! thrasholds, howaver, of the P51 tachometer-~indicatcr assembly are higher, This practice
% is not reccmmended because the impedances of the tachogenerators and indicators are

: adjusted to provide the correct matching of the units which could ke impaired by the
¢ insertion of an additional resistor.

g ; (2) Prequency tripler. The three-phases of the current supplied from the generators are
& : star-connected (commonly referred to as Y~connucted in the US). The phases are connected
o : through dicdes, 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.

L (3) Fregquency multiplier x12 (four-pole generator signal) and x 13 (two-pole generator

E signal) (Figure 20). The system includes two secondary windings, one being star-conpectad
and the other delta~connected. The wvoltages across each terminal of the star-connected
secondary winding and the junction point are phame-shifted by 2%/3. The voltages across
tho terminals of the delta-ccnnected secondary winding are phase-shifted by %/6 with

; respect to the previous ones. These six voltages are rectified by means of mid-point

J transformers and 12 diodes. The latter connect the transformer outputs with a junction

g point where the voltage is continuously equal te that of the phz-e having the highest

o algebraic value. The signal frequency multipiication by ratios of 6:1 or 12:1 simplifies

A the measurement functions but the design of a double~-haxaphase system is complicated and

b requires a number of precautions. Such a device is supplied with 28V DC and requires

less than 50 mA.

2 (4) Generation of square-wave signals using an optical device integral with the airborne
- indicators: P55 tachometer (Figure 21). A circular element incorporxatingy}20 white and
black strips is made integral with the synchronous motor of the rpm indicatigh
& elament is illuminated by a lamp and as it rotates the lighting variationg @
¥ by a photodiode. After shaping the photodiode output, the resultant signail
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 indicatqr, and,

(b) The higher signal frequency permits good accuracy through pulse counting. On
the other hand, the measurement can only take nlace after the airborne indica¥or 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 maA.

(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 tachameter). The principle of operation is as
follows: a supply voltage U is successively applied through three switches to the throe
terminals of an indicator coil (cse 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 colls 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-phare; 115-208V,
400 Hz, three~phase; or 28V DC,

With a load of two indicators, 0.5A is reguired at 220V,

3,6.3 Analog Magnetic Recording

As a result of the standardization of the input specifi. tions, the problems encounteured
in telemetering and recording the rotation speed of a thsoee-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 gignal.

however, is practical only if the computer is already dedicated to the tests which require

A
%
(2) The sBingle-phase signal can be directly processed on a computer. This operation, 1
the measuremént of the rotation apeed. i
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3.6.4 Dpigital Magnetic Racording

Digital scquisition systems permit pulse counting. Thus, <o adapt the signal from
tachogenarator to a dlgital recording system, it is necessary, as in the case 6
French AJAX telenetering transaission and analog megretic recording, to perform -
phase-~to-single-phass signal conversion where the fiaquemcy is some multiple of {ha -
rotation speed. A ccepromis: is made betwwen the counting time (i.e., the msasuresent
rate) and the desired accuracy. Tha adaptation of ths single-phase sigral to the digital
recording system is accomplished using digital tracsducers.

The transiducers associated with rotation speed sensors consist of:

- circuita for impacancs matching, amplificmtion and shaping of the signal delive
by ths sansors, ' .

- a time Lase, usuzily cousisting of a temperature-controlled master crystal
togetlier with a éivider link and,

- a counter.

The digital transducers uzed arc aithar of the frequencymetex or periodmeter type,
depending on the pulse rata of the signal from the rotation speed sensor.

3.6.4.1. Frecuencymeter

The time bzs¢ providez equal time intervals T which are generszlly ejither 0.0l sec, ¢
sec or 10 sec. The connter sums the number of periodic signal pulzes tranamitted by
rotation specd sencoy and shaped during time intervals equal to T. Considoering F as
signal frequancy geucxzated by the rotation speed sensor, the aumber a counted by tha
counter during a t/me interval T wiil be given by the formula:

1
the
the

nepPx7T

With an instrument of this type, the error in meassuring the frequency P is:
4F _ bn s AT
F g T

Under conditions of no noise, the error introduced by the countar for determining n is
at the most equal to onw whareas the relative error of the time base
%3 is generally less than 10°°. This exror is negligible with respect to tha accuracy

generally required which is 30,15 percent hence:

et Sy sl i W il b k| A . bt s, S ORIOA . cotaiiohilebbiie

g-%+ 10-5-F—1i -
The measurement accuracy obtained with a frequencymster is inversely proportional to the
product of the frequency tc be measured times the counting time. To reach the desired
valus 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. This device, however,
is not suited for the analysis of transient phenomena.

