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AUTOPILOT FLIGHT CONTROL COMPONENTS - DESCRIPTION AND OPERATION .-

1. Surface Servo

A. Three surface servos are used in the autopilot system. They position the
rudder, elevator and aileron control tabs in response to control signals,
thereby, providing correct positioning of the main control surfaces.

B. Each surface servo consists of a servo motor and rate generator, Autosyn
synchro, gear train, accurate electromagnetic clutch, and a special
pulley and servo mount. Provisions for adjustable torque limiting are
included.
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The servo motor is a two-phase induction motor having a rate
generator integrally mounted on its top. A torque-limiting resistor
and a phase-shifing capacitor for the motor are included inside the
servo housing.

The Autosyn position follow-up synchro is geared to the motor output
shaft through a series of split gears which connect to the Autosyn
rotor shaft, giving a 334:1 speed reduction.

The gear train consists of a differential and two stages of planetary
gears. The cage of the differential is spring loaded to the servo
housing. Two torque-limit microswitches, one mounted to either side
of the cage, are actuated by an arm on the cage. The planetary
gearing gives a 27:1 speed reduction. The low-side of the gearing
drives the solenoid clutech directly.

The solenoid clutch provides positive on-off action only. Action is
obtained in a multi-disc clutch assembly placed between the rotating
solenoid clutch and the output shaft. The solenoid clutch has no
sliding parts, thereby, eliminating the possibility of binding or
Jamming which can occur when sliding parts move into contact.
Instead, the translating parts are supported on a diaphragm and
bellows and only flexing of the diaphragm results when the clutch

is engaged or disengaged. The bellows and diaphragm place a spring
load between the driving and driven clutch parts for positive,
accurate on-off action. The slip cluteh is a dry, sintered bronze
type comprising five discs. It has an adjustable slip value. This
clutch drives the splined output shaft. This shaft is hollow and
contains a coaxial shaft that is connected to the input side of the
solenoid clutch. The output end of the smaller shaft is hexagonal
for attaclment of a torque wrench, permitting check readings on the
actual servo torque (not servo torque less rigging friction).

The servo is mounted in the airplane on a special pulley and servo
mount assembly by means of four screws. This mounting makes it
possible to remove the servo without disturbing the rigging.
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(6) Electrical connections are mede at a terminal board inside the
servo housing. It is readily accessible through an outside cover
plate. Connection to the external wiring 1s made through an
electrical connector mounted on the side of the servo housing.

C. The aileron surface servo is located in the lower nose compartment,
mounted to a bracket on the underside of the floor beam, approximately
two feet to the left of the centerline and just aft of the pilot's
control stand aileron cable drum. (See figure 1.) It 1s readily
accessible through the floor hatch beneath the navigator's table in
the control cabin, or from the rear of the lower nose compartment. The
elevator servo 1s located in the tail section, approximately six feet
aft of the rear cabin pressure bulkhead at floor beam level. It is
centered below the stabilizer torque box. (See figure 1.) The ele-
vator servo 1s accessible through the stabilizer jack-screw access
panel on the bottom of the tall section. The rudder servo is located
in the tail section two feet below the overhead, above the stabilizer
torque box, end approximately six feet aft of the rear cabin pressure
bulkhead. (See figure 1.) It also is accessible through the stabi-
lizer jack-screw access panel.

D. In the operation of each surface servo, its motor fixed phase is excited
by 115-volt, 400-cycle power from the power junction box. The variable
phase is supplied by a type SA-40O-Al magnetic amplifier in the amplifier
and computer case. The variable phase voltage is developed from the
input contrcl signal and varies from a nominal zero vaue to a maximum of /]
approximately 240 volts. The torque-limiting resistor connected in st
series with the variable phase reduces the maximum voltage, thereby,
lowering servo torque as required for safe airplane operation. A
capacitor placed across the variable phase adjusts its phase angle. 1In
response to a control signal the motor drives the rate generator and
follow-up Autosyn to provide electrical rate feedback and servo shaft
position signals respectively to the servo amplifier. Also, the motor
pinion drives the solenoid clutch through the differential and planetary
gear train. Torque applied to the differential results in a proportiocnal
movement of the cage against the springs. When a preset torque limit is
reached, the cage arm will actuate one or the other torque limit switches
to remove fixed-phase motor excitation. The switch actuated, depends
upon the direction of applied torque. When the solenoid clutch is
engaged it drives through the diaphragm and bellows into the multi-disc
slip clutch. The disc clutch then drives the splined output shaft which
mates with the internal spline of the pulley on the support bracket. The
pulley is rigged with control system cables to activate the control
surface tabs. Figure 2 gives the surface servo block diagram.

