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The information in this maintenance manual does not profess to include all the details
of design, production, or variations of the equipment, or to cover all the possible con-
tingencies which may arise during operation, installation, or maintenance. Should
special problems arise or further information be desired, please contact the KING
Customer Service Department.
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SECTION |

SYSTEM DESCRIPTION

1. CONTROL FUNCTIONS. The H 14 Autopilot combines stability augmentation, auto-
pilot, and navigational functions into an integrated aircraft automatic flight control
system. By using an advanced concept of uniform control, the H 14 provides these
functions for a variety of aircraft models without critical gain and parameter adjust-
ments, without air data scheduling, and without calibration by either knobs or circuit
replacement. The autopilot functions are provided in both standard and optional
configurations as follows:

A. Standard
(1) Three-axis stability augmentation (stabilization).
(2) Attitude and heading hold.
(3) Full time automatic turn coordination.
(4) Turn command.
(5) Climb-descent command.
(6) Engine failure recovery.
(7) Automatic lift compensation in turns.
.B. Optional
(1) Altitude hold.
(2) Automatic ILS localizer and glide slope coupling.
(3) Automatic VOR coupling.
(4) Heading select and preselect.
(5) Automatic pitch trim.

(6) Integration with slaved compass, flight director, or pictorial navigational
systems.

August, 1970 Page 1-1
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2. CONTROL ELEMENTS

A. General. The typical autopilot contains four types of control elements which
function in the aircraft flight control loop as shown in figure 1-1. These
elements are:

(1) Command elements for receiving pilot inputs and for coupling navigational
signals into the control system.

(2) Sensing elements for measuring aircraft attitude or altitude changes and
for generating electrical signals corresponding to these changes.

(3) Computing elements for generating control commands based on pilot, sensor,
or navigational information.

{4) Output elements for controlling the aircraft's aerodynamic surfaces in re-
sponse to computer commands.

B. Element Components. The components comprising the autopilot control elements
are shown in figure 1-2. Relate these components to the system block diagram,
figure 1-5 to locate their positions in the aircraft control loop. N

3. PITCH AXIS OPERATION

A. Stabilization

(1) The basic control loop in the pitch axis consists of the stabilization circuit.
In this circuit, pitch attitude signals from the vertical gyro in the attitude
indicator are fed through a rate derivation circuit and a high gain servo
amplifier and shaping circuit into the servo modulator. The signal is mod-
ulated into a time sharing 22Hz square wave which controls the two valves
of the electro-pneumatic servo to provide the required torque or control
system hinge movement.

(2) The characteristics of the torque-limited pneumatic servo are incorporated
during system installation through fixed orifices and the proper size cable
drum on the servo actuator. System compensation then occurs around this
established reference.

(3) Since the autopilot is concerned only with the response characteristics of
the vehicle and not of the control system no followup potentiometer is in-
cluded in the servo actuator.

TN
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B. Pitch Attitude and Command Control

(1) Pitch attitude control is achieved by summing a pitch command signal from
the flight controller PITCH wheel with the pitch attitude signals from the
vertical gyro. The signals are summed at the input of the servo amplifier.

(2) The pilot can command climb or descent attitudes of up to 18 degrees
22.5° with CG515through the PITCH wheel.

PiLOT COMMANDS

ERROR SIGNALS

COMMAND COMPUTING ouTPUT T
» ELEVENTS P ClEmENTS ® clemEnTs [P AIRCRART
NAVIGATION SIGNALS

SENSING
‘¢

ELEMENTS

Control Elements of Aircraft Flight Control Loop
Figure 1-1

C. Altitude Hold Mode

(1) The altitude hold mode is engaged through the AL.T switch on the flight
controller provided the autopilot (MASTER) switch is first engaged. When
this mode is engaged, altitude deviations are sensed by variations in baro-
metric pressure from a pressure altitude reference. Electrical outputs of
these variations maintain altitude through pitch attitude changes.

(2) The altitude hold mode is automatically disengaged by either a pitch com-
mand through the PITCH wheel or by manual disengagement of the ALT
or MASTER engage switch. Altitude control authority is limited for pilot
safety.

August, 1970 ‘ Page 1-3
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D. Glide Path Coupling Mode

(1) The glide path coupling mode is armed by the engagement of the TLS localizer
(described under paragraph E. Roll Axis Operation). Once armed, the
glide path elecirical circuit senses the approach to beam center, automatic-
ally engages the coupler, automatically disengages altitude hold if the mode
is engaged, captures the glide path, and commands pitch attitude control to
guide the aircraft down to approach minimum altitude.

(2) Integration of beam error is provided to eliminate steady offset due to
headwind components and to provide tight accurate control along the beam.
The pitch authority of the glide path coupler is limited to + 12 degrees max-
imum. Glide path control is uncoupled with disengagement of the ILS mode.

E. Automatic Trim System

Automatic pitch trim is provided by addition of the DG1009 electric pitch trim
adapter, or addition of the differential pressure switch and pitch trim actuator
to the basic system.

(1) The DG1009 Autotrim Adapter detects steady state elavator loads reflected TN
back to the autpilot. The detected signal is used to switch 28vdc to an out-
put load. The output load is part of the aircraft system and may be a relay
coil motor or other device with an input impedance greater than 100 ohms.

(2) An automatic pitch trim system consisting of a trim actuator and a differ-
ential pressure switch mounted on the valve of the elevator servo actuator
is also available. The differential pressure switch supplies pneumatic
pressure to drive the trim actuator. When an appropriate differential
pressure is detected by the switch, one of the two valves actuates. The
valve which actuates determines the direction of pitch trim change. Pressure
released by the differential pressure switch drives a turbine in this trim
actuator. The turbine drives the trim actuator output shaft through a
2, 000: 1 ratio in a compound epicyclic gear train. The output shaft is dis-
engaged from the gear train until a pneumatic signal is received at the tur-
bine. This prevents drag on aircraft control cables.

Page 1-4 August, 1970
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FIGURE 1-2 TYPICAL COMPONENTS OF H 14 AUTOPILOT
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4. ROLIL AXIS OPERATION

A. Stabilization. Stabilization in the roll axis is achieved through circuitry identical
to that for the pitch axis, with similar shaping characteristics and system gain.

B . Roll Attitude and Command Control

(1) Roll attitude control is achieved by summing a turn command signal from
the flight controller TURN knob with the roll attitude signals from the
vertical gyro. The signals are summed at the input of the servo amplifier.

(2) The pilot can command £30 £2 degrees of band angle through the TURN
knob.

C. Heading Hold Mode

(1) The heading hold mode is automatically engaged when the system is engaged
(MASTER switch at ON), provided the TURN control is in the center (or
detent) position. When a band is commanded, heading hold is temporarily
disabled but reengages when the TURN control is recentered. A 3-second
lag after recentering allows the aircraft to stabilize at a wings-level atti-
tude prior to heading reengagement.

(2) Heading signals are generated by the directional gyro. The heading signals
are summed with the attitude signals at the input to the servo amplifier.

D. Heading Select and Preselect Modes.

(1) The heading select and preselect modes are optional functions obtained by
adding a heading selector in the installation. Heading select allows the
pilot to preselect any desired heading and execute a shortest way turn to
the selected heading. A knob on the heading selector is used to preselect
the desired heading and to engage the mode. (on installations having four-
switch controllers, the heading select engage switch is located on the con-
troller)

(2) Interlocks are designed into the system to automatically disengage heading
select upon a turn command or ILS engagement. The heading select mode

controls the aircraft through a full 360 degrees.

E. Automatic ILS Coupling

(1) Fully automatic ILS coupling is available as an option., This mode utilizes
ILS localizer receiver beam error signals to develop bracket and tracking
commands into the aileron axis. TUpon interception of the ILS beam edge

August, 1970 Page 1-9
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(three to five dots on the OBI), the aircraft is commanded through the roll
axis to fly a computer course onto the beam center with a minimum over-

shoot, and inbound to the outer marker. Bank angle is limited to +24 degrees.

Unlimited cross wind control is maintained throughout the localizer bracket
and approach phase.

(2) At the outer marker, the system senses glide slope beam phasing and
approach rate and automatically captures the glide slope beam. The local-
izer coupler bank command limits are also reduced to 12 degrees to pro-
vide smooth safe control to approach minimum altitude.

(3) Back course ILS intercept and tracking can also be provided by installation
of a switch on the instrument panel which reverses the phasing of the nav-
igational indication to the pilot, as well as steering commands to the auto-
pilot.

VOR Coupling

(1) Automatic VOR bracket and tracking are mechanized by blending stabilized
beam error signals from the VOR receiver with heading reference signals
from the directional gyro for smooth beam following, Cross wind correction
is provided by integrating steady state off beam errors as the beam is
tracked,

(2) Intercept angles af 45 degrees are automatically computed from beam
displacement heading signals. As with the ILS mode, the use of proper
signal blending and phasing eliminates the need for separate capature and
track modes.

5. YAW AXIS OPERATION

A,

Page 1-10

Stabilization and Engine Failure Recovery. The yaw stabilization loop is ident-
ical to that of the pitch and roll axes, except that primary sensing is from a
yaw rate gyro in the turn and bank indicator gyro, which provides full time yaw
damping. Safety during and after engine failure is obtained by coupling between
heading control and the rudder. The heading signal is blocked from the yaw
circuit by a nonlinear diode, until it reaches a given high level signal strength
caused by a heading error of the aircraft. Both aileron and rudder corrections
stabilize and control the aircraft through the transient and steady yaw disturb-
ance which results from failure of an engine.

Turn Coordination. Turn coordination is mechanized by coupling properly
phased roll rate signals into the rudder axis. A high pass network is used to
avoid adverse rudder motion during turn commands.

August, 1970
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6. SYSTEM CHARACTERISTICS. A summary of the system characteristics is provided
in figure 1-6.

PERFORMANCE:
Heading control: +1 degree
Pitch and Roll Attitude: +1 degree
Altitude Control:
During wings-level flight: +20 ft.
During turns: +150 ft.
Maximum Bank Angles:
Turn command: 30 degrees
Heading select: 24 degrees
ILS localizer: 24 degrees
Glide slope: 12 degrees
VOR: 15 degrees
Maximum Pitch Angle Command: +18 degrees(+22 with CG515)
Bracket Angles:
I[LS: 90 degrees (30 degrees to 60 degrees
recommended)
VOR: 45 + 5 degrees (automatically computed)
POWER REQUIREMENTS:
Electrical: 28vdc, 3 amperes, or l4vdc, 6 amperes¥*
Pneumatic: 2. 5scfm at 7.5 to 30.0 psig
WEIGHT:
Uninstalled:
Basic system: 25. 9 1b, **
Complete all option system: 31.9 lb.
Installed #: 50. 0 1b.
*  Requires auxiliary power converter.
#% Less gyros which replace existing panel instruments.
# Typical twin-engine aircraft including bracketry, wiring, pneumatic lines, fittings,
ete.

System Characteristics

Figure 1-6
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SECTION 11

COMPONENT DESCRIPTION

1. GENERAL. This section describes the design and mechanism features of the
individual components of the H-14 Autopilot. Part numbers listed in this section
are typical numbers. Part numbers for your installation are listed under Supple-
mentary Data, Section VIII.

2. FLIGHT CONTROLLER (THREE SWITCH - CG217, CG317, and CG517, FOUR-

SWITCH -

CG417 and CG515)

A, The flight controller provides the controls necessary for system engagement,
selection of mode of operation, and introduction of pilot turn and pitch com-
mands. The controller is back-lighted, and contains a TURN command knob,
a PITCH command wheel, a PITCH trim indicator, and either three or four,
illuminated, solenoid-held, rocker type switches in the CG117-517 and 4
Push Type solenoid Hold Switches in the CG515. The three switch controllers
contain MASTER, ALT, and ILS/VOR switches. The four-switch controllers
contain an additional HDG SEL switch.

—NOTE— Other switch legends used on some controllers are: A/P, AUTOPILOT,

or ENGAGE (equivalent to MASTER); ILS or NAV (equivalent to ILS/
VOR).

B. Functions of the controller switches and knobs are as follows:

(1)

(2)

August, 1970

The MASTER switch engages and disengages the autopilot by controlling
28vdc operating power to the autopilot computer and in the CG515 removes,
@ +20vdc from the servo amplifier of the pitch trim synchronizer. The
MASTER switch does not control electrical power to the turn and bank in-
dicator gyro or vacuum power to the attitude indicator and directional gyro.
These inputs are provided whenever the aircraft is operating. This arrange-
ment allows the indicators to be used for visual indications when the auto-
pilot is not engaged. The MASTER switch also operates an engage valve
which closes upon engagement and diverts pneumatic pressure to the auto-
pilot servo actuators. Interlocks with the MASTER switch return all other
mode switches to the disengaged position upon disengagement of the autopilot.

The ALT switch engages and disengages the optional altitude controller.

When depressed, the autopilot controls the aircraft to hold the pressure
altitude existing at the time of engagement.

Page 2-1
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(3) The ILS/VOR or NAV switch engages and disengages the optional automatic
ILS and VOR coupling functions When depressed, the switch introduces
ILS and VOR beam displacement signals from the navigation receiver into
the computer. A signal from the navigation receiver discriminates between
ILS and VOR frequencies and allows use of the ILS/VOR switch for both

functions.

(4) The TURN command knob allows the pilot to establish bank angles up to
30 degrees. The knob mechanism also operates switches which disengage
other heading control modes which are incompatible with manual turn com-
mand. Thus, the TURN knob has priority over all other heading functions.

(5) The pilot uses the PITCH command wheel to establish climb or descent
attitudes during autopilot operation. An automatic interlock is provided,
which disengages the altitude hold mode when a climb or descent command
is inititated.

(6) Prior to engagement, the PITCH trim indicator gives autopilot trim indi-
cations relative to aircraft trim. After engagement, it indicates operation
of the optional automatic trim system or the need for manual retrim if the
automatic trim is not installed.

The alternate four-switch flight controller includes all of the functions pre-
viously described and also provides an additional HDG SEL switch. This

switch controls the heading select/preselect command from the optional heading
selector or from a flight director or pictorial navigation system. Switch
orientation has been changed on this controller for pilot convenience.

In addition to the above, the CG515 Flight Controller (four switch provides for
pre-engage automatic pitch trim synchronization. This eliminates the need for
pilot adjustment of the pitch command wheel (pitch meter centering) prior to
engagement thus preventing attitude changes once the Autopilot is engaged.

3. HEADING SELECTOR (CG136A or CG136B)

A,

Page 2-2

The CG136A Heading Selector is a panel-mounted control which allows the pilot
to select or preselect a desired heading. The selector provides a heading ref-
erence dial which can be rotated to the desired heading by a heading set knob.
The dial is mechanically connected to a synchro control transformer, which
develops a heading error signal as a function of dial position and is referenced
to directional gyro transmitter position. The heading set knob is mechanically
linked to a switch which introduces the preselected error signal into the auto-
pilot roll axis when the knob is pushed in. (On installations where the four-
switch flight controller is used, engagement is made by the HDG SEL switch on
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the controller.) Rotation of the heading set knob, while pushed in, causes
immediate turning of the aircraft, Thus, the control operates as a turn control,
except that the aircraft seeks and maintains a selected heading.

B. When the optional VOR coupling mode is installed, the heading selector pro-
vides a heading reference signal for long period beam follow stability. In this
mode, the heading set knob must be set to the desired VOR radial.

C. The heading select function is interlocked through the flight controller so that
the heading select switch is disengaged when the ILS/VOR switch is engaged or
when the TURN command knob is rotated from its detent position.

D. The heading selector mounts in a standard 2-inch instrument panel cutout in
standard mounting fashion.

E. An alternate CG136B Heading Selector configuration is available which is a
functional mate to the four-switch flight controllers. This selector does not
include the switch on the heading set knob since that function is provided by the
HDG SEL switch on the flight controller.

4. ATTITUDE INDICATOR (GG201 or GG301)

A. The attitude indicator is a vacuum-driven, panel-mounted, attitude horizon
indicator containing a vertical gyro to develop roll and pitch reference signals
for the autopilot. The gyro has two degrees of freedom. Bank and pitch
attitude visual indications are in relation to the earth's horizon.

