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SECTION 7

AIRPLANE & SYSTEMS DESCRIPTION © Taon

CONTROL LOCKS

A control lock is provided to lock the aileron and elevator
surfaces to prevent damage to these systems by windobu(;(f)ent'g:]oI
while the airplane is parked. The lock consists of a shaped steel rq
and flag. The flag identifies the control lock and cautions about itd
removal before st;arting the engine. To install the control tock, ali >
the hole on the side of the pilot’s control wheel shaft with the hcﬁn
on the side of t_he shaft collar on the instrument panel and insert the
rod into the aligned holes. Installation of the lock will secure the
ailerons in a nggtral position and the elevators in a slightly trailine
edge down position. Proper installation of the lock will place the flag
over the ignition switch. In areas where high or gusty winds occur ]
control surface lock should be installed over the vertical stabiliz ;
and rudder. The control lock and any other type of locking devier
should be removed prior to starting the engine. «

ENGINE

I The airplane is powered by a horizontally opposed, si i
overhead valve_, tu.rbocharged, air-cooled, fugl-inﬁ)gcted ,ensg‘;)i(nzym%eg
%et sump Iubncatic?n system. The engine is the Lycoming Model
TI0-540-AJ1A and is rated at 310 horsepower at 2500 RPM and 39
inches of manifold pressure. Major accessories include a propeller
governor on the front of the engine, starter, a belt driven alternator
rﬂounteq on the front of the engine, dual magnetos on the rear of
the engine, dual vacuum pumps, and a full flow oil filter mounted on
the rear of the engine accessory case.

Other major accessories include a turbocharger connected to the -

induction air and exhaust systems, and associated components.
ENGINE CONTROLS

Engine manifold pressure is set using the thr
smooth black knob, which is located at thegcenterﬂzaf ?r'f; i?\g?rtlg?rilen%
panel below the radios. The throttle control is configured so that the
thro}t_le is open in the forward position, and closed in the full aft
position. A lfnctlon lock is located at the base of the throttle contro!
shaft andlns. operated by rotating the knurled disk clockwise 10
increase friction or counterclockwise to decrease it.
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Engine speed is controlled by the propeller control. The
propeller control is a fluted, blue knob located immediately to the
right of the throttle control. This system is described under

sPropeller” in this section.

The mixture control, mounted near the propeller control, is a red
knob with raised points around the circumference and is equipped
with a lock button in the end of the knob. The rich position is full
jorward, and full aft is the idle cutoff position. For small adjustments,
the control may be moved forward by rotating the knob clockwise,
and aft by rotating the knob counterclockwise. For rapid or large
adjustments, the knob may be moved forward or aft by depressing
the lock button in the end of the control, and then positioning the

control as desired.
ENGINE INSTRUMENTS

Engine operation is monitored by the following instruments: oil
temperature/oil  pressure indicator, turbine inlet temperature
(T.1.T.)/cylinder head temperature indicator, manifold pressure
gauge/fuel flow indicator, and tachometer.

Oil pressure signals are generated from a pressure transducer.
An oil pressure line is routed from the upper front of the engine
case to the rear engine baffle. At the baffle, the oil pressure line is
connected to the transducer. This transducer produces an electrical
signal which translates into a pressure reading at the indicator.

in addition, a separate low oil pressure indication is provided
through the panel annunciator. This annunciator is wired to a
pressure switch located on the rear of the engine accessory case.
When oil pressure is below 20 PSI, the switch grounds and
completes the annunciator circuit, illuminating the red OIL PRESS
annunciator. When pressure exceeds 20 PS|, the ground is
removed and the OIL PRESS annunciator extinguishes.

NOTE

The low oil pressure switch is also wired into the hour
(Hobbs) meter. When pressure exceeds 20 PSI, a ground is
supplied to the hour meter, completing the hour meter
circuit.
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ENGINE LUBRICATION SYSTEM

The engine utilizes a full pressure, wet sump type lubricati
sg/stem.‘The capacity of the engine sump (Iocatedpogl Ft)he bottg?m?oor;
the engine) is 11 quarts (one additional quart is contained in th
engine oil filter). Oil is drawn from the sump through a filter screee

|’?hn the end of a pickup tube to the engine-driven oil pump. Oil fror;]

e pump passes through a full flow oil filter, a pressure relief valve

at the rear of the right oil gallery, and a thermostatically controlleq
remote oil cooler. Oil from the remote cooler is then circulated to th

left oil gallery and propeller governor. The engine parts are ’thee

Iu_|br|cated by oil from the galleries. After lubricating the engine thg

g;tere_turns to the sump by gravity. The filter adapter in the full,ﬂow
to bry Ipsagg%pepﬁﬁe\;wir tﬁeb)épas? t\rlmahﬁ which will cause lubricating oif
ven i