E. Separate protective fusing for servo power is not required, since it is
provided in the autopilot power Jjunction box.

N
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Figure 2

2. BStabllizer Trim Servo

A. The - -trim servo supplies automatic pitch trim, through actuation of the
horizontal stabilizer assembly, to remove sustalned out-of-trim loads
from the elevator servo.

B. The trim servo consists of a motor, two reversing clutches, a power relay,
8 directlon sensor, a harmonic drive, a clutch brake, and two safety
interlock relays.

(1) The motor is a 0.5 horsepower, three-phase,‘L400O-cps, L=-wire motor
with thermal overload protection. Speed-torque characteristics at
rated voltage and frequency are adequate for both automatic pitch
trim and mach trim control functions.
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The motor drives into two reversing clutches that are solenoid-
actuated. The current to the clutches is controlled by the
operation of two safety interlock relays which in turn are actuated
by the demodulator amplifier (SA-76).

The output of the two clutches 1s fed into the differential of

the direction sensor. The cage of the dlfferentlial 1s spring-loaded
to the structure so that 1f torque 1s transmitted for either
direction of rotation, microswitches are actuated by the movement
of the cage. The output of the differentiel in turn is fed into

the harmonic drive.

The harmonic drive is & reduction gear train (76:1) consisting of

e wave generator, & ball bearing, a flexible gear and an internal
gear. The output of the harmonic drive is connected to a metal slip
clutch that limits torque. The output of this clutch is the output
of the servo.

It is necessary to back-drive the servo output shaft at low torque
values (for instance, when manual-electric trim is used). Since
back-driving the reversing clutches through the harmonic drive

would offer considerable reflected inertia, torque is cut dowm by
clutching the internal gear of the harmonic drive to the structure
when driving with the motor, and then unclutching and permitting it
to freewheel (similar to that of a planetary gear) when back-driving.
The clutch that does this 1s & solenoid-actuated dog clutch. This
clutech has two dogs and works for both directions of rotation.

C. The stebilizer trim servo is located in the tail section aft of the rear
cabin pressure bulkhead. It is mounted on the stabilizer ball nut and
jackscrew assembly. (See figure 1.) It is accessible through the
stabilizer jackscrew access panel on the underside of the tail section.
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The stabilizer trim servo operates in parallel with the elevator servo. );
The servo motor, supplied with 115-volt, L4OO cps, three-phase power . ‘
through the power relay, is under constant drive while the autopilot

is ‘engaged. Part of the variable-phase power for the elevator servo is

fed to a demodulator amplifier (SA-76) in the amplifier and computer

package which supplies direct current to control one or the other clutch

solenoid. Output of one polarity clutches the output gear for clockwise

rotation; output of the opposite polarity clutches for counterclockwise

drive. A third cluteh, actuated when elther of the previous two clutches

is engaged, locks internal gear of the harmoniec drive to the structure.

The harmonic drive provides the necessary speed reduction and connects

through the slip clutch to the output shaft. The output shaft drives

the stabilizer jackscrew, providing movement of the stabllizer surface

to establish the piteh trim required. The safety interlock relays and

the microswitches are connected into the autopilot interlock circuit as

a safety protectlion against operational maelfunction. A closed circuit

is masintained if both clutch solenoids are de-energized or if either is

energized. If both solenoilds are energized simultaneously, or if there

is any type of relay or switch malfunction, an open circult will occur

disengaging the autopllot. A block dlagram of this servo is given in

figure 3.

Trim servo power is furnished from the radlo and T-R circuit bresker
panel (P5).
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PILOTS CONTROIL AND TINDICATING COMPONENTS - REMOVAL/INSTALLATION

General

A.

The Control Panel is designed for installation and removal from the
aircraft without the need of special tools. Installation of the unit
does not require any special pre-installation checkout, alignment,
or adjustment procedures. However, Control