B. Either the GG201 or GG301 Attitude Indicator is used in the autopilot. The
rotor of each model requires a driving power of 4, 6 inches of mercury. The
GG 201 Attitude Indicator requires a maximum flow rate of 2. 8 standard cubic
feet per minute; the GG301 requires a maximum flow rate of 2. 0 standard cubic
feet per minute.

5. ATTITUDE REFERENCE COUPLER (DG114)

A. The autopilot can also be coupled to remote vertical reference gyros with syn-
chro outputs slaved attitude or flight director horizon indicators. This is
achieved through the use of the DG114 Attitude Reference Coupler. This unit
is designed to demodulate and shape ARINC standard, pitch and roll attitude,
ac synchro signals to the dc scale factor required for the autopilot.

B. The unit includes trimming adjustments for scale factor calibration according
to gyro synchro loading.
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6. DIRECTIONAL GYRO (GG202 OR GG302).

A.

The directional gyro provides a gyroscopically stabilized visual heading refer-
ence for the pilot and an electrical heading signal for the autopilot. The gyro
is vacuum driven.

Either the GG202 or GG302 Directional Gyro is used in the autopilot. The rotor
of each model requires a driving power of 4. 6 inches of mecury. The GG202
Directional Gyro requires a flow rate of 2. 6 standard cubic feet per minute;

the GG302 requires 1. 8 standard cubic feet per minute.

—NOTE—- In place of the GG202 or GG302 Directional Gyro, the autopilot can

be coupled to any ARINC standard heading output or magnetically
slaved gyro system as well as to any flight director type navigation
reference system. Coupling of the autopilot to a flight direction
system is accomplished by obtaining heading reference signals from
existing synchro transmitters within the directional gyro or compass
system used to drive the flight director course indicator, or from
repeater synchros in the course indicator. If a heading error
synchro is available in the course indicator, this transmitter can

be used to develop heading select/preselect information for the o
autopilot. Integration of the autopilot with the navigation system
eliminates the need for the autopilot directional gyro and heading
selector.

7. TURN AND BANK INDICATOR GYRO (GG205)

A,

The GG205 Turn and Bank Indicator Gyro provides a visual indication of the
direction of turn, rate of turn reference, and slip indication for the pilot. It
also generates an electrical yaw rate signal for the autopilot.

The gyro rotor requires 27.5 vdc, 0.380 ampere. The unit is designed for
mounting in a standard 3-1/8-inch instrument panel cutout.

8. COMPUTER

A,

Page 2-4

The computer contains the plug-in circuit cards and related components that
constitute the electronic circuitry of the system. The upper portion supports
the printed circuit cards assembled into two-card modules, the heading synch-
ronizer, electrical supply current regulating tube, trim adjustment potentiom-
eter, and assorted electronic parts. The lower chassis contains mounting pro-
visions for the optional PG51A Altitude Control and electrical harness.
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B. The chassis is housed in a 1/2 ATR short ARINC standard case supported in a
shock isolating rack. The electrical connector is a Cannon DPX-57-34P.

C. The nominal 28vde, 3 ampere input voltage is applied to the computer circuits
through an amperite regulating tube and a 20V zener diode. The amperite
tube acts as a variable resistance to absorb the difference between the 20V
zener reference and the applied dcline voltage while supplying a constant cur-
rent of one ampere to the computer. Therefore, the zener reference is ideally
supplied by a constant current source and is loaded by a nearly constant load
impedance. This Q-regulated 20V supply excites all the servo modulators, a
400Hz inverter on the power supply card,provides isolated voltages to all amp-
lifiers and the voltage for the servo valve solenoids.

D. Most of the computer electronic parts are mounted on six printed circuit cards.
One circuit card is allocated to each major control function: pitch, yaw, and
roll signal amplification and modulation for servo commands, power supply,
heading and navigational coupling. The six cards are mounted in pairs to form
three plug-in modules. Since all control axes of the system are similar, the
servo amplifier cards can easily be interchanged or removed to locate mal-
functions. The following paragraphs provide a description of the cards:

(1} The power supply card A4 supplies the following excitations from the reg-
ulated 20vdc input:

(a) 26v, 400Hz excitation to the computer transolver and directional
gyro heading synchro transmitter.

(b) 40V isolated dc excitation to sensor pickoffs and preamplifiers,

(c) 40V ac excitation to the heading demodulators (56V ac on later card
configurations).

(2) An alternate power supply card with an additional transformer is available
for the installations requiring more than the 7. 8V ampere power that can
be supplied by the 26V 400Hz inverter. The 26V ac excitation from an
external aircraft power source is then brought into the computer and trans-
formed for use in the heading demodulator circuit and transolver excitation.

(3) Each pitch, yaw, and roll servo amplifier card (Al, A2, or A3) has both
a summing and a modulating function as follows:

(a) A current summing amplifier sums dc sensor, rate and coupler sig-

nals. The amplifier contains two direct-coupled stages of gain em-
ploying complementary sets of transistors for high interstage coupling
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efficiency. A first-order lead network provides a stabilizing phase
margin to the system inner loop. Each amplifier contains two chan-
nels of amplification: a high gain channel for outer loop functions
and a low gain channel for inner loop functions. The pitch amplifier
output is also presented on a null indicator on the flight controller to
provide pitch trim indication.

A servo modulator generates a basic frequency of nominally 22Hz.
Two directly out of phase outputs are obtained. The pulse widths of
these outputs are modulated in accordance with the summing ampli-
fier output, and the resulting out of phase signals are applied res-
pectively to the two servo valve solenoids in the servo actuator.

The heading/model card provides the networks for sensor signal shaping
and summing rate stabilization elements for the roll, pitch, and yaw axes
as well as demodulation for the ac heading signal.

(a)

(b)

Nonlinear networks are provided for coupling heading error signals
to the yaw axis for enginer failure trim correction and for coupling
roll attitude information to the pitch axis (up-elevator) for increased
lift during turns.

The networks which provide signal shaping and summing establish
the relative authority between sensor and command signals. These
circuits also have nonlinear elements for limitation on maximum
signal for safety-of-flight considerations.

The heading/omni/model card A5 is a replacement for the heading/model
card when the optional capability of VOR coupling is required.

(a)

(b)

The additional circuitry onthis card includes a separate VOR-heading
demodulator with a heading high pass function to provide long term
stability. The circuitry provides 45 degree interception of the select-
ed VOR radial in addition to automatic beam bracketing and tracking.

The electrical output of the beam coupler amplifier is summed direct-
ly with a nonlinear heading signal to establish the basic 45 degree
intercept angle. The nonlinear heading signal provides cross wind
correction and long term stability necessary to overcome VOR beam
noise characteristics. Because of the heading reference signal
supplied by the heading selector, the aircraft automatically intercepts,
brackets, and tracks a VOR radial from any random aircraft heading.
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(6) The ILS card A6 provides the necessary dynamics and amplification to the
localizer, VOR, and glide slope receiver output signals for summing into
the roll and pitch axis servo amplifier.

(a) When operated in the ILS mode, the localizer receiver output is given
a large lead time constant, and amplification summing networks
couple the localizer coupler output into the roll axis serve amplifier.

(b) In the ILS mode the glide slope receiver output is integrated and
amplified and automatically introduced into the pitch axis when the
aircraft closes on the center of the glide slope beam at the outer
marker. Automatic interlock circuits decouple the altitude hold mode
upon engagement of the glide slope portion of the ILS coupler.

(c) The VOR coupler amplifier is the same basic amplifier used for
localizer coupling in the ILS mode with different dynamics. The
switching function from localizer to VOR is accomplished by relays
energized by the receiver for the ILS frequencies and deenergized
for VOR frequencies. These relays switch the amplifier lead function
to a long time constant third-order lead-lag function with nonlinear
elements providing limiting for VOR use. This provides the shorter
term stability necessary for good beam bracketing capability.

E. Three attitude trim potentiometers are mounted on the computer chassis, one
each for roll, pitch, and yaw attitude trim adjustment. These potentiometers
are adjusted for initial system installation to accommodate the electrical and
mechanical mounting tolerance variations of the particular system installation.

—NOTE— In D computers there are only pitch and yaw trim adjust pots. The
CGb515 contains the roll adjust and also provides in flight adjustments

of pitch and yaw.

9. ALTITUDE CONTROL (PG51)

A. The altitude control enables the autopilot to control the aircraft to a constant
pressure altitude within close limits. This function is particularly useful in
maintaining the altitude legally designated for vfr cruising flight on a particular
compass heading, ATC-assigned altitude under ifr conditions, and a safe altitude
to the outer marker during an automatic ILS approach.

B. The altitude controller consists of an aneroid type pressure sensitive bellows

system which is mechanically linked to a pickoff. An output signal is developed
that is proportional to change in barometer pressure from a reference level.
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Prior to engagement, the output bellows is vented to atmosphere. Upon engage-
ment, a solenoid valve is closed, trapping the air in the output bellows as the
reference. Tendencies of the aircraft to gain or lose altitude are reflected in
bellows deflection. The pickoff then develops a proportional output signal which
is introduced into the autopilot pitch axis to command corrective control to
return to the reference altitude.

10. SERVO ACTUATORS (MG113)

A,

Page 2-8

The servo actuators convert computer commands into force to move the aircraft
control surfaces in response to corrective signals or pilot commands, Electro-
pneumatic servos are used for unusually smooth system response and high reli-
ability. The servos are controlled by electrical command signal from the auto-
pilot computer and are powered by pneumatic pressure from an appropriate air-
craft pressure source, a vacuum system pump, or turbine engine bleed air.

The operating pressure of the system is determined by aircraft characteristics,
within a range from 7.5 to 30 psig.

The actuators consists of two major assemblies: the electro-magnetic valve
assembly and the output linkage assembly. The valve assembly is composed

of dual poppet valves which, by necessary porting and an orifice, are connected
to the linkage assembly. This unit consists of two cylinders with pistons sealed
against pressure loss by rolling diaphragms, as shown in figure 2-1. The piston
rods are designed to drive against an output linkage which converts the linear
force to torque introduced to the aircraft control system through the servo

cable drum.

The electronic control input to each poppet valve solenoid is a 22Hz, pulse
width modulation, square wave signal. This frequency is chosen for minimum
pressure disturbance and maximum valve life. The poppet valves are operated
alternately open and closed by the input pulses. With no command input, the
valve to each cylinder is open an equal length of time, causing the pressure in
the cylinders to be equalized and no actuator output torque to be developed.
When a control command is introduced, the open time of one valve is increased,
the open time of the other valve is decreased, and a differential pressure is
developed in the two cylinders. One piston extends while the other retracts,
causing a rotational output of the linkage assembly in a direction determined by
the open-closed time ratio of the two valves. When the servo is disengaged,
the valves are depressurized and vented to atmosphere.

A fixed orifice is installed at the inlet to each actuator cylinder to establish the
response rate. These orifices are selected during initial flight testing of each
new model of aircraft and then becomes standard installation items for that
model.
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E. The operating detail of the output linkage assembly is further illustrated in
figure 2-2. When the autopilot is disengaged, the links and piston shafts are
retracted allowing 120 degree free rotation of the output shaft and cable drum
which is geared into the control system to equal or exceed the stop-to-stop
travel of the surface. Since only the output shaft follows control movement,
no frictional load is added to the aircraft control system.

F. When the servo is pressurized upon engagement, the shafts and links slowly
advance into contact with the output shaft arm which has a normal rotational
authority of 60 degrees. Thus, the nominal command control authority of the
autopilot does not exceed 50 percent of aircraft control authority.

G. To provide full control travel for pilot overpower, the linkage assembly is
articulated but is normally held rigid by overpower springs. Application of
overpower force allows deflection of the springs and provides an additional
60 degrees of servo rotation to the aircraft control system mechanical limits.

H. The servo actuators have been built in MG113A and E configurations. The
MG113A models are no longer in production,

11. AUTOMATIC TRIM SYSTEM

A. The DG1009 Auto-Trim Adapter is used to switch 28vdc to an output load. The
output load is part of the aircraft system and may be a relay coil or motor or
other device with an input impedance greater than 100 ohms. The adapter is
enclosed in a metal case and is secured to the aircraft structure by four screws.

Steady state elevator loads reflected back to the autopilot are detected by the
trim adapter in the form of an unsymmetrical 25Hz square wave being fed to

the elevator servo actuator. This square wave is filtered and summed into

the TRIM UP or TRIM DOWN switching circuits depending on the signal polarity.
When the filtered signal reaches the preselected trim level, the first half of

the appropriate trim switch operates, thus shorting one side of the output load
to ground. After a 5-10 second delay, determined by the magnitude of the "out
of trim"' signal, the second half of the switch operates, connecting the other
side of the output load to 28vdc. As soon as the input signal drops below the
threshold value, both sides of the trim switch return to the OFF condition.

A failure alarm circuit is included which gives a visual warning to the pilot
whenever a substantial out-of-trim signal is present, but the trim actuator is

not operating; or when the actuator is running without a valid command signal.

B. Automatic pitch trim may also be provided by addition of the optional differential
pressure switch and pitch trim actuator to the basic system. The switch is
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mounted on the pitch servo actuator, and the trim actuator is installed to drive
the aircraft elevator trim system.

C. The differential pressure switch (SG28) is the primary sensor of the automatic
It is actually a pressure sensitive valve which is mounted
on the pitch servo actuator valve assembly.

pitch trim system.
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(1) The differential pressure switch has two pressure sensing ports which are
connected to the output stage of the servo valves. These ports sense the
differential pressure maintained in the servo actuating cylinders when the
pitch servo is holding a steady state mistrim load.

(2) When a differential pressure equal to the adjusted cut-in pressure setting
of the switch is detected, the internal diaphragms are deflected and auto-
pilot system supply pressure is applied to either the clockwise or counter-
clockwise inlets of the trim actuator through ports, depending upon the
direction of the mistrim condition.

D. The pitch trim actuator (MG112) is a pneumatically driven motor operated by
autopilot supply pressure. The trim actuator positions the aircraft elevator
trim system in response to signals from the differential pressure switch.

(1) The trim actuator consists of a turbine wheel driving an output cable drum
through an epicyclic gear train for speed reduction and torque increase.
The cable drum is connected to the elevator trim system cables.

(2) The pitch trim indicator monitors an electrical equivalent of the servo
differential pressure sensed by the differential pressure switch or applied
to electric trim adapter, and provides the pilot with an indication of proper
automatic trim operation.

4 |

(3) The automatic trim system responds to and corrects for trim changes due
to changes in center of gravity, power setting, and extension of landing gear
and flaps. It also ensures a no-load condition on the elevator upon system
disengagement,

12. NAVIGATION RECEIVER ADAPTER (DG104A or DG104B)

A. The DG104A and DG104B Navigation Receiver Adapters are used to connect
navigation receiver systems with other than ARINC standard output signals to
the autopilot beam coupling amplifiers.

B. The normal gain of the DG104A adapter is a one-volt output for a one-volt input
but an output gain of 2 or 3 volts can also be obtained. The gain of the DG104B
adapter is also one volt/volt and cannot be changed.

C. The normal load impedance of the DG104A adapter is 1, 000 ohms, but an imped-

ance of 3, 000 ohms can also be obtained. The load impedance of the DG104B
adapter is 5, 000 ohms and cannot be changed. ‘
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SECTION 11l

ADJUSTMENTS AND CHECKOUT

1. GENERAL. The autopilot adjustment and checkout prodecures in this section must
be performed on new autopilot installations to ensure that the autopilot is correctly
installed. These procedures should also be performed:

A. As a periodic check.

B. After replacement of an autopilot component (applicable tests should be perform-
ed to check signal flow between newly installed devices and other devices).

C. Whenever a malfunction in the autopilot is suspected.
2. REQUIRED EQUIPMENT. A multimeter, such as the model 260 of the Simpson

Electric Co., Chicago, Ill., and a patch cable as shown in figure 4-1 are required.
(A ST140 System Tester can be used in lieu of patch cable).

3. ADJUSTMENTS AND CHECKOUT.

A. General. The adjustment and checkout procedures are provided in figure 3-1,
These procedures are divided into two groups: ground adjustment and checkout
(group A) and airborne adjustment and checkout (group B). On new autopilot
installations, the ground procedures should be performed before performing
the airborne procedures.

