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GENERAL FEATURES OF AIECRAF’I‘ INSTRUMENT$

By Sq./Ldr. Satgursaran Singh Electncal and Instrument
Speciallst Air HQ .

General Reqmrements.

- The aircraft instruments dlstmgmsh themselves from those used
in other spheres of industry by their ability to operate under more
severe conditions of service. For instance when an aircraft is on the .
tarmac on a hot summer day in the tropics the temperatuxe in the
vicinity of the aircraft may be anything upto 120°F, “As soon .as it~
~ takes off and gains height the temperature starts decreasmg rapidly

until at a height of 40,000 ft., it may be as low as—20°F.  Similarly
on a long distance cross-country flight the aircraft may have to pass .
through many zones of high and low temperatures. Not only that .
the humldlty may alsp vary as rapidly,

2. Another striking point of distinction is the power to Wlthstand
the heavy strain put ou tne bearings of the working parts by the
vibrations of varying intensity. For instance when' the aero-engine
is first run-up at the start of the flight the vibrations set up by the
engine are of longer amplitude and smaller intensity. As the engine
revolutions are increased thé amplitude of vibration decreases while
the intensity increases. Therefore during a normal flight the vibra-
tions keep on. changing as the engine revolutions change.  To enable
the instrument to withstand such v1brat1ons it is necessary that it .
be robust in construction. '

3. In addition to the points mentioned above the effect of forces
of gravity when the aircraft is undergoing aercbatics cannot be over-
looked when designing an aircraft instrument.. To ensure -that the
instrument does not disintegrate under the forces of “g?” it is neces--
sary that the moving assemblies be as light as possible. These
assemblies should be well balanced to give accurate readmgs under
all conditions.

4. A few other points of interest which can be enumerated are as
follows: —

(a) The 1nstrument should have su1tab1e dampmg arrange-
ments so that the instrument pointer takes up its posmon
quickly and gives a steady reading. -

(b) The pivots should be. fr1ct1onless to ensure high standard of
accuracy.

(c¢) The instrument should be as hgh’c as posslble to ensure
high efficiency of the aircraft and to obtam ~maximum
amount of pay-load. :

(d) The natural vibration period of the movmg parts must not
bear a simple relation to the natural frequency of the
vibration of the engine, otherwisé its pointer will oscil-
late violently, makmg it 1mposs1b1e to obtain .a steady,
reading.
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(e) The instrument should be so designed that the markings on
the dial are not cramped and that there is no uncer tamty
to the acty.al readn_lg D
(f) The mdlcatlons of t] nstrument must be reasonably cor-
- regtrunder tvarious altitudes of the. airckafts = -
(g) The materials used should .be those which offer maximum
* resistance to corrosion. It should not produce a. 1arge
deviation in the aircraft compass readmgs ‘

" 4. These are a few of the reqmrements which all aireraft instru-
ments irrespéctive of ‘their function dre ‘Téquired’ to fufﬁl “You may
caﬂ the'Se as the “ Basm ” Reqm’rements :

Classiﬁcation of Instruments

) “There aré many 1nstruments which are used in the aeronau-
tical industry which*find no pla¢é in the normal eéquipment of “air-
crhft. These are tided ‘for- déte’ﬂhrnmg measyrerments in’the study and

raétice of Aviation; ¢ither on ‘the ground or in the air, and "may
groadly classified under the followmg heédmgs —_ ‘

(a) Meteorologlcal mstruments

(b) Laboratory mstruments

(c) Cahbxatmg mstruments

(d) Performance testmg mstr;uments.
(e) Alrcraf’c 1nstrurqents -

At the present ‘moment, we are only deahng with 1nstrument;_
used it thé nérmal” equlpmenf of alrcraff and f:h0$e specifi¢ to the role.
of 1ts performance T

6 Broad],y speakmg the aircraft instruments can. be sub-divi ded
under the followmg settions: —

(a) Engme performance instruments.
(b) A*rcrafj;, performance 1nstrumeptg,
(c) Nav1gat10nal instruments.