3.5.4.2 Periodmeter

To obviate the need for excessive counting time, it is advisable to perfom low frequency |
measurements by means of transducers of the periodmster type. The counter sume the
number of pulses generated by the timer during the time interval betweoa two puises from )
the rotation speed sensor. Coasidering F as the frequency of the signal generated hy
the rotation speed sensor, the number n counted by the counter will be:

b

a-fx—i—

The error introduced by a periodmeter into the measurement of frequency F is:

-t

AF _ Af . &n §
F " " n '

TS

As for the frequencymeter measucements (assuming no noise), the arror introduced by the
counter for determining n is at most equal to one whereas the relative error
-5

%Eis less than 10 ~, hence:
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The pariodmatar measurement muwyinhtursmcmmsuedfmmcyhmm& o
lower than the oscillator frequency (usuaily 100 kHx). Thus, to rsach the désired I
accuracy of 20,15 perceat, the measvred fregusncy must be lower than 150 Bs. The major ;

inoonvenience sacountarsd with periodmeters is that the summed ausber n is inwersely - 5
W&wummwummmtmmmmmm !
hyp:oouﬂhqhthomo:ur L. g

3.7 . Transducers Compatible with Various uoo:ding ‘x'ochnigwl O

Instead of using the devices dolcrihod in paragraph 3.6.2 (throeugh dixect scquisition in
digital foxm either from a computer, from a2 digital acquisition device, or by reconwersion
i into three-phase signal), the three-phuse signal may be convertsd into DC woltage propor-
i tional to the rotation speed. Such a device is referred to as a freguancy-to-voltage
converter., The resulting DC voltage car then be recorded on a photoguphie or magnetic
tape rocorder or telemetursd. There seea tc be no ugm.rwant rusonl ncoz:ding on
an analog device, although this is prectical. - -

The freguency-to-voltage conversion can be accomplished by either of tWo processes:

T TR, A

(1) PFrequency-to-voltage converter including a diode pump (Figure 23). The input signal
of frequancy F is applisd through cupacitor ¢ to the junction point of two diodas D1 and
D2. The anode of diods Dl is a2t grouad potential while the cathode of diode D2 is coa-
nected to the input of an operational amplifier whoze negative feedback loop coansists of
a capacitor and resistor in parallel. Wwhen the input voltage is negative, capacicor ¢

is charged across diode D1l. When the input voltage is positive, capacitor ¢ is discharged
across diode D2 and generates a current I in opposition with curreant I’ of the smplifier
negative feedback loop. Tor each signal period, ths potential stored in capacitor ¢
corresponds to O = ¢V, where V represents the charging voltage of capacitor ¢; i.e., the

¥ - peak—-to-peak amplitude of the input zignal. Hence: : t

AT R T

1 Current I isequal toc x VX F

f Current I' iz equal to V /R v, being the output voltage
: of the operational upliﬁ.et). t.!msc
3 VQ/R = c VF,

The output wvoltage of the operational amplifier is Vo = ¢ RV F; it is proportional to

the input aignal frequency F and to the capacitor charging voltage V. Therefore, the -
peak-to-peak voltage of the mput signhal 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 relistox R, is used for ﬁltaring and pulses
during the operation.

(2) Prequency-to-voltage converter including a flip-flop (se: diagram in Figure 24). !
The duration of the input signal, having a frequency F, ls determined by a flip-flop cir- .
cuit. The latter drives a switch consisting of two PNP and NPN type transistors, seriea~
connected between the ground and a reference voltage Vref, In the rest atate, the

fiip-flop delivers an output signal which causes transistor I to conduct and to saturate

whereas transistor 2 is blocked. Thus, no current flows through resigstor R, cane end of

which is connected to the junction point of both transistors, and the other to the aper-

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 oons;d*a t as being one state of the flip-flop, the

charge applied across resistor R will i1z Q = Vref x t/R.

e T s e en s s -

If F is the input signal frequency, ths flip~flop will change its state F times par
sacond and current I will correspond to 1 = Vref x /R x F.