~NOTE— The ground adjustments (group A) are coarse adjustments. Precise
adjustments must be made while airborne, as instructed in group B.
If the ground adjustments cannot be made because of an autopilot mal-
function, troubleshoot and repair the autopilot before continuing with
these adjustments. The checkout procedures show whether the auto-
pilot is operating properly.

B. Preparation
(1) Provide dc power to the autopilot.

(2) Connect the autopilot computer through a patch cable (see figure 4-1).

(3) Uncage the directional gyro.
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(4) If servo actuators are not installed, use a load simulator such as that
shown in figure 4-2 to provide an electrical load for each servo amplifier.

TEST STEP REQUIREMENT

GROUP A

GROUND ADJUSTMENTS AND CHECKOUT
(Tests 1 thru 9)

1. Yaw axis 1. Connect multimeter (10-or 12V
scale) to patch cable jacks 41
and 42.

2. Push flight controller MASTER
switch to ON.

3. Adjust computer R3 YAW ADJ
resistor to null the multimeter.

4, Turn R3 YAW ADJ resistor fully | Voltage must vary. N
cw and ccw Maximum voltage must
be greater than 6. Ovdc
—NOTE— Run same test in each direction.

using the YAW
adjust pot in CG-

515 (2R5)
5. Move instrument panel to ag- Voltage on multimeter
itate turn and bank indicator. must change to reflect

the movement.

6. Adjust R3 YAW ADJ resistor
to null the multimeter.

7. Disengage autopilot. Disconnect

multimeter.
2, Pitch 1. Connect multimeter to patch
axis cable jacks 38 and 39.

ADJUSTMENTS AND CHECKOUTS (Sht 1 of 24)
FIGURE 3-1
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TEST

STEP

REQUIREMENT

2.

Remove attitude indicator signals

by setting patch cable ATT GYRO
switch at TEST or by disconnecting
aircraft cable from attitude indicator.

Center flight controller PITCH com-
mand wheel.

—~NOTE—- With CG515 set PITCH com-
mand wheel to give zero volts
between pin 35(+) and 1(-).

Push flight controller MASTER switch
to ON.

Adjust computer R1 PITCH ADJ re-
gistor to null the multimeter. Check
PITCH indicator on flight controller.

Move flight controller PITCH com-
mand wheel to UP and DOWN.

If autopilot has an altitude control,
perform the following:

a. Push flight controller ALT
switch to ON.

—NOTE— Adjust pitch ATT ADJ in
CG315 for 0. Ovdce at pin
I-35.

b. Blow lightly across altitude
controller port on computer
front.

c. Move flight controller PITCH
command wheel to UP

PITCH indicator must
be centered.

Voltage must vary as
wheel is moved. Maxi-
mum voltage must be
greater than 6. 0vdc in
each direction.

Null indication must not
change.

Null will change if
pitch ATT ADJ in CG-
515 is not zeroed.

Multimeter must de-

flect and return to null.

ALT switch must go to
OFF.

August, 1970
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Page 3-3



Mo d
KING
H 14

AUTOPILOT

TEST STEP REQUIREMENT

d. Push ALT switch to ON.

e. Move flight controller PITCH ALT switch must go to
command wheel to down. OFF.

8. Disengage autopilot. Disconnect
multimeter.

—~NOTE- In D computer roll axis
check out is in airborne
section,

3. Roll axis 1. Connect multimeter to patch
cable jacks 22 and 23.

2. Remove attitude indicator signals
by placing patch cable ATT GYRO
switch at TEST or by disconnecting
the attitude indicator.

3. Center flight controller TURN com-
mand knob.

4. Cage the directional gyro to remove
heading signals. (Jumpering patch
cable jacks 2 and 3 simulates mechan-
ical caging).

5. Push flight controller MASTER switch
to ON.

6. Adjust computer R2 ROLL ADJ re-
sistor to null the multimeter.

—~NOTE - With CG515 adjust ROLL ADJ

in CG515.
7. Rotate TURN command knob in each Voltage must vary as
direction. knob is turned. Maxi-

mum voltage must be
greater than 6. 0vdc in
each direction.

ADJUSTMENTS AND CHECKOUTS (Sht 3 of 24)
FIGURE 3-1
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8. Uncage directional gyro or remove After 3 seconds, vol-
jumper installed in step 4. tage must not change

more than 1. Ovdc.

—NOTE — If a change greater than 1.0
vde occurs, continue with
the adjustment and checkout.
Remedial action is explained
at the beginning of test 8.

9. Disengage autopilot. Leave multi-
meter as connected.

4. Heading To perform this test, determine what
hold and directional gyro system the autopilot is
phasing coupled with. Then use one of the two

following procedures.

Standard H 14 Heading Coupling (using
5- or 3- inch air-driven gyros either
slaved or nonslaved.

1. Perform roll axis adjustment in
test 3 if it has not already been done.
Leave multimeter as connected and
ATT GYRO switch at TEST upon
completion.

2. Push flight controller MASTER switch
to ON.

3. Move flight controller TURN command
knob ccw (L) and note direction of
multimeter needle deflection. Recenter
the knob.

4, If patch cable has DIR GYRO switch,
perform the following:

a. Set patch cable DIR GYRO switch
at TEST.

ADJUSTMENTS AND CHECKOUTS (Sht 4 of 24)
FIGURE 3-1

August, 1870 Page 3-5




o d
KING

H 14
AUTOPILOT

TEST STEP REQUIREMENT

b. Cage the directional gyro.

c. Turn directional gyro cage knob Multimeter must deflect
for an increasing heading indi- in same direction as
cation from 0 degrees toward noted in step 3.

90 degrees.

5. If patch cable does not have DIR
GYRO switch, perform the following.

a. Cage the directional gyro.

b. Rotate directional gyro cage knob
to spin indicator so that heading
indication is increasing. (Rate of
spin must keep indicator moving
more than 3 seconds).

c. Uncage the directional gyro. After 3 seconds, signal
from turning directional
gyro must deflect mul-
timeter in same direc-
tion as in step 3.

6. Set patch cable DIR GYRO switch at
NORMAL. Disengage autopilot.

Optional Heading Couplings (for
systems using Collins PN101, FD108
or other slaved gyro systems)

1. Perform roll axis adjustment in test
3 if it has not already been done.
Leave multimeter as connected and
ATT GYRO switch at TEST upon com-
pletion.

2.  Turn on all necessary power to
operate the system which provides
autopilot heading.

ADJUSTMENTS AND CHECKOUTS (Sht 5 of 24)
FIGURE 3-1
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3.

Push flight controller MASTER
switch to ON.

Move flight controller TURN com-
mand knob ccw (L) and note direction
of multimeter needle deflection. Re-
center knob.

On the KPI 550 pull out and rotate the
heading knob to cause an increase
heading on azimuth card. (For other
types of slaved gyro systems, use
slaving switch to slave gyro in an
increasing heading direction)

Set patch cable DIR GYRO switch at
NORMAL. Disengage autopilot.

Multimeter must de-
flect in same direction
as in step 4.

5. Localizer
centering

Perform roll axis adjustment in test
3 if it has not already been done.
Leave multimeter as connected and
ATT GYRO switch at TEST upon
completion.

Leave navigation receiver turned off.

Set patch cable OMNI-LOC switch at
LOC or jumper jacks 57 and 47.

Push flight controller MASTER and
TIL.S/VOR switches to ON.

—NOTE— If excessive voltage appears,

adjust variable resistor at
top of A6 card (orange decal).
Make small adjustments and
wait for reading to stabilize.
Adjust slightly beyond re-
quired point (voltage decays
slightly)

Multimeter must indi-
cate 0.0 = 0. 2vdc after
about 30 seconds.

August, 1970

ADJUSTMENTS AND CHECKOQUTS (Sht 6 of 24)

FIGURE 3-1
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5. If the A6 card is adjusted, repeat
the roll axis adjustment in test 3
and the A6 card adjusting until both
localizer centering and roll axis
requirements are met without further
adjustments.

6. With ILS/VOR switch at ON, turn Multimeter must show
heading selector knob without engag- no voltage change.
ing heading selector. (This checks
I1LS/omni interlocks).

7. Set patch cable OMNI/LOC switch at
OMNI.

8. Disengage autopilot.

6. Heading 1, Perform roll axis adjustment in test
selector 3 if it has not already been done.
(H14 or Leave multimeter as connected upon
Pictorial completion.
Navigation
Indicator 2. Push flight controller MASTER switch
such as to ON.
the
KPI 550 3. Engage the heading select function and | Heading select indicator

adjust heading select knob for a null must show a heading
on multimeter. within 2 degrees of di-
rectional gyro heading
or lubber line reading
of flight director in-
dicator.

—NOTE - If heading select indication is
not correct, adjust it as follows:

a. If a pictorial navigation in-
dicator heading selector is
used refer to the manufac-
turer's instructions.

Page 3-8
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b. If an H 14 type heading
selector is used, remove
cap in center of dial and
loosen machine screw. Hold
dial at the directional gyro
heading and turn slotted
shaft for a null voltage,
Tighten screw and replace
cap after adjusting.

4. Check that phasing is the same as Turning heading select
the flight controller TURN command indicator causes multi-
knob. (Heading bug left corresponds meter deflection in
to left turn command etc). same direction as an

equivalent turn command.,

5. Disengage autopilot.

7. Omni To perform this test, determine how the
center- heading information for omni coupling is
ing provided. Then use the appropriate pro-

cedure.

Procedure 1 (standard omni coupling when
no heading selector course datum infor-
mation is coupled to the autopilot).

1.

Perform roll axis adjustment in test

3 and localizer centering in test 5

if they have not already been done.
Leave multimeter as connected upon
completion. The patch cable OMNI-
LOC switch must be at OMNI and ATT
GYRO switch must at TEST. Leave
navigation receivers turned off.

2. Push flight controller MASTER

switch to ON.

August, 1970

ADJUSTMENTS AND CHECKOUTS (Sht 8 of 24)

FIGURE 3-1
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REQUIREMENTS

—NOTE -

3. Push flight controller ILS/VOR
switch to ON.

—NOTE - If indication does not stabilize
near zero, adjust A5 card

(green decal) variable resistor.

Adjust in small increments so

that multimeter needle initially
deflects away from zero. Volt-
age decays back toward a mull.

Wait about 30 seconds between
adjustments.

when the localizer coupler is
centered.

4., If A5 card resistor has been adjusted
or if omni centering is out of tolerance
on cards without the adjustment,repeat
roll axis adjustment in test 3 and loc-
alizer centering in test 5 until allthree
null voltages are within 0. 2V without

further adjustments.

5. Disengage autopilot.

Procedure II (standard omni coupling when
used with either the H 14 heading selector

or a pictorial navigation type heading
selector such as the KPI 550.

On A5 cards 200-0097-00 (Z95085)
796075 and 200-0097-00/03, the
adjustments resistor is not pro-
vided. Omni is properly centered

If multimeter deflects
noticeably, it must de-
cay toward and stabilize
near zero volts after
about 60 seconds.

Page 3-10
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1. Perform roll axis adjustment in test
3 and localizer centering in test b if
they have not already been done.
Leave multimeter as connected upon
completion. The patch cable OMNI
L.OC switch must be at OMNI and ATT
GYRO switch at TEST. Leave navi-
gation receivers turned off.

2. Push flight controller MASTER
switch to ON.

3. Engage heading select function and
adjust heading select knob for a null
on multimeter.

4. Push flight controller I1.S/VOR
switch to ON.

—NOTE - If indication does not stabilize

—NOTE -

near zero, adjust A5 card (grn.
decal) variable resistor. Adjust
in small increments so that
multimeter needle initially de-
flects away from zero. Voltage
decays back toward a null. Wait
about 30 seconds between
adjustments.

On A5 cards 200-0097-00
(Z950851), 2960751 and
200-0092-00/03, the adjust-
ment resistor is not pro-
vided. Ommni is properly
centered when the localizer
coupler is centered,

Heading selector must
disengage, If multimeter
deflects noticeably, it
must decay toward and
stabilize near zero volts
after about 60 seconds.

August, 1970

ADJUSTMENTS AND CHECKOUTS (Sht 10 of 24)

FIGURE 3-1
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5. If Ab card resistor has been ad-
justed or if omni centering is out
of tolerance on cards without the
adjustment, repeat roll axis adjust-
ment in test 3 and localizer centering
in test 5 until all three null voltages
are within 0. 2 volt without further
adjustments.

6. With heading selector disengaged and {|Multimeter must react
ILS/VOR switch ON, rotate the head- |[to the heading selector.
ing selector (checks localizer-omni
interlocks).

7. Disengage autopilot.

Procedure III (optional omni coupling

when used with a pictorial navigation
system that provides heading to omni coup-
ler from separate course datum synchro,
such as the KPI 550 indicator used with
King KPI 550 system).

1. Be sure navigation receivers are off.
If external 26vac is coupled to auto-
pilot, turn the aircraft inverter on.

2. Perform roll axis adjustment in test 3
and localizer centering in test 5 if they
have not already been done. ILeave
multimeter as connected upon com-
pletion. The patch cable OMNI-LOC
switch must be at OMNI and ATT GYRQO
switch at TEST.

3. Push flight controller MASTER switch to
ON.

4. Connect jumpers between patch cable
jacks 2 and 3 and between jacks 54 and
28.

ADJUSTMENTS AND CHECKOUTS (Sht 11 of 24)
FIGURE 3-1
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Using course selector knob on navi-
gation indicator, set course selector
needle under the lubber line. Then
rotate knob right and left.

Check that phasing is the same as
the flight controller TURN command
knob. (Heading left corresponds to
left turn command, etc)

Adjust course selector knob for null
on multimeter.

—NOTE — If course needle position can-

10.

not be maintained at null, the
indicator must be replaced or
repaired in accordance with

the manufacturer's instructions.

Leave course indicator set for null
on multimeter.

Remove jumper from jacks 2 and 3
and from jacks 54 and 28.

Push flight controller ILS/VOR switch

to ON.

—NOTE — If indication does not stabilize

near zero,adjust in small in-
crements so that multimeter
needle initially deflect away from

zero. Voltage decays back toward
a null. Wait about 30 seconds be-

tween adjustments,

Multimeter must react
to indicate a right and
left turn command.

Turning course selector]
causes multimeter de-
flection in same direc-
tion as an equivalent
turn command.

Course needle must be
within +£2 degrees of
lubber line of indicator.

If multimeter deflects
noticeably, it must de-
cay toward and stabil-
ize near zero volts
after about 60 seconds.

August, 1970

ADJUSTMENTS AND CHECKOUTS (Sht 12 of 24)
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—~NOTE— On A5 cards 200-0097-00

11.

12.

(Z950851) 7960751, and (200-
0097-00/03) the adjustment re-
sistor is not provided. Omni is
properly centered when the loc-
alizer coupler is centered.

If A5 card resistor has been adjusted
or if omni centering is not full on
card without the adjustment, repeat
roll axis adjustment in test 3, local-
izer centering in test 5, and omni
adjustments until all null voltages
are within 0. 2 volt.

Disengage autopilot.

~NOTE - If uncaging the directional gyro

produced a voltage shift greater
than 1.0 volt in roll axis test 3,
and continues to do so at this
point, replace autopilot computer
or heading transolver according
to computer overhaul manual.

8. Glide-
slope

5.

Push flight controller MASTER and
ALT switches to ON.

Set patch cable OMNI-LOC switch at
LOC or jumper jacks 57 and 47.

Push flight controller ILS/VOR switch
to ON.

Set multimeter at its RX100 or RX1000
scale and connect it to patch cable
jacks 10 and 11 to drive glideslope
needle down.

Disengage autopilot.

needle.

ALT switch must go
to OFF. Flight control
ler PITCH indicator

then follows glideslope

Page 3-14
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6. Set ILS back course switch at its
back course position.

7. Repeat steps 1 through 5. ALT switch remains ON
(glideslope does not
operate in back course).

8. Disengage autopilot.

9. Other 1. Check navigation receiver omni A course selector
ground signal, change of 10 degrees
checks must produce five dots

deflection on omni in-
dicator.

2. Check localizer and glideslope A 150mv signal must
signals produce a five dot

needle deflection.

3. Check phasing of localizer and Needle left must corres-
omni signals to autopilot using a pond to left turn com-
procedure similar to heading select mand, etc.
and phasing procedure in test 4.