temperature is extremely cold. © fiter becomes plugged, or the of

An oil dipstick/filler tube is located on the right side of the engine -

case. The dipstick and oil filler are accessible th

_ . r . rough a door on the

rlghlt side of the engine cowling. The engine should not be operated

?(;}pgtsigktr}ﬁgi CG tc_;uar’[s (I)f)O"F For extended flight, fill to eleven quarts
ation only). For engine oil ificati

refer to Section 8 of this handbooksJ grade and specfications,

IGNITION AND STARTER SYSTEM

Engine ignition is provided b i i
. 2d by two engine driven magnetos, and
It;? sp;rk plugg in each cylinder. The right magneto firegs the lower
¢ h?n dupper right spark plugs, and the left magneto fires the lower
I ght and upper left spark plugs. Normal operation is conducted with

both magnetos due to the more co '
; . mplet i
mixture with dual ignition. plete burning of the fuel/air

Ignition and starter operation is controlled b i

: y a rotary type switch
|c|>cateq on the left switch and control panel. The swighyig l:t‘;\gled
clockwise, OFF, R, L, BOTH, and START. The engine should be

o "
Cg:(r:e}t(tse.d on both magnetos (BOTH position) except for magneto
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The R and L positions are for checking purposes and emergency
use only. When the switch is rotated to the START position, (with
the master switch in the ON position), the starter contactor is
energized and the starter will crank the engine. When the switch is
released, it is spring-loaded to returmn to the BOTH position.

AIR INDUCTION SYSTEM

The engine air induction system receives ram air through an
intake on the lower front portion of the engine cowling. The intake is
covered by an air filter which removes dust and other foreign matter
from the induction air. Airflow passing through the filter enters an air
box. The air box has a spring-loaded alternate air door. If the air
induction filter should become blocked, suction created by the
engine will open the door and draw unfiltered air from inside the
jower cowl area. An open alternate air door can result in manifold
pressure losses of up to 15 in. Hg at full throttle above 8,000 feet.
After passing through the air box, induction air enters a compressor
then to a fuel/air control unit on top of the engine, and is then
ducted to the engine cylinders through intake manifold tubes.

EXHAUST SYSTEM

Exhaust gas from each cylinder passes through riser assemblies
to a heat exchanger, then turbocharger and single tailpipe. Shrouds
are constructed around the outside of the heat exchanger to form a
heating chamber which supplies heat to the cabin.

FUEL INJECTION SYSTEM

The engine is equipped with a fuel injection system. The system
is comprised of an engine-driven fuel pump, fuel/air control unit, fuel
manifold, fuel flow indicator, and air-bleed type injector nozzles.
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Fuel is delivered by the engine-driven fuel

. . pump to the fuel/a
control unit on top of the engine. The fuel/air control unit correc?l|r
proportions the fuel flow to the induction air flow. After passiny
through the control unit, induction air is delivered to the cylinderg

through the intake manifold tubes and metered fuel is delivered to g

fuel manifold (flow divider). The fuel manifold, through Spring

tension on a diaphragm and valve, evenly distributes the fuel to an -

air-bleed type injector nozzie in the intake valve cha
. mber of ea
cylinder. A fuel flow transducer is also installed upstream of trclg

fuel/air control unit which attaches to the rear baffle, and g |

connected to a fuel flow indicator on the instrument panel.
COOLING SYSTEM

Ram air for engine cooling enters throu i [ '

. g gh two intake openings i
the front of thg engine cowling. The cooling air is dire%ted %rorg
above the engine, around the cylinders and other areas of the

engine by baffling, and then exits through cowl flaps on the lower aft-

edge of the cowling. The cowl! flaps are mechani

_ . ically operated from
the cabin by means of a cowl flap lever on the riéhtpside of the
control pedestal. Before starting the engine, during takeoff or high
power operation, the cowl flap lever should be placed in the OPEN
{)e?/s;lcgg tf;})r marﬁlmun; cooling. This is accomplished by moving the

e right to clear the detent, then movi

OPEN pomtion oving the lever up to the

While in cruise flight, cow! flaps should be closed unless hot day

conditions require them to be adjusted to kee i
_ p the cylinder head
temperature at approximately two-thirds of the norm)a,al operating
{gng(;em(&;etzr arlc). Drt;mng extended let-downs, it may be necessary
y close the cow! flaps by moving th
the CLOSED position. Po g the cou flap lever {0

During ground operations, position the aircraft i ' r
Ioptima| engine cooling. P into the wind fo
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TURBOCHARGING SYSTEM

Because the engine is turbocharged, some of its characteristics
are different from a normally aspirated engine. The following
information describes the system and points out some of the items
that are affected by turbocharging. Section 4 contains the normal
operating procedures for the turbocharged engine.