Thi: current is in opposition to the negmive feedback loop current I' of the coperaticnal
amplifier:

- amen

V \‘o
? x'-k— hence‘!refxﬁxr-ﬁr

Consequently, the output voitage vo ig paoportional to frequency F of the signal whose
frequency is to be measured.

Regardless of the process used, the oatput voltage V, inciudes a UC component which is

proportivnal to the frequency of theé sigual o be measured; i.e,, to thes rotation speed, i
and an AC component which muit be suppresssd by a filter, A compromise can be made
between ths permissible residus’ avise laval in the output signal and bandwidth required .
for the ransducer. The analog transducayr sye presently avallable with time conctants
of 65 percent legs than 200 msec, with a vu.i.dnal voltage below 2 mV and an input signal
frequen.y higher than 16 H:.

1
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3.8 Scale expander

In order to improve ths reading accuracy of the DC signal voltage, use can bo mzde of a
*coarse~£ing" system. 'l!hi,s system is designed to provide two output voltages; i.e.,

R O

(1) ths “coarse® channel has provisions for impedance matching: howewver, the output
voltage is identical to the imput voltags;

{2) ths ®"fine®" channsl contains provizsions for expanding the scale of the input; i.e.,

& change in wltage of serc to full scale at tiis input is represented by a selected
nuber of zarc to full scale voltage sxcursions at the output, For example, if an
amplification factor of five was sslacted, then each succassive 20 parcent of full scale
voltage change at the input would rssuit in a zero to full scale voltage change the output
(Pigure 25). {(tota: The fine voltage is equivalent to the seasitive sweeps of the P51
tachometer.) - ) : : *

T eE TN
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A tachometer transducer of thia type, referved to asz P6200 {(Pigqure 26), has been developed :
at the Centre d'Essais an Vol. The *coarse-fins® system includes up to S sensitivities '
which make it possible to obtain an overall system accuracy of up to 0.30 percent in i
recording or tslemetry systazs. The advantage of this tachometer is esseiitially its high
rate; the system time constant is lass than 200 msec which corresponds to a response time
! ! at 5 parcant of about 1 sac (Figure 27)., The P62 transducer is mounted between the three~
E ! phase/single-phase conversion system and a recording of telemetry system (Figure 28), The
: P62 transducer requires a 28V DC power supply and its consumption it less than 450 A,

4.0 MAGNETIC SENSORS
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i At the present time, tachogenerators are used alwmost axclusively for rotation speed

! maasuremants; however, new technigues employing magnstic sensors are being introduced in
é fiight test programs. )

4.1 Gsneral

There are three types of magnetic sensors usable for engine tests: proximity dstectors,
phonic wheels, and mobile permanent magnets aseociated with a fixed coil.

4.1.1 Proximity Dotectors .

This type of datector incorporates an oscillator consisting of two twiesd circuits. Ona
of thase circuits, making up the detector proper, is fitted with a detector coil. The
alternating current supplied to this coil produces induction flux lines which generate
eddy-currents on any metallic surface which ig sufficiently close. The eddy-currents in
turn produce a magnetic field which counteracts the initial vagnetic field and tends to
decreare the current flowing through the coil. If the mstallic surface is ciose to the
sensor, the eddy-currents are high whereas the current in the coil is low. This circuit
then becomes untuned with respect to the second tank circuit and the oscillation ceases.
If the astallic surface is away from the sansor, the eddy-curranic are low while the cur-
rent in the coil is high. This corresponds to a tuned condition of both tuned circuits,

Each time the auxiliary cog whael, used for the rotation spesd measursment, is mowed by
ons cog, these sensors act as suctessively open or closed mechanical contacti; the closing
{or opening) frequancy of the coutacts is proportional to the number of cogs par wait
tine and hence to the rotation szpesd of the auxilizry wheei. The modulation frequency is

?-kxulﬁomuﬁuthomutimspudinumof:pu and X the numbar of s of
the auxiliar; wheel. ‘ s

4.1.2 tic Sensors Referred to as "Phonic Wasal® (Figures 429 and 30)

The magnstic flux variations caused by the displacement of & cog wheel or turbine blades

within a magnetic field can be used to ganarate signals whose frequency is proportional to
the rotation speed (the blades or cogs must be made of sagnetic metal). This typa of :
tachomster can be compared to a small multiple pole alternator. The magnetic cixcuit :

with the motion. Each time a cog of the wheel, called "Phonic Wheel®, moves in front of i
the soft iron cores, atluxmiationoccuuinth.wiudingloftvooouavhichm
concentrically arranged about the core; thuse coils are slectrically wired in serius. The
frequency of the emf induced in the coiis is proportional to the rotation spead of tue
auxiliuyoogwbulmdthamnbexofeogn i.¢., ¥ = /60 x n.