4. Check operation of back course Switch must operate
switch. properly

5, Check heading to yaw signal (single- Signal must appear

6.

engine signal) by repeating heading
hold and phasing test 4, except
connect multimeter to patch cable
jacks 41 and 42,

—NOTE — Signal in step 5 must appear

only on heading hold mode but
never on heading select, ILS,
or omni modes.

Check for correct air pressure at
servos.

only after 7 or 8 degrees
of heading changes are
introduced.

Refer to appropriate
aircraft manual for
proper pressures.

August, 1970
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GROUP B-1

AIRBORNE ADJUSTMENTS AND CHECKQUT
(Tests 10 thru 13)

Perform these procedures to compensate for any
misalignment between the aircraft and autopilot.
Be sure ground adjustments have first been
accomplished. It is necessary to have access to
the computer while in flight. If normal location
of computer is inaccessible, use a pitch cable.
Place computer in aircraft cockpit.

Fly the aircraft in smooth air, in cruise con-
figuration, and at cruise airspeed. Marnually
trim for straight and level flight with autopilot
disengaged, before making adjustments.

10. Pitch
center -
ing

Center flight controller PITCH com-
mand wheel.

With a zero rate of climb, adjust R1
PITCH ADJ variable resistor on com-
puter to center flight controller PITCH
indicator.

11. Roll
center -
ing

Cage the directional gyro or connect a
jumper between jacks 2 and 3 on patch
cable to prevent heading from engaging.

Center flight controller TURN command
knob.

Push flight controller MASTER switch
to ON.

—NOTE— The autopilot may require adjusting

to fly the aircraft so the attitude in-
dicator indicates wings level. Dis-
regard actual wing orientation at
this time.
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engages.

-NOTE- Heading hold engagement can

be verified by manually over -
powering the autopilot to roll
the aircraft. When control
wheel is released, aircraft
must bank in opposite
direction and return to the
original heading.

Allow autopilot system to stabilize.

If aircraft is flying with one wing
low (disregard attitude indicator
indication), adjust computer R3
YAW ADJ variable resistor.
Make small adjustments and

wait at least 10 seconds between
adjustments to observe the re-
sults. Turn variable resistor cw

H 14
AUTOPILOT
TEST STEP REQUIREMENT
4. Adjust computer R2 ROLL ADJ
variable resistor to obtain a
wings level indication on attitude
indicator.
5. Proceed to yaw centering adjustment
-NOTE- It is possible for the attitude
indicator to be indicating wings
level with aircraft flying with
one wing slightly low.
12. Yaw 1. Be sure roll centering adjustment
center - has been made. Leave autopilot
ing engaged.
2. Uncage the directional gyro or re-
move jumpers between patch cable
jacks 2 and 3.
3. After 3 seconds, heading hold

August, 1970

ADJUSTMENTS AND CHECKOUTS (Sht 16 of 24)
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to raise the right wing; and ccw
to raise the left wing. The
heading changes one degree for
a one degree change in wing
orientation. At this point it

is possible for the aircraft
wings to be level with the
attitude indicator indicating

a nonlevel condition.

6. Repeat roll and yaw centering
procedures five times to
assure good centering. If
after flying straight and level
for at least 3 minutes, the
attitude indicator does not
show the proper attitude,
level the indicator by shift-
ing its position in the instru-
ment panel. This does not
affect autopilot centering.

13, Other
airborne
checks

1. Check maximum autopilot
turn command.

2. Check maximum heading
select command by turn-
ing heading select knob 90
degrees to each side of
selected heading.

3. Check altitude hold perfor-
mance as follows:

a. Engage altitude control.

b. Overpower the autopilot

and descend about 40 feet.

Bank angle commanded
must be 30 + 2 degrees.

Bank angle commanded
must 24 + 2 degrees in
each direction.

Autopilot must hold
aircraft steady at the
engagement altitude.

Aircraft must climb
back to within +20 feet
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Then slowly release pressure
on control wheel.

4. To check single-engine recovery
performance, overpower the auto-
pilot with the control wheel to
change heading 20 degrees during
heading hold engagement.

5. Check omni coupling performance
as follows:

a. Start at least 20 miles from
the VOR station, choosing a
test VOR radial that is in line
with the wind.

b. Turn aircraft to a heading which
is 10 degrees to either side of
the test radial and set the OBS
and heading selector (disengaged)
to the test radial heading.

c. Push flight controller ILS/VOR
switch ON,

—NOTE — After crossing the VOR
station (signified by the
needle shifting from TO to
FROM), the autopilot must
capture the outboard radial
in less than one minute.

6. Check ILS coupling performance as
follows:

of the engagement
altitude.

Aircraft rudder must
move in a direction
opposite of the turn.

Aircraft must turn to
an intercept angle of

45 + 5 degrees from the
test radial and must
approach and turn onto
the test radial and hold
within one dot of OBS
needle displacement.

August, 1970
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a. Tune ILS receivers (flight con-

C.

troller ILS/VOR switch at OFF).

At the prescribed procedure
altitude, push ALT switch ON
(autopilot must be engaged).

. Approach the localizer beam at

an angle of 15 degrees for each
mile that the aircraft is outside
the outer marker. A good ap-
proach would be at an angle of
45 degrees at three miles out-
side the outer marker. Use
TURN knob or heading selector
to control the aircraft.

After localizer needle is off the
peg and moving toward center
(wait until displacement is less
than four dots), push ILS/VOR
to ON. The autopilot must con-
trol the aircraft and fulfill the
following requirements:

REQUIREMENTS:

At localizer beam intercept,
autopilot must turn aircraft
onto beam with no more than
three dots overshoot and with
little or no second overshoot.

When glideslope needle is cen-
tered =1 dot, flight controller
ALT switch must snap to OFF
and autopilot must engage
glideslope beam and control
the aircraft onto the beam.

Autopilot must hold aircraft

See requirements at
left
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within £1 dot displacement
on both the localizer and
glideslope beams as far in
as the middle marker.

-NOTE- Maximum bank angles are

limited to +24 degrees be-
fore glideslope engagement
and to £12 degrees after
glideslope engagement.
These limits need not be
check unless aircraft bank
angle appears to be exces-
sive on the approach. The
angles are checked by over-
powering the autopilot to
turn aircraft more than five
dots off the beam to get full
autopilot command in turning
back toward the beam. The
aircraft bank angle must not
exceed the limits in turning
back toward the beam.

7. Check automatic pitch trim opera-
tion as follows:

a.

C.

d.

With autopilot engaged and air-
craft in level flight, turn manual
PITCH trim wheel enough to
change aircraft attitude. Release
the wheel.

ot

. Repeat step 'a’’ in opposite

direction.

Allow aircraft and trim system
to stabilize. Note position of
PITCH indicator on flight
controller.

Disengage the autopilot

Wheel must turn in
opposite direction.

PITCH needle must be
centered within one-
half needle width.

Any bump resulting from
mistrim must not exceed
about 1/10g.

August, 1970
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GROUP B-2

AIRBORNE ADJUSTMENTS AND CHECKOUT

FOR CG515 AND D COMPUTERS
(Tests 14 through 18)

Perform these procedures to compensate for any misalignment between the aircraft
and autopilot. Be sure ground adjustments have first been accomplished.

Fly the aircraft in smooth air, in cruise configuration, and cruise airspeed. Manually
trim for straight and level flight with autopilot disengaged, before making adjustments.

TEST

STEP

REQUIREMENT

14, Roll
adjust

1. Cage Directional Gyro or tempor -
arily place a jumper between com-
puter connector pins 2 and 3 to pre-
vent heading from engagin,

2. Center flight controller TURN com-
mand knob.

3. Push flight controller autopilot switch
ON.

—NOTE - The autopilot may require adjust-
ing to fly the aircraft to the atti-
tude indicator indicates wings
level. Disregard actual wing
orientation at this time.

4. Adjust the roll variable resistor on
the bottom of the flight controller to
obtain a wings level indication on the
attitude indicator.

5. Proceed to yaw adjustment,

15. Yaw
adjust-
ment

1. Be sure roll adjust has been made.
Leave autopilot engaged.
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2. Uncage the directional gyro or re-
move the jumper between computer
pins 2 and 3.

REQUIREMENTS:

After 3 seconds heading hold will
engage.

—NOTE - Heading hold engagement can
be verified by manually over -
powering the autopilot to roll
the aircraft. Once the control
wheel is released the aircraft
will bank in the opposite dir-
ection and return to the orig-
inal heading. if engagement took
place.

3. Allow autopilot system to stabilize.

4, If aircraft is flying with one wing low
(disregard attitude indicator display)
adjust the yaw variable resistor on
the bottom of the flight controller,
Make small adjustments and wait
at least 10 seconds between them to
observe the results. Turn the vari-
able resistor cw to raise the right
wing and CCW to raise the left wing.
The heading changes are degree for
each degree change in wing orienta-
tion. At this point it is possible for
the aircraft wings to be level with
the attitude indicator displaying a
non-level condition.

See requirement at left.

August, 1970
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Repeat roll and yaw adjustment pro-
cedures at least 5 times to assure
good centering. If after 3 minutes

of straight and level flying the attitude
indicator does not show the proper
attitude, level the indicator by shifting
its position in the instrument panel.
This will not affect the autopilot
adjustments.

Be sure roll and yaw adjustments
have been made. Leave the autopilot
engaged.

Level the aircraft with the pitch wheel.

Record the aircraft altitude and engage
the ALT hold switch.

Allow the aircraft to stabilize.

Recheck the altitude reading. If the
aircraft is above the previously re-
corded altitude, adjust the pitch vari-
able resistor on the bottom of the flight
controller in a CW direction. 1If the
aircraft is below the previously record-
ed altitude, adjust it in a ccw direction.
Make small adjustments until the air-
craft stabilizes at the recorded altitude,

Disengage the ALT hold switch and re-
peat the procedure until the altitude
difference is negligible.

Check the maximum autopilot turn command}
This is accomplished by rotating the TURN

command as far as it will rotate in one dir-
ection, allowing the aircraft to stabilize and
then repeating it in the opposite direction.

The bank angle command must be 90 £ 2 °
in each direction.

TEST

16. Pitch
adjust-
ment

17. In
flight
checks
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18. Other A variable resistor is located inside
adjust- the controller to adjust the panel function
ments switch light intensity.

August, 1970
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SECTION 1V
TROUBLESHOOTING

1. GENERAL. This section contains troubleshooting data for troubleshooting the auto-
pilot. The following diagrams are included in this section.

Patch Cable Diagram

Load Resistor and Voltmeter Hookup

Troubleshooting Table (43 sheets)

Servo Amplifier and Modulator Card (Al, A2, A3) - Schematic Diagram
Power Supply Card (A4) - Schematic Diagram

Heading Model Card (A5) - Schematic Diagram

ILS Card (AG) - Schematic Diagram

Computer Chassis (BG174B, BG274B) - Schematic Diagram

Computer Chassis (BG1740, BG274C, BG374C) - Schematic Diagram

S O N N S SO N SO SO N
1
= = O 0 =10 WU b wh -

-10 Computer Chassis (BG174D, BG274D, BG374D) - Schematic Diagram
-11 DG104A Navigation Receiver Adapter - Schematic Diagram

4-12 DG104B Navigation Receiver Adapter - Schematic Diagram

4-13 DG1009 Pitch Trim Adapter - Schematic Diagram

4-14 DG114A Attitude Reference Coupler - Schematic Diagram

4-15 Flight Controller (Three-switch rocker type) - Schematic Diagram
4-16 Flight Controller (Four-switch rocker type) - Schematic Diagram
4-17 Flight Controller (Four-switch push button solenoid held type)
- Schematic Diagram
4-18 H 14 Autopilot - Schematic Diagram
4-19 H 14 Autopilot Integrated with King KPI 550 Pictorial Navigation System
- Schematic Diagram
4-20 H 14 Autopilot Integrated with Collins Pictorial Navigation System
- Schematic Diagram
4-21 H 14 Autopilot Integrated with Sperry C6 Integrated Instrument System
- Schematic Diagram
4-22 H 14 Autopilot (TSO Configuration) - Schematic Diagram
4-23 H 14 Autopilot with four switch rocker type flight controller
- Schematic Diagram
4-24 H 14 Autopilot with four switch push button solenoid held type flight
controller - Schematic Diagram
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2. TROUBLESHOOTING

A, How to Use This Section

Page 4-2

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Determine the nature of the trouble as accurately as possible. Question
the pilot to narrow the complaint down to one of the troubles listed in the
troubleshooting table (figure 4-3). 1If the pilot is not available, a flight
test is helpful in narrowing the complaint to a particular trouble.

Before referring to the troubleshooting table, perform the preliminary
checks of paragraph B. Do not proceed to the troubleshooting table until
all the requirements of the preliminary checks are met.

Use a patch cable such as that illustrated in figure 4-1 or ST 140 system
tester and a multimeter such as the Simpson model 260 for the trouble-
shooting. When instructions call for using a jack, the jacks referred to
are on the patch cable or system tester. Figure 4-2 illustrates a simulated
servo amplifier load which should be used in place of any missing servo
actuators. (Simulated load not need if system tester is used)

When electric or pneumatic power is required to perform test procedures,
electric power can be obtained by starting an aircraft engine, by connecting
an external 28vdc supply to the aircraft, or by using the aircraft battery.
Pneumatic power can be obtained either by starting an engine or by connect-
ing an external pressure source which supplies pressure equal to that sup-
plied by the aircraft pump.

After making the preliminary checks of paragraph B, refer to the trouble-
shooting table {(figure 4-3) and the schematic diagrams (figure 404 through
4-24) for the general area of complaint., Example: For a pitch control
problem refer to the pitch axis test. Check to make sure that troubles
listed ahead of the reported trouble are not present. Do not proceed unless
all previously listed troubles have been cleared.

Make only the replacements called for in the CORRECTIVE ACTION column.

If the system is still in warranty, return any defective components to the
aircraft manufacturer. If the system is no longer in warranty, further
repairs may be made according to the instructions in the series of overhaul
manuals for the components.

For all test procedures, pneumatic power must be applied and the autopilot
must be engaged unless otherwise specified. The patch cable switches
must be at the NORMAI., and OMNI positions unless otherwise specified.
Turn power off to make continuity checks.
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BOARD WITH 57 TEST JACKS
AND THREE SWITCHES
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COMPUTER

APPROXIMATELY

12 FEET LONG 4 FEET LONG
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CANNON 0996990990 CANNON
DPX-57-34P H o000 00 o ué‘ DPX-57-335
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DPX~-57-34P <T>5 DPX=57-335
56< A <56
TYPICAL CONNECTION (53 TEST JACKS)
3‘? @18 DPST TEST
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Patch Cable Diagram

Figure 4-1
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Preliminary Checks

(1) Perform the ground adjustments and checkout of Section III.

(2) Check all electrical connectors for proper mating.

(3) Check the position of the computer option selector plug and the application

of the 1K3 relay. The following table explains these

requirements:

OPTIONAL SELECTOR

AUTOPILOT FUNCTIONS PLUCG POSITION

THIS MUST BE IN THE
1K3 SOCKET

Heading hold only 1 Socket not used
Heading hold and ILS 2 Dummy relay 032-
0014-00 (Z983983)
Heading select (without 4 Dummy relay 032-
omni) 0014-00 (Z983983)
Omni coupling (without 2 Armature relay

heading select

032-0013-05 (Z937796-6)

—NOTE - If heading select is installed, the option selector must be at position 4

Page 4-4

no matter which other options are installed.

(4) Disconnect the pneumatic line from a servo actuator

and look for any sign

of oil in the line. If oil is discovered, remove and replace (or clean accord-
ing to the overhaul manual) all servo actuators and servo actuator valves.
Look for the reason for oil being in the pneumatic line and make repairs

according to the proper aircraft manual.

(5) 1If aileron or elevator jitter has been reported and the ground adjustments
of Section III are satisfactorily performed, replace the attitude indicator.

(6) Check the isolation of the power and signal grounds,

Check the voltage be-

tween patch cable jacks 1 (+) and 51. There must be approximately 10vdc
between them. If they are not properly isolated, check the coupling of the

navigation receivers for shorts between the grounds.

August, 1970
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TO DC VOLTMETER

RESISTOR—

MS3106-10SL-3S
CONNECTOR

NOTE: USE TWO RESISTORS OF THE SAME VALUE. THE VALUE CAN BE
BETWEEN 150 AND 250 OHMS. USE 1/2 WATT OR LARGER RESISTORS.

