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1. INTRODUCTION 

This publication is designed for use by an experienced electronics tech­

nician to aid in the maintenance of an ATC-810 Twin Engine CPT/IFR Simu­

lator . This publication should be used in conjunction with the ATC-810 

Owner's Manual , as the reader must be familiar with the intended simula­

tor performance characteristics and limitations prior to attempting any 

service procedures. 

1.1 General Description 

General information concerning simulator instruments, specifications 

and operating details is included in the Owner's Manual, and is not dup­

licated here . 

1.2 Using this Book 

Although explicit tests and adjustment procedures are included in Sec­

tion 4 of this manual, the reader is urged to study the theory of oper­

ation. Be sure that you understand fully the consequences of each step 

before you change any interna l control settings, and follow through all 

related procedures, if adjustment of any control is found necessary. 

Section 3 contains disassembly information and important CMOS servicing 

pointers. Do not attempt to work on any part of the simulator without 

adhering to these critically important techniques . 

READ INFORMATION IN SECTION 2 BEFORE ATTEMPTING ANY TEST PROCEDURES 

HOLD49(A) 
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2. THEORY OF OPERATION 

The ATC-810 is based on state-of-the-art hybrid technology, combining a 

microprocessor with analog components to produce a high-performance sim­

ulator at modest cost. These components are distributed through the 

system, and are functionally explained in the following paragraphs. 

2.1 Symbols 

Most symbols used on schematic and simplified drawings will be familiar 

to an experienced electronics technician. However, symbols on some sim­

plified drawings are not commonly used, and are explained on Figure 2.1. 

All component references, where confusion may arise, will include the 

output pin number, e.g., IC4 (Pin 3). 

2.2 System Block Diagrams 

The majority of simulator circuitry is contained within the four units 

of the "radio stack." The major functions of each unit are illustrated 

on Figures 2.2 through 2.5, and are explained briefly in the following 

paragraphs. 

2.2.1 The Audio/Transponder Unit (Figure 2.2) 

This unit, at the top of the "stack," contains the microprocessor. The 

microprocessor executes instructions contained within the firmware ROM, 

which contains a set of fixed programs. 

The entire set of programs is executed repeatedly at a rate of about 20 

times per second. The RAM is a read-write memory for storage of 

variable information, and the NAV PROMs each contain coded information 

regarding Navaids and airports for a 22,500 square mile area. 
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Using the system data and address buses, the microprocessor collects 

data from, and issues orders to, the other units in the "stack." 

2.2.2 The COM/ADF Unit (Figure 2.3) 

This is the next-to-top unit of the stack, and contains a high propor­

tion of analog components, simulating the power, fuel management and 

flight dynamics systems. In addition to the instruments shown, the fuel 

flow and HSI indicators are driven by circuits within the unit. 

2.2.3 The NAVl/DME Unit (Figure 2.4) 

This unit is next to the bottom of the stack. 

In addition to its obvious functions of driving the VOR/ILS head (or 

H~I, if installed), it contains circuits which factor airplane heading 

and speed with wind to produce course information. A separate circuit 

drives the ammeter. 

2.2.4 The NAV2 Unit (Figure 2.5) 

This unit contains only the circuits driving the secondary VOR head. 

2.3 Engine Management System 

Two identical circuits are used to manage the left and right engines, 

respectively. The circuits accept inputs from the pilot's: 

o Throttle levers 

o Propeller (RPM) levers 

o Mixture levers 

o Engine start switches 
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o Idle cutoff switches 

o Magneto switches 

o Cowl flaps. 

Fault panel inputs to these circuits provide these instructor controls: 

o Cylinder head temperatures 

o Governor failures 

o Oil pressure failures. 

The circuits use a combination of analog and binary techniques to pro­

cess these inputs, directly driving these instruments: 

o Tachometers 

o Exhaust gas, cylinder head and oil temperatures 

o Oil and manifold pressures. 

Additionally, analog and binary signals developed by these circuits are 

provided to other simulator systems. 

2.3.1 Since the circuits for both engines are identical, only the left 

engine circuit (Figure 2.6) will be described in detail. Note from 

Figure 2.6 that except for the controls and instruments, the circuit is 

on the 51.663 and or 51.671 COM/ADF unit. 

2.3.2 Engine Start/RPM Circuit. 

The engine start switch is shown at the lower right of the drawing. 

Pressing (and holding) this switch applies a voltage to charge C25 to a 

positive level through a fairly long time constant. As the voltage 

gradually increases, the output of amplifier DO3 ( Pin 7) follows this 

voltage, and the tachometer and oil pressure indications gradually in­

crease. When the voltage from DO3 (Pin 7) exceeds about +1.4 volts, the 

output of comparator BO2 switches from high to low (LENGRN*), and elec­

tronic switch DO1 conducts. 
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The Low LENGRN* signal also provides a low to the R35-R36 OR gate, and 

if the magnetos are on and the idle cut off is not in the cut off posi­

tion, electronic switch Q4 turns off. The off state of Q4 allows a 

voltage from the throttle pot to be fed through voltage follower F02 

(Pin 14) and diode CR3 to the input of D02 (Pin 1) via R60. This posi­

tive input causes the output of D02 (Pin 1) to go negative, providing an 

inpu t to the inverting side of amplifier D03 (Pin 7). This signal 

causes the output of D03 (Pin 7) to remain positive after the starter 

switch is released. 

The output of D02 (Pin 1) is fed back to the wiper of R56 through R57, 

where it is "balanced" against the positive voltage from the RPM control 

through electronic switch D01, voltage follower D02 (Pin 7), and RSS at 

the base of emitter follower Q2. 

The emitter follower is the real "governor" in the circuit. Changes in 

throttle setting, which cause changes in the input signal through R60, 

would tend to change the output of amplifier D02 (Pin 1). However, if 

the voltage from D02 (Pin 1) tends to go more negative due to throttle 

increase, the increased negative adds to the forward bias on Q2, and the 

increased conduction of this transistor diverts most of the additional 

signal. However, a change in the RPM control will "unbalance" the cir­

cuit until the output of D02 (Pin 1) shifts by an equal and opposite 

amount, producing a voltage corresponding to the new RPM setting. 

The fault panel governor fail control can provide a voltage of either 

polarity to be summed (through R58) with the pilot's RPM setting. Thus 

the instructor can simulate governor failures toward flat or feathered 

pitch. 

When the simulator is "in flight," a voltage proportional to airspeed 

(RASP) is fed into R60 through CR4. Thus , even if the throttle for the 

left engine is fully closed (eliminating the signal through CR3), the 

engine will continue to "windmill" until the RPM control is retarded to 

the feather (MIN) position. 
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The voltage from D03 (Pin 7), a positive level proportional to RPM, is 

connected as an input to comparator J04 (Pin 1). The reference input to 

this comparator (approximately +2.5 volts) will be exceeded when the 

"engine speed" is greater than 750 RPM, and the signal labeled L > 750>'; 

will go low. This signal is used to enable the alternator ammeter cir­

cuit for the left engine. 

The voltage from D03 (Pin 7) also is connected through R65 (1RPM) to the 

audio system, producing an engine sound proportional to RPM. 

The D03 (Pin 7) signal also drives the oil pressure indicator through 

R76 and R78. Diode CR5 conducts when the voltage at the junction of 

these resistors exceeds about 5. 5 volts (proportional to about 1600 

RPM), limiting further increases in oil pressure as RPM is advanced. 

The fault panel oil pressure fail control is a pot connected in short 

with the oil pressure indicator; rotating this control counterclockwise 

produces an apparent decrease in oil pressure. If the control is rotat­

ed fully counterclockwise (until it clicks), a switch is opened, simu­

lating engine failure. 

2.3.3 Throttle Operation 

The throttle control is shown at the bottom center of Figure 2.6. This 

control applies a positive voltage from a minimum (idle) value, set by 

R22, to a maximum of 12 volts to the left side of R34 . The right side 

of this resistor connects to a summing point at the input of voltage 

follower F02 (Pin 14). Resistors R33 and R32, and electronic switch Q4 

also terminate at this point. Under normal circumstances, both magnetos 

for the engine are ON, and R32 has no effect . However, i f either 

magneto is switched OFF, the left end of R32 is grounded, causing about 

a 10% reduction in the voltage at the summing point, and a corresponding 

decrease in engine power. 

A negative voltage proportional to engine RPM is fed to the summing 

point through R33. However, since this resistor is almost six times 
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larger than R34, its effect is only one-sixth that of the throttle 

control, and during normal flight, its effect is minimal. If the 

throttle is closed, reducing engine power while the RPM is set to a 

relatively high level (flat pitch), the net contribution of the engine 

changes from thrust producing to drag inducing; the signal fed through 

R33 simulates this effect. 

Under normal circumstances, electronic switch Q4 is OFF, and has no ef­

fect on the circuit. A high signal to either input of OR circuit 

R35-R36 can cause Q4 to conduct, however, grounding this summing 

junction and forcing the output of voltage follower FO2 (Pin 14) to 

zero. This happens prior to engine start (when signal LENGRN* is high), 

or if any input to NOR gate DO5 (Pin 1) goes high. The inputs to the 

NOR gate represent conditions causing the engine to stop: 

2.3.3.1 Pin 3 goes high when fuel is exhausted. 

2.3.3.2 Pin 2 goes high when the instructor has reduced oil pressure to 

the point where the engine will soon "seize." 

2.3.3.3 Pin 5 goes high when the idle cutoff switch is in the cutoff 

position. 

2 . 3 . 3 . 4 Pin 4 goes high when both magnetos are switched OFF. 

The occurrence of any listed condition causes the output of voltage fol­

lower FO2 (Pin 14) to go to zero (representing zero power). The signal, 

normally a positive level, goes several places. As an input to ampli­

fier D03 (Pin 1), it controls the manifold pressure indicator. It is 

connected to the assymetric thrust detector circuit (see Paragraph 

2.5.1) at the point where it leaves this drawing on the right (LTHR). 

Finally, it serves as the input to the mixture circuit at the top left 

of Figure 2 . 6. 
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2.3.4 Mixture Control Operation 

The mixture control pot has the engine power signal (LTHR) connected to 

the top. About 40% of this signal is connected to the cathode of CR2 

via the R14-R15 voltage divider. For explanation purposes, assume that 

the mixture control is set to full lean. In this case, both inputs to 

amplifier DOO (Pin 14) are zero, the output of the amplifier is zero and 

the exhaust gas temperature (EGT) gauge will indicate a relatively low 

value, due only to the current through R24. As the control is advanced 

toward rich, the voltages at both the inverting and noninverting inputs 

to DOO (Pin 14) become increasingly positive. The ratio of the 

resistors is such that the noninverting input has much more effect, and 

the voltage from the amplifier rapidly becomes more positive. Thus, in­

dicated EGT also increases rapidly. 

If the mixture control is advanced further toward rich, eventually CR2 

conducts. The conduction of this diode "clamps" the noninverting input, 

and continued movement of the mixture lever toward rich will not produce 

further increases in the voltage at this point. However, the inverting 

input is not clamped, and will simply become more positive as the con­

trol is pushed all the way to full rich. The sum effect of these inputs 

is to produce a peak temperature somewhere near the center of the con­

trol range, decreasing for richer or leaner mixtures. The value reached 

at peak is a function of engine power (LTHR). The "EGT" voltage is also 

an input to the circuit producing the oil and cylinder head temperature 

indications. 

2.3.5 Oil and Cylinder Head Temperature Circuit 

Amplifier DOO (Pin 1) produces a negative output to both meters connect­

ed in series. The EGT signal from amplifier DOO (Pin 14) is the prime 

input to the circuit. 
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An increase in EGT produces a similar increase in both oil temperature 

and CHT. If the pilot "opens" the cowl flaps, however, a negative volt­

age is added in to amplifier DOO (Pin 1), reducing these apparent tem­

peratures. 

The fault panel cylinder head temperature control also provides an input 

to this amplifier, allowing the instructor to simulate abnormally low or 

high temperatures. 

2.3.6 Right Engine Circuits 

The right engine management circuit is shown in simplified form on 

Figure 2.7. Except for component designations, this illustration is 

the same as Figure 2.6, and component functioning is as described in 

Paragraphs 2.3.2 through 2.3.5. 

2.3.7 Detailed Schematic Drawings 

The detailed schematics for the left and right engine circuits are on 

Drawings D00-051-06630S and D00-051-06710S, sheets 2 and 3, respective­

ly. 

2 . 4 Fuel Management (Figures 2.8 and 2.9) 

Fuel management is accomplished primarily by firmware. Four bytes in 

RAM represent the fuel quantity in four tanks. At system 

initialization, these "tanks" are "filled" in accordance with the 

initial transponder switch settings. Even if the simulator is equipped 

with an optional two tank fuel management system, the initial fuel 

quantity is maintained in four bytes. 