The following steps, when combined with the turbocharger
system schematic (Figure 7-5), provide a better understanding of
how the turbocharger system works. The steps follow the induction
air as it enters and passes through the engine until it is expelled as
exhaust gases.

1. Engine induction air is supplied through an opening in the
lower cowl, ducted through a filter and into the compressor
where it is compressed.

2. The pressurized induction air then passes through the throttle
body and induction manifold into the cylinders.

3. The air and fuel are burned and exhausted through the tur-
bine.

4. The exhaust gases drive the turbine which, in turn, drives the
compressor, thus completing the cycle.

The compressor has the capability of producing manifold pres-
sure in excess of the takeoff maximum of 39 inches Hg. In order not
to exceed 39 inches of manifold pressure, a waste gate is used so
that some of the exhaust will bypass the turbine and be vented into

the tailpipe.
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Figure 7-5. Turbocharger Schematic
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It can be seen from studying Steps 1 through 4 that anything that
affects the flow of induction air into the compressor or the flow of
exhaust gases into the turbine will increase or decrease the speed
of the turbocharger. This resultant change in flow will have no effect
on the engine if the waste gate is still open because the waste gate
position is changed to hold compressor discharge pressure con-
stant. A waste gate controller automatically maintains maximum al-
lowable compressor discharge pressure any time the turbine and
compressor are capable of producing that pressure.

At high altitude, part throttle, or low RPM, the exhaust flow is not
capable of tuming the turbine and compressor fast enough to main-
tain maximum compressor discharge pressure, and the waste gate
will close to force all of the exhaust flow through the turbine.

When the waste gate is fully closed, any change in turbocharger
speed will mean a change in engine operation. Thus, any increase
or decrease in turbine speed will cause an increase or decrease in
manifold pressure and fuel flow. If turbine speed increases, the
manifold pressure increases; if the turbine speed decreases, the
manifold pressure decreases. Since the compression ratio ap-
proaches 3 to 1 at high altitude, any change in exhaust flow to the
turbine or ram induction air pressure will be magnified proportionally
by the compression ration and the change in flow through the ex-
haust system.

MANIFOLD PRESSURE VARIATION WITH ENGINE RPM

When the waste gate is open, the turbocharged engine will react
the same as a normally aspirated engine when the engine RPM is
varied. That is, when the RPM is increased, the manifold pressure
will decrease slightly. When the engine RPM is decreased, the
manifold pressure will increase slightly.

However, when the waste gate is closed, manifold variation with
engine RPM is just opposite of the normally aspirated engine. An in-
crease in engine RPM will result in an increase in manifold pres-
sure, and a decrease in engine RPM will result in a decrease in
manifold pressure.
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MANIFOLD PRESSURE VARIATION WITH ALTITUDE

At full throttle, the turbocharger has the capability of maintaining
the maximum continuous manifold pressure of 39 inches Hg. to weg||
above 17,000 feet depending on engine and atmospheric cong;.
tions. However, engine operating limitations establish the maximum
manifold pressure that may be used. Manifold pressure should bg
reduced above 17,000 feet, as noted on the operating placard in the
airplane (subtract 1 inch Hg. from 39 inches Hg. for each 1000 fegt
above 17,000 feet).

At part throttle, the turbocharger is capable of maintaining cruise
climb power of 2400 RPM and 30 in. Hg. from sea level to 22,000
feet in standard temperatures, and from sea level to 17,000 feet un-
der hot day conditions without changing the throttle position, once
the power setting is established after takeoff. Under hot day condi-
tions, this climb power setting is maintained above 17,000 feet by
advancing the throttle as necessary to maintain 30 inches of mani-
fold pressure in the same manner as a normally aspirated engine
during climb.

MANIFOLD PRESSURE VARIATION WITH AIRSPEED

When the waste gate is closed, manifold pressure will vary with
variations in airspeed. This is because the compressor side of the
turbocharger operates at pressure ratios of up to 3 to 1 and any
change in pressure at the compressor inlet is magnified at the com-
pressor outlet with a resulting effect on the exhaust flow and turbine
side of the turbocharger.

gldglé FLOW VARIATIONS WITH CHANGES IN MANIFOLD PRES-

The engine-driven fuel pump output is regulated by engine speed

and compressor discharge pressure. Engine fuel flow is regulated
by fuel pump output and the metering effects of the throttle and mix-
ture control. When the waste gate is open, fuel flow will vary directly
with manifold pressure, engine speed, mixture, or throttle control po-
sition. In this case, manifold pressure is controlled by throttle posi-
tion and the waste gate controller, while fuel flow varies with throttlé
movement and, manifold pressure.
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ENGINE (Continued) i
TURBOCHARGING SYSTEM (Continued) I

FUEL FLOW VARIATIONS WITH CHANGES IN MANIFOLDI
PRESSURE (Continued)

When the waste gate is closed and manifold pressure changes
are due to turbocharger output, as discussed previously, fuel flow
will follow manifold pressure even though the throttle position is
unchanged. This means that fuel flow adjustments required of the
pilot are minimized to (1) small initial adjustments on takeoff or
climb-out for the proper rich climb setting, (2) lean-out in cruise, and
(3) retumn to full rich position for approach and landing.