Load Resistor and Voltmeter Hookup

Figure 4-2

August, 1970 Page 4-5
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Index to Troubleshooting Table

Test

Autopilot System
Switching

Yaw Axis

Pitch Axis

Altitude Hold

ILS Glideslope Coupling
Roll Axis

Heading

Omni Coupling

ILS Localizer Coupling
Automatic Trim

Servo Valves (Installed in Aircraft)
Attitude Reference Coupler (Installed in Aircraft)

Page

3
6
4-24
4-25
4-28
4-33
4-39
4-41
4-42
4-44
4-46

NN NN

-5
-6
-1
-1

—NOTE — To obtain the maximum benefit from the troubleshooting procedures,

follow the tests by tracing the circuits on the system schematic diagrams
in this section. Also, refer to the applicable device schematic diagrams
in this section when necessary.

1.

Autopilot System

TROUBLE

TEST PROCEDURE

CORRECTIVE ACTION

All switching operates pro-
perly, but autopilot is in-
operative (all three axes).

1. Check to make sure
pneumatic pressure is
reaching servo actua-
tors.

2. Check bypass air valve.

It should release air
air pressure only when

autopilot is disengaged.

3. Check for 28vdc at by-
pass air valve when
autopilot is engaged.

4. Check for 28vdc at
jacks 55 (+) and 50.

If pressure is available
proceed to step 7. If
pressure is not avail-
able proceed to step 2.

If valve releases air
when autopilot is en-
gaged, proceed to step
3.

If voltage is present
valve is defective. If
voltage is not present,
proceed to step 4.

If voltage appears, air-
craft wiring from com-
puter to valve is defec-
tive. If no voltage ap-

pears, proceed to step 5.

Page 4-6

TROUBLESHOOTING (Sht 1 of 55)

FIGURE 4-3
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TROUBLE TEST PROCEDURE CORRECTIVE ACTION

5. Check for 28vdc at jacks |If voltage appears,

5 (+) and 50. check wiring in comput-
er chassis from pin 5
to pin 55, Repair as
necessary. If no volt-
age appears, proceed
to step 6.

6. Check aircraft wiring If wiring is good, check
from computer con- flight controller wiring
nector pin 5 to flight and master engage
controller connector switch 251B., Repair
pin 3. as necessary.

7. Listen for servo If chattering is audible,
actuator valve chatter- proceed to step 9. If
ing with autopilot en- chattering is not audible
gaged. proceed to step 8.

8. Check for 20 + 2vdc If voltage is not present
from jacks 43, 40 and check zener diode and
24 to gnd. jack 50. then current regulating

tube in computer. Do
not replace tube before
checking zener diode.

9. Check for 10vdc at If voltage is below 8vdec,
jacks 1 (signal gnd) check for a short or
and 50 (power gnd). low resistance short

between signal and pow-
er ground.

2, SWITCHING

Perform the following tests or a specific
test if a switch fails to engage or disengage

properly. In many cases, improper switch-
ing is the cause of other reported troubles.

Aircraft circuit breaker
does not hold in.

Remove computer from its |If trouble is elimated,
rack and check to see wheth-jtroubleshoot computer
er trouble is eliminated. for a short to ground. If

TROUBLESHOOTING (Sht 2 of 55)

FIGURE 4-3
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Nt
KING

H 14
AUTOPILOT

TROUBLE

TEST PROCEDURE

CORRECTIVE ACTION

MASTER switch does
not hold at ON.

1. Check that aircraft
master switch or cir-
cuit breaker is on.

2. Check for 28vdc at jacks
57 (+) and 50. Be sure
that voltage is not ex-
cessively low (not less
than 22vde).

3. Check fuse on front of
computer.

4. Check for 28vdc at jacks
2(+) and 50,

5. Remove flight controller
and check for 28vdc be-
tween pin 1 (+) of con-
nector which mates with
flight controller and
jack 50.

6. Check for continuity be-
tween jack 51 and pin 36
of connector which mates
with flight controlier.

trouble is not eliminated,
trouble is not caused by
the autopilot.

If switch or circuit
breaker is on, proceed
to step 2.

If power is available to
autopilot, proceed to
step 3.

Replace fuse if it is
open. If fuse is not
open, proceed to step
4,

If no voltage appears,
check for open wiring
in computer. Repair as
necegsary. If voltage
appears, proceed to
step 5.

If no voltage appears,

aircraft wiring is def-
ective. If voltage ap-

pears, proceed to step
6.

If no continuity, exists,
aircraft wiring is de-
fective. If continuity
exists, check flight con-
troller for defective
master engage switch
251B (CGb515 2S1-2).

TROUBLESHOOQOTING (Sht 3 of 55)

Page 4-8

FIGURE 4-3
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TROUBLE

TEST PROCEDURE

CORRECTIVE ACTION

Control wheel emergency
disengage switch does not
disengage autopilot.

ALT switch does not hold

ON. (If altitude hold is not
installed, switch does not

hold ON in TSO configura-
tion autopilots.

1. Check disengage switch
for make and break
action.

2. Remove flight controller
and monitor voltage be-
tween pin 1 (+) of con-
nector which mates with
flight controller and jack
50. Push emergency
disengage switch. The
28V must drop when
switch is pushed.

1. Remove flight controller
and check for continuity
between flight controller
pins 3 and 7 with ALT
switch held ON.

2. Remove flight controller.
Check for continuity be-
tween pin 32 of connector
which mates with flight
controller and jack 8.

Replace switch if it is
defective. If switch is
good, proceed to step
2.

If pushing switch does
not cause a drop in vol-
tage, replace emergen-
cy disengage switch. If
voltage drops properly
or if replacing emer-
gency disengage switch
does not remove trouble,
check operation of flight
controller master en-
gage switch 251B (CG
515, 252-2).

If continuity does not
exist, check operation
of switches 2S2A and
255, (2526-CG515)
Repair as necessary.
If continuitry exists,
check resistance be-
tween pins 7 and 32
(252 coil). Resistance
must be 430 £ 86 ohms.
If correct, proceed to
step 2. All but CG515
on CG515 do not make
resistance check, refer
to CG515 maintenance
manual,

If there is no continuity,
repair aircraft wiring.
If continuity exists,
proceed to step 3.

TROUBLESHOOTING (Sht 4 of 55)

August, 1970
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TROUBLE

TEST PROCEDURE

CORRECTIVE ACTION

3. Remove A6 card (orange
decal labled ILS/HDG)
and check for continuity
between pins A and N
connector on card.

If continuity exists,
check computer wiring
from A6 card pin A to
computer pin 8. If con-
tinuity does not exist,
check wiring on A6 card.
Repair as necessary.

ALT switch does not re-
lease to OFF when PITCH
command wheel is turned.

Remove flight controller
and check mechanical
operation of altitude inter-
lock switch 2S5. (CG515
check electronic switch.

See CG515 overhaul manual.)

Repair switch operation
or replace switch.

ALT switch does not move
to OFF when ILS/VOR
switch is at ON and glide
slope engages.

Refer to troubles listed in
test 10, ILS Localizer Coup-
ling.

See corrective action
for referenced checks.

In systems with three-
switch flight controllers,
ILS/VOR switch does not
remain ON, (TURN knob
must be centered and head-
ing selector must be dis-
engaged. If omni and/or
ILS are not coupled, ILS/
VOR switch may not hold
on due to aircraft wiring.)

1. Remove flight controller
and check for continuity
between pins 14 (+) and
1 (-) on flight controller
connector while holding
MASTER switch ON and
TURN knob in detent. (A
diode resistance appears)

2. Check for continuity be-
tween pins 12 and 36 on
flight controller con-
nector. The circuit must
be open. Push ILS/VOR
switch to ON and contin-
uity must exist.

If continuity does not
exist, check for contin-
uity between flight con-
troller pins 14 and 34.

If no continuity, repair
and replace turn com-
mand switch 254. If
continuity exists between
pins 14 and 1, proceed
to step 2.

If proper results are
not obtained, check wir-
ing from pins 12 and 36
to flight controller navi-
gation switch 2S3. Re-
pair or replace wiring
or switch 2S3 as nec-
assary.

TROUBLESHOOTING (Sht 5 of 55)

Page 4-10

FIGURE 4-3
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TEST PROCEDURE

CORRECTIVE ACTION

3. Check for continuity be-
tween pin 36, on con-
nector which mates with
flight controller, and
aircraft ground.

4. Remove heading selector
and disconnect electrical
cable. Check for contin-
uity between L. and J on
heading selector connect-
or.

5. Check for continuity be-
tween pin 12 of connect-
or which mates with
flight controller and pin
I, of connector which
mates with heading se-
lector. Check between
pin 14 and pin J of the
same connectors.

If continuity does not
exist, there is a fault
in aircraft wiring. If
continuity exists, pro-
ceed to step 4.

If continuity does not
exist, open heading se-
lector and check wiring
and switch. If contin-
uity exits, proceed to
step 5.

If continuity does not
exist, repair aircraft
wiring.

In systems with CG417 and
CG515 flight controllers,
IL.S/VOR switch does not
remain at ON. (TURN knob
must be centered and head-
ing selector must be dis-
engaged. If omni and/or
IL.S are not coupled, ILS/
VOR switch may not hold
in due to aircraft wiring),
Pin 14 and 27 must be inter-
locked or jumpered on
CG515.

1. Remove flight controller
and check for continuity
between flight controller
connector pins 1 and 27
while holding ENGAGE
switch at ON. (A diode
resistance must appear
on CG417 + on pin 1)

If an open circuit ex-
ists, disengage ENGAGE
switch and check for
continuity between pins
1 and 5. If continuity
exists, check CG417
wiring to pin 34. If no
continuity, check EN-
GAGE switch 251B. Re-
pair or replace as nec-
essary. (CGb515 check
from pin 27 to 3, if no
continuity check S4A
and S6-5)

August,

TROUBLESHOOTING (Sht 6 of 55)
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TROUBLE

TEST PROCEDURE

CORRECTIVE ACTION

2. Check resistance be-
tween pins 27 and 36 on
flight controller with
ILS/VOR switch held at
ON. The resistance
must be 430 £ 86 ohms.
(CG515 use 14 + and 36 -
should be 480 + 802)

If an open circuit or
high resistance exits,
check wiring from pins
27 (14 on CG515) and 36
to ILS/VOR switch 253
(S3-6 or CG515).Check
switch 253. Repair or
replace as necessary.

ILS/VOR switch does not
move to OFF when TURN
command knob is moved.

Remove flight controller
and check mechanical oper-
ation of ILS/VOR switch
253 and electrical operation
of TURN command switch
254.

Replace switches as
necessary.

ILS/VOR switch does not
move to OFF when EN-
GAGE switch is moved to
OFF.

1. Check directional gyro
to see if it is caged.

2. Remove directional gyro
and check for continuity
between pins F and H on
directional gyro connect-
or. With gyro uncaged,
an open condition must
exist.

If the directional gyro
is uncaged, proceed to
step 2.

If there is continuity,
repair or replace
switch in directional

gyro.

ILS/VOR switch does not
disengage when heading

select function is engaged.

1. For systems with three-
switch flight controllers,
remove heading selector
and check operation of
engage switch 951A.

2. For systems with CG417
four-switch flight contr ol
lers, remove flight con-
troller and check oper-
ation of HDG SEL switch
2S6.

Repair or replace as
necessary.

Repair or replace as
necessary.

TROUBLESHOOTING (Sht T of 55)

Page 4-12

FIGURE 4-3
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Heading selector does not 1. For systems with three-
engage (with TURN com- switch flight controllers
mand knob centered). proceed as follows:

a. Remove engage knob |If heading selector can
from heading selector. |be engaged with knob off,
Push shaft to attempt |knob must be reposition-
to engage heading se- Jed. Place knob onshaft.
lector. Tighten setscrews when

knob is positioned so

that shaft can go fully in.

If trouble is not remov-

ed, proceed to step b.

b. Remove flight con- If continuity does not
troller and make con- |exist, check for contin-
tinuity checks at con- Juity between pins 14 and
nector of flight con- 34. If no continuity,
troller. Check between|check wiring to switch
pins 14 (+) and 1 (-) 254. Repair wiring or
with MASTER switch |replace switch 254 as
held at ON, andcheck |necessary.
between pins 13 and
36. Continuity must
exist.

c. Disconnect electrical [if continuity does not
comnector from head- J|exist there is fault in

ing selector. Check aircraft wiring, If
for continuity between |continuity does exist,
pin 14 of connector proceed to step 4.

which mates with flight
controller and pin J of
connector which mates
with heading selector.
Check between pins 13
and K of same con-
nectors.

- TROUBLESHOOTING (Sht 8 of 55)
FIGURE 4-3
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TROUBLE TEST PROCEDURE CORRECTIVE ACTION

d. Remove heading se- |If there is either a
lector and check for short or an open con-

a resistance between |[dition, open heading se-

pins J and K on its lector and check wiring

connector when of switch solenoid. Re-

engage knob is pair wiring or replace

pushed in. solenoid as necessary.
2. For systems with four-

switch flight controllers

proceed as follows:

a. Remove flight control-|If an open circuif exists
ler and check for con- jcheck wiring from pinl
tinuity between flight }to ENGAGE switch and
controller connector from pins 35 and 10 to
pins 1 and 35, and HDF SEL switch. Check
between pins 1 and 10 |ENGAGE switch 251 and
with the ENGAGE and |HDG SEL switch 256.
HDG SEL switches Repair or replace as
held at ON. (A diode |necessary. If continuity
resistance must exist |exists, proceed to step
on CG417) b.

b. Check for continuity If an open circuit exists
between pins 10 and remove heading selector
2 on aircraft wiring and check for continuity
connector which between pins T and S on
mates with flight its connector. If no con-
controller. tinuity, open heading

selector and check wir-
ing. Repair as neces-
sary. If continuity exists
in heading selector but
not between pins 10 and
2 aircraft wiring is
faultly. If continuity
exists between 10 and 2
proceed to step c.
TROUBLESHOOTING (Sht 9 of 55)
FIGURE 4-3
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¢. Check resistance be-
tween pins 2 and 36
on flight controller
connector. The re-
sistance must be 270
+ 54 ohms (CG515 +
on 36 - on 2 gives

diode drop, - on 36
+ on 2 gives 48002
+10%.

If an open circuit exists
or a high resistance
appears, check between
pin 2 and HDG SEL
switch and between pin
36 and ILS/VOR switch.
Check HDG SEL switch
coil. Repair or replace
as necessary.

In systems withthree-
switch flight controllers,
heading selector does not
disengage when the TURN
command knob is moved.

Engage heading selector
and then remove flight
controller.

If heading selector dis-
engages, check wiring
and operation of flight
controller switch 254.
Repair wiring or re-
place switch as neces-
sary. If it does not dis-
engage, remove head-
ing selector from panel
and check for binding of
shaft. Open case if nec-
essary and check spring

‘action. Repair as nec-

essary.

In systems with four-switch
flight controllers, HDG SEL
switch does not disengage
when TURN command knob
is moved.

Engage HDG SEL switch
and then remove flight
controller.

If HDG SEL switch does
not disengage, check
for binding of switch.
Repair as necessary. If
HDG SEL switch disen-
gages, refer to flight
controller schematic
diagram and check wir-
ing and switch action of
TURN command knob.
Repair or replace as
necessary.

TROUBLESHOOTING (Sht 10 of 55)

August, 1970
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CORRECTIVE ACTION

In systems with three-
switch flight controllers,
heading selector does not
disengage when ILS/VOR
switch is turned ON.

Engage autopilot and then
remove flight controller.

If heading selector dis-
engages check for gnd.
at pin 13 of flight con-
troller with ILS/VOR
switch held ON, If gnd.
exists, locate and re-
move it. If heading se-
lector does not disen-
gage, repeat above cor-
rective actions for shaft
binding.

In systems with four-
switch flight controllers,
HDG SEL switch does not
disengage when ILS/VOR
switch is turned ON.

Refer to flight controeller
schematic diagram and
check wiring and switch
operation of HDG SE L
and ILS/VOR switches.

Repair wiring or re-
place switches as nec-
essary.

3. YAW AXIS

Engagement causes mistrim
in yaw axis (ball off center)
or an objectionable rudder
kick.