(d) Instrument for bombing and gunnery operations.  These
depending upon the role of the a1rcraft T

(e) Instruments for Oxygen Equlpment

Followmg is an example ofovamous mstruments fallmg under
each section:— -~ A v
(a) Engzne performance mst'ruments
'(i). Engine Speed indicator.
(ii) Fuel Pressure -indicator,
(iii) Oil Pressure indicator.
(1v) Boost Preesure 1ndgcator
(v) Fuel—alr ratio mdlcator

£ (vi). Qil. ’cemperature thermometers, - radiator- thermo-
meter, cylinder head temperature. mdwator Free
air temperatgrg thermometers.
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" (b) Aircraft. Performance Instruments..
(i) Air Speed Indicator.
(ii) Artificial Horizon.
(ili) Turn and bank indicator,
(iv). Altimeter. :
(v) Automatic controls.
(c) Navigatiorial instruments. = "
(i) Turning indicator. =~
(ii) Various compasses:
(iii) Air Position Indicator, -
(iv) Ground Position Indicator.
(v) Drift meters.
(vi) Watches. ‘
d) Instruments for Bombing and Gunnery Operations.
- (i) Various types of Bembsights. - '
(ii) Various types of Gunsights;
(iii) Bomb release units, \
(e) Instruments for Oxygen Equipment,..
(i) Flow. indicators.
(i) Oxygen economisers.

In addition to a few different types of instruments mentioned |
above, there are other instruments used on-aircraft for various pur-"
poses such ‘as fuel flow indicators, fuel contents gauges, rate of climb
indicator, mack meters, etc.’ : '

The Past.

7. During the early days in the history of-aviation a very limited .
number of instruments were used on aircraft as the engines used were
not so highly developed-as today and the flying was limited to day—
flying only within d prescribed-area. "The pilot had-to do his naviga-
tion with the aid of his compass, map and the visible pin-paints on the
ground. As the engine power rating went on increasing .it. became
more “dnd ‘more necessary to feel 'the “pulse” of ‘the’ engine for .
which purpose additional instruments were produced and;introduced.
Also with the increase’'in engine power it became - possible ‘to" carry
more fuel and thus increase the range of flying per sortie. - This
necessitated the development and introduction of aircraft instruments
and navigational instruménts. With ‘the increase in - range - it also
became necessary to find means by which the pilot could fly through
all- weather conditions. This led to further inyestigations which re-
sulted in what we have today as “The Blind Flying Parie}”. ;

8; All these developments also led:io. the idea.of: high altituda: -
flying " which, required:varjous navigational-aids ‘such .as:-Astro-Corp~.
passes: to enable.proper navigation.in ;the.absence - of: ground: pin~
points.as the case would:be . if the aircraft.were flying.above.- clouds. -
At-the same time:it. was.found-that;the ceiling of aireraft - weuld: be:
limited if the supply.of -oxygen remained:as .would- be. under:- the. '
normal atmospheri¢. conditions.: Oxygen.equipment was.: therefoxe.:
developed for.use.dyring highialtitnde fiying.... .. . . . ik
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9. With the development in the general performance of aircraft
it was felt that the usual codrse-setting DOLlUSLgaL gitld KillgdarusTad
gunsight cou.d not continue to give an effective vaiue to the weapons
emp.oyed as the human-error was always present which lead to in-
accurate bombing aund firing. To increase the effectiveness of the
- weapons much research work was carried out and tcday we find that
such computors are available which automatically make allowance
for various factors such as gravity drop7 wind dnft speed and direc-
tion of the target, ete.

10. At the same time the size of the. aircraft went on increasing
which necessitated the development of remote—mdlcatmg instru-
ments as it was neither desirabie nor practica) to bring pipes from the
engines to the dash-board for ‘the purpose of indicating oil pressure,
boost pressures, engines revolutions, etc.; to the pilot.

The Present.

11, Today we find that most of the engine instruments except
those used on singie-engined trainer aircraft are remote. indicating
comprising of the transmitter, indicator, and the connecting medium
such as electrical wires or caplllary tubes. Dealing with each type
of major instruments used- on present day aircraft according to the
country of origin the following is a br1ef descmptlon of events lead-

ing to it:—

(i) Engine Speed Indicators.—In the early days mechanical engine
speed indicator based on the action of centrifugal force on f‘y-
weights were used. The indicator was driven by a flexible shaft -
which received its rotation from the engine, Normally the speed of
the shaft was reduced to 1/4th the engine speed by means of a gear
. box. This was done to reduce the wear and tear of the flexible shaft
. ‘and its easing. The speed was again stepped-up by means of a gear
- box forming an integral part of the indicator. The main limitation to
- the use of this type of instrument was the maximum length of the
flexible drive which could be used without any decrease in the effi-
- clency of the complete instrument. The other drawback was the ex-
" cessive length of wearing surface. To replace this a- direet current
- generator with the characteristic of one volt per every hundred revo-
. lution along with a voltmeter suitably calibrated and marked to-in-
. dicate r.p.m. direct was developed. - The drawback in the use of this
% enginé speed indicator was the maintenance and cost of the com-