MANIFOLD PRESSURE VARIATION WITH INCREASING OR
DECREASING FUEL FLOW

When the waste gate is open, movement of the mixture control
has little or no effect on the manifold pressure of the turbocharged
engine.

When the waste gate is closed, any change in fuel flow to the
engine will have a corresponding change in manifold pressure.
That is, increasing the fuel flow will increase the manifold pressure
and decreasing the fuel flow will decrease the manifold pressure.
This is because an increased fuel flow to the engine increases the
mass flow of the exhaust. This turns the turbocharger faster,
increasing the induction air flow and raising the manifold pressure.

MOMENTARY OVERSHOOT OF MANIFOLD PRESSURE

Under some circumstances (such as rapid throttle movement,
especially with cold oil), it is possible that the engine can be
overboosted slightly above the maximum takeoff manifold pressure
of 39 inches Hg. This would most likely be experienced during the
takeoff roll or during a change to full throttle operation in flight. The
Induction air pressure relief valve will normally limit the overboost to
210 3 inches.

(Continued Next Page)
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IENGINE (Continued)
ITURBOCHARGING SYSTEM (Continued)

MOMENTARY OVERSHOOT OF MANIFOLD PRESSURE
(Continued)

A slight overboost of 2 to 3 inches of manifold pressure is not
considered detrimental to the engine as long as it is momentary.
No corrective action is required when momentary overboost corrects
itself and is followed by normal engine operation. However, it
overboosting of this nature persists when oil temperature is normal
or if the amount of overboost tends to exceed 3 inches or more, the
throttle should be retarded to eliminate the overboost and the
controller system, including the waste gate and relief valve, should
be checked for necessary adjustment or replacement of
components.

ALTITUDE OPERATION

Because a turbocharged airplane will climb faster and higher
than a normally aspirated airplane, fuel vaporization may be en-
countered. When fuel flow variations of +1 GPH or more are ob-
served (as a "nervous" fuel flow needle), or if a full rich mixture set-
ting doesn't provide the desired fuel flow, placing the auxiliary fuel
pump switch in the ON position will control vapor. However, it will
also increase fuel flow, making it necessary to adjust the mixture
control for the desired fuel flow. The auxiliary fuel pump should be
left on for the remainder of the climb. It can be turned off whenever
fuel flow will remain steady with it off, and the mixture must be ad-
justed accordingly. The auxiliary fuel pump should be turned off
and the mixture reset prior to descent.

HIGH ALTITUDE ENGINE ACCELERATION

The engine will accelerate normally from idle to full throttle with
full rich mixture at any altitude below 22,000 feet. At higher
altitudes, it is usually necessary to lean the mixture to get smooth
engine acceleration from idle to maximum power. At altitudes
above 25,000 feet, and with temperatures above standard, it takes
up to two minutes for the turbine to accelerate from idle to maximum
RPM although adequate power is available in 20 to 30 seconds.
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PROPELLER

he airplane has an all metal, three-bladed, constant_speed,
o\;rerﬁor-rggulated propeller. Setting the governor with tge
ropelier control establishes the propeller speed, and thus t ef
engine speed to be maintained. The governor controls the flo¥v 0
engine oil, boosted to high pressure by an mtemal_ pump, to or .r?m
a piston in the propeller hub. 'O|I pressure acting on the piston
wists the blades toward high pitch (low RPM). When oil prefssure
to the piston in the propeller hub is reduced, centrifugal 0(ceh,
assisted by an internal spring, twists the blades toward low pitc

(high RPM).

ropeller control knob in the lower center of the instrument
par@ieis uged to set the goveror and control engine RPM ag
desired for various flight conditions. The_knob is Igbeled PR'Oh
PUSH INCR RPM. When the control knob is pushed in, blade pitc
will decrease, giving a higher RPM. When the contrql knob is
pulled out, the blade pitch increases, ’ghereby d_ecreasmg RP'MH
The propeller control knob is equipped with a vernier feature whic
allows slow or fine RPM adjustments by rotating the kn_ob clockwise
to increase RPM, and counterclockwise to decrease It. To make
rapid or large adjustments, depress the button on the end of the
control knob and reposition the control as desired.

An optional propeiler de-ice system is available for the _airp\ane.
Details of this system are presented in the Supplements section.
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