1, Check rigging of rudder
servo cable drum. Servo
must be centered for
streamlined rudder.

2. Check servo actuator
diaphragms for leakage.

3. If pressure gages are
available, install a gage
on each side of servo
valve test ports. Pro-
ceed to step 4.

4. Perform roll and yaw
axis adjustments of
figure 3-1 while
observing gages.

If adjustment is needed
perform step 4 before
flight check.

Replace diaphragms as
necessary. If no leak-
age,proceed to step 3.

If adjustments can be
made, pressure gages
must read equal pres-
sure when electrical
voltage is zero. If not
zero, adjust servo valve

TROUBLESHOOTING (Sht 11 of 55)
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CORRECTIVE ACTION

5. Check continuity be-
tween pin A of con-
nector which mates with
rudder servo actuator,
and jack 41. Check be-
tween pin C and jack 42
and between pin B and
jack 43.

6. Check resistance of
servo valve coils A toB
and A to C. Resistance
must be within 20% of
each other.

7. Replace A2 card (blue
decal labeled YAW AXIS)
(This may be done by
pulling connected pair of
cards and turning them
so that they exchange po-
sitions in receptacles).

8. Check that voltage be-
tween patch cable jacks
26 and 1 is zero with
autopilot engaged.

9. Disconnect turn and bank
indicator gyro.

according to overhaul
manual. If adjustments
in step 4 cannot be made
proceed to step 5.

If continuity does not
exist in any check, re-
pair that wire in air-
craft cabling. If trouble
is not removed, pro-
ceed to step 6.

Replace valve coil if
resistance check shows
an open winding or a
short circuit. If re-
sitances are within tol-
erances, proceed to
step 7.

If problem is removed,
repair or replace bad

card. If not, proceed

to step 8.

If voltage is not zero,
refer to test 8§, Heading,
for heading system
troubleshooting. I volt-
age is zero, proceed to
step 9.

If problem disappears,
proceed to step 10. If
not, proceed to step 11.

August, 1970
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10.Check capacitor 1A5C3 Replace capacitor if
on A5 card. shorted and check turn

and bank indicator for

proper operation.

11.Adjust computer YAW If voltage cannot be ad-
ADJ R3 resistor for zero {justed to zero, replace
volt. Use pins 12 to 62 resistor R3.
(gnd) for checking adjust-
ment,

No apparent yaw damping. 1. With autopilot engaged & |If needle deflects but no
pneumatic pressure ap- |rudder action is appar-
plied,push on instrument |ent, proceed to step 2.
panel near turn and bank |If needle does not de-
indicator gyre. The rate [flect proceed to step 7.
needle, on turn and bank
indicator gyro, and rud-
der of aircraft must de-
flect. If possible, yaw the
aircraft. That should pro-
duce the same results.

2. Connect dc voltmeter be- |If voltage changes, per
tween patch cable jacks form steps 3 thru 11 of
27 and 1. Repeat step 1. |first trouble listed
Voltmeter needle should junder YAW AXIS. If

deflect when gyro is trouble does not change

moved. or if no voltage is
shown, proceed to step
3.

3. Disconnect turn and bank |If voltage appears, pro-
indicator. With dc power | ceed to step 4. If no
on, check for 40vdc be- |voltage, proceed to
tween pins C and E on step 5.
connector going to turn
and bank indicator.

TROUBLESHOOTING (Sht 13 of 55)
FIGURE 4-3
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4,

Check for 7K resistance
between turn and bank
indicator pins C to E.
Check for 3. 5K resis-
tance between turn and
bank indicator pins D

to E and D to C.

Check for +20vdc between
patch cable jacks 14 (+)
and 1. Check for -20vdc
between jacks 15 (-) and
1.

. On terminal board TB1

on underside of comput-
er, check for +20vdc
between terminals 49

and 62 (-) (between 13
and 60 on B2 suffix com-
puters). Check for -20vdc
vdc between terminals

52 (-) and 62 (between

14 and 60 on B2 suffix
computers).

Diseonnecdt eledtrical
connector from turn
and bank indicator
gyro. Make certain
28vdc circuit breaker
is in. Check for 28vdc
between pins A (+)

and B of connector
which mates with the

gyro.

If resistances are not
correct, replace vari-
able resistor in turn
and bank indicator.

If voltage of proper
value appears, repair
aircraft wiring from
computer pin 14 to turn
and bank indicator pin
E and from pin 15 to
pin C. If no voltage,
proceed fo step 6.

If voltage is correct,
repair wiring. If no
voltage, repair red dc
power supply card.

If no voltage appears,
repair aircraft wiring
or turn and bank indica-
tor gyro circuit break-
er., If voltage appears,
repair turn and bank
indicator gyro.

August, 1970
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4. PITCH AXIS

TROUBLE

TEST PROCEDURE

CORRECTIVE ACTION

No response to PITCH
command wheel move-
ment in either aircraft
or PITCH trim indica-
tor.

1. Check for 10vdc at jacks
1 (signal ground) and 50
(power ground).

2. Substitute a good Al
card by switching Al
and A2 cards.

3. Check voltage at jacks

35 and 1 (-) while mov-
ing PITCH command
wheel,

4. Turn computer over and
check voltage between
terminal board TB1 ter-
minals 83 and 62 while
moving PITCH command
wheel (between 37 and 60
on B2 suffix computers).

5. Disconnect computer con-
nector and check for 387K
resistance between TBI1
terminals 83 and 77 (be
tween 37 and 38 on B2
suffix computers).

6. With computer disconnect-
ed, check continuity be-
tween TB1 terminal 77
and connector 1Al pin R
(between 38 and R on B2
suffix computers).

If voltage is below 8vdc,
check for a short or
low resistance short
between signal and pow-
er gnd, If voltage is
correct, proceed to
step 2.

If trouble is corrected,
repair or replace bad
card. If trouble is still
present, proceed to
step 3.

If voltage varies, pro-
ceed to step 4. If vol-
tage does not vary, pro-
ceed to step 7.

If voltage does not vary,
repair wiring between
computer connector pin
35 and terminal 83. If
voltage varies, proceed
to step 5.

If an open circuit exists,
replace resistor. If
resistance is correct,
proceed to step 6.

If open, repair wiring.

TROUBLESHOOTING (Sht 15 of 55)
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7. Disconnect flight con-
troller. Check contin-
uity from pins of air-
craft mating connector
to computer connector
pins as follows:

Aircraft Computer
Connector Connector
24 to 35
22 to 17
20 to 16

8. On flight controller,
check continuity from
pin 24 to wiper of pitch
command resistor, and
from pin 20 to the other
end.

If no continuity, repair
aircraft wiring. If con-
tinuity exists, proceed
to step 8.

If open, repair wiring.
If continuity exists, re-
place pitch command
resistor.

Aircraft does not respond
to PITCH wheel command,
but PITCH trim indicator
does respond.

1. Check shear pin on el-
avator cable drum and
check control cables for
proper tension.

2. Check for air pressure
at elevator servo.

3. Move PITCH command
wheel, monitor voltage
at jacks 38 and 39, and
watch PITCH indicator.
The needle must react
to PITCH wheel move-
ment. Note reaction for
reference in a later step.

If shear pin is broken,
replace it as instructed
in Section V. Iftrouble
is not removed, pro-
ceed to step 2.

If pressure is correct
proceed to step 3. If
not correct, check
pressure source.

If voltage varies, check
aircraft wiring to serva
If wiring is good, pro-
ceed to step 4. If volt-
age does not vary, pro-
ceed to step 5.

TROUBLESHOOTING (Sht 16 of 55)
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4. Check servo actuator
diaphragms for leakage.

5., Check servo valve
according to test 12,
Servo Valves (Installed
in Aircraft).

If leakage is detected,
replace diaphragms. If
no leakage, proceed to
step 5.

Repair or replace as
necessary.

Autopilot will not hold
pitch attitude.

1. Make "Ajircraft does not
respond to PITCH wheel
command, but PITCH
trim indicator does re-
spond" trouble check.

2. Check to make certain
that attitude indicator is
connected. Observe in-
dicator for proper
operation.

3. Check for continuity be-
tween pin F', of connec-
tor which mates with
attitude indicator and
jack 31, between pin D
and jack 17, and between
pin E and jack 16 (with
CGbH15 check continuity of
pin 13 to pin 12 with ALT
disengaged).

4. Check for continuity from
computer connector pin
31 to computer A5 card
connector pin J5U.

5. Remove Ab card. Check
resistor 1A5R1 for 261K
resistance (pin U to P).

If proper results are
obtained, proceed to
step 2.

If indicator does not
operate mechanically,
repair or replace it.

If it appears to be
mechanically accurate,
proceed to step 3.

If no continuity exists,
there is a fault in air-
craft wiring. If there
is continuity, proceed
to step 4.

If no continuity exists,
repair wiring. If con-
tinuity exists, proceed
to step 5.

If open, repair wiring
or replace resistor 1A5-
R1l.Ifresistance is cor-
rect, proceed to step 6.

TROUBLESHOQOTING (Sht 17 of 55)
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6. On card A5, check re-

sistors 1A5R2 and 1A-
5R3 and capacitors 1A-
5C1 and 1A5C2 for
proper values and con-
nections (refer to Ab
card schematic),

. Remove and cage attitude

indicator. Check for
approximately 2. 6K re-
sistance between pins
D and F and between
pins E and F on it elec-
trical connector,

. Perform tests under

test 11, Automatic Trim.

Repair or replace as
necessary. If all parts
are good, proceed to
step 7.

If improper results ob-
tained, repair or re-
place indicator. If
proper results are ob-
tained, proceed tostep
8.

Pitch hardover when auto-
pilot is engaged.

. Attempt to center PITCH

indicator needle by turn-
ing PITCH command
wheel. (Attitude indicator
must be erected or pitch
cable ATT GYRO switch
must be at TEST).

. Replace Al card (blue

decal), by interchanging
Al and A2 cards.

. Connect dc voltmeter be-

tween patch cable jacks
35 and 1 (-). Rotate
PITCH command wheel
in both directions and
check that voltage passes

If PITCH indicator
needle does not center,
proceed to step 2. If
PITCH indicator cen-
ters, proceed to step &
(With CGb515 if pitch
wheel drives hard over
one side., See control-
ler overhaul manual,)

If problem disappears,
repair or replace bad
card. If problem still
exists, proceed to
step 3.

If voltage does not pass
through zero, proceed
to step 4. If voltage is
correct, check wiring
from computer pin 35
to terminal board 83,

TROUBLESHOOTING (Sht 18 of 55)
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through zero (with CG
515 engage ALT switch
If voltage at jack 35 is
not zero *+ 1. Ovdec. Null
pitch adj. 2R24).

4, While watching PITCH
indicator, disconnect
flight controller.

5. Check contimity of air-
craft wiring between
computer connector and
flight controller pins as

follows:

Computer Flight
Connector Controller
35 to 24
17 to 22
16 to 20

6. Inside flight controller,
check contimuity from
pin 24 to pitch command
resistor wiper and from
pins 22 and 20 to each
side of resistor. Check
that resistor resistance
is 5K. Check that wiper

provides continuous con-

tinuity from end to end.

Check resistor 1R21
between terminals 83
and 77, and wiring
from terminal 77 thru
terminal 76 to Al card
connector pin R. (On
B2 suffix computers,
check wiring from pin
35 to terminal 37.
Check resistor 1R17
between terminals 37
and 38 and wiring from
terminal 38 through
terminal 51 to pin R).

If indicator centers,
proceed to step 5. If it
does not center, pro-
ceed to step 7.

If no continuity exists,
repair wiring. If con-
tinuity exists, proceed
to step 6.

If open wiring, repair
as necessary. If open
resistor, replace it.

Page 4-24
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10.

11.

12.

(CG515 also check pitch
adjust 2R24 and wiring;
see schematic for details)

. Check for a ground or

open circuit in wiring
from pitch indicator cir-
cuit to power ground
(pins 18 and 17 in flight
coniroller and aircraft
wiring).

. Replace Al card (blue

decal) by interchanging
Al and A2 cards.

. Check continuity from

computer connector pin
39 to computer Al card
connector pin J1C and

from pin 38 to pin J1A.

Check continuity of air-
craft wiring between com-
puter connector pin 39 to
elevator servo connector
pin A and from pin 38 to
pin C.

Check for a ground con-
dition at four pins listed
in step 10.

Check that resistances
of elevator servo coils
are equal within +20%.

Remove ground or re-
pair wiring. Replace
pitch indicator if nec-
essary.

1f problem still exists,
proceed to step 9.

If open, repair wiring.
[f continuity exists,
proceed to step 10.

[f open, repair wiring.
1f continuity exists,
proceed to step 11.

If ground condition
exists, repair as nec-
essary. If no ground
exists, proceed to step
12.

[f open coil exits, re-
place it. If resistances
are within tolerance,

proceed to step 13.

August, 1970
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13.Check servo diaphragms
for leakage.

14.Test servo valves
according to test 12,
Servo Valves (Installed
in Aircraft).

If leakage is detected,
replace diaphragm. If
no leakage,proceed to
step 14.

Repair or replace valve
as necessary.

PITCH wheel commands
chage in only one direction.

Perform ''Pitch hardover
when autopilot is engaged"
test procedures.

PITCH indicator does not
react when PITCH command
wheel is turned.

1. Check for 10vdc from
computer connector pins
1 (signal ground) to pin
50 (power ground).

2. Perform "Pitch hardover
when the autopilot is en-
gaged' test procedures.

If voltage is below 8vdc,
check for a short or
low resistance short
between signal and pow-
er ground.

PITCH indicator is not cen-
tered when aircraft is fly-
ing straight and level.

1. If an automatic pitch
trim system is installed,
see troubles listed for
that system (test 11).
If automatic trim system
is not installed, use man-
ual trim to center needle.

2. Perform ''Pitch hardover
when autopilot is engaged'
test procedures.

If neither of these pro-
cedures correct the
problem, proceed to
step 2.

Computer R1 PITCH ADJ
resistor does not control

pitch axis during checkout
procedures.

1. Set patch cable ATT
GYRO switch at TEST,
or disconnect electrical
connector from attitude
indicator. Monitor vol-
tage at patch cable jacks
38 and 39 while rotating

If PITCH command
wheel operates normal-
ly, proceed to step 2.
If not, perform ''Pitch
hardover when auto-
pilot is engaged'' test
procedures.

TROUBLESHOQTING (Sht 21 of 55)
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PITCH command wheel.
Voltage must vary up to
+6vdc minimum,

2. On computer terminal
board TB1, check volt-
age between terminals
60 and 62 while rotating
PITCH ADJ resistor
R1 (between terminals
20 and 60 on B2 suffix
computers). Voltage
must vary and pass
through zero.

3. On computer terminal
board TB1, check contin-
uity from terminal 60
(terminal 20 on B2 suf-
fix computers) to resis-
tor wiper and from ter-
minals 53 and 48 to ends
of resistor (terminals
14 and 13 on B2 suffix
computers).

4, Remove Al card. Check
contimuity from terminal
board TB1 terminals 68
to 67 (terminal 19 and Al
card connector pin J1P
on B2 suffix computers).
Check for 1. 21 mego
resistance (1R14) between
terminals 60 and 68 (be-
tween terminals 20 and 19
on B2 suffix computers).

If voltage does not vary
or pass through zero,
proceed to step 3. If
voltage is correct, pro-
ceed to step 4.

If circuitry is open, re-
pair wiring and repeat
step 2. If circuitry is
correct, replace PITCH
ADJ resistor R1.

Repair wiring as nec-
essary. Replace resis-
tor 1R14 if necessary.

August, 1970
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PITCH command wheel
commands unequal nose-
up versus nose-down
response.

1.

Place patch cable ATT
GYRO switch at TEST or
disconnect electrical
connector from attitude
indicator. Center
PITCH command wheel
and note whether PITCH
indicator needle is cen-
tered. (Check null
adjustment of 2R24 pitch
adj on CG515). See con-
troller manual.

If PITCH indicator does
not react to PITCH
command wheel, see
listing for that trouble.
If PITCH indicator
needle is not centered,
but can be controlled,
center PITCH wheel
and adjust computer

R1 PITCH ADJ variable
resistor to center
needle. If needle is
centered, proceed to
step 2.