2 . 4 . 1 During the simulation of flight, the thrust (or power) supplied 

by each engine is represented as a voltage (RTHR and LTHR). These volt­

ages (not necessarily equal) are applied to a pair of voltage-to-frequency 

converters. Thus, higher power will produce a higher frequency from the 

associated converter. The converter outputs are applied to a pair of 
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14-bit counters; the least significant bit of the counter will change at 

a rate that is 1/16,384 of the input frequency. 

2.4.2 The least significant bits of these counters are examined period­

ically by the firmware, and compared with the previously read bits. Any 

difference represents consumption of fuel, and the firmware prepares to 

subtract a minimal quantity from one or more of the memory locations 

representing fuel quantity. The least significant bits of the counters 

then replace the previously stored bits. 

2.4.3 Prior to debiting fuel from the "tank" memory locations, the 

firmware interrogates the tank select valve positions set by the pilot. 

If crossfeed is ON, fuel is subtracted from right and left tanks equally 

by either engine. If crossfeed is OFF, only the right engine may draw 

from the right tank(s), and so forth. 

2.4.4 When the memory locations representing the fuel supply for an en­

gine are exhausted, the firmware will reset a flip-flop in the hardware, 

causing the fuel pressure for that engine to drop rapidly. The result­

ing loss of fuel will cause the associated engine to stop producing 

power . 

2.4.S The instructor's Fault Panel provides separate controls for simu­

lating loss of fuel pressure to either engine . If a Fault Panel fuel 

pressure control is rotated partially counterclockwise (representing the 

failure of the fuel pump for that engine), the pilot can overcome the 

problem by switching the appropriate electric boost pump ON. However, 

if the instructor continues to rotate the control counterclockwise, the 

continued loss of pressure will result in lighting the appropriate BOOST 

INOP indicator on the annunciator panel. 

2.4 . 6 The Fault Panel also contains two toggle switches for left or 

right LOW FUEL FLOW. These switches light the appropriate annunciators, 

but do not affect the fuel system in any other way. 
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2.4.7 Detailed schematic information is provided on several drawings, 

but primarily on sheets 2 and 3 of Drawing DOO 051 0663 OS and D00 

051. 06710S. 

2.5 Attitude Control 

The attitude control system of the simulator receives inputs from the 

pilot's flight controls, i.e., rudder, elevator, ailerons and power 

settings. From these, and from a number of other signals (such as gear 

drag, or airframe icing from the fault panel), the attitude circuits 

drive the attitude displays seen by the pilot. Signals are also 

provided to the microprocessor, which performs the time-speed-direction 

calculations necessary for driving the position indicating instruments. 

2 . 5 . 1 Asymmetric Thrust Circuit 

Refer to Drawing DOO 051 0663 OS or DOO 051.06710S for the following 

description. The asymmetric thrust circuit is shown in area H-I/3 of 

the drawing, and consists of amplifiers F02 (Pin 8), F02 (Pin 7), and 

the associated resistors. 

Two signals are summed at Pin 9 of F02; LTHR, a positive voltage repre­

senting left engine power and ASPSWR, a positive voltage (in flight 

only) representing the right engine RPM setting. Thus, the output at 

Pin 8 of F02 will be a negative voltage which increases as left engine 

power is increased, or as the prop pitch for the right engine is "flat­

tened." Either condition represents a torque tending to turn the air­

plane to the right. 

Three signals are summed at Pin 6 of F02; RTHR, a voltage representing 

left engine RPM setting (through electronic switch 104 [Pin 10] and 

R80), and the negative voltage from F02 (Pin 8). The positive voltages 

through R80 and R81 represent a force turning the airplane to the left. 

If the "left turn" and "right turn" forces are equal, the output of F02 

(Pin 7) is zero, and the airplane will "follow its nose" with little or 
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no rudder pressure. However, if the thrust is not symmetrical, a volt­

age will appear at the output of FO2 (Pin 7), positive for a right turn 

force, negative for left. This signal is connected to the rudder servo 

system (via P2 Pin 22), and to the pitch and turn circuits on sheets 4 

and 5 of the schematic, respectively. 

Refer to Sheet 5 of the 51.663 or 51.671 Drawing, area A-B/5 . The 

THRDIF signal connected to diodes CR19 and CR2O causes the output of 

absolute value circuit FOO (Pin 14) to go negative if THRDIF deviates 

from zero. 

2.5.2 Pitch Control Circuit 

Refer to area A-D/5-6 of the previously referenced schematic sheet. 

Many of the factors affecting airplane pitch attitude are summed by 

amplifier JOO (Pin 7). Positive input signals (such as left thrust, 

LTHR) represent forces increasing pitch. Negative voltages at the 

inputs (those from the cowl flap controls, and from the assymetric ---thrust circuit through R24O and R241) represent forces tending to reduce 

pitch. The resistor values are selected to scale these signals 

properly. The output of JOO (Pin 7) is thus a voltage which increases 

in a positive direction for downward pitch attitudes, negative for up. 

The elevator control is at the upper left of the drawing, causing buffer 

amplifier JOO (Pin 8) to go negative for "up.' '. This signal, together 
------

with the output of JOO (Pin 7) and the GEARDRAG (R247) and STALL (R243) 

signals are summed into Pin 13 of amplifier JOO (Pin 14). 

Amplifier JOO (Pin 14) has three feedback networks . On the ground, when 

the airplane is below stall speed, electronic switches in the LOO pack­

age are both ON, providing a short circuit feedback which maintains the 

output of the amplifier at zero. As the airplane accelerates through 

stall speed, Pin 1 of LOO goes high, opening this switch. The other 

switch in the package remains ON, connecting CR23 as a feedback element 

across the amplifier. Thus, the output of the amplifier can go positive 
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at Pin 14, but not negative as the pilot begins "rotation." As soon as 

the airplane leaves the runway, the microprocessor switches the ALT~* 

signal to a high level, and both LOO switches remain off for the dura­

tion of the flight. The R-C feedback network (R246, C48-C49) remains as 

the only feedback for the amplifier at this time, and the aircraft can 

be pitched up or down. 

The output of JOO (Pin 14) is connected through R256 to drive the "bird" 

against the artifical horizon, to Sheet 4 where it is an input to the 

altitude circuit, and through R248 into the airspeed circuit. A voltage 

from the flap control is summed at the "bird" through R257 to simulate 

the increase in pitch that occurs when flaps are lowered. 

2.5.3 Airspeed Circuit 

Refer to area A-C/2 on Sheet 5 of the 51.663 Drawing, and A-J/2 on Sheet 

4 of the 51.671 Drawing. The toe brake switches and the parking brake 

switch are shown released. If the parking brake is ON, or if both toe 

brakes are pressed, R271 produces a positive voltage into comparator HOO 

(Pin 13). The positive voltage out of the comparator is ANDed with the 

ALT~ signal by gate MOS (Pin 4). Thus, the brakes are effective only 

when the airplane is at field elevation (ALT~ goes low in flight). 

The BRAKON signal from MOS (Pin 4) and its complement BRAKE* (generated 

by an inverter on Sheet 4) control two electronic switches in area E-F/ 

4-5 of the drawing. Switch H04 is open when brakes are applied, while 

switch LOI is closed. Thus, •; mplifier J02 (Pin 8) has no input and low 

impedance feedback . When the brakes are released, the switches reverse; 

H04 connecting the input sum to J02 Pin 9, 101 allowing R255, CSO and 

CR24 to serve as the feedback elements. The diode limits the output of 

the amplifier to positive values; the R-C components introduce a realis­

tic time lag in the response. 

Resistors R248 through R253 are all input resistors to amplifier J02 

(Pin 8) . The output of the amplifier is a positive voltage which is 

processed further into airspeed. 
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Airspeed is not a linear function throughout the flight envelope. For 

example, a relatively small downward pitch applied at 110 KIAS causes a 

significant increase in airspeed; the same degree of pitch change at 160 

KIAS will increase airspeed by a smaller amount. This characteristic is 

simulated by the circuitry in area G-I/5 of the drawing. Circuit ele­

ment J0l-B is a precision analog multiplier divider circuit, used here 

to divide the output of J02 (Pin 8) by relative airspeed (RASP). When 

airspeed is relatively slow, changes in the numerator (J0l-B, Pin 8) 

will cause fairly large changes in the output (J0l-B, Pin 4). As RASP 

increases, the denominator (J0l-B, Pin 5) increases, and the same amount 

of change in the input results in a smaller change in output. 

Therefore, RASP is developed as a nonlinear function, just as it is in 

the aircraft. 

The RASP signal is connected to voltage follower J02 (Pin 14). The 

positive output from this amplifier (IAS) is connected to the stall 

sensing comparators (J03, pins 13 and 14) and is processed further into 

an altitude corrected airspeed by another circuit. 

The pitot-tube driven airspeed indicator on an airplane is very inaccu­

rate at low speeds, and usually cannot be relied upon for speeds much 

less than Vl. The limiter amplifier J02 (Pin 1) is biased with a nega­

tive input through R273, and its output remains at zero as airspeed ini­

tially increases from zero during takeoff. Thus, the airspeed indicator 

also displays zero readings initially. When the positive IAS voltage 

(through R274) exceeds the effect of the bias through R273, the output 

of amplifier J02 (Pin 1) goes negative, reverse biasing CR25 while for­

ward biasing CR45. The negative current through CR45 and resistors R277 

and R297 now produces an increasing airspeed indication. 

The instructor panel pitot icing control can connect a negative voltage 

through R275, simulating the decreasing airspeed which would be 

displayed if ice began forming in this sensitive location. The pilot's 

pi tot heat switch disconnects the instructor's signal when "heat" is 

turned on. 
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2.5.4 Stall Circuit 

Refer to Sheet 5 of Drawing 51.663 or 51.671, area D-E/1-2. The stall 

detector circuit consists primarily of two comparators in the J03 pack­

age (pins 13 and 14). A bias network is connected to the inverting in­

put of each comparator, slightly more positive at Pin 8 than Pin 10. 

The IAS signal is connected to pins 9 and 11. When airspeed is well 

above stall speed, the outputs of both comparators are high, causing the 

outputs of three gates in the LOS package and gate KOS (Pin 3) also to 

be high. As airspeed bleeds off, the output of J03 (Pin 13) goes low at 

about 80 knots. If the aircraft is in flight, the ALT!/) signal is low, 

and Pin 3 of LOS goes low. This low is detected by the microprocessor 

as it regularly scans address BS, and the microprocessor enables the 

stall warning horn. 

The KOS gate is not enabled at this time, since ALTJI)* is high when in 

flight. 

If airspeed continues to decay, J03 (Pin 13) also goes low (at about 75 

knots), and the simulator "stalls" when the output of gate LOS (Pin 11) 

goes low. The low from this gate is connected to two electronic 

switches. Switch LOI (Pin 9) in area D/5 of the drawing turns on, con­

necting a positive voltage through R243 to the pitch amplifier, causing 

a sudden downward pitch to be indicated on the artificial horizon. R253 

introduces a voltage into the airspeed circuit which initially reduces 

airspeed further; the effect of this input is rapidly overcome as the 

nose pitches down and airspeed begins to increase. 

The low from gate 105 (Pin 11) at stall also turns on electronic switch 

102 (Pin 9) at area G/2 of the drawing. This causes the output of high 

gain inverter HOl (Pin 14) to be connected into the turn circuit, and 

makes directional control very erratic during the stall. It also initi­

ates a sharp bank toward the up wing, if the pilot was cross-controlling 

at stall entry, beginning the classic spin. 
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Amplifier JOO (Pin 1) in area D/2 of the drawing adjusts the bias on the 

comparators as flaps are lowered, so that both the stall and stall warn­

ing occur at lower airspeeds. 

Gate LOS (Pin 10) is enabled only on the ground, and allows the pitch 

circuit only after stall speed is reached during takeoff acceleration. 

Gate KOS (Pin 3) is also enabled only on the ground, and locks the alti­

meter (ALTFRZ) until stall warning speed has been reached. 

2.5.5 Turn Circuits 

Refer to the lower Right quadrant of Drawing 51.663 or 51.671, Sheet 5. 

The turn circuit consists of a summing amplifier HOl (Pin 7), with a 

power output driver (Qll and Q12). Resistors R212 and R215-R220 form a 

summing network into the amplifier, combining the factors which influ­

ence the roll axis of the airplane. These factors are: 

o The Rudder (R218) 

o The Ailerons (R216) 

o Asymmetric Thrust (R220) 

o Roll Trim (R212). 

Additional factors for the simulator include the instructor fault panel 

inputs: Asymmetrical Flaps (R217), and a variable turbulence signal 

from a random pulse generator (R215). R219 introduces an unstable 

rudder input through electronic switch 102 (Pin 9) during a stall. 

All of these factors are summed at Pin 5 of electronic switch H02, which 

is open on the ground, disabling the roll axis. A second electronic 

switch, 102 (Pin 6) is closed on the ground, providing a constant load 

for all input signals. As soon as the airplane leaves the ground, these 

switches reverse; H02 (Pin 6) closes, connecting the signal sum to the 

amplifier, and 102 (Pin 6) opens, allowing the amplifier to load the 

input resistors. 
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A net positive sum of input signals causes a bank to the right. This 

occurs because of output of HOl (Pin 7) and its buffer stage goes nega­

tive, driving a current through R226 and R227 to the motor controlling 

the artificial horizon of the attitude indicator. The motor rotates in 

a direction to rotate the "horizon" to the left. The miniature airplane 

of the attitude indicator thus appears banked right against the horizon. 