4.1.3 Mobile Permanant Magnet Associated with a Pixed Coil

‘l'bcpuumtiugut:llﬂtudboabiadco!th‘turbimvhoumuuonwhtobe
neasured. mmhmumwumotmncummmtmmitmzm
be dynamically balanced. Atmbuwlutimofthoturbim,thnmtmdwuﬂu
coil two pulses having cpposed polaritiss. Yo easure that the signal induced in the coil
is a sine wava, the following conditions must be fulfilleds:
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(1) eitber saveral magnats should be distributed over the turbine hhdu (the. bltdu
ars generally fitted with two diametrically opposed magnetas),

{(2) or tha rotatiocn spesd should be relatiwely high (as in the case of expansion -

turbines). mngmuu\nuumoonlmuonmtboprovi«dtormm
original design. s -

Note:s Instead of the rotation speed sensor coils describad in the two precading para-

« gs«pha (Phonic wheel and mobils permanent magnet associatad with a fixed coil),

v At is possible to install magnetoresistors (these are seai-conductor devices whose
reaistanca incrsases when placed within a magnetic field). The mqmt.omilm-
type instruments dsvelop forces acting upon the rotating elermsnt, uwhich are

. smalier than those generatad by coil-type instrumants. %Yhey are particularly

3 ~ well suited for measuring the rotation speed of spinnars used in flow datactors

% shich convert tha flow parameter into yotation speed measurement. T

4.2 Design of an Airborne Messuring System T

4.2.1 Dipect Installation of the System on the Engine Without Drive

Sinca part of the angine is used as a part of the magnetic seusor, the sansor is normally
nade integral with the engine. Therefore, provisjions should be made for this when the

3 engine is designed. BHowever, the magnetic sensor may be added later using an auxiliary

- ocog whedl. This sclution is not reccmmanded because the resulting signal shows a

tandancy to be mors affected by noise. The first two types of magnetic sensors described
prasuppose the presence of metal blades and correspond to engine rotation speed measurements

! originating from the compressor blades. The third type is used with non-ugnct:.c blades.

It coxresponds to the rotation spesd msasuresant of expansion turbines.

4.2.2 Inctallation Using a Shaft Drive

Self-contained magnetic 4ensors are available which include a cog wheel and a phonic
wheel-type sensor ncused in a case of approximately the Jame 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 affacted
by noise than in the case of a maguetic sensor integral with the engine. 1In fact, this
solution is not as attractive as the conventional tachogenerastor since it reguires one
ahaft drive for two genarators (or may even require two shaft drives) duwe to the fact

¥ that the signal from the magnstic sensors cannot be displayed on a standard aircraft

indicator. Thus, it is necessary to provide a specific shaft drive in addition to that
used for the aircraft generator.

4.2.3 Msasurement Recording ) ;

The frecusncy of the signal developed by a magnetic sensor is gensrally between 1,000 Hx
and 15,000 HEz. In some applications it may reach 35,000 Hs; this is the case for

mutian spead mgasuresents uli.ng certain types of torquueurn for which the uqnitude
* of tha torque is pzoportioml a differential rotation spesed.

i The recording of a signal generated by a magnetic sansor does not cause any problems,

L even if the sensor is not specifically int.nded for rpm recording, provided, however,
that tls impsdances of the measuring instruments involved are high enough. This
recording can be accomplishad using any of the recordiug facilities normally uséed in
flight tests. Before the recording takes place, it is also possible to transmit the data
via a talemetry system. The following signal conditioning devices arxe required:

- oit::ansuloq: of the frequency-to-voltage converter type P62 described in para-
gra 8,

: = Or digital: essentially provided for impedance matching and signal shaping, they

' balong to the digital aystem used for the owverall data acquisition (such davices

: are accommodated in the DAMIEN system of JAGUAR aircraft for the acqguisition ot rpm
measurement from P55 airbocne iudicators).