mutator brushes which were made of silver and plated with -gold.
© Moreover, it required a well matured permanent magnet which must
- not change with use. Also the maximum speed readmg which could
: be obtained from it was limited. A new r.p.m. indicator was ~there.
. fore thought of and produced. This instrument worked with alternat-

ing current and had no commutator trouble. The transmitter is more
robust and can withstand higher temperatures as the windings and
fixed on the stator and the insulating material used is the one "of
- greater heat resisting qualities. A small flexible drive is used for con~-
. necting the transmitter to the engine without the use of any inter-
‘ mediate gears. The indicator which is connected to the transmitter
by means of three wires is a self-synchronbus three phase motor hav-
. ing a permanent magnet connected to thé " armature. = Around the
. magnet is a copper sleeve: -which tied. to- iollow.ﬁhe permanent magnet -~
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as the eddy currents get induced in‘it. ‘This follow up movement is
geared up to the pointer to indicate the revoliitions per minute. It
should be noted that no calibration is needed for the generator as its
sole function is to provide a varying periodicity according to  the
engme speed. The indicator keeps in step and reproduces the speed
This is the type of engme speed indicator as used today on modern
aircraft.

Fuel Pressure, Oil Pressure, Boost ‘Pressure Gauges.

12. The earlier types of fuel and boost pressure gauges had A
capsule made of corrugated sides which expanded -or contracted as.
soon as the pressure vetween the inside and outside  the capsule
changed. One side of the capsule was normally fixed while the other
side moved inwards or outwards due to differences in pressure. - This
movement of the side-wall operated the pointer through a chain of
gears. These instruments were all direct readlng types and were
mostly used on single-engined aircraft. L ;

The oil pressure, hydraulic pressure, pneumatlc pressure gauges
operated on the principle that a tube bent into a circular shape has a
tendency to straighten out when a pressure is applied to it. Such a
tube is known as the Bourden tube. One side of this normally oval
and circular tube made of a suitable metal is fixed while the other end
is free to move. Through pinion and gear arrangement the movement
of the free end is amplified and calibrated to indicate the desired
pressures. The material, shape and size, and suitability are selected
to give the desired range. ‘

With the development of multl-engmed aircraft these instruments
had to be suitably improvised and converted into remote-reading
- type. In United Kingdom this was done by the use.of a capsule .ens.
closed in an outer case and a capillary tube. connected the transmitter
and the indicator. The three components, i.e., the transmitter, capil- .
lary tube, and the indicator capsule or bourden tube as the case may
be were filled with suitable non-freezing fluid and permanently seal- -
ed together to form one instrument. No repairs were possible in ser-
vice once the sealed portion of the instrument had failed. In America
the conversion of direct reading into remote-reading instrument was
accomplished by making use of electro-mechanical arrangements.
The mechanical movement was converted into electrical impulses
which were transmitted by the autosyn system to the indicator.
The electrical portion of the complete instrument worked from a 26
volt 400 cycle single phase A.C. supply. L

Basically two identical motors were employed and by sultab
connections the angular movement of the rotor of one motor was-
transmitted to the second meter. On the transmitter side a ' capsule ’
was suitably linked with the rotor. Any movement of the . capsule -
wall produced an angular displacement of the rotor: The displace-
ment was repeated in the indicator by the autosyn system and was -
suitably converted back into an angular movement which operated -
the pointer. The advantage of this system is that the distance -
between the transmitter and the indicator did not matter at all and -
the wiring could be done very neatly. There was a danger of inac-
curacy in the reading due to the compresszblhty ot the ﬁmd as m
in the British type instrument.
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©il temperature, radiator témperatiare; vylinder head temperature
and free air thermometers.