Amplifier HOl (Pin 1) is connected to monitor the voltage drop across 

R226 and R227. This voltage drop is due to motor current, and becomes 

larger if the motor lags behind the driving signal . The output of HOl 

(Pin 1) is summed with the other signals feeding HOl (Pin 7) and 

provides a "boost" feedback to minimize this lag. 

When on the ground, electronic switch HO2 (Pin 9) is closed, providing 

the only signal to HOl (Pin 7). This signal is from the wiper of the 

horizon follower pot, and provides a signal tending to level the horizon 

if it is tilted from a previous landing in an "unusual" attitude. 

Now , refer to Sheet 4 of Drawing 51.663OS or 51 . 671, area A/2-3. This 

is a representation of the attitude indicator, showing the motor and the 

horizon follower pot . The voltage from the wiper of this pot represents 

bank angle, positive for a right bank, and is connected as an input to 

precision analog divider JOI-A. Here, the bank angle is divided by air­

speed (RASP, connected to Pin 5) to produce a rate-of-turn signal at the 

output of amplifier HOl (Pin 8). This signal is again positive for a 

right turn, and is one of three inputs to amplifier BOO (Pin 8) . The 

rudder signal is also connected to this point (R179), and in flight the 

differential thrust signal is also connected ( through electronic switch 

HO4 and R18O). The output of amplifier BOO (Pin 8) is negative for a 

right turn, and drives the "wings" of the turn coordinator. This signal 

is also summed (R23O) into amplifier FOO (Pin 8), along with the bank/ 

airspeed signal (R229) of the opposite polarity. When the pilot ' s 

inputs are correct for the classic "coordinated_ turn," the signals sum 

to zero, the output of FOO (Pin 8) is zero, and the slip indicator 

"ball" is centered. 
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Amplifiers BOl (Pin 8) and BOl (Pin 14) form an absolute-value circuit. 

For right turns, the output from BOO (Pin 8) is negative, connected as 

an input (Rl82) to BOl (Pin 8). This negative signal also feeds ampli­

fier BOl (Pin 14) through Rl86, causing the output of this amplifier to 

go positive sufficiently to forward bias CR17. At this voltage (about 

+0.6 volts), the amplifier output stops changing, and CR28 is reverse-biased. 

Thus, no input is "seen" through Rl84, and BOl (Pin 8) responds only to 

the Rl82 input, producing a positive output proportional to the rate of 

right turn. 

For left turns, the signal from BOO (Pin 8) is positive. This causes 

the output of BOl (Pin 14) to go negative, reverse biasing CR17, and 

forward biasing CR28 . The resulting negative signal causes BOl (Pin 14) 

to act as a gain -1 inverter, since feedback resistor Rl85 is now in the 

circuit. Amplifier BOl (Pin 8) now "sees" two inputs: the positive 

going voltage from Rl82, and the negative going voltage through Rl84. 

Since Rl84 is half the value of Rl82, its signal has twice the effect, 

and the output of BOl (Pin 8) again goes positive. Thus, for a turn in 

either direction, the output of BOl (Pin 8) is a positive voltage pro­

portional to the rate-of-turn. 

The positive "turn" voltage from BOl (Pin 8) is connected as an input to 

a voltage-to-frequency converter (B04). The output from this device is 

a series of pulses, at a frequency dependent on turn rate . If the 

brakes are released (BRAKON Low), this pulse stream is connected to an 

external counter. 

Amplfier BOl (Pin 14) produces a small positive voltage during right 

turns, and a varying negative voltage for left turns. This voltage is 

sensed by comparator B02 (Pin 2), which produces a binary output: high 

for left, low for right. This signal is also connected to the counter 

referred to in the previous paragraph, and controls the up-down direc­

tion of the counter. 
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The external counter (in the AUDIO-TRANSPONDER UNIT) is thus capable of 

counting up or down; the direction controlled by the direction of turn, 

the rate by the rate of turn. The microprocessor continously examines 

the output of this counter to determine aircraft heading. 

2.5.6 Altitude Circuit 

Refer to the upper half of Sheet 4, Drawing 51.663 or 51.671. Amplifier 

BOO (Pin 7) sums together the signals influencing altitude. The primary 

signal in this group is pitch (a signal which includes airspeed), and is 

positive for climb. Amplifier BOO (Pin 14) is a negative absolute-value 

circuit, introducing a negative value during turns. The remaining 

inputs from the fault panel represent varying levels of turbulence from 

a random pulse generator. 

BOO (Pin 7) has a 220K feedback resistor (Rl58) at all times, which is 

shunted by another 220K resistor (R157) when the amplifier output is 

negative (climb). Thus, the output of the amplifier is only half as 

great for positive pitch angles as for negative (downward) pitch; again, 

this corresponds to typical aircraft performance. 

The voltage from BOO (Pin 7) is buffered by voltage follower BOO (Pin 1) 

to drive the vertical speed indicator. The BOO (Pin 1) signal also 

drives an absolute-value circuit and voltage-to-frequency converter for 

the external altitude counter. This circuit functions in exactly the 

same way as the circuit described in Paragraph 2.5.5. 

2.6 Audio/Transponder Unit Functions 

The Audio/Transponder unit contains the microprocessor, read-only memory 

(ROM), random-access memory (RAM), as well as the navigational area pro­

grammable ROM (PROM) chip(s). These components cannot be serviced with­

out extensive knowledge of microprocessors, special service equipment 

(such as logic analyzers) and firmware listings which are beyond the 

scope of this manual. Unit exchange, therefore, is the only practical 

method of problem analysis for these components. 
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These components are described briefly in the paragraphs which follow, 

along with more extensive descriptions of those components which can be 

checked by conventional methods. 

The complete Audio/Transponder circuit is shown schematically on Drawing 

COO 051 0662 OS, Sheets 1 through 6. All references which follow refer 

to sheets of this drawing unless otherwise noted. 

2.6.1 Circuit Description, Sheet 1 

Chip 106 is the microprocessor. Key features: 

o 16-Bit Address Bus (output only) AO-AlS 

o 8-bit Data Bus (Bidirectional) DO-D7 

o E (Enable) Signal - High when Address Valid 

o R/W--~ (Read/Write) Signal-High for Read (input) to microprocessor. 

Chips K04, KOS and K06 are buffers for some of the address lines. K03, 

H03 and 103 are address decoders, together with additional gate/inverter 

logic elements. LOO and part of 101 (Pins 11 and 13) are data output 

tri-state buffers, enabled when the microprocessor is "writing." The 

remainder of 101 (Pins 3, 5, 7 and 9) and 102 are also tri-state 

buffers, enabled when the microprocessor is "reading" data. Chips J02, 

K02 and 104 are used for software/ firmware development, and are not 

installed in user systems. 

2.6.2 Circuit Description, Sheet 2 

Chips G06 and H06 are ROM circuits containing the permanent program and 

data required for the simulator. Positions 106 and J06 are available 

for additional ROMs, if future expansion requires additional firmware. 

Chips H04 and 104 are RAM chips, collectively providing 1,024 bytes of 

read-write memory. 
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Chips B06, C06, D06 and E06 are the navigation area PROMs, containing 

information relating airports 

geographical locations. These 

changed easily in the field. 

and navigational aids to specific 

are plug-in components, and may be 

Information about available PROMs is 

provided in Section 9 of the ATC-810 Owner's Manual, along with 

information required to order custom PROMs for virtually any lSOxlSO 

nautical mile area. 

Chip J04 is a decoder for some of the most significant address bits 

(used for chip selection), and G04 is a decoder for the map select 

switch, activating one NAV-PROM at a time. 

2.6.3 Circuit Description, Sheet 3 

Chips A07A and A07B are inverting tri-state buffers allowing the micro­

processor to determine the transponder switch (S2-SS) settings when it 

"reads" addresses 82 and 83. 

Chips E02 and F02 are 8-bit registers loaded with a binary equivalent of 

fuel quantity when the microprocessor "writes" data to addresses BO and 

B2, respectively. Chips E03 and F03 are digital-to-analog converters, 

each producing a negative voltage corresponding to the "fuel" quantity 

in its register; these voltages drive the left and right fuel gauges, 

respectively. 

Chips HOO, GOO and IOO are special stepping-motor drive circuits, gen­

erating the sequential quadrature pulses necessary to drive these spe­

cialized motors. Specifically: 

o HOO drives the ADF/RMI needle 

o GOO drives the Altimeter 

o IOO drives the compass rose on the heading indicator, the compass 

rose on the RMI, and the magnetic compass. 

HOO is driven directly by the microprocessor through the JOI register 

chip and inverters in the HOl package. GOO and IOO are driven from the 
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microprocessor only during system initialization; after initial altitude 

and heading have been set, multiplexer !01 is switched to permit inputs 

from other parts of the system. 

G04 is an inverting buffer that permits the microprocessor to interro­

gate the runway selector switch (on the instructor fault panel), the 

transponder OFF-STBY-ON-ALT switch, and the !DENT pushbutton. 

2.6.4 Circuit Description, Sheet 4 

The logic on this sheet consists of four similar circuits. Each circuit 

includes a counter (the 592.0169 chips) and a tri-state buffer. The 

counters are capable of counting up or down; when a maximum or minimum 

is reached, the counters simply "wrap-around" and continue. The micro­

processor interrogates each counter about 20 times per second; frequently 

enough so that the microprocessor "knows" whether counter values have 

increased or decreased since the previous reading. 

Chips B04, C04 and D04 "track" the progress of the airplane in a North­

South direction; Chips DOD, COl and DOl perform the same function for 

East-West. The input signals X and Y RATE and X and Y DIR are supplied 

from circuits in the NAVl/DME unit, described in Paragraph 2.7.4. 

The A03-B03 counter circuit is controlled by signals representing air­

plane turn rate and turn direction (HDGRATE and HDGDIR, respectively). 

These signals are generated by circuits in the COM/ADF unit, described 

in Paragraph 2.5.5. The microprocessor only examines the four most sig­

nificant bits (from A03), since the lower-order bits are not necessary 

for the required calculations. Chip B02 is a comparator, producing an 

active output (HDGR) on every eighth count of the HDGRATE signal. HDGR 

and HDGDIR are used to drive the heading indicators during flight, via 

Chip IOO on Sheet 3 (Paragraph 2.6.3). 
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Chips BOO, BOl, A02 and AOl perform the same function for altitude 

changes, and produce an output (ALTR) which is combined with ALTDIR to 

drive the altimeter stepper through Chip GOO on Sheet 3. The ALTRATE 

and ALTDIR signals are produced in the COM/ADF unit (Paragraph 2.5.6). 

Chi p KOO receives input signals from Hall-effect devices in the --altimeter, the HSI and the RMI. During initialization, the microprocessor 

drives these displays to initial values of O feet elevation (both the 

thousands and hundreds on the altimeter indicate zero) and headings of 

0° (North). When the proper values are displayed, all signals go low, 

and the microprocessor "knows" that initialization is complete by reading 

all lows at address Bl. 

Chip A02 is a register loaded by the microprocessor with four miscell­

aneous bits of information: ALTO is high when the airplane is on the 

ground, and does not go low until takeoff. FIELDlNST illuminates the 

VERIFY switch if the airplane is within a mile of the airport when the 

swi tch is pressed (nonprecision approach). The HOLD signal goes high 

when the FREEZE switch is pressed; note that the signal "Locks" all of 

the counters referred to previously. TPTl is not used. 

2 . 6.5 Circuit Description, Sheet 4 

Chi ps FOO and FOl are tri-state inverters allowing the microprocessor to 

interrogate the fuel selector "valves" and the PRESET-TAKEOFF switch H07 

performs the same function for the audio panel switches. 

Register Chips C02-G02 and D02-G03 are loaded by the microprocessor with 

10-bit binary values representing the position of the airplane. The 

outputs of these registers are connected to 10-bit D to A converters C03 

and D03, whose current outputs are converted to voltages by amplifiers 

in the EOO package . These voltages (X DAC and Y DAC) are used by the 

plotter (if equipped) as arm and pen drive signals, respectively. 

2-22 



Register Chip I07B controls audio generators K08, J07, and K07, and the 

MARKER lights. The marker lights are controlled by bits loaded in this 

register as 

appropriate 

the microprocessor determines the airplane is over the 

transmitter; the 400HZ(OM) and 1300HZ(MM) tones are 

generated at the same time. The stall warning is generated by J07 (Pin 

9), and the K07 oscillators combine to generate the pulsating gear 

warning (if either engine is throttled back with gear up). Amplifier 

108 and its surrounding discrete components drive the speaker. 

2.6.6 Circuit Description, Sheet 3 

Chips B07, C07, D07 and E07 are register/7-segment display drivers; the 

chips store binary-coded-decimal information and generate the appropri­

ate segment drive signals. B08, C08, D08 and E08 contain current-limiting 

resistors for the display modules. 

Chips ICl, IC2, IC3 and IC4, the 7-segment displays, are mounted verti­

cally on a separate small circuit board at the front of the unit. 

2.7 NAVl/DME Unit Functions 

The NAVl/DME unit contains the expected VOR/ILS control circuitry, along 

with the NAVl frequency and DME distance displays. Additionally, the 

circuitry for the ammeter displays, and the pilot-to-instructor audio 

amplifier are contained in the unit. The circuit that combines wind 

velocity and direction with airplane speed and direction to produce the 

true course are also contained in this unit. 

The complete NAVl/DME unit is shown schematically on Drawing COO 051 

0664 OS, Sheets 1 through 3. All drawing references which follow refer 

to sheets of this drawing unless otherwise noted. 
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2.7.1 Circuit Description, Sheet 1 

Chips G02 and H02 are address decoders, generating a single low output 

when the microprocessor executes a read or write command. The DME 

switch and multiplexer E03 permit the DME display to be slaved to NAVl 

or NAV2. Register F03 is loaded by the microprocessor to control the 

various flags of the ILS display head, and to blank the DME when neces­

sary. Register JOO, JOl and J02 are loaded with binary data that is 

converted to analog by the IOO, IOI and 102 DACs. These analog voltages 

drive the CDI, TO-FROM flag, and GS needle, respectively. 

Chip F04 is a tri-state inverting buffer that connects the NAVl frequency 

select switches (SW2 and SW3) to the microprocessor. Note that the 

switches do not directly control frequency; the microprocessor compares 

the previous switch value with the current value; if the new value is 

greater, the microprocessor computes a "higher frequency" and writes it 

to the display. This process continues until the microprocessor detects 

no change between the previous and current switch values; the pilot then 

is satisfied with the displayed frequency. The microprocesssor uses a 

value proportional to this "frequency" to access the active navigational 

PROM; data within the PROM represents the absolute geographical position 

of the Navaid or airport. Using the information available regarding the 

instantaneous position of the airplane and the position of the Navaid , 

the microprocessor performs the trigonometric calculations necessary for 

driving the ILS head and DME displays, repeating this process continuously 

about 20 times per second. 

2.7 . 2 Circuit Description, Sheet 2 

The circuit on this sheet forms the Omni Bearing Selector (OBS) resol­

ver . Its purpose is to provide a precise input to the microprocessor 

regarding the pilot's OBS setting, a value required by the microproces­

sor for its course deviation needle-drive routine. 
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Amplifier GOO (Pin 1) is an oscillator producing a sinusoidal output. 

This signal is buffered by amplifier GOO (Pin 7) and applied as an input 

to phase-lock-loop (PLL) circuit F02. The other input to the PLL comes 

from a divide-by-4096 counter Chip, CO2. The internal oscillator in the 

PLL (output at Pin 4) thus remains exactly 4096 times the frequency of 

the GOO (Pin 1) oscillator, and is locked precisely in phase with this 

signal. 

The signal from the GOO (Pin 1) oscillator is buffered by GOO (Pin 14), 

and applied to the rotor of a mechanical resolver, which rotates with 

the OBS ring. The signal from the rotor is transformer-coupled to the 

two stator windings, which are exactly 120° apart. Thus, when one stator 

receives a maximum signal, the other receives a lesser signal. The two 

stator signals are summed at the input of GOO (Pin 8), generating a sin­

usoid whose phase changes with respect to the rotor phase as the OBS is 

rotated. 

Amplifier GOO (Pin 8) functions as a comparator, producing a positive 

output as soon as the sinusoidal input signal goes positive by the 

smallest amount. The positive output sets flip-flop C03 on the next 

trigger from the PLL, and the high Q output clocks register Chips B02 

and D02. The count value at the instant the resolver signals go high is 

"captured" by these registers, and can be read as an 11-bit quantity by 

the microprocessor . Thus, a 360° degree rotation of the OBS produces 

(to the microprocessor) binary equivalent values between O and 4096, and 

the microprocessor can resolve angular changes of about 5 minutes of arc. 

2.7.3 Circuit Description, Sheet 3 

The circuits on this sheet drive the ammeter. If both MASTER switches 

are ON, and both "alternators" are operating, the output of BOl (Pin 1) 

is high and the ammeter displays a reading of zero to slight charge. 

Gate AOO (Pin 13) receives three inputs: RALFS* (normally high, low 

when the instructor "fails" the right alternator), R>750 (high when the 
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right engine is operating at more than 750 RPM), and RMSTSW (high when 

the right master switch is on). The output of this gate is normally low, 

causing a high from inverter AOl (Pin 10) . This high inhibits the RTALT 

!NOP light on the cockpit annunciator panel and the RTALT INOP light on 

the instructor fault panel. If any input to AOO (Pin 13) goes low, how­

ever, both lights come on. If the right ALT pushbutton is pressed, the 

ammeter will display zero under these conditions. If the left alternator 

is still operating, high signals are present at AOl (Pin 6) and A02 (Pin 

10), and the left alternator button will cause the ammeter to display an 

abnormally high reading (with a failed right alternator, the left will 

be carrying all the electrical load). 

The complex-appearing switch arrangement for the pushbuttons simply pro­

tects the meter and logic circuits if both buttons are inadvertently pressed 

together. 

2.7.4 Circuit Description, Sheet 3 

Chip J03 is a register, loaded by the microprocessor with a binary value 

proportional to altitude. This binary value is applied to DAC 103, along 

with airspeed (RASP) to produce an output correction voltage from FOl 

(Pin 14) proportional to true speed (which increases above IAS as alti­

tude increases). The true speed correction voltage is inverted by FOl 

(Pin 8) and applied to the pitch circuit in the COM/ADF unit ( ASCORR) . 

The output of FOl (Pin 14) is also summed with RASP at the input to 

amplifier FOl (Pin 7) generating a true speed output. A complementary 

analog voltage is produced by FOl (Pin 1), and both voltages are applied 

to the sinusoidal compass follower pot. This pot is constructed specifically 

to produce a voltage at one wiper proportional to the sine of that wiper 

position, while the other wiper (90° from the first) picks off a voltage 

proportional to the cosine of the shaft position. This pot is driven by 

the same stepping motor that drives the compass; if no wind were present, 

these voltages could be used to convert the airplane heading and speed 

(polar coordinates) to East-West and North-South (rectangular coordinates) 

positional information . 

2-26 



However, wind exists, and on the simulator is controlled by two pots on 

the instructor fault panel; wind velocity and wind direction. The instruc­

tor's wind direction control is a sine-cosine pot also, and thus wind is 

introduced also in rectangular coordinates. The components of the East­

West motion of the airplane and the East-West component of the wind are 

summed by amplifier DOl(Pin 14). The output of this amplifier is con­

nected to an absolute-value and voltage-to-frequency converter circuit, 

supplying the microprocessor with information about the airplane's true 

course in this direction. Amplifier DOO (Pin 14) performs the same function 

for motion in the North-South direction, together with an identical 

absolute-value/VF converter. Refer to Paragraph 2.5.5 and Sheet 4 of 

Drawing 51.663 or 51.671 for an explanation of circuit function; Para­

graph 2.6.4 explains the destination of the X and Y RATE and DIRECTION 

outputs. 

2.7.5 Circuit Description, Sheet 3 

This sheet shows the register/7-segment drivers, resistors and displays 

for the NAV and DME readouts, and is self-explanatory. 

2.8 NAV2 Unit Functions 

The NAV2 unit contains the circuits which drive the VOR display only. 

Since these circuits are identical with those described in Paragraph 2.7, 

it is suggested that the reader study the material in that section, par­

ticularly Paragraphs 2.7.1 and 2.7.2. The NAV2 unit is shown schematic­

ally on Drawing COO 051 0665 OS, Sheets I and 2. 

2.9 Rudder Servo Circuit 

The rudder servo performs two major functions. It develops a voltage 

proportional to rudder deflection, airspeed and differential thrust 

which is applied as an input to the simulator turn circuit. It also 

develops a tactile feedback for the rudder pedals by means of a servo 

motor and torque multiplication system. 
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Physically, the rudder servo electronics are part of a circuit board 

beneath the pilot's seat; the mechanical components are below the sim­

ulator platform. 

2.9.1 Tactile Feedback Circuit 

Refer to schematic Drawing D00 007 0180 OS for the following description. 

AC voltage from a transformer secondary is applied to the inverting input 

of comparator IC3 (Pin 14), and the noninverting input of comparator IC3 

(Pin 13). IC3 (Pin 14) goes high during part of the negative half-cycle 

of this voltage, while IC3 (Pin 13) goes high during part of the positive 

half cycle. Bias voltages (about 1.2 volts) are applied to each comparator, 

causing a "dead band" around the zero-crossings of the ac signal. 

The comparator outputs control electronic switches which act as feedback 

elements around two integrators, IC4 (Pin 1) and IC4 (Pin 7). When one 

of these switches is "closed," the output of the associated integrator 

drops to zero; when the switch "opens," the integrator produces a linear 

negative going ramp. The outputs of the two integrators are thus an 

alternating series of ramps, repeating at l00Hz or 120Hz, depending on 

power line frequency. These ramps are used to alternately enable two 

additional comparators, IC3 (Pin 1) and IC3 (Pin 2). 

Amplifier IC4 (Pin 14) is normally biased so that its output is negative. 

This signal causes the output of IC3 (Pin 1) to remain low, even at the 

peak of the negative ramp. Similarly, IC4 (Pin 8) is biased so that its 

output is normally positive, keeping the output of IC3 (Pin 2) low at 

all times. 

The signal connected to Pin 13 of IC4 and to Pin 9 of IC4 represents rudder 

"feedback force." In straight-and-level flight, with proper trim and no 

differential thrust, the airplane is balanced, and no rudder force is 

generated. The signal at TP4 is zero, and the outputs of IC3 (Pin 1) 

and IC3 (Pin 2) are both low. 
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If the airplane becomes unbalanced (for example, loss of the right en­

gine), the voltage at TP4 deviates from zero. In the example, loss of 

the right engine causes a strong right yaw force, and the voltage at TP4 

becomes positive. This signal causes IC4 (Pin 14) and IC4 (Pin 8) both 

to go in a negative direction. The signal from Pin 14 does nothing; the 

negative change from Pin 8 allows the IC3 (Pin 2) comparator to go high 

when the peaks of the ramp signal at Pin 5 exceed the new level at Pin 

4. Thus, high pulses begin to appear at IC3 (Pin 2), whose width is a 

function of the signal amplitude at TP4. 

These pulses cause Q2 to conduct for the duration of each high pulse, 

and a current flows through the LED in optical-isolator ICl. The LED 

illuminates during each pulse, and the SCR incorporated in the isolator 

is triggered. The isolator SCR provides gate current to TRIAC CR3, and 

a pulse of energy is fed to the rudder feedback motor (Ml) beneath the 

platform. In this example, the motor will generate a force "pushing" 

the left rudder pedal back at the pilot. 

If the left engine were to fail, rather than the right, the yaw forces 

would be reversed, and the circuit feeding Ql would be active. This 

circuit functions in the same way, but provides TRIAC pulses during the 

opposite polarity of line voltage, and hence, torque in the opposite 

direction. 

2.9.2 Rudder Signal Circuit 

This circuit is shown along the lower half of the 7.180 Drawing. Inputs 

to this circuit represent airspeed, differential thrust, trim (from the 

rudder trim wheel on the throttle quadrant), the rudder signal (from the 

pot driven by the pedals) and torque (from a feedback pot sensing the 

motor force applied). The ALTO signal is high until airborne. 

The rudder signal is connected to several places, but follow the signal 

to R75. This resistor provides one input to analog multiplier IC8; air-
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speed (via R76) is the other input. The scaled product of these two 

variables (at Pin 4 of IC8), is a correction factor that represents the 

increasing effectiveness of the rudder as speed increases. The multi­

plier output is swnmed with the rudder signal and airspeed signal (via 

R78 and R77, respectively at the input of amplifier IC9 (Pin 7). The 

output of this amplifier is a voltage proportional to rudder "yaw power" 

throughout the aircraft's operating envelope, and is the only signal 

normally appearing at the input to IC6 (Pin 14). This amplifier connects 

the corrected rudder signal to the turn circuit (in the COM/ADF unit) 

through CR12 and CR13. These diodes simulate the slack normally present 

in the rudder cables. 

Electronic switch IClO (Pin 6) is closed only on the ground; the extra 

signal from the rudder through this switch represents the nosewheel 

steering effectiveness on the ground. 

Amplifier IC6 (Pin 8) receives the differential thrust signal, adding 

this voltage also to the rudder signal when engine outputs are unequal. 

The trim signal is disconnected by electronic switch IClO (Pin 10) when 

the ALTO signal is high. When airborne, the trim and rudder signals are 

summed by IC9 (Pin 1), producing an input to multiplier IC7. This cir­

cuit functions in exactly the same way as the circuit described previ­

ous ly, except for the addition of trim , and because of the inversion of 

IC9 (Pin 1), is opposite in polarity. The output of IC6 (Pin 1) is con­

nected to IC6 (Pin 7), providing an input to the tactile feedback cir-

cuit. Differential thrust is also summed into IC6 (Pin 7) via RSO. 

IC9 (Pin 14) limits the maximum amount of feedback force, sensing the 

rudder input and the motor torque, and forward biasing Q3 or Q4 when the 

preset limit is reached. 
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SYMBOL 

D 
(OMN 1-D IR ECTIONAL) 

< I > 
(Bl-DIRECTIONAL) 

0 

IN~OUT 

LO= 

OR IN~OUT 

HI= 
ON ON 

A~ 
~~OUTPUT= -(A+ 0.6B + 2.2C) 

IN-{,>--ouTPUT= IN 

A=D- OUTPUT: 
B HIGHIFA>B 

- LOIFB>A 

Figure 2. 1 Symbols 

DESCRIPTION 

Microprocessor Data Bus Connections 

Microprocessor Address Bus Connections 

Logic - Controll ed Analog Switch 
(Electronic Switch) 

Summing Amplifier; referred to as 
003 (pin 7) 

NOTE: L within Symbol means a 
"LAG" network is included to slow 
amplifier response. 

Voltage Follower · Analog Buffer 

Comparator; Inputs are Analog, 
Output is logic level 
(HI= +3V, LO= 0V) 
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4.5.10 Move the DVM signal lead to P4-Pin 30 (wiper of the PITCH pot). 

With a distance of 10.5"/26.67cm from the front of the panel to the cen­

ter of the yoke, the DVM should indicate -1.5V. Use the PITCH TRIM 

wheel, if necessary, to aid in setting the distance. 

4.5.11 If the voltage in step 4.5.10 is in error by more than 20MV, 

mechanical adjustment of the PITCH pot will be required, using the same 

technique as in step 4.5.9. 

4.6 Diagnostic Test 0 

4.6.1 Operate the Audio Control Panel switches (NAVl, NAV2, ADF, DME 

and MKR) and verify that the transponder display shows the decimal 

equivalent of the binary code. For example, the transponder should 

display 0005 if the ADF and MKR switches (only) are ON. Exercise 

binary codes O through 31. 

4.6.2 A failure in this test (or in subsequent tests 4.7 through 4.13) 

may indicate: 

a. A switch contact failure: (check with ohmmeter). 

b. 

C • 

A connector failure: (assure that the switch makes secure 

contact with the main circuit board). 

A signal buffer failure: (Trace the path on the appropriate 

schematic from the switch through a tri-state buffer to the 

data bus [DnB] with an oscilloscope. Sync the scope on the 

negative edge of the signal at pin 1 or 15 of the buffer chip, 

and check the output of the buffer. During the "window" when 

pin 1 or 15 is low, the output of the buffer sould "follow" 

the switch. For example, if the NAV2 switch does not cause 

the transponder to display 8 when it [only] is ON, locate the 

switch on the lower right corner of Schematic 51.6620S, sheet 

5, and note that it is buffered by chip H07, pin 11 to D3B. 

Since the buffer inverts, the output at pin 11 should be high 
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during the "window" if the switch is ON. A dual-trace scope is 

most useful during these checks, with one trace connected to 

display the pin 1 or 15 signal "window" and the other trace dis­

playing the buffer output as the switch position is toggled . 

Repair is effected by chip replacement.) 

4.7 Diagnostic Test 1 

Turn all Audio Panel switches OFF except MKR. Reset by pushing IDENT 

and F . I.S., unit should go to DIAG. Test 1. 

Operate each transponder code switch and each ADF frequency switch. The 

display above each should cycle in sequence ... 6-5-3 ... as the switch is 

rotated clockwise and in the opposite sequence .. . 3-5-6 as it is rotated 

counterclockwise . 

4.8 Diagnostic Test 2 

Turn all Audio Control Panel switches OFF except DME. Reset by pushing 

VERIFY and F.I.S., unit should go to DIAG. Test 2. 

Operate each COM, NAVl and NAV2 Radio "Frequency Select" switch. The 

display window associated with each (indicated by lines on radio panel) 

should cycle in sequence ... 6-5-3 ... as the switch is rotated clockwise 

and in the reverse sequence ( ... 3-5-6 ... ) as it is rotated counterclock­

wise. 

4.9 Diagnostic Test 3 

Turn all Audio Control Panel switches OFF except DME and MKR. Reset by 

pushing IDENT and F.I.S., unit should go to DIAG 3. 

Operate the four right most audio control switches as shown below and 

verify the resulting displays . 
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0 

C' I 

J '2... 
r.,)J.,) 3 

AUDIO SW 

N NUMERIC DISPLAYS 

A A D M 

V D M K (NAVl) 

2 F E R XPONDER ADF COM NAVl DME NAV2 

0 0 0 0 0000 0000 100.00 100. 00 00.0 100.00 

0 0 0 1 1111 1111 111.11 111.11 11. 1 111.11 

0 0 1 0 2222 0222 122.22 102.22 22.2 102.22 

0 0 1 1 3333 1333 133.33 113. 33 33.3 113. 33 

0 1 0 0 4444 0444 104.44 104. 44 44.4 104. 44 

0 1 0 1 5555 1555 115.55 115 .55 55.5 115. 55 

0 1 1 0 6666 0666 126.66 106. 66 66.6 106.66 

0 1 1 1 7777 1777 137. 77 117.77 77. 7 117.77 

1 0 0 0 8888 0888 108.88 108.88 88.8 108 . 88 

1 0 0 1 9999 1999 119. 99 119. 99 99.9 119. 99 

1 0 1 0 0 12 . 10 . 10 . 

4.10 Diagnostic Test 4 

Turn power OFF. Remove fault panel dummy plug and install fault panel 

cable. 

Turn power ON. Turn all Audio Control Panel switches OFF except ADF. 

Reset by pushing IDENT and F.I.S.; unit should go to DIAG4. 

Operate the switches shown below. Verify the resulting transponder dis­

play as shown. 
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ON FAULT PANEL 

TRANSPONDER IDENT RUNWAY TRANSPONDER 

MODE BUTTON SELECT DISPLAY 

STY OFF 1 0 

STY OFF 2 1 

STY OFF 3 2 

STY OFF 4 3 

STY ON 1 4 

ON or ALT X 1 8 

4.11 Diagnostic Test 5 

TURN TRANSPONDER TO STANDBY! 

Turn all Audio Control Panel switches OFF except ADF and MKR . Reset by 

pushing IDENT and F.I.S., unit should go to DIAG. 5 . Turn all audio 

switches OFF. 

OPERATE PRESET/TAKEOFF, 

LEFT ENGINE FUEL SELECT, 

RIGHT ENGINE FUEL SELECT, 

CROSSFEED, and FREEZE. 

Verify that each switch affects one transponder display as shown below -

and no other. 
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TRANSPONDER DISPLAYS 

TAKEOFF/PRESET 

OFF-0 

PRESET-2 i-----' 

TAKEOFF-4 

LEFT FUEL SELECT 

OFF-0 

INBOARD-Ii----~ 

OUTBOARD-2 

4-11 

RIGHT FUEL SELECT 

0-OFF 
.__ ___ ---i 4-INBOARD 

8-OUTBOARD 

CROSSFEED, FREEZE 

0-BOTH OFF 

I-FREEZE 

8-CROSSFEED 

9-BOTH ON 



"B" FUEL MANAGEMENT SYSTEM 

TRANSPONDER DISPLAYS 

TAKEOFF/PRESET 

OFF-0 

PRESET-2 i------­
TAKEOFF-4 

LEFT FUEL SELECT 

OFF 

LEFT ON 

CROSSFEED 

0 

1 

2 

FREEZE 

FREEZE 9 

NORMAL 8 

4-12 

RIGHT FUEL SELECT 

0 

8 

4 

OFF 

RIGHT ON 

CROSS FEED 



"C" FUEL MANAGEMENT SYSTEM 

TAKEOFF/PRESET 

OFF-0 

PRESET-2 

TAKEOFF-4 

LEFT FUEL SELECT 

LEFT ENG OFF 

LEFT MAIN 

RIGHT MAIN 

0 

1 

2 

TRANSPONDER DISPLAYS 

CROSSFEED FREEZE 

CROSSFEED DOWN FREEZE 9 

CROSSFEED UP 

4.12 Diagnostic Test 6 

NORMAL 8 

FREEZE 

NORMAL 

1 

0 

RIGHT FUEL SELECT 

0 

8 

4 

RIGHT ENG. OFF 

RIGHT MAIN 

LEFT MAIN 

Turn all Audio Control Panel switches OFF except ADF and DME. Reset by 

pushing IDENT and F.I.S.; unit should go to DIAG 6 . Return all switches 

OFF. 

Operate the Audio Panel switches as shown below, verifying that each 

switch causes the correct marker indicator or warning. Verify that when 

the transponder is "ON" the marker audio tones are generated as well. 
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GEAR 

WARNING 

NAVl 

STALL 

WARNING 

4.13 Diagnostic Test 7 

NAV2 ADF 

OUTER 

(400 Hz) 

DME 

MIDDLE 

(1300 Hz) 

MKR 

INNER 

(3000 Hz) 

MARKER INDICATORS; AUDIO TONES 

ARE GENERATED ONLY WHILE TRANS­

PONDER IS "ON". 

Turn all Audio Control Panel switches OFF except ADF, DME and MARKER. 

Reset by pushing IDENT and F.I.S., unit should go to DIAG 7 . Return all 

switches OFF . 

Operate the Audio Control Panel switches as shown below. Verify that 

the response of the HSI/CDI needles and flags are as shown (both instru­

ments) : 
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NAVl NAV2 ADF DME MKR 

HSI CDI 

NAV CD TO/FROM GS GS NEEDLE 

FLAG NEEDLE FLAG FLAG CDI (HSI) 

0 0 0 X 0 ON CENTER CENTER ON CNTR (NOT VIZ) 

0 0 0 X 1 ON CENTER TO ON CNTR (NOT VIZ) 

0 0 1 X 1 ON CENTER TO OFF DOWN 

0 1 1 X 1 OFF RIGHT TO OFF DOWN 

0 1 1 X 0 OFF RIGHT FROM OFF DOWN 

Operate the DME Select switch as well, and VERIFY DME displays 

as shown below: 

DME SELECT DME 

SWITCH DISPLAY 

0 X X 1 X NAVl 11. 1 

0 X X 1 X OFF 

0 X X 1 X NAV2 22.2 

0 X X 0 X NAV2 

0 X X 0 X NAVl 

1 X X 1 X NAVl 11. 1 Operate "NAVl" 

1 X X 1 X NAV2 toggle switch 

before "DME" 

4.14 Diagnostic Tests 8 and 9 

4.14 . 1 Turn OFF power to unit and extend the audio/transponder board. 

Turn power ON, turn all Audio Control Panel switches to the OFF position 

and reset by pushing IDENT and F.I.S., unit should go to DIAG 0. Turn 

NAV2 switch ON and reset again. Unit should go to DIAG 8. Return NAV2 

switch OFF. 
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4.14.2 If your system includes a plotter, continue with steps 4.14.3 and 

4.14.4. If no plotter, skip to 4.14.5. 

4.14.3 Operate the "DME" Audio Control switch, the transponder code 

and the plotter scale switch and verify the corresponding DAC output . 

TRANSPONDER PLOTTER DAC OUTPUT (Measure with DVM) 

DME MKR CODE SCALE (TP5-X TP6-Y)use Chassis GND 

0 0 0 0 0 0 15 OV ±30MV 

1 0 0 0 0 0 15 SEE Figure 4.2 t28 for X at 

0 0 1 7 7 7 10 1.5V ±lOMV Adjust R31 for y at 

0 0 1 7 7 7 15 1.0V ±lOMV OBSERVE 

4 . 14 . 4 Repeat last two steps until both scales are correct without fur­

ther adjustment . Return DME switch to OFF . 

4 . 14 . 5 Fuel Gauge Test 

TP5 

TP6 

$et DAC values (transponder code, first three digits) as shown and verify 

fuel gauge readings as shown. 

TRANSPONDER 

CODE 

0 0 0 0 

3 6 0 0 

0 5 5 0 

1 3 2 0 

2 0 7 0 

2 6 4 0 

3 4 1 0 

GAUGE 

READING 

0 

53.3 

10 

20 

30 

40 

50 

4-16 

(GAL) 

Adjust full scale RIO-right, RS­

left for this reading. 

(See Figure 4.2) 

± 3 GAL 



! .. -· 

DIAG8A 

51. 662-0 

Audio/Transponder 

Figure 4.2 
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4.14.6 Airspeed/Altitude DAC Test 

Turn OFF power to unit. Reinstall audio/transponder board. Remove 

COM/ADF board and jumper +5V to connector P6-17 on backplane. Extend 

NAVl board. Turn power ON. Turn all Audio Control Panel switches to OFF 

and reset by pushing IDENT and F.I . S., unit should go to DIAG 0. Turn 

NAV2 switch ON and reset again. Unit should go to DIAG. 8. 

Set Audio Control switches and DAC value (transponder code) as shown and 

verify DAC output voltage. 

DME 

0 

0 

1 

ov~ 

-2 . SV 

NOTES : 1. 

2. 

TRANSPONDER 

MKR 

0 

0 

0 

Figure 4.3 

CODE 

0 0 0 0 

3 7 7 

3 7 7 

CODE 

200 

100 

040 

020 

010 

004 

002 

001 

ASCORR 

(P6-16) 

0 ± . lV 

-5 ± .25V 

See Figure 4.3 

OUTPUT (V) 

-2.5 

-1.25 

- .75 

- .38 

- .19 

- .09 

- .05 

- .02 

All 8 steps can be seen (use scope - Put .Olµf across 

scope input to filter noise) . 

Voltages are approximate. (This DAC is used for a small 

effect on speed with altitude.) 

4-18 

L 
L 
L 
L 
I 



l 
I 
I 

4.14.7 NAVl CD/GS/T/F Test 

Unplug Meter, PS (HSI). 

Set Audio switches "DME" and "MKR" both OFF. 

Set Transponder code to 0000. 

Set "DME" switch ON and verify waveforms of Figure 4.4. 

Test PT 

E3 (CD) 

E7 (GS) 

Figure 4.4 

E2 (T/F) 0-----..... 

"' - . 4 (CD) J­
"'-.3 (GS) 

"'-.09 (T/F) 

DAC waveforms with meter unplugged. 

ON NAVl BOARD 

All 8 steps can be seen (use scope put .Olµf across INPUT to filter 

noise). 

4.14.8 NAVl CD/GS/T/F Adjust 

Reinstall Meter PS 

Set "DME" and "MKR" both OFF and transponder code to 2000. 

Adjust pots on CD, GS and T/F DACS to center needles (flag). 

Check calibration at other points on meter face by setting DAC values 

using transponder codes. (See Figure 4.5.) 
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R18 R9 
DOT ON CDI/HSI CDI HSI 
METER CD DAC VALUE GS DAC VALUE GS DAC VALUE 
FACE (±6 LSB) (±10 OCTAL) (± ) 

4 L 0700 UP 0340 CD=R18 
3 L 1120 UP 0650 GS=R9 

On 2 L 1340 UP 1160 T/F=R14 
Jewell CDI, 1 L 1560 UP 1470 
Circle is 1 R 2220 DN. 2310 
first dot 2 R 2440 DN. 2620 

3 R 2660 DN. 3130 
4 R 3100 DN. 3440 

4.14 . 9 NAVl Heading Adjust 

4.14.9.1 Turn all Audio Control Panel switches OFF except NAV2 and MKR. 

Reset by pushing IDENT and F.I.S.; unit should go to DIAG 9. Return 

switches to OFF (ADF/RMI select in ADF position). (See Figure 4.6.) 

4.14.9.2 Adjust R34 for 5 volts peak ±lV at TP7. (G00-1) 

4.14.9.3 Select 60° heading on OBS. Set R40 for transponder display of 

0060. 

4 . 14.9.4 Select 150° heading on OBS. Set R25 for transponder display 

of 0150. 

4.14.9.5 Iterate until both 60° and 150° are OK without further adjust­

ment. 

4.14.9.6 Use the OBS knob to select various headings around the dial. 

Verify that the indicated heading matches that shown in the transponder 

displays ±3 degrees. 
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4.14.10 NAV2 CD/GS/T/F Test 

4.14.10.1 Turn OFF power to unit. Reinstall NAVl Board and put NAV2 

Board on extender. Turn power ON. Turn all Audio Control panel switches 

OFF and reset by pushing IDENT and F.I.S., unit should go to DIAG 0. 

Switch NAV2 switch ON and reset. Unit should go to DIAG 8. Unplug meter 

P9, and return NAV2 switch to the OFF position. 

4.14.10.2 Set transponder code to 0000. 

4.14.10.3 Set "DME" SW. ON and verify waveforms of Figure 4.7. 

Figure 4.7 

Test PT 

E3 (CD) 

El (GS) 

E2 (T/F) 0 ---~ 

"' - • 4 (CD) J 
"' - . 3 (GS) 

"'-.09 (T/F) 

DAC waveforms with meter unplugged. 

All 8 steps can be seen (use scope, put .Olµf across Y input to ground to 

filter noise). 

4.14.10.4 Reinstall Meter P9 

4.14.11 NAV2 CD/GS/T/F Adjust 

Set "DME" and "MKR" both OFF and transponder code to 2000 . 

Adjust pots on CD, GS and T/F DACS to center needles (flag). (See Fig­

ure 4.8.) 
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Check calibration at other points on meter face. 

R18 R9 
DOT ON CDI/HSI CDI HSI 
METER CD DAC VALUE GS DAC VALUE GS DAC VALUE 
FACE (±6 LSB) (±10 OCTAL) (± ) 

4 L 0700 UP 0340 CD=Rl8 
3 L 1120 UP 0650 GS=R9 

On 2 L 1340 UP 1160 T/F=Rl4 
Jewell CDI, 1 L 1560 UP 1470 
Circle is 1 R 2220 DN. 2310 
first dot 2 R 2440 DN. 2620 

3 R 2660 DN . 3130 
4 R 3100 DN. 3440 

4.14.12 NAV2 Heading Adjust 

Turn all Audio Control Panel switches OFF except NAV2 and MKR. Reset by 

pushing !DENT and F.I.S . , unit should go to DIAG 9. Return switches to 

OFF position. Set MKR switch ON. 

Adjust R34 for 5 volts peak ±lV at TP7 on NAV2 Board. (See Figure 4.9.) 

Select 60° heading on OBS. 

Set R40 for transponder display of 0060. 

Select 150° heading on OBS. 

Set R25 for transponder display of 0150. 

Iterate until both 60° and 150° are OK without further adjustment. 

Use the OBS knob to select various headings around the dial. Verify that 

the indicated heading matches that shown in the transponder displays ±3 

degrees . 
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4.14.13 This completes diagnostic tests and adjustments 8 and 9. Re­

store the machine state as follows: 

a. Turn Keylock switch OFF 

b. Remove jumper from P6-3 to P6-17 

c. Remove jumper from Pl-1 to Pl-71 

d. Reinstall NAV2 board. 

4.15 Diagnostic Test 10 

This test checks several of the counters in the unit by incrementing or 

decrementing the counter value, then transferring each value to the 

transponder display. It is not necessary to read each value; just verify 

that the counter is increasing or decreasing, and can be "frozen" by the 

MKR switch. 

4.15.1 Assure power is OFF. 

4.15.2 Remove COM/ADF board and NAVl/DME board. 

4.15.3 Install Test Jumper Plug set TF 1257 across Pl, connecting the 

pins as marked. 

4.15.4 Turn Keylock switch ON. 

4 . 15.5 Turn all Audio Panel switches OFF. 

4.15.6 Press IDENT and F.I.S. switches together to reset unit. 

4.15.7 Switch NAV2 and DME Audio Panel switches ON. 

4.15.8 Press IDENT and F.I.S again, unit should go to DIAG 10. 

4.15.9 Now operate the Audio Panel switches in accordance with the fol­

lowing table, and observe the transponder display. 
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NAVl NAV2 ADF DME MKR 

COUNTER 

TRANSPONDER DISPLAY IN TEST 

X 0 0 COUNTS UP (00-63, 3pps) 

0 0 X 1 0 COUNTS DOWN X 

X X 1 HOLDS PRESENT COUNT 

X 0 0 COUNTS UP (00-63, 3pps) 

0 1 X 1 0 COUNTS DOWN y 

X X 1 HOLDS PRESENT COUNT 

0 0 0 COUNTS UP (00-15,.75pps) 

1 0 0 HOLDS PRESENT COUNT ALTITUDE 

1 0 X 1 0 COUNTS DOWN 

X X 1 HOLDS PRESENT COUNT 

X 0 0 COUNTS UP (00-15,.75pps) 

1 1 X 1 0 COUNTS DOWN HEADING 

X X 1 HOLDS PRESENT COUNT 

Depress "FIELD IN SIGHT" button. Lamp should light when Audio Switch 

"DME" is OFF and should be dark when the switch is ON . 

4 . 15.10 This completes Diagnosti c 10. 

4 . 16 Diagnostic Test 12 

Diagnostic 11 is performed later. This procedure checks the voltage-to­

frequency converters. 

4 . 16 .1 Turn Keylock switch OFF . 

,. 
4 . 16. 2 Removt-. ' Rudder connector (at bottom of backplane, near center). 
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4.16.3 Remove Test Jumper Plug set TF1257. 

4.16.4 Reinstall jumper from Pl-1 to Pl-71. 

4.16.5 Reinstall NAVl board. 

4.16.6 Install extender in COM/ADF position, and put COM/ADF board on 

extender. 

4.16.7 Locate and remove the following jumpers on COM/ADF board: 

a . JS 

b. J6 

c. J7 

4.16.8 Use the four-terminal jumper wire set to connect the following 

terminals together (see Figure 4.10): 

a. TP2 

b. TPl 
/ 

c . JS (side toward R260) 

d. J7 (side toward Rl79) 

4.16.9 Set WIND VELOCITY control on fault panel to 0. 

4.16.10 Turn Keylock switch ON. 

4.16.11 Set all Audio Panel switches OFF, and press !DENT and F.I.S. to 

reset unit. 

4.16.12 Set Audio Panel switches NAV2 and ADF ON, then ·press !DENT and 

F.I.S. again to select diagnostic 12. 

4.16.13 The jumper changes made in steps 4.16.7 and 4.16.8 allow the 

ROLL TRIM wheel to control vertical speed, airspeed and the turn coordi­

nator (the removal of J6 defeats the "stall" circuit). 
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4.16.14 Connect one end of a Jumper wire to PS-34. This pin is used as 

a counter input by the microprocessor for this test. 

4.16.15 Use the ROLL TRIM wheel to set the analog indicator (VSI or TURN 

COORDINATOR) to the value below; connect the free end of the jumper as 

indicated, and adjust the trim pot for the correct transponder display: 

See Figure 4.10a. 

V/F 
CONVERTER 
ALT RATE 

HDG RATE 

OUTPUT TEST 
(TOPS-34) CONDITIONS 
P3-9 CLIMB RATE= 1000 FPM 

P3-14 STD RATE TURN (R) 

4.16.16 This completes diagnostic 12. 

4.16.17 Turn Keylock switch OFF. 

4.16.18 Remove the four-terminal jumper set. 

4.16.19 Reinstall jumper JS, J6 and J7. 

4.17 Diagnostic Test 15 

POT (CARD) 
Rl71 (COM/ADF) 

Rl90 (COM/ ADF) 

This diagnostic tests the fuel pressure indicators. 

4.17.1 Turn Keylock switch ON. 

FREQ. 
±1 DIGIT) 

192 

96 

4.17.2 Turn all Audio Control Panel switches OFF except NAV2, ADF, DME 

and MKR. Reset by pushing IDENT and F.I.S., unit should go to DIAG 15. 

4.17.3 Return all control panel switches OFF. Right and left fuel pres­

sure reads 0. Switch DME ON. Left fuel pressure reads> 30psi. Switch 

NAV2 ON, DME OFF. Right fuel pressure> 30psi. Switch DME ON. Right 

and left fuel pressure> 30psi. 
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4.18 Diagnostic Test 11 

This diagnostic is used to verify smooth mechanical operation of the 

altimeter and the various heading indicators. Steps 4.18.10 through 

( 4.18.19 may be used to resynchronize the magnetic compass with the VOR/ 

L HSI indicators if this becomes necessary. 

4.18.2 On Audio Control Panel, turn all switches OFF except NAV2, DME 

and MKR. Reset by pushing IDENT and F.I.S.; unit should go to DIAG. 11. 

4.18.3 Set Audio switches and rotate the OBS knob ::::, 45° in the 

direction indicated. Verify altimeter, ADF needle and heading (compass 

and compass rose) movement shown: 

NAV2 ADF DME MKR (NAV2) 

INSTRUMENT MOVEMENT 

X 0 0 1 
8 r, RMI NEEDLE cw 
\._JI RMI NEEDLE ccw 

0 0 1 0 X HEADING DOESN'T MOVE 

1 0 1 0 r, HEADING ANGLE INCREASES 

~ HEADING ANGLE DECREASES 

0 1 0 0 X ALTIMETER DOESN'T MOVE 

1 1 0 0 ~ ALTITUDE INCREASES 

"-.JI ALTITUDE DECREASES 

4.18.4 For each instrument in the list below, perform steps 4.18.5 

through 4.18.9. 

(These may not 

agree on heading 

angle) 

ALTIMETER 

RMI NEEDLE 

("ADF" SW) 

( "MKR" SW) 

RMI COMPASS ROSE ("DME" SW) 

HSI (or HI) COMPASS ROSE 

MAGNETIC COMPASS ("DME" SW) 
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4.18.5 Turn on Audio Control switch specified and "NAV2." Use OBS knob 

to set instrument pointer to a convenient starting point (north on com­

pass, for example). 

-!ri( Take note of direction of motor movement to reach starting 

point . 

4.18.6 Turn OFF all Audio Control switches. Transponder display goes 

to 0000. 

4 . 18. 7 Turn ON "NAV2" and other specified Audio switch. Use OBS knob 

to move instrument motor .. . 

1~~ in same direction as noted in step 4 . 18 . S to minimize effects 

of gear backlash on results 

thru several revolutions at varying speeds the transponder 

display is counting pulses issued . 

4.18 . 8 Stop the motor when the count is at some increment of 1440 pulses 

(see table below) and verify the instrument pointer is at its starting 

position. There should be no noticeable misalignment. 

4 . 18 . 9 Establish a new starting point, but approach from the other d i ­

rection. Then repeat test in thi s direction . 
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COUNT (ON TRANSPONDER DISPLAY) 

REVOLUTIONS UP DOWN 

1 1440 8560 

2 2880 7120 

3 4320 5680 

4 5760 4240 

5 7200 2800 

6 8640 1360 

7 0080 9920 

8 1520 8480 SECOND TIME 

AROUND 

9 2960 7040 ON COUNTER 

10 4400 5600 

4.18.10 Set "NAV2" and other Audio Control switch specified below and 

operate the OBS in the direction indicated. As the instrument nears its 

"home" position (go slowly), stop when the specified marker indicator 

first lights. (The magnetic sensor has been detected.) 

Verify instrument position shown. 

INSTRUMENT POSITION AOM 

ADF Altimeter 0 ± 5 feet 0 NOTE 

DME RMI Compass NORTH ±20 [Q] All 3 compass 

MKR RMI Needle TICMARK±2° IB] indicators 

may not 

agree. 

4.18.11 Set "NAV2" and "DME" Aud i o Control switches and use OBS knobs 

to drive compass(es). 

4.18.12 Drive compass until "YCOMPS" (P6-12) is at its maximum positive 

voltage. (Use DVM.) p 2, --11.-
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4.IS . 13 Fine-tune by monitoring XCOMPS (P6-ll) and moving compass until 

it is 0V ± 30MV. 

~ Note direction of final motor steps ~~~ 

4.IS . 14 The compass follower pot is now at north . If the magnetic com­

pass dial does not agree, loosen set screw and move the dial. 

4.IS . 15 Disconnect magnetic compass (MIS) . 

4 . IS . 16 Drive HI (or HSI) compass rose until it reads north. Approach 

from same direction as in step 4.lS . 13 above . 

4.IS . 17 Disconnect HI (MS) [or HSI (MS)] . 

4 . IS . IS Driv e RMI compass rose until it reads north. Approach from same 

direction as in step 4 . lS . 13 above. 

4 . IS.19 Reconnect compass and HI (or HSI). 

4 . 19 Engine Fuel Flow and Flight Dynamics Tests and Adjustments 

4 . 19 . 1 Perform the following engine operation adjustments for left and 

right engines. 

4 . 19 . 1 . 1 Remove jumper at Pl-71 . 

4 . 19 .1 . 2 Tu rn both mags ON . 

4 . 19. 1 . 3 Push throttles full forward. 

4 . 19 . 1 . 4 Push prop . controls full forward. 

4 . 19 . 1 . 5 Push mix . controls full forward . 
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4.19.1.6 Pull parking brake ON (air speed= 0). 

4.19.1.7 Prop. speed governor centered on fault panel. 

4.19.2 (M.P. Adjust) 

(See Figure 4.11) 

4.19.2.1 Start engines. 

4.19.2.2 Adjust R42(L) for an indication of 43 inches of manifold pres­

sure on the left gauge. 

4.19.2.3 Adjust Rl28(R) for an indication of 43 inches of manifold pres­

sure on the right gauge. 

4.19.2.4 Adjust EGT to 1400°F 

4.19.2.5 Adjust oil pressure to 85 psi using the instructor fault panel. 

4.19.3 (RPM Low) 

(See Figure 4.11) 

4.19.3.1 Pull throttles full aft. 

4.19.3.2 Adjust R22(L) for an indication of 600 RPM on the left RPM 

gauge. 

4.19.3.3 Adjust Rl07(R) for an indication of 600 RPM on the right RPM 

gauge. / 

4.19 . 4 (RPM High Adjust) 

(See Figure 4.12) 

4.19.4.1 Push throttles full forward. 
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4 . 19.4.2 Adjust R56(L) for an indication of 2575 on the left RPM gauge . 

4 . 19 . 4.3 Adjust 138(R) for an indication of 2575 on the right RPM 

gauge . 

4.19.5 (Fuel Flow Rate Adjust) 

4.19.5.1 Without Fuel Flow Meter 

4 . 19.5 . 2 RPM and Mixtures full forward. 

4 . 19.5.3 Set Throttles to 30 inches of manifold pressure. 

4.19 . 5 . 4 Connect freq. Counter to G04-3 and adjust R49 to 320 Hz as 

i ndicated on the freq . counter . 

4 . 19 . 5 . 5 Move freq . counter to F04-3 and adjust R123 to 320 Hz. 

4 . 19 . 5.6 With Fuel Flow Meter 

4 . 19 . 5 . 7 Both mags ON, prop and throttles full forward. 

4 . 19 . 5 . 8 Prop speed governor control centered on fault panel, and 

airspeed at zero knots . 

4 . 19 . 5 . 9 Adjust R4 (RIO) to a reading of 255 lbs. per hour on respective 

fuel flow meters. 

4.19.5.10 Set throttles to achieve an indicated fuel flow of 100 lbs. 

per hour on each engine. 

4 . 19 . 5.11 Connect freq. counter to G04-3 (F04-3) and adjust R49 (R123) 

to 161 Hz . as indicated on freq. counter . 
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4.19.6 (Eng. Sound Adjust) 

(See Figure 4.13) 

4.19.6 . 1 Set throttles full forward. 

4 . 19.6.2 Set prop. controls for a reading of 2200 on RPM meter. 

4.19.6.3 Set engine audio at a suitable level; adjust R65 until audible 

sync is accomplished. 

4.19.7 (Air Speed Adjust) 

(See Figure 4.14) 

4 . 19.7.1 Turn COMl to 120.95. 

XPDR to 1011. 

4.19.7.2 Adjust power controls to achieve 31.5" M.P. and 2200 RPM. Set 

gear UP, cowl flaps closed, and flaps 0°. 

4.19.7.3 Push PRESET. *If equipped with variable scale plotter option, 

follow preset instructions in Paragraph 4 . 25 . 

4.19 . 7 . 4 Maintain wings level and 0 FPM rate of climb. 
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4.19.7.5 After achieving stable flight and O VSI, adjust R297 for 166 

knots airspeed. 

4.19 . 8 Roll Zero, Low and High Conditions 

(See Figure 4.15) 

4.19.8.1 Push TAKEOFF. 

4.19.8.2 Attitude indicator showing wings level. 

4.19.8.3 With airspeed at 180 knots adjust R201 for Oat amp ROI Pin 8. 

4. 19. 8. 4 Push PRESET . ~•:If equipped with variable scale plotter option, 

follow preset instructions in Paragraph 4.25. 

4.19.8.5 With airspeed at 180 knots adjust Rl95 for Oat the same point. 

4.19.9 Stall Speed Conditions 

(See Figure 4 . 15) 

4 . 19 . 9.1 Flaps O degrees. 

4.19.9 . 2 Adjust R284 until stall begins when indicated airspeed is 75 

KIAS ± 1 KIAS. 

4.19 . 10 Single Engine Drag Conditions (See Figure 4.16) 

4.19 . 10.1 One engine running at 2500 RPM and 41 inches manifold pres­

sure, other engine feathered. 

4.19.10.2 Landing gear UP, flaps O degrees. 

4.19.10.3 Altitude approximately 100 ft. 

4.19.10.4 Bank 5° toward running engine, airspeed 106 knots indicated. 
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4.19.10.5 Adjust R241 for 275 FPM climb rate. 

4.20 System Fault Panel Functional Tests 

KEYLOCK OFF. 

KEYLOCK ON . 

PARKING BRAKE Master Switch ON. 

Start engines. 

PROP. CONT. max RPM position. 

Mixture full RICH. 

Adjust throttle control for 1,000 RPM. 

Alternator CB L/R ON. 

Gear DOWN. 

4.20.1 Annunciator Light Tests 

All pilot annunciator lights OUT. 

All instructor panel annunciator lights OUT. 

PUSH TO TEST, all annunciator lights ON. 

Press Instructor Fault Panel (IFP) NOSE/BAG annunciator 

light ON. 

NOSE/BAG DR AJAR annunciator light ON . 

Push OFF. 

Push CABIN DOOR IP light ON. 

Push OFF. 

Repeat with R PNEU INOP . 

Pull RIGHT BOOST PUMP CB. 

IP RIGHT BOOST annunciator light ON. 

R FUEL BOOST INOP light ON. 

Push CB IN . 

Push IPR LOW FUEL FLOW . 

R LOW FUEL FLOW light ON. 

Push light OFF . 

Push R ALT INOP IP light ON. 
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R ALT !NOP light ON. 

Push R ALTERNATOR PUSH TO TEST button. 

ALTERNATOR CURRENT less than 10 AMPS. 

Push R ALT !NOP IP light OFF. 

Push L Alt !NOP IP light ON . 

L ALT !NOP light ON. 

Push L ALTERNATOR PUSH TO TEST button. 

ALTERNATOR CURRENT more than 10 Amps. 

Push L ALT !NOP IP light OFF. 

Test L LOW FUEL FLOW IP annunciator light. 

Pull L BOOST PUMP CB. 

IPL BOOST annunciator light ON. 

L Fue l BOOST !NOP light ON. 

Push L BOOST PUMP CB IN . 

Tes t L PNEU !NOP IP light. 

Turn FLAPS ASYMMETRICAL IP control clockwise until FLAP IP 

annunciator light and FLAP annunciator light goes ON . 

Annunciator lights should go ON when control is between 

2-3 o'clock. 

Turn IP FLAPS ASYMMETRICAL control CCW. 

Flap light should go ON when control is between 9-10 o'clock . 

Rotate FLAP control to NORM position. 

4 . 20 . 2 Landi ng Gear Faul t Mode 

* IFP will mean Instructor Fault Panel 

Push IFP LANDING GEAR NOT UP switch. 

Push gear switch UP. 

NOT LOCKED UP red light will remain ON. 

Push IFP NOT UP switch to NORM. 

Red NOT LOCKED up gear light OFF. 

Push landing gear switch DOWN. 

Push IFP LANDING GEAR switch to NOT DOWN . 

Lower right green gear light goes OUT . 
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Push IFP GEAR switch to NORM. 

Lower right gear light goes ON. 

4.20 . 3 For the following tests, establish 55% Cruise with 31 . 5" MP, 2200 

RPM, preset altitude to approximately 1,500, wings level, VSI O FPM. 

LDG GR UP. 

ALTERNATOR CB SWITCH L&R ON. 

PITOT HEAT OFF. 

Surface DEICE OFF . 

Cowl Flaps CLOSED. 

Flaps UP. 

Flight Mode Freeze. 

4.20 . 4 Prop Speed Governor Control 

Turn LEFT control fully CW. 

Left RPM goes to 2500 to 3000 RPM. 

Turn LEFT control fully CCW. 

Left RPM goes to 1,500 to 2,000 RPM. 

Turn LEFT control to NORM. 

Repeat the test using the RIGHT GOVERNOR control. 

4.20.5 Cylinder Head Temperature Control 

Turn LEFT control fully CW. 

CYL TEMP should stop at 440° ± I0°F. 

OIL TEMP should stop at 220° ± 10°F. 

Turn LEFT control fully CCW. 

CYL and OIL TEMP should go to 100° ± 20°F and 50° ± 10°F 

respectively. 

Turn LEFT control to NORM . 

Repeat the test using the RIGHT CYL HD control . 
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4 . 20 . 6 Oil Pressure Control 

Turn LEFT control to DEC . 

LEFT OIL press decreases to~ PSI . 

Turn fully CCW to actuate switch . 

LEFT engine wi ll fail . 

MP will drop to 10". 

RPM will remain at 2,200 RPM. 

Return LEFT OIL PRESSURE control to NORM position . 

Engine will restart . 

Repeat procedure for RIGHT ENGINE. 

4.20.7 Fuel Boost Pressure 

Rotate LEFT cont rol fully CCW . 

LEFT FUEL PRESSURE should drop approximately 8-10 psi. 

LEFT FUEL BOOST INOP annunciator light should light. 

Press ON LEFT FUEL PUMP switch. 

LEFT FUEL PRESSURE should increase 2-3 psi. 

Rotate LEFT control fully CW to NORM position. 

Repeat for RIGHT. 

4 . 20 . 8 Gyro Pressure 

Rotate GYRO PRESS control fully CCW . 

GYRO PRESS gauge should drop to 3" . 

Roate control fully CW. 

4 . 20 . 9 Icing 

VSI should show O FPM. 

Rotate IP SURFACE control to MAX position. 

VSI descent rate should increase to 500 FPM ± 150 FPM . 

Actuate the SURFACE DEICE switch and VSI will go back 

to O FPM. 
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Turn SURFACE DEICE switch OFF. 

Rotate IP SURFACE ICING control to OFF position. 

Rotate PITOT HEAT switch ON. 

Indicated airspeed will drop about 90KTS. ± 10 knots. 

Turn PITOT HEAT switch ON . 

Airspeed will return to initial speed. 

Turn PITOT HEAT OFF. 

Rotate PITOT HD ICING control to OFF. 

4 . 20.10 Turbulence 

Turn TURBULENCE control to Position 2. 

Moderate ROLL and VSI changes should be observed. 

VSI = UP/DOWN 

ROLL = LEFT/RIGHT 

Turn to Position 5 . 

More violent ROLL and VSI changes should occur. 

Rotate control to OFF position. 

4.21 Radio Nav. Tests (Sandy Hook Special Airport VOR/LOC/ADF) 

*If equipped with variable scale plotter option, follow preset 

instructions in Paragraph 4.25. 

4.21.1 Map Selection 1 

Flight Mode Freeze . 

COMl 120.95 . 

NAVl 108.05 (VOR). 

NAV2 108.05 (VOR). 

ADF 0200 (LOM). 

DME NAVl. 

TRANS SOSO. 

Press Flt Mode SW to Takeoff. 

Transponder 0771-PRESET. 
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4.21.2 Establish Approach Speed 

MP 26". 

RPM 2200 . 

Flaps 15° . 

Gear UP. 

VSI O FPM. 

Airspeed should be 125 KTS. ± 10 knots. 

Altitude 1500 feet . 

Turn to a 360° HDG by pushing FREEZE to NORM. 

When at 360° HDG push FREEZE. 

4.21.3 VOR Indicator Check *If equipped with variable scale plotter 

option , follow preset instructions in Paragraph 4 . 25. 

XPDR Olil (PRESET). 

HSI VOR/FROM 45 ± 6°. 

VOR/FROM IND within ±4° of HSI VOR reading. 

RMI VOR tail 45 ± 10° . 

XPDR 1111 (PRESET). 

HSI VOR/FROM 135 ± 6° . 

VOR/FROM IND± 4° of HSI VOR . 

RMI VOR tai l 135 ± 10° . 

XPDR 2111 (PRESET). 

DME 7.0 ± .2 NM . 

Repeat test for 225° . 

XPDR 3111 (PRESET). 

Repeat test for 315°. 

4 . 21 .4 ADF Indicator Test ~•:if equipped with variable scale plotter 

option, follow preset instructions in Paragraph 4 . 25. 

Switch RMI to ADF 

XPDR 1211 (PRESET) . 

ADF arrow at 270 ± 10°. 
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XPDR 1031 (PRESET). 

ADF arrow at 360 ± 10°. 

XPDR 2211 (PRESET). 

ADF arrow at 90 ± 10°. 

XPDR 0011 (PRESET). 

ADF arrow at 180 ± 10°. 

XPDR 0761 (PRESET) . 

ADF arrow at 215 ± 10°. 

Establish a right standard rate turn on TURN COORDINATOR. 

TRIM for O VSI ± 100 FPM. 

PUSH FREEZE TO NORM. 

Make 360° TURN and note RMI ADF arrow should track within 

±5° as the turn is made. 

Stop turn at 360°. 

4 . 21.5 Glide Slope Approach Test 1~If equipped with variable scale 

plotter option, follow instructions in Paragraph 4.25. 

XPDR 1021 PRESET 

RMI to ADF position . 

TURN MKR AUDIO toggle switch to UP position. 

NAVl 108.15 (SANDY HOOK ILS FREQ) . 

HSI glide Slope Flag should just come into view on top 

side of Glide Slope indication within 10 secs. 

TURN HSI arrow to 360°. 

HSI LOC needle should be centered±\ DOT. 

APPROACH SPEED set up should still be the same as in 35.1 

above. 

Set Wind velocity to zero. 

NAV2 108.05 (SANDY HOOK VOR). 

DME NAV2 10 . 0 ± .5 NM. 

DME NAVl 10 . 0 ± .5 NM. 

PUSH FREEZE to NORM. 

KEEP HSI LOC needle centered and maintain 1500 ft. alt . 
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GLIDE SLOPE indicator should smoothly move down from top 

"out of view" position at approximately NAVl DME reading 

of 7.5 ± .5 NM. 

PUSH FREEZE and note DME reading. 

PUSH NORM and continue flying. 

When GLIDE SLOPE needle is almost down to ON G/S position 

(centered) PUSH landing GEAR switch DOWN. 

This should occur at about 6.3 DME ± .2 NM (with A/C altitude still 

at 1500' ± 20 ft.). The OM blue marker light should be heard and 

station passage should be indicated on the RMI/ADF by the 

needle swinging from 360° to 180° at 6.1 ± .2NM. 

With the GEAR DOWN a descent VSI of approximately 500 ± 200 

should be indicated. 

Track the G/S down by making slight pitch and roll corrections 

with the control wheel . 

When the MM orange light and audio flash and sound PUSH THE 

FREEZE switch. 

Note the NAV 1 DME of 1.9 ± .2 NM. 

Push VERIFY FLD IN SIGHT button - button should light. 

Push FREEZE to NORM and continue down G/S. 

INNER marker (A) should briefly flash at about 1.2 ± .2 NM. 

TOUCH DOWN should occur at a DME NAVl of O ± .2 NM at 

which t i me apply brake to decelerate A/C to stop . 

During the entire G/S approach until the MM light, the HSI LOC 

needle and G/S needles should have displayed smooth motion 

without sticking or erratic motion. 

Turn simulator KEYLOCK OFF. 

4.22 Plotter Test (if applicable) 

*If equipped with variable scale plotter option, follow preset 

instructions in Paragraph 4.25. 

Connect Plotter to simulator 
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TURN POWER SWITCH on plotter to ON. 

PUSH PLOTTER PEN switch UP. 

Put rectangular coordinate .1 inch graph paper on plotter. 

Turn Simulator KEYLOCK ON 

Push NORM/FREEZE switch to FREEZE. 

Turn MAP Selector to 1. 

Push PLOTTER scale to 10 NM/in. 

COMl 120.95. 

Push TAKEOFF switch. 

Push PLOTTER PEN switch DOWN. 

Carefully align the bottom horizontal line on the graph paper 

so that it is parallel to the+ and - alignment marks on the 

plotter. Simultaneously position the paper so the that pen 

point rests on an X/Y coordinate intersection. 

XPDR 0660 (PRESET). 

PEN should move 3. 0 ± . 05" to the right and 3. 0 ± . 05" up. 

Push PLOTTER SCALE TO 15 NM/IN. 

Pen will move to .5 ± .OS'' to the left of start point and .5 ± 

.OS" down. 

Push PRESET. 

PEN should not move in X or Y but should lift UP for approxi­

mately 1 second then go down again . 

4 . 23 Audio Headset Test 

Connect pilot's headset to Panel. 

Connect instructor's headset to Fault Panel. 

Turn KEYLOCK ON. 

The COMl VOL Control controls the pilot headset volume. 

While the instructor talks into his mike the pilot should hear 

him. Check pilot's VOL control operation on COMl receiver. 

The instructor cannot hear his own voice in his headset. 
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The pilot's voice can be heard on both pilot and instructor 

headsets when the pilot depresses the mike switch on the con­

trol wheel . 

While the pilot talks, check operation on the instructors VOL 

control on the Fault Panel. 

4 . 24 ATC-810 VARIABLE SCALE PLOTTER OPTION 

Description 

The ATC-810 Variable Scale Plotter Option enables the operator to use 

any flight chart (Approach Plate, Area Chart, Low Altitude Enroute, 

etc.), which is scaled from 3 . 00 to 15.00 NM/IN and which falls within 

the EPROM's 150x150 NM program area . The Variable Scale Option also 

enables the operator to preset at or around any NAV-AID or Start 

Airport. When presetting around a NAV-AID or Start Airport, the 

operator can select any radial (0-359°), distance (00.00-49.99 NM) and 

altitude (0000-9999 ft) . The 150xl50 NM Navigational Area remains the 

same regardless of the plotter scale selected. When using an expanded 

scale flight chart (less than 15 NM/IN), the operator first selects a 

NAV-AID or Start Airport to represent the chart center. The simulator 

repositions the location of the selected NAV-AID or Start Airport to the 

center of the plotter surface. The new flight chart must then be 

al i gned on the plotter surface with magnetic north oriented to true 

north and the selected chart center at the center of the plotter 

surface . 

4 . 25 OPERATING INSTRUCTIONS 

Preliminary Set-Up and Chart Centering 

o Set the transponder to standby prior to entering the set-up mode . 

o Set the plotter scale selector switch (located on the simulator's 

lower front subpanel) to the 15 NM/IN position. 
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o Place the "PROGRAM-AT-A-GLANCE" overlay on the plotter surface. 

o Precisely align the overlay's (+)and(-) alignment marks with the 

(+)and(-) marks on the plotter surface. 

o Turn the key switch ON. 

o Depress the NORMAL/FREEZE switch to FREEZE. 

o Set the COM receiver to frequency 120.95. 

o Depress the PRESET/TAKEOFF switch to TAKEOFF. 

o Using the X-Y adjustment screws, align the plotter pen precisely 

over the cross ( ) located at the center of the "PROGRAM-AT-A-GLANCE" 

overlay. 

o Remove the "PROGRAM-AT-A-GLANCE" overlay from the plotter surface. 

The plotter is now properly adjusted for use with any flight chart which 

is scaled between 3.00 and 15.00 NM/IN. INSURE THAT MAGNETIC NORTH ON 

THE FLIGHT CHART IS ALWAYS PRECISELY ALIGNED WITH TRUE NORTH ON THE PLOTTER 

SURFACE AND THAT THE SELECTED CHART CENTER IS ALWAYS ALIGNED WITH THE 

CENTER OF THE PLOTTER SURFACE. 

4.25.1 Programming Set-Up Modes 

1. Select an airport or NAV-AID to be the center of the plotting area. 

Enter the selected airport or NAV-AID frequency (tower, ILS, VOR or 

NDB) in the respective COM, NAV 1 or ADF receiver. Depress the IDENT 

button. By depressing the IDENT button, the selected chart center 

is stored in the computer and the set-up mode is stepped to Mode 2. 

2. Mode 02 is displayed in the DME window. Set the appropriate chart 

scale (NM/IN) in the transponder windows and depress the IDENT button. 
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NOTE: The acceptable selection range is 0300-1500 (3-15 NM/IN). 

The selected scale is stored and the set-up mode is stepped to Mode 

3. 

3. Mode 03 is displayed in the DME window. Select an airport or NAV-AID 

to be the point around which radial and distance information will 

be based when presetting. Enter the desired tower or NAV-AID fre­

quency in the COM, NAV 1 or ADF receiver. Depress the IDENT button. 

The selected preset center is stored and the set-up mode is stepped 

to Mode 4 . 

4. Mode 04 is displayed in the DME window . Select a radial and distance 

from the airport or NAV-AID (preset center) selected in Mode 3. 

Enter the desired radial (0-359°) in the ADF receiver. Enter the 

desired distance (00 . 00-49.99 NM) in the transponder. Depress the 

IDENT button. The selected radial and distance is set and t~ set-up 

mode is stepped to Mode 5. 

5. Mode 05 is displayed in the DME window. Select an altitude above 

the airport or NAV-AID selected in Mode 3 . Enter the desired alti­

tude (0000-9999 ft) in the transponder. Depress the IDENT button. 

The selected altitude is set and the set-up mode is stepped to Mode 

6. 

6. Mode 06 is displayed in the DME window. Select starting fuel quantity . 

Enter the desired fuel quantity in the transponder. The first two 

digits dictate the fuel quantity in the inboard tanks; and the second 

two digits dictate the fuel quantity in the outboard tanks. On units 

equipped with an optional two tank fuel management system, set the 

first two digits to one-half the fuel quantity desired in the left 

tank. Set the second two digits to one-half the fuel quantity desired 

in the right tank. Depress the IDENT button. The selected fuel 

quantity is set and the set-up mode is stepped to Mode 1. Note: 

The maximum fuel capacity is displayed on each fuel management panel . 

Entering more that the maximum allowable fuel quantity will result 

in erroneous fuel quantity indications. Tanks are refilled to the 

selected quantity each time the TAKEOFF switch is depressed. 
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