‘
]
i
|

+ sl

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

4.3 Advantages and Disadvantages

Magnatic sensors offer the significant advantage of smaller size and weight, and the

streas imposed upon ths rotating shaft, is low (the repslling power is less than 1076
bliewtons). The offocts of environmental conditions (tesmpesrature, accoelerstion, vibration)
ars slmost nagligible. In addition, ths sensors may be remotely installed from the
associated electronic system without compromising the measuresent accuracy. Thoy are

of opsration under extremsely severs ambisnt conditions: temperature (~40°C to
+450°C) , immarsion into ilubricating cil at a pressure of about 6 kg/m®,

Nevertheless, the magnetic sensors dc have certain limitatioas:
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{1} with regard to tha spacing betwes: tha datectios coil and the whesl cogs or turbine
blades: the minimum detection distancu depends upon the nature of ths metal. This
ainisum spocing is inversaly proportional to fraguancy F. :

{2' The permissible off-settings have wxy'clou tolarances and are inwerssly propor-
ticnal to frequency F. : - .

{3) The cog and blads dimensions are rastricted to minisum valves.
(4) The thicknass of the cog vheel is limited.

(5} The maximum t:‘quoacv F is usually lihitcd to 2,000 4z (5,000 Hx for somec manu-.
facturers) . . , R

oo miakit £ A ”"‘3
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For reference purposes, ths cog-to-dstector spacing must ba of about 1 mm with permissibls
off-gettings of 10.2 mm for steel cogs and a modulation frequency lowsr than 500 Hz. If
the modulation frequency is higher. the psmissible off-setting tolerance becomss 10.05
mm, The cog must be 2 mm wide when the depth is 4 mm and their spacing is 5 mm.

4.4 Existing Equipment

o B IR TR T . T

Tha application of magnetic sensors as rotation speed detectors in the field of regulation
contzrols 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 mm; other i
charactaristics include: high yesistance to vibration, hermstically sealed, unaffected ;
£ by lubricants, hydraulic fluids and 7uals, satisfactory operation at temperatures of ’
9 350°C for the sansor and 450* for the cablas.

AR Xl
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Hagnetic sensors are also used for torque asasuresents (the torque value bsing derived ‘
: fram rotation specd nesasurerments), for flow measurements and vibration measurements made

’ : on the first atage blades of compressors (in that case the rotation spsed parameter appears
d in the vibration freguencies as a spurious carrier).

Lenaniiitl simeea!

: It is also to be ncted that the engine manufacturers hawve started using the magnetic
g : sensors for in-flight engine tests.

'”.;,‘ 4.5 Power Supply
Magnetic sensors require a power supply but the power consumption is low.

oo S s Al

5.0 COMPARISON OF THE THREE PREVIOUSLY DESCRIBED SPEED MEASUREMENT TECHNIQUXS

The three rotation speed measurement processes discussed in this AGARDograph; i.e.,
shronotachometers, tachogenerators and magnetic sensors have been successfully appliad in
flight tasts., 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.

s v Ce i WA D R ke A

The chronotachumeters are simple, accurata and do not require external power. Yhey are
appropriate for stabilized rpm measuresanis and are suitable to the rpm messuremants on
i smail private sirplanes. Except for the fact that the corresponding recozding system , :
: requires a -wer supply, their characteristics are gimilar. Both of them are subject o , 4
the limitatic.us inherent to the transmission of motion through a flexible shaft. : )

The systems fitted with tachogenerators aliow an electrical transmission of the signals.
Although tlese systemy have recently been miniaturized, they are stili rslativelv bulky.
They do not require extarnal power and a recoxder can be connected either in parallel !
with the generator or to a separate recording output provided on the aircraft indicator, '
ar to an additional ganerator if a shaft drive is available. PFurthermore, the rocent {
development of fraquency-to-voltage converters with low time constants allows variable ‘ ;
rotation speed measurements to be made from the signals delivered by the tochogenerators. : 3

Magnatic sansors are considerably smaller and lighter than tachogensrators for equivaleat
range and accuracy. The magnetic sensors may be used in cases where, due to ssnsor
dimensions and temperature considerations, the installation of & tachogenerator would not

be feasible. Their use, however, remains limited becauss of the extremely severe mechanical
tolerances associated with thess devices.