13. The cylinder head témperature has not changed its type ex-
cept for the use of various metals to form the bi‘metal transmitter
coupie for giving the various ranges. The reason for this being that
iche indicator Has beén able to meeét all the requitements satisfactori-
y. ‘
The original oil temperature and radiator temperature therino-
metefs were operated by the bourden tube, similar to pressure gauges
- éxcept that the transmitter was in the form of a bulb and the fuid
wsed in the capillary tube was mércury. This type of instrument had
similar linditations as dther instruments using the same principe.
During the last world war II a netw type of instrumient was developed.
This thermotiietér émploys an Eleétrical Wheatstone Bridge circuit,
three sides of which are in the shape of cbil inside the indicator while
the fourth side is in the form of & bulb which replaces the bulb of the
mercury filled thermometers. The advantage of this type of bulb is
the reduction in cost and the increase in thie distance between the
transmitfer and the receiver. The principle utilised is. the relation
between the resistance of an electrical wire to the température, Al-
though this instrument is not much favoured by the British Industry
it is quite popular with the American, French and German Aviation.

Air Speed indicators.

~ There has been no radical change in the design of the instrument
except for the minor alterations required for the increase in the range
of the instriiment. .

Artificial Horizon, P

Ever since the first instrumént was designéd nd radical change
taok place until the last war when the Gefmans dnd the Americatis
produced an Eleéttically Driven Gyro instruffient whith had a greater -
operating range. ‘It was also éstablished that 4t high altitudes where
the density of aif becofngs low the air driven gyros do riof remain
sufficiéntly accurate and become sluggish in operation. In United
Kingdord the Eléctrical Artificial Horizon is now being experimented
upon to check its suitability for Uiniversal use. As soon as the experi- .
ménts arée over this itern is likely to get in gefieral use in UK. as well
diie to its superior performance.

Auto controls. . \
- 'Fhe auto controls were conceived when it becarne possible to in-
crease the range of Flight and the endurance of aircraft in the air. -

It was felt that onr long range steady flights it was unnecessary for the
pilot to stay on his seat till the compleiion of flight: It was also found
necessary to relieve the pilet to attend to other duties such as naviga-
tien. To meet this requirement an' hydratlic-cum-dit pressure devise
was¢ produced. This devise became a standard equipment till eédrly
1939 when the world war II broke .out. During operati¢tial sorties it
was found undesirable to have high pressure oil pipe limes rumnming
right through the fuselage and wings. Experiments were therefore
cavried out and a new type of auto control was produced. This mew.
auto control had the gyro units operated by air suction of 4% inches of. .

\
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mercury and suffered from the same defect as other air driven instru-
menis such as the artificial Horizon. Moreover, the control was not
suitable for very heavy aricraft. Further investigations were carri-
ed out and.in early 1943 an electrically operated auto control was
manufactured in-Ameriea by the- Mennipo:es—Honnival Company.
‘This-equipment was.tried and it was found successful in service. The
main redsohs for its ~su€ce‘s‘s*can ?befenum&ated -asfoHows = _

(a) Easy to maintain.

. ‘(b) Purts and cables ‘damagéd- by erfemyﬂae’tien ‘easily replace-
abé? "as comp}e’ce ffem ora- cqmplete harness of- ekeemeal
‘cables. . ; ;

(e No l;ydnauhc or pneumattc leaks L
“(dy Tot&iwerght& Jess than other types of auts-cantmls Ty

< Slrmlar g Navxgatmnal eqmpment as wéll as - instruments for
bombmg and gunnery operations . ‘werte similarly developed“from their
simple-form, into complicate and more efficient instruments. “In the
early type of instruments a lot 6f mental calculation work was left for
the crews handling the equ1pment “This resulted in a greater “wast-
agewdue ‘to errors. and:variation in human judgment.. Eﬂ‘mts were

thereforez made to: rednce th1s error foa. bare minimum.

The Future, . .

The experlments undertaken beiore and dumng the world war II
were performed under heavy strain and in many cases equipment pro-
duced was not tried under continuous operation ‘of -long - ‘duration.
There was a general shortage of materials and-time was short. There-
fore much work remains for testing the equipmeént produced under
war time conditions, Furthermore, many new ideas were put -inte
practice without: tm_als .and standardisation. - Some instruments work-
ing.on Electncal bridge system, selsyn system, desynn system, telegon
system ¢tc.,” were produced - by ‘certain -manufacturers when the
others were concentratmg on‘mechanical-remote reading: instrurmnents
operated by various fluids -and based on various principles. . In' addi-
tion to this it is' necessary to concentrate on electrically driven instru-
ments as electrically operated ‘systems .are.more pramising .than any
other systems. The various points in its favour are (a).reliability
(b) lesser weight with greater éfficiency (c) easy mainienance (d) Less
.vulnerable to enemy action’ (e) ease df operatmn (63} ‘easy manufatcture
and mstallanon ) ‘
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