2. Check control cable If control cables are
rigging (particularly properly rigged, make
servo actuator cable tests listed for trouble,
drum centering). "Aircraft does not re-

spond to PITCH wheel
command but PITCH
trim indicator does
respond'.
Excessive shear pin None Check aircraft control
breakage. cable rigging.
Marginal pitch axis per- 1. Check aircraft pneumatic| If pressure and vacuum
formance (porpoise, slug- and vacuum system for are within specified
gishness, etc.) low pressure. tolerances for aircraft,
proceed to step 2.
2. Check aircraft electrical | If electrical power is
system for low voltage. within specified toler-
ances for aircraft, pro-
ceed to step 3.
3. Inspect elevator servo If contamination is

actuator for presence
of oil (or other contam-
inants)

found, replace (or clean
according to overhaul
manual) ALL servo

TROUBLESHOOTING (Sht 23 of 55)
FIGURE 4-3
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4. Check control cable
rigging (particularly
servo actuator cable
drum centering).

5. Visually check attitude
indicator to determine
if it is operating mech-
anically.

6. Check servo actuator
for proper pneumatic
pressure.

7. Check servo diaphragms
for leakage.

8. Perform servo valve
test according to over-
haul manual.

9. Perform tests under test
11, Automatic Trim.

actuators. Flush pneu-
matic lines and install
new (or cleaned) servo
actuators. Replace air
filter.

If control cable is pro-
perly rigged, proceed
to step 5.

If indicator does not

appear to operate, re-
pair or replace it, If it
operates properly, pro-
ceed to step 6.

If proper pressure is
at servo, proceed to
step T.

If leakage is detected,

replace diaphragms. If
no leakage, proceed to
step 8.

If servo valve is good,
proceed to step 9.

5. ALTITUDE HOLD

system must be functioning properly.

Prior to troubleshooting the altitude hold
function, the pitch axis and automatic trim

Autopilot does not hold alti- { 1. Check to make sure that
tude with ALT switch at ON. electrical connector is
No response in pitch axis. securely connected with
altitude control.

If connected, proceed
to step 2.

TROUBLESHOOTING (Sht 24 of 55)
FIGURE 4-3
August, 1970
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2. Check voltage at jacks If voltage varies,

38 and 39. Disconnect trouble is in aircraft
static line from altitude |static pressure system.
control. Engage auto- If there is no reaction,
pilot and push ALT switch|proceed to step 3.

ON. Apply a slight pres-

sure to altitude control.

(A good method is to con-

nect a pliable rubber tube

to static port and then to

squeeze tube) The voltage

must be affected.

3. Check for a resistance If proper resistances
between pins D and E on {do not appear, repair
altitude control electrical jor replace altitude
connector. There must |control. If proper re-
be approximately 3002 sistances appear, pro-
resistance. Check be- ceed to step 4.
tween pin A and H. There
must be approximately
6. bK resistance. Check
between B and H should
be approximately 6. 5K.

4. Check for cotinuity be- [|If continuity doesn ot
tween pin D of connector |exist, repair wire in
which mates with altitude |computer chassis. If
control and jack 9. Check |[continuity exists, pro-
between pin E and pin A |ceed to step 5.
of A6 card.

5. Remove A6 card. Check |If no continuity, repair
continuity from A6 card |wire on A6 card or re-
connector pins A to N, place K8 relay if card

is so equipped. If con-
tinuity exists, proceed
to step 6.

6. On A6 card mating con- |If no continuity, repair
nector in computer (J6) wire in computer. If
check between pin N and [continuity exkists,

TROUBLESHOOTING (Sht 25 of 55)
FIGURE 4-3
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ground lug in computer.

remove altitude control
and checking according
to overhaul manual. Re-
pair or replace as nec-
essary.

Autopilot exhibits por-
poising or small sharp
pitch corrections only
while on altitude hold.

. Check aircraft static

system for clear lines.

Perform tests under
test 11, Automatic Trim.

. Replace altitude control

and check according to
overhaul manual.

Make repairs according
to airframe manufac-
turer's instructions. If
trouble is not corrected
proceed to step 2.

If trouble is not cor-
rected, proceed to step
3.

Repair or replace as
necessary.

Ajircraft does not hold
altitude (drifts off over
a 10 to 15 minute period)

Perform tests under
trouble ""Autopilot does
not hold altitude with
ALT switch ON. No re-
sponse in pitch axis."

. On computer terminal

board TB1, monitor volt-
age between terminal 79
and ground terminal 62
(between terminals 36 and
60 on B2 suffix comput-
ers). Engage ALT switch.
Apply pressure on static
port and hold for 5 to 10
minutes.

If trouble is not cor-
rected, proceed to step
2.

If voltage does not
stabilize, repair or re-
place altitude control.

TROUBLESHOOTING (Sht 26 of 55)
FIGURE 4-3

August, 1970

Page 4-31




Nt
KING
H 14

AUTOPILOT

6. ILS GLIDESLOPE COUPLING

Before referring to the following troubles, the
pitch axis must be operating properly and the
ILS/VOR switch must be functioning. The glide-
slope indicator must also be operating properly.

TROUBLE TEST PROCEDURE CORRECTIVE ACTION
Autopilot does not engage 1. Use glideslope simulator | If same signal is be-
glide path. or tune-in localizer fre- | tween jacks 10 and 11
quency to obtain glide- as on glideslope meter,
slope needle deflection. proceed to step 2. If
Check signal between signal is different, re-
pitch cable jacks 10 and | pair aircraft wiring.
11.
2. On computer terminal Signal must be same as

board TB1 check voltage | glideslope needle. If
between terminal 70 and | not, repair computer

ground terminal 62 (be~ | wiring. If same, pro-
tween terminals 18 and ceed to step 3.

60 on B2 suffix comput-

ers).

3. Make sure back course If continuity does not
ILS switch is at front exist, there is a fault
course position. Check in aircraft wiring or in
for continuity between back course switch. If
jacks 30 and 4. continuity exists, pro-

ceed to step 4.

4, Check continuity between [ If no continuity, repair

patch cable jack 4 and computer wiring. If
computer A4 card con- continuity exists, pro-
nector pin K, ceed to step 5.

5. Disconnect patch cable If no continuity, check
from computer pin 47 wiring to relay K3. Re-
and 50 (-). Check contin-| place relax K3 is nec-
uity from computer pin essary. If continuity
30 to A6 card connector | exists proceed to step
pin J. 6.

TROUBLESHOOTING (Sht 27 of 55)
FIGURE 4-3

Page 4-32 August, 1970




Nt
KING
H 14

AUTOPILOT

TROUBLE

TEST PROCEDURE

CORRECTIVE ACTION

Connect computer to air-
craft connector. Check
for -20vdc between A4
card connector pins L
and K.

. Replace A6 card (orange

decal labeled ILS/HDG).

If no voltage, repair

or replace A4 card. If
voltage is present, pro-
ceed to step 7.

Aircraft porpoises along
glideslope beam.

. Check glide slope receiv-

er for proper impedance
matching and check prop-
er capacitance ballast
across glideslope meter,

. Perform tests under

test 11, Automatic Trim.

. Replace A6 card (orange

decal labeled ILS/HDG)

If trouble is not found,
proceed to step 2.

If trouble is not cor-
rected, proceed to
step 3.

Autopilot engages with
glideslope but flies beam
at an offset.

. Turn glideslope receiver

on and tune it to a chan-
nel which is not used
locally. Check signal
appearing at jacks 10
and 11. Less than 5mv
must appear.

. Check for continuity be-

tween jacks 10 and 1.

. Replace A6 card (orange

decal labeled ILS/HDG).

If more than 5mv ap-
pear, glideslope receiv-
er is source of trouble.
If less than 5mv appear,
proceed to step 2.

If continuity does not
exist, repair wiring in
computer. If continuity
exists, proceed to
step 3.

TROUBLESHOOTING (Sht 28 of 55)
FIGURE 4-3
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ALT switch does not dis-
engage when glide slope
engages.

. Remove A5 and A6 cards

and check resistance
between jacks 8 and 51.
There must be infinite
resistance.

. Install A5 and A6 cards.

Perform glideslope test
in ground checkout pro-
cedures of figure 3-1
while monitoring jacks

8 to 50 with an ohmmeter.
Upon completion of the
check there must be no
continuity.

If continuity exists, lo-
cate and remove short
to ground. If no continu-
ity,proceed to step 2.

If continuity exists, re-
move A6 card and check
operation of A6KS8 re-
lay and A6Q9 transistor
according to overhaul
manual. Repair or re-
place A6 card.

The glideslope engages
prior to reaching glide
slope beam

—NOTE— An erratic signal
: from glideslope
transmitter can
cause premature
engagement.

. Check glideslope re-

ceiver for proper im-
pedance matching and
check for proper cap-
acitance ballast across
glideslope meter.

. Check A6 card according

to computer overhaul
manual.

Make changes if nec-
essary. If trouble is
not removed proceed
to step 2.

Repair or replace as
necessary.

Aircraft assumes a climb
after glideslope engages.

—NOTE -~ If PITCH wheel is
in a climb position
and altitude hold
was beingused, air-
craft usually climbs.
That happens because
altitude hold is dis-
engaged when glide-

. Turn glideslope receiver

on. Check polarity of sig-
nal at jacks 10 and 11.
Pin 11 must be positive
for an OBS down needle.

. Check A6 card according

to computer overhaul
manual.

If necessary, change
wiring. If signal is cor-
rect, proceed to step

2.

Repair or replace as
necessary.

TROUBLESHOOTING (Sht 29 of 55)

Page 4-34

FIGURE 4-3

August, 1970




e d
KING
H 14

AUTOQOPILOT

TROUBLE TEST PROCEDURE CORRECTIVE ACTION

slope engages. The
PITCH wheel com-
mand then is fed to
autopilot. It has
enough authority to
override a glide-
slope down signal.

7. ROLL AXIS

When troubles are reported in the roll
axis, the trouble may be in the heading
function (troubleshooting test 8).

Autopilot does not hold 1. Perform autopilot adjust-|If roll axis checks out,

roll attitude ment and checkout pro- proceed to step 2. If
cedure for roll axis not, repair the inoper -
figure 3-1. Check pneu- |ative function and then
matic pressure to servo. |proceed to step 2 if
Check servo for diaph- necessary.

ragm leakage.

2. Disconnect electrical If continuity does
connector from attitude exist, proceed to step 3.
indicator and check for If continuity does not
continuity between pin exist, repair fault in
C, of the connector aircraft wiring.

which mates with attitude
indicator, and jack 18.

3. Apply 28vdc to aircraft. |{If voltage is correct,
Check for 40vdc between |proceed to step 4. If no
pins A and C of attitude |[voltage, check aircraft
indicator connector. wiring for an open cir-

cuit to attitude indicator.

4. Remove attitude indicator |If proper resistance ap-

and cage it, Check re- pears, proceed to step
sistance between pins A |5. If resistance is not
and C on its connector. correct, attitude indica-
There must be no more tor must be repaired.

than 3K resistance.

TROUBLESHOOTING (Sht 30 of 55)
FIGURE 4-3
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. Have attitude indicator

checked for proper gyro
operation.

. Check servo valve oper-~

ation according to test 12
Servo Valves (Installed in
Aircraft).

If problem still exists,
proceed to step 6.

TURN command knob
does not produce
aileron reaction.

. Place patch cable ATT

GYRO switch at TEST
or disconnect electrical
connector from attifude
indicator, and center
TURN command knob.
Check voltage at jacks
22 and 23. Move TURN
knob in each direction.

. While monitoring patch

cable jacks 22 and 23,
rotate ROLL ADJ R2
resistor on computer
(with CG515 use roll
adjust in flight controller)

. Substitute a known good

A3 card (blue decal label-
ed ROLL AXIS) by inter-
changing with the yaw or
pitch card.

. Check voltage at jacks

20 (+) and 1. Move TURN
knob in each direction.
The voltage must go
positive for right com-
mand and negative for
left command.

If meter shows electri-
cal reaction to TURN
knob, check shear pin.
Check pneumatic pres-
sure at servo. Check
servo diaphragms for
leakage. If they are all
satisfactory, proceed
to step 8. If no electri-
cal reaction occurs,
proceed to step 2.

If meter shows electri-
cal reaction, proceed
to step 4. If no elec-
trical reaction, pro-
ceed to step 3.

This should correct the
problem. Remove and
repair bad card accord-
ing to computer over-
haul mamal.

If voltage reacts to
TURN command knob,
proceed to step 7. If
there is no voltage or
voltage did not change,
proceed to step 5.
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Roll hardover occurs
when autopilot is en-
gaged,

5. Remove flight controller
and check continuity be-
tween flight controller

aircraft connector to
patch cable jacks as

follows:

Flight Patch
Controller Cable

30 to 20
28 to 15
26 to 14

6. In flight controller check
continuity between TURN
command resistor out-
put pins 28 and 26, and
30 to 28 or 26.

7. Check for 383K resist-
ance between computer
pin 20 and computer A3
card connector pin J3R.

8. Check continuity of air-
craft wiring between
computer pins and roll
servo pins as follows:

Computer Roll Servo
22 to A
23 to C
24 to B

1. Set patch ATT GYRO
switch at TEST. Engage
autopilot and center
TURN command knob.
Check voltage between
jacks 22 and 23.

If continuity exists, pro-
ceed to step 6. If no con-
tinuity, repair aircraft
wiring.

If no continuity, repair
wiring or replace TURN
command resistor.

Replace resistor R7
(R15 on B2 suffix com-
puters), or repair wir-
ing.

If no continuity repair
wiring. If continuity
exists, check out oper-
ation of roll servo
actuator.

If voltage is zero or
close to zero, check out
operation of roll servo
actuator. If voltage is
large, proceed to step
2.

August, 1970

TROUBLESHOOTING (Sht 32 of 55)
FIGURE 4-3

Page 4-37



ot
KING
H 14

AUTOPILOT

s

TROUBLE TEST PROCEDURE CORRECTIVE ACTION

2. Remove A5 and A6cards |If trouble is removed,
from computer. troubleshoot heading

system. If trouble still
remains, procced to
step 3.

3. Replace A3 card with a If trouble is removed,
known good card (inter- |repair bad card. If
change with yaw or pitch |trouble still remains,
card). proceed to step 4.

4. Set TURN know in center |If voltage is zero, pro-
detent. Check for zero ceed to step 5. If not
volt between jacks 20 and |zero, perform "TURN
1 (-). command knob does not

produce aileron reac-
tion" tests 5 to the end.

5. On computer, check for |If not at zero, attempt
vero volts between ter- to obtain zero by adjust-
minals 11 and 62 (be- ing with ROLL ADJ re-
tween terminals 30 and sistor. If zero cannot
60 on B2 suffix comput- |be obtained, check wir-
ers). ing to resistor R2 and

check resistance of R2.
Repair wiring or re-
place resistor as nec-
essary (CG515 ROLL
ADJ in controller 2R7).
TURN command knob 1. Perform roll axis test If problem still exists,
produces unequal turns of autopilot adjustments |proceed to step 2.
to left and right. and checkout in figure
3-1.
2. Check voltage between Voltage at extreme posi-

jacks 2 and 1 while ro-
tating TURN command
fully cw and ccw.

tions must be equal to
+10 percent. If not equal
replace turn command
resistor. If voltages are
correct, proceed to
step 3.
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3. Remove attitude indi- Repair attitude indicator
cator, have it checked as necessary.
for linear and equal out-
put.

Autopilot does not main- 1. Make test of test 2, See corrective action

tain a bank angle selected Switching, which are for listed test. If
concerned with TURN trouble is not removed,
command knob. proceed to step 2.

2. Make "Autopilot does See corrective action
not hold roll attitude" for listed test. If
tests, (When checking trouble is not removed,
heading synchronizer, be |proceed to step 3.
sure relay K1 operates
properly).

3. Make "Autopilot does See corrective action
not hold heading''tests for listed test.
in test 8, Heading.

Autopilot flies one wing 1. Perform roll axis and If trouble is not clear -
low (with aircraft man- yaw adjustments of ed, proceed to step 2.
ually trimmed for wings figure 3-1.

level flight).

2. Refer to the trouble Perform corrective
""Autopilot does not action for referenced
hold heading' in test 8, paragraph.