: It is to be notad that the aircraft system plays an important role in the selection of

i the measuring system. If an aircraft is equipped with magnetic sensors, for regulation
purposes or othexr applications, the simplest solution is to obtain the messurement through

parallel-connection with these magnetic sensors instead of installing an additional [

tachogensrator. On the other hand, if the magnetic sensoxr has not been supplied by the

. engine manufacturer, the problems of noise which are liable to be encountered i. the

; mechanical tolerances are excesded rendcrs the installation of this type of systam
inappropriate. Thersefore, a tachogensrator should be instailed, whenever postidble. The

question is wiether the tachogenerators will be gradually replaced by the magretic

sensors. The anzwer cannot be given yet and will probably depend upon the tschnical

improvamants to be achieved in the production of magnstic sensors.
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6.0  COLIBRATION OF ROTATION SPEED MEASUREMENT SYSYENS - -~ -~ . 7« = 17 i .
The chronotachcmetars must be caiibrated pricr to use. A typical cnlibtauon mluty
includes a scries-wound motor whoss speed oan be adjusted to desired values o an
accuracy of about 13 rpm. 2ypically, the toique available on the motor is 0.4 mN during
mmmmmmmanmmo.znuémmmmm {ses riguve 32).

The tackogenerators do not reguire calibration due ¢o ! ‘principle of operation,
wheroas the associated eddy-current indicators and similar davices ares usually calibrated
waing a tachogensrater driven by a motor whosa speed is adjustahle and knowa. The caii-
Lration of the electronic devices used for fraquency-to-voltage conwersion is acocomplished

using a sine wave voltage genarator controlled hy a freguancymeter. maqtmdcm
4o not require calibratiom.

- The magnetic sensors do not rejuire calibration, whereas their associated elsctronic

Javices ( tage conwerters and digitcal convertars), which are similnr to
mﬂm u.d.ph with tachogonerators, are ulib:aua using ths prooadure -tat.od Ln tln
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APYFENDIX

1.0 ROTATION SPEED MEASURING DEVICES PORMERLY USED ON ZIRCRAFT

1.1 Cantrifugal Tachometer

The centrifugal force f' acting upon a weight m integral with a rotating lh&ﬂ:'i..l propor~
tional to the square of the rotation speed of that chatt, hance: o E

£ = "8 e

In tkis formula, m represents a punctual weight integral with the rotating shaf¢. Under
the action of a compressed spring force, this weight comes to a balaxce position at a
distanca r from ths shaft axis. WATT's ball ragulator, ona ths mtjor applications of
this property, has been used on aircraft for spsed regulation purposes. It should be
romembered that a WATT's regulator consists of a centering device accommodating two
hinged leavers and two balls (weight m) whose balance positicn is transmitted to a
sliding sleeve by maans of two additional hinged lewers. '

1.2 D7 Ganerators

Such devices gensrally consist of a small magneto including cosmutators or of an
altsrnator-rectifier assembly. Thay dsliver a DC woltage proportional to ths rotation
spsed. The DC generators are rarely used becausse of numerous disadvantages; i.a,:

- The residual ripple voltage, supeirimposed upon the DC voltags proportional to the
rotation speed may, in the cass of magnetos, be reduced by increasing the number of com-
mutator bars; however, this complicates the design.

- The load impsdancs of the voltmeters associated with these generators must be
bigh compared to the line resistance.

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

- In addition, the magnatos fitted with commutators raise problams inherent to
brush wear as well as defective elect:iical contacts at low atmospheric pressurs and high
tuperaturc, conditions.

2.0 OTHER RCTATION SPEED MEASURING TECHNIQGUES NOT YET USED POR ATRECRNE APPLIC.LTIONS

In this paragraph, attention is invited to optical sensors which use optical fibors. An
optical fiber is mads up of a large nusber of very thin fibers (in the order of a micron)
grouped within a cylindrical tube of lom diameter for instance. One-half of the fibers
carries the light from a light source while the other half carries .ight reflected from
and modulated by a device mounted on the member whose rotation spsed iz to be measured.
The optical fibers produced in Prance withstand temperatures of 300°C, whils a number of
US sanufacturers advertise products which can fuaction at up to 700°C.

In the future, we may witness a competition between the optical fibers and photocells, on
the ons hand, an® wmagnetic sensors on the other hand, for the rotation speed measurements.
It should be noted that the photodiode time constant limits the range of optical sansors;
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 magnstic), and they may be ideal when the space available in
the proximity of the rotating shaft is very confined or under high temperatures.
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Fig.9 Instaliation of aircraft and flight test tachopenerators on an erJ ne equipped
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