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Pressure Indication
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Altimeter
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Torquemeter
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TORQUEMETER PISTON
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Suction Gage
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Mechanical Instruments
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Thermometer
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Magnetic Tachometer
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Electrical Instruments
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Float Type Fuel Quantity Ind.
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Thermocouple Temperature Indicator
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Exhaust temperature gage for a jet engine. Cylinder-head- temperature gage.
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Wheatstone Bridge Temperature Indicator
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Synchro Systems
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PISTON ENGINE INSTRUMENTS

The term “engine instruments” usually includes
all instruments required to measure end indicate
the functioning of the powerplant. The engine in-
siruments are generelly installed on the instrument
panel so that all of them can easily be observed
&t one time. :

Engine instruments are operated in several differ.
ent fashions, some mechanically, some clectrically,
and some by the pressure of a liguid. This chapter
will not discuss how they operate, but rather the
information they give, their common names, and
the markings on them. The instruments to be
covered are:

(1) Carburetor air temperature gage.

{2) Fuel pressure gage.

(3) Fuel Aowmeter.

(4) Manifold pressure gage.

{5) Oil temperature gage.

{6) Qil pressure gage.

{7) Tachoemeter.

(8) Cylinder head temperature gage.

(9) Torquemeter.

Instrument markings and the interpretation of
these markings will be discussed before considering
the individual instruments.

Instrument markings indicate ranges of operation
or minimum and maximum limits, or both. Gen-
erally, the instrument marking system consists of
four colors (red, yellow, blue, and green) and
intermediate blank spaces.

A red line, or mark, indicates a point beyond
which & dengerous operating condition exists, and
& red arc indicates a dangerous operating range.
Of the two, the red mark is used more commonly
and is located radially on the cover glass or dial
face,

The yellow arc covers & given range of operation
and is an indication of caution. Generally, the
yellow arc is located on the outer circumference of
the instrument cover glass or dial face.

The blue arc, like the yellow, indicates a range
of operation. The blue arc might indicate, for
example, the manifold pressure gage range in which
the engine can be operated with the carburetor
control set at automatic lean. The blue arc is used
only with certain engine instruments, such as the
tachometer, manifold pressure, cylinder head tem-
perature, and torquemeter.

The green arc shows a normal range of opera-
tion. When used on certain engine instruments,
however, it also means that the engine must be
operated with an aulematic rich carburetor setting
when the pointer is in this range.

When the markings appear on the cover glass, a
white line is used as an index mark, often called a
slippage mark. The white radial mark indicates
any movement between the cover glass and the case,
a condition that would cause mislocation of the
other range and limit markings.

The instruments illustrated in figures 7-].
through 7-8 are range marked. The portion o
the dial that is range marked on the instruments is
also shown expanded for instructional purposes.
The expanded portion is set off {rom the instrumeny
to make it easier Lo identify the instrument markings.

Corburetor Air Temperature Indicatlor

Measured at the carburetor entrance, CAT (car-
buretor air temperature) is regarded by many as
an indication of induction system ice formation.
Although it serves this purpoge, it also provides
many other important items of information.

The powerplant is a heat m;chine, snd the tem-
perature of its components or the fluide Aowing
through it affects the combustion process either
directly or indirectly. The temperature level of the
induction air affects not only the charge density
but also the vaporization of the fuel.

In addition to the normal use of CAT, it will be
found useful for checking induction system condi-
tion. Backfiring will be indicated as & momenlary
rise on the gage, provided it is of sufficient severity
for the heat to be sensed at the carburetor air-
measuring point. A sustained induction system fire
will show a continuous increase of carburetor air
temperature.

The carburetor air temperature gage indicates the
temperature of the air before it enters the carbu-
retor. The temperature reading is sensed by a bulb.
In the test cell the bulb is located in the air intake
passage to the engine, and in an aircraft it is located
in the ram-air intake duct. The carburetor air
temperature gage is calibrated in the centigrade
scale. Figure 7-] shows a typical carbureter air
temperature gage or CAT. This gage, like many
other multi-engine aircraft instruments, is a dual
gage; that is, two gages, each with a separate
pointer and scale, ate used in the same case. Notice
the range markings used. The yellow arc indicates
a range from 410° C. to 415° C., since the danger
of icing occurs between these temperatures. The
green range indicates the normal operating range
from 4-15°C, to 440°C. The red line indicates
the maximum operating temperature of 40° C.; any
operation at a temperature over this value places
the engine in danger of detonation.

503 =50

—

| o %o
——

Yellow 523
Green T
Red B3

Ficure 7-1i. Carburetor air temperature gage.
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Fuel Pressure Indicator

The fucl pressure gage is calibrated in pounds
per square inch of presaure,

In some aircraft installations, the fuel pressure is
senaed at the earburetor inlet of each engine, and
the pressure is indicated on individual gages (figure

7-27 on the instrument pancl. The dial is cali-
brated in 1-p.a.i. graduations, and every fifth gradu-
ation line is extended and numbered. The numbers
range from 0 to 25. The red line on the dial at the
16-p.s.i. graduation shows the minimum fuel pres-
sure allowed during flight. The green arc shows the
desired range of operation, which is 16 to 18 p.s.i.
The red line at the 18-p.s.i. graduation indicates the
maximum allowable fuel pressure. Fuel pressures
vary with the type of carburetor installation 2nd the
size of the engine. In most reciprocating engines
that use pressure injection carburetion, the fuel
pressure range is the same as illustrated in figure

s

Green ]
Red E=2

White (]
Ficure 7-2. Fuel p:rmuu gREe

When float-type carburetors or low-pressure car-
buretion systems are used, the fuel pressure range
is of a much lower value; the minimum sllowable
pressure is 3 p.s.i., and the maximum is 5 ps.i. with
the desired range of operation between 3 and 5 p.s.i.

Fuel Flowmeter
The fuel flowmeter measures the amount of fuel

- delivered to the carburetor.

In an aircraft installation, the fuel flow indicating
system consists of a transmitter and an indicator
for each engine. The fuel Aow transmitter is con-
veniently mounted in the engine’s accessory section
and measures the {uel Aow between the engine-
driven fuel pump and the carburetor. The trans-
mitter is an electrical device that is connected
electrically to the indicator located on the aircraft
operator’s panel” The reading on the indicator is
calibrated to record the amount of fuel flow in
pounds of fuel per hour.

INDICATOR —=
FEE
AL
400~AC®
TRANSMITTER -] ;
1
|
~— FUEL FLOY

SPRING-LOADED
CLOSED

Fuel Aowmeter system

Manifold Pressure Indicator

The preferred type of instrument for measuring
the manifold pressure is a gage that records the
pressure as an absolute pressure reading. A mer-
cury manomeler, a tube calibrated in inches, is used
during block-test procedures. It is partially filled
with mercury and connected to the manifold pres-
sure adapter located on the engine. Since it is
impractical to install mercury manometers in an
aircraft to record the manifold pressure of the en-
gines. a specially designed manifold pressure gage
that indicates absolute manifold pressure in inches
of mercury is used.

The manifold pressure gage range markings and
indications vary with different kinds of engines and
installations. Figure 7.3 illustrates the dial of
a typical manifold pressure gage and shows how the
range markings are positioned. The blue arc starts
at the 24-in. Hg graduation, the minimum manifold
pressure permissible in flight. The arc continues to
the 35-in. Hg graduation and shows the range where
aperation in the “sutomatic-lean™ position is per.
missible. The green arc starts at 35 in. Hg and
continues 1o the 44in. Hg gradustion, indicating
the range in which the operation in the “rich™ posi.
tion is required. Any operation above the value
indicated by the high end of the green arc (44 in.
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Hg on the instrument dial in figure 7-3) would
be limited to a continuous operation not to exceed
5 minutes. The red line st 49 in. Hg shows the
manifold pressure recommended for takeofl; this
pressure should not be cxceeded. On installations
where waler injection is vscd, a second red line ig
located on the dial to indicate the maximum permis.
sible manifold pressure for a “wel™ 1akeofl,

Elue
Creen [
Red L]
White BZX]

Ficure 7-3. Manifold pressure gage.

Oil Temperature Indicotor

During engine run-in at block test, engine oil
temperature readings are taken at the oil inlet and
outlet. From these readings, it can be determined
if the engine heat transferred to the oil is low, nor-
mal, or excessive. This information is of extreme
importance during the “bresking-in” process of
large reciprocating engines. The oil temperature
gage line in the aircraft is connected at the oil
inlet to the engine.

Three range markings are used on the oil tem-
perature gage. The red mark in figure 7-4, at
40° C. on the dial, shows the minimum oil tempera-
ture permissible for ground operational checks or
during flight. The green mark between 60° and
75° C. shows the desired oil temperature for con-
tinuous engine operation. The red mark st 100° C
indicates the maximum permissible oil temperature.

Fricvre 7.-4. Oil temperature gage.

Qil Pressure Indicator

The oil pressure gage indicates the pressure (in
p.s.i.) that the oil of the lubricating system is being
supplied to the moving parts of the engine. The
engine should be shut down immedietely if the gage
fails to register pressure when the engine is operat-
ing. Excessive oscillation of the gage pointer indi-
cates that there is air in the lines leading to the
gage or that some unit of the oil system is funetion.
ing improperly,

Generally, there is only one oil pressure gage for
each saircraft engine, and the connection is made at
the pressure side (outlet) of the main oil pump.

The oil pressure gage dizl, marked as shown in
figure /-5, does not show the pressure range or
limits for all installations. The actual markiogs for
specific aircraft may be found in the Aircraft
Specifications or Type Certificate Data Sheets. The
lower red line at 50 p.s.i. indicates the minimum oil’
pressure permissible in flight. The green arc be.
tween G0 to 85 pa.d, shows the desired operatiog
oil pressure range. The red line at 110 p.ai. indi-
cates maximum permissible oil pressure,

CGreen [
Red 2223
. White 22

Ficure 7-5. Qil pressure gage.

Tochemeter Indicator

The tachometer shows the engine crankshaft
r.p.m. The system used for block testing the engine
is the same as the system in the sircraft installation.

223 Blue
C 2 Green
CORed
EH White

Ficure 7.5 . Tachometer.



Figure 7-6 shows a lachometer with range
markings installed on the cover glass. The tachom-
cter, often referred to as “TACH,” is calibrated in

e

ALTERNATOR

hundreds with graduations at every 50-r.p.m. inter-
val. The dial shown here starts at 5 (500 r.p.m.)
and goes to 40 (4,000 r.p.m.),

ikl
L E

i B |
: fl[-ﬁﬁﬁ% i

SYNCHRONOUS MOTOR

Schemotic divgram of three-phose o< tochomefer sysfam.

Cylinder Head Temperoture Indicator ™

Cylinder head temperatures are indicated by a
gage connected to a thermocouple attached 1o the
cylinder which tests show to be the hottest on an
engine in a particolar installation. The therme-
couple may be placed in a special gasket located
under a rear spark plug or in a special well in the
top or rear of the cylinder head.

The temperature recorded at either of these points
is merely a reference or contrel temperature; but
as long as it is kept within the prescribed limits, the
temperatures of the eylinder dome, exhaust valve,
and piston will be within a satisfactery range.
Sinee the thermocouple is sttached to only one
cylinder, it can do no more than give evidence of
general engine temperature.  While normally it can
be assumed that the remaining cylinder tempera-
tures will be lower, conditions such as detonation
will not be indicated unless they occur in the cylin-
der that has the thermocouple attached.

The eylinder head temperature gage range mark-
ing is similar to that of the manifold pressure and

Torquemeter

The torque pressure system is used to indicate
actual engine power oulput at various power set.
tings. The torquemeter indicates the amount of
torque pressure in p.si. The instrument is vsually
numbered as shown in figure 7-8 and calibrated
at 5-p.sd. intervals,

The blue are on the torquemeter indicates the
permissible range of operation in auto-lean. The
bottom of this arc, 120 p.s.i., is the minimum desir-
able during flight, as determined by the particular
engine characteristics. The top of this are, 240
p.s.i, indicates the torque pressure at which the
mixture control must be moved to “auto-rich.”

The green line indicates the point of maximum
continuous power. At and above this point the
“auto-rich™ setting must be used. Any operation
above this indicated torque pressure must be limited
in time (usvally 5 to 15 min). If a green arc is
used in place of the green line, the bottom of the arc
is the point above which operation must be limited.

Twao red radial marks are generally shown on the
torquemeter. The short red line at 280 p.si. indi-

tachometer indicator. The cylinder head tempera.
ture gage illustrated in figure (7-7 is a dual gage
that incorporates two scparate temperature scales.
The scales are calibrated in increments of 10, with
numerals at the 0°, 100°, 200°, and 300° gradua-
tions. The space between any two graduation marks
represents 107 C,

Blue HH::
Gr-_-m \;f’

Red 23 300 My
White (2] B

Ficure T Torquemeter.

cates maximum torque pressure when water injec-
tion is not used. The long red line (300 ps.i)
represents maximum torque pressure when using
water injection.
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JET ENGINE INSTRUMENTS

Although engine installations may differ, depend-
ing upon the type of both the aircraft and the
engine, gas turbine engine operation is usually con-
trolled by observing the instrumnents discussed in
the lollowing paragraphs.

Engine thrust is indicated by either a turbine
pressure indicator or an engine pressure ratio indi-
cator, depending upon the installation. Both types
of pressure instruments are discussed here because
either indicetor may be used. Of the two, the tur-
bine discharge pressure indicator is usually mare
accurate, primarily because of its simplicity of con-
struction. It may be installed on the aircralt per-
mame:n.ﬂ)f or, in some instances tcmpurarﬂy, such as
during an cnéin: trim. An engine pressure ratio
indicator, on the other hand, is less complex to use
because it compensates automatically for the effects
of airspeed and eltitude factors by considering
compressor inlet pressure,

Turbine Discharge Pressure Indicotor

This instrumnent not only indicates the total engine
internal pressure immediately aft of the last turbine
stage, but also indicates the pressure available to
generate thrust, when used with compressor inlet
pressure.

Turbine discharge pressure

Engine Pressure Ratio Indicator

EFR (engine pressure ratio) is an indication of
the thrust being developed by the engine. It is
instrumented by total pressure pickups in the engine

inlet and in the wurbine exhaust. The reading is

displayed in the cockpit by the EPR gage. which
is used in making engzine power sellings,

30
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Tachometer

Gas turbine engine speed is measured by the
compressor r.p.m., which will also be the turbine
r.p.m. Tachometers (figure below) arc usually
calibrated in percent r.p.m. =0 that various types of
engines can be operated on the same basis of com-
parison. As previously noted, compressor r.p.m. on
centrifugal-compressor turbojet engines is a direct
indication of the engine thrust being produced.
For axial-compressor engines, the principal purpose
of the tachometer is to monitor r.p.m. during an
engine start and to indicate an overspeed condition,
if one occurs.

Engine Oil Pressure Indicator

Tea guard against engine failure resulting from
inadequale lubrication and cooling of the various
engine parts, the oil supply to critical areas must be
monitored. The oil pressure indicater usually
shows the engine-oil-pump discharge pressure.

Engine Oil Temperature Indicator

The ability of the engine oil to lubricate and cool
depends on the temperature of the oil, as well as the
amount of oil supplied to the critical areas. An
cil-inlet temperature indicator frequently is provided
to show the temperature of the oil as it enters the
oil pressure pump.  Oil-inlet temperature is also an
indication of proper operation of the engine oil
cooler,



E{huu;l Gos Temperature Indicator

EGT (exhaust gas temperature), TIT (turbine
inlet temperature), tailpipe temperature, and tur-
bine discharge temperature are one and the same.
Temperature is an engine operating limit and is
used to monitor the mechanical integrity of the
turbines, as well as Lo check engine operaling
conditions.  Actually, the lurbine inlet temper-
alure is the important consideration, since it is
the most critical of all the engine variables. How-
ever, it is impractical to measure turbine inlet tem-
perature in most engines, especially large models.
Consequently, temperature thermocouples are in-
serted at the turbine discharge, where the lempera-
ture provides & relative indication of that at the
inlet. Although the temperature at this point is
much lower than at the inlet, it provides surveillance
over the engine’s internal operating conditions.
Several thermocouples are usually used, which are
spaced at intervals around the perimeter of the
engine exhaust duct near the turbine exit. The EGT
indicator _[Egurc below) in the tmkpil shows the
average lemperature measured by the individual
thermocnuples.
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VIBRATION

: A turbo-jet engine has an extremely low vibra-
tion level, and a change of vibration due to an impend-
ing or partial failure may pass without being noticed.
Many engines are therefore fitted with vibration indi-
cators that continually monitor the vibration level of
the engine. The indicator is usually a milliarmeter
that receives signals through an amplifier froca éngine
mounted transmitters & Shows the vibration level, often
given in mils (thousandths) of inches at four locations,
two on the LP system at the fan and turbine and two on
the HP system at the N2 compressor and turbine. Four

Yibration trensinitier and imdicarur

mils is the approximatle allowable maximum vibration st
any location.

Fuel-Flow Indicater

Fucl-flaw instruments indicate the fuel Aow in
tha./hr. from the engine fuel contrel. Fuel flow is
afl interest in maoniforing fuel consumption and
chreking engine performance.

Torquemeler [Turboprop Engines)

Because only a small part of the propulsive force
is derived from the jet thrust, neither turbine dis-
charge pressure nor enzine pres-ure ratio is used
as an indicator of the power produced by a turbo-
prop engine. Turboprops are usually fitted with 2
torquemeter.  The torquemeter |fizure below!)
can be operated by a torquemeter ring gear in the
engine nose section similar to that proy ided on large

reciprocaling engines or by pick-ups on = torque
shaft. The torque being developed by the engine
is proportional to the horsepower, and is used to
indicate shaft horsepower.
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