Heading.
Marginal roll axis per- 1. Check for proper pneu- If pneumatic system is
formance (sluggish action, matic system pressure performing satisfactor-
roll oscillation, aileron and vacuum. ily, proceed to step 2.
jitter, etc.)

2. Perform roll axis and
yaw axis adjustments
of figure 3-1.

3. Check out operation of

roll servo actuator.

TROUBLESHOOTING (Sht 34 of 55)
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4.

10.

Visually inspect attitude
indicator for proper
operation.

. Inspect for oil contam-

ination in servo actuator
as instructed in Section
V.

Check aileron control
cable rigging for proper
tension.

. Check servo actuator

valves for proper orifice
and cable drum install-
ation. (See supplement-
ary data in SectionVTIII).

. Check aircraft electrical

system for low voltage.

Replace A3 card (blue
decal labeled ROLL
AXIS) and conduct a
flight check.

Replace A5 card (green
decal labeled MODEL)

and conduct a flight check.

If indicator does not
show attitude of aircraft
as it should, replace
attitude indicator. If
instrument works satis
factorily, proceed to
step 5.

See instructions in
referenced section. If
no oil is present, pro-
ceed to step 6.

If rigging is satisfac-
tory, proceed to step 7.

Install proper orifices
or cable drum. If
trouble is not removed,
proceed to step 8.

If voltage is within
tolerance, proceed to
step 9.

If performance is not
improved, proceed to
step 10.
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8. HEADING

Heading and roll axis troubles are
sometimes difficult to distinguish.
It may be necessary to also refer
to trouble shooting test 7, Roll Axis.

Autopilot does not hold
heading (heading selector
either not installed or if
installed, not engaged).

1. Check position of option
selector plug on comput-
er. (See Section VII for
installation instructions).

2. Turn computer upside
down. Engage autopilot.
Set TURN command knob
out of detent and then
return to detent while
observing transolver
brake in computer. With
TURN command knob
out of detent, brake must
be off (away from trans-
olver). Three seconds
after returning control
to detent, brake must pull
in,

3. Check voltage between
jacks 3 and 50 (-) with
autopilot disengaged and
engaged. Voltage must
be 28vdc with autopilot
disengaged and zero volt
with autopilot engaged
(28vdc with TURN com-
mand knob out of detent
or zero volt with knob in
detent.)

4. Check for zero volt be-
tween jacks 25 and 50 (-).
(There must be no volt-
age until heading selectis
engaged).

Place option selector
plug in proper position.
If trouble is not remov-
ed, proceed to step 2,

If brake is not operating
(pulling in), proceed

to step 3. If brake is
pulled in and does not
release, proceed to
steps 3 and 4. If brake
is operating properly,
proceed to step 16.

If voltage is not correct
proceed to step 8. If
correct, proceed to
step 13.

If 28vdc is present, check
out heading select switch,
Then return tostep 1. If
zero volt, proceedto
step 5.
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. With patch cable discon-

nected from computer,
check resistance from
computer terminal board
terminal 63 to chassis
ground. Resistance must
be approximately 10 to
50 ohms (from terminal
40 on B2 suffix com-
puters).

Check that continuity
exists between terminal
8 of relay 1K1 and chas-
sis ground. Apply 28vdc
between terminal board
TB1 terminal 24 and
chassis ground (between
terminal 6 and ground on
B2 suffix computers).
When 28vdc is applied,
open circuit exists be-
tween terminal 8 and
ground.

Check resistance between
terminal board TB1 ter-

minal 24 and pin 8 of re-

lay 1K1. Resistance must
be 10 to 50 ohms.

. Remove flight controller

and check for resistance
between mating aircraft
connector pins 33 and 34,

. Check aircraft wiring to

determine type direction-
al gyro caging switch
used. Check out switch
operation.

If resistance is correct,
proceed to step 6. Ifno

resistance, proceed to

step 7.

If continuity does not
disappear when 28vdc
is applied, check wir-
ing to relay 1K1. Re-
place relay 1K1 if nec-
essary. If relay 1K1
operates normally, re-
place transolver brake
assembly.

If no resistance, re-
place transolver brake
assembly. If resistance
is correct, repeatstep
6.

If no resistance, pro-
ceed to step 10. If
short appears, proceed
to step 9.

Repair or replace
switch., (When direct-
ional gyrois not caged,
no short exists between
pins 33 and 34.) Repeat
step 3.
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10. Check contimuity of air-
craft cabling between
computer connector pin
3 and flight controller
pin 5.

11. Check diode 2CR2 in
flight controller (be-
tween connector pins 5
and 6 in CG117-517. Not
used in CG515).

12. Check turn command
switch operation in flight
controller between con-
nector pins 34 and 5
CG117-517 (open circuit
with TURN command
knob in center detent:
short circuit when out of
detent). On CGbH15 use
pin 2-33 instead of
33.

13. Check continuity between
computer connector pin
3 to computer terminal
board TBI1 terminal 34
(terminal 63 on B2 suf-
fix computers).

14, Check diode 1CR3 be-
tween computer connect-
or pins 34 and 26 (diode
CR7 between pins 63 and
6 in B2 suffix computers)

15. Check wiring in computer
from TBI1 terminal 26 to
relay K1 pin 3 (from ter-
minal 63 in B2 suffix com-
puters).

If continuity exists, pro-
ceed to step 11. If no
continuity, repair wir-
ing and proceed to step
11.

Replace diode 2CR2 if
defective and proceed
to step 12, If diode is
good, proceed to step
12.

If switch continuity
cannot be obtained, re-
pair wiring or replace
switch as necessary.
Return to step 3. In
CGbH15, if open circuit
exists, check 2CR10as
well as TURN switch.

If continuity exists,
proceed to step 14. If
no continuity, repair
wiring in computer and
proceed to step 14.

If diode is good, pro-
ceed to step 15. If
diode is defective, re-
place it and proceed to
step 15,

If wiring is good, re-
turn to step 5. If wire
is open, repair and re-
turn to step 1.
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16, With an ac voltmeter
connected between jacks
28 and 1, perform the
heading hold and phas-
ing ground check out of
figure 3-1.

17. Repeat step 16 with ac
voltmeter connected be-
tween jacks 53 and 1.

18. Tf in steps 16 and 17
there was a voltage
(other than zero) at the
start, connect the ac
voltmeter between jacks
54 and 1 and repeat steps
16 and 1T.

19, Check voltage at com-
puter jacks 48 and 50
(-) before and while en-
gaging autopilot. It must
be a constant 28vdec.

20. Move TURN command
knob out of detent while
monitoring jacks 48 and

If ac voltmeter shows a
voltage change, but
multimeter does not
(connected as instruc-
ted in figure 3-1), re-
move A5 card and
troubleshoot it accord-
ing to overhaul manual.
If no voltage change,
proceed to step 17.

If ac voltmeter shows
voltage change, check
aircraft wiring from
computer connector
pins 53 and 28 to the
normally closed con-
tacts on heading select
switch. If no voltage
change, proceed to
step 18.

If ac voltage is same
as appeared in steps

16 and 17, proceed to
step 19. If ac voltage is
different, proceed to
step 23.

If 28vdc is present
prior to engagement,
but not after engage-
ment, proceed to step
20. If 28vdc is con-
stant, proceed to step
22.

If 28vdc appears, pro-
ceed to step 21. If 28
vdc does not appear,
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50 (28vdc must reappear)

—NOTE - Tests 20 and 21 in

21.

22.

23.

24.

systems with CG117
-517 only.

Check normally closed
contacts of flight con-
trol turn command switch
284. Check diode 2CR3
in flight controller and
the normally closed con-
tacts of NAV switch
253B.

Check continuity of wir-
ing from computer con-
nector pin 48 to TB1
terminal 29, to terminal
37, torelay K3 pin 4
(from pin 48 to TB1 ter-
minal 8, to terminal 7,
to relay K3 pin 4 in B2
suffix computers). Check
diode 1CR9 (diode 1CR3
in B2 suffix computers).

Check directional gyro
transmitter for 26vac on
rotor pin 52 to ground.

Check directional gyro
transmitter for open in
rotor and stator windings
(across pin 52 to ground
for rotor; pins 44, 45and
46 for stator).

check diode 2CR2 in
flight controller (be-
tween pins 5 and 6). Re-
place as necessary.

Replace switch, diode,
or repair flight con-
troller wiring as nec-
essary.

Repair wiring or re-
place diode as neces-
sary. If wiring and
diode are good, re-
place 1K3 relay.

If no voltage, refer to
aircraft wiring and
trouble shoot ac source
voltage. If 26vac is
present, proceed to
step 24.

If transmitter is bad,
repair or replace
gyro. If transmitter is
good, proceed to step
25.
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25. Disconnect patch cable
from computer. Check
continuity of transolver
stator windings (pins 44,
45, and 46 on computer
connector).

26. Check resistance of sig-
nal winding between TB1
terminal 10 and relay
1K1 pin 2., It must be 10
to 50 ohms.

27. Check continuity from
relay 1K1 terminal 2 to
TB1 terminal 63.

If windings are open,
replace transolver. If
windings are good, pro-
ceed to step 26.

If winding is open, re-
place transolver. If
winding is good, proceed
to step 27.

If relay 1K1 contact is
open, replace relay.

After engagement, air-
craft shifts to and holds
an incorrect heading (for
a system without heading
selector).

Perform roll and yaw cen-
tering adjustments offigure
3-1.

If procedures cannot be
performed, trouble-
shoot according to first
trouble listed under test
8, Heading.

Autopilot always takes up
same heading (for a sys-
tem without heading selec-
tor).

Perform checks of test 2,
Switching.

Troubleshoot according
to first trouble listed
under test 8, Heading.

Marginal heading perform-
ance exhibited by sluggish-
ness, roll oscillation, head-
ing wander, etc.

1. Perform checks of test
7, Roll Axis.

2. Have directional gyro
system checked for
proper gyro action.

3. Troubleshoot heading
system according to first
trouble listed under test
8, Heading.

Perform corrective
action which is called
for in referenced test.
If trouble is not remov-
ed, proceed to step 2.

If trouble is not remov-
ed, proceed to step 3.
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The following heading selector problems

apply to H 14 type heading selectors
(CG136). When troubleshooting a flight
director type heading selector, the
same general procedures can be used,
but refer to the aircraft wiring for
connector pins.

With heading se-
lector engaged,
aircraft does not
fly selected head-
ing

1. Check option selector
plug on computer. It
must be at position 4
and either a dummy or
good relay must be in
K3 relay position.

2. Make checks of test 2,
Switching, which concern
heading selector engage-
ment and disengagement,

3. Check directional gyro
for caging and uncaging.
It must be uncaged to
permit heading selector
to operate. (If pilot ne-
glects to uncage gyro,
he experiences this
trouble).

4. Remove heading selector
and check for a resist-
ance between pins N and
P on its connector.

5. Hold heading selector
engage knot in and check
for a resistance (same
resistance obtained in
step 4) between pins P
and F on its connector.

If it is in proper posi-
tion and relay is in
place, proceed to step
2.

Corrective action is
listed in reference test.
If switch is good, pro-
ceed to step 3.

If directional gyro can-
not be uncaged, replace
it. If directional gyro
uncages properly, pro-
ceed to step 4.

If either a short circuit
or an open circuit ap-
pears repair heading
selector. If a resist-
ance appears, proceed
to step 5.

If either resistance is
different than in step 4,
open circuit exists. Re-
pair heading selector
engage switch. If re-
sistance is correct,pro-
ceed to step 6.
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-NOTE - On systems with
four-switch flight
controllers, refer
to flight controller
schematic diagram
and check HDG SEL,
switch and relay
coil.

6. Check heading selector
for resistances between
pins A and C, B and C,
and B and A. The re-
sistances must be iden-
tical.

7. Check continuity of air-
craft cabling between pin
P on connector which
mates with heading se-
lector and jack 1 and be-
tween pin F and jack 28.

8. Check continuity of air-
craft cabling betweenpin
A on the connector which
mates with the heading
selector and jack 33, be-
tween pin B and jack 34,
and between pin C and
jack 32.

If improper results are
obtained, repair head-
ing selector. If proper
results are obtained,
proceed to step 7.

Repair aircraft wiring
if continuity is not ob-
tained. If wiring is
good, proceed to step 8.

If an open circuit is
found, repair aircraft
wiring. If continuity to
first trouble listed
under test 8, Heading.

Heading selector commands
heading even when disen-
gaged,

1. With autopilot engaged,
connect ac voltmeter be-
tween jacks 53 and 1.
Rotate heading selector
without engaging. Volt-
age on ac voltmeter must
not change.

If voltage changes,
troubleshoot relay 1K3
operation as in first
trouble under test 8,
Heading. If voltage does
not change, proceed to
step 2.
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Yaw mistrim with head-
ing selector engaged
(performs satisfactorily
when heading selector is
not engaged).

2. Connect ac voltmeter to
jacks 28 and 1 and repeat
step 1.

Remove heading selector
and check for continuitybe-
tween pins E and H of head-
ing selector. There must be
continuity when heading se-
lector engage knob is at its
out position and no contin-
uity when engage knob is at
its in position.

If voltage varies,
troubleshoot heading
selector switch.

If continuity exists with
switch engaged, re-
place relay 9K4 in head-
ing selector (or infour-
switch flight controllers
if so equipped).

Before referring to any of the following
troubles, be sure the roll axis and head-

9.

OMNI COUPLING

ing functions are operating properly.

Autopilot does not react
to an omni signal, NAV
switch stays engaged.

1. Check that option se-
lector plug is in proper
position. Check that re-
lay K3 is installed. Check
that A5 and A6 cards have
correct part numbers.

2. Turn navigation receiver
on to test VOR frequency
or to frequency that
causes needle movement.
Check jacks 12 and 13
for same voltage as is
at VOR needle.

3. Repeat step 2 between
TB1 terminals 72 and 61
(between terminals 16
and 60 on B2 suffix com-
puters).

If these are correct,
proceed to step 2.

If signal into autopilot
is different or is not
present, troubleshoot
aircraft wiring to nav-
igation receiver. If
signal is correct, pro-
ceed to step 3.

If no voltage, repair
wiring from pins 12 and
13 onterminals 72 and
61 (or 16 and 60). If
voltage is correct, pro-
ceed to step 4.
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4, Tune in a localizer fre- |If autopilot responds,
quency that deflects repair omni/TLS option
needle on VOR indicator. | card. If system does
With NAV switch on, not respond, proceed
check for autopilot re- to step 5.
sponses.

5. Remove flight controller. | If no continuity, re-
Check continuity between | place switch 2S3B. If
flight controller con- continuity exists, pro-
nector pins 14 and 4 with | ceed to step 6.

NAV switch held ON.

6. Check aircraft wiring If no continuity, repair
from flight controller aircraft wiring.
connector pin 4 to com-
puter connector pin 6.

Aircraft flies off selected 1. Perform checkout pro- If problem still exists,
omni radial. cedures for roll axis, proceed to step 2.
and omni and localizer
centering in figure 3-1.
—NOTE— A directcross wind |2. Calibrate omni signal to |If problem still exists,

produces about one-
half dot offset for
each 10 knots of wind,

autopilot according to
VOR requirements (refer
to coupling requirements
in Section VTI).

check out omni/local-
izer option card accord-
ing to overhaul manual.

Aircraft flies "'S" turns
along a selected omni radial.

. Perform checkout pro-

cedures for roll axis,
and omni and localizer
centering in figure 3-1.
(Particular attention
should be made to head-
ing input when checking
omni).

. Calibrate signal to auto-

pilot according to VOR
requirements (refer to
coupling requirements
in Section VTI).

If checkout is satisfac-
tory proceed to step 2.
If checkout is not satis-
factory, troubleshoot
the area causing prob-
lem.

If problem still exits,
proceed to step 3.
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3. Calibrate heading input
on omni.

If problem still exists,
troubleshoot omni card
according to overhaul
manual.

10.

ILS LOCALIZER COUPLING

Before referring to the following troubles,
be sure the TURN command knob, the ILS/
VOR switch and the OBS needle are oper-
ating properly. Also, the roll axis adjust-
ments in figure 3-1 must first be performed.

Autopilot does not react
to or couple on to a
localizer beam.

Hardover reaction when
ILS/VOR is engaged.

Troubleshoot same as first
trouble under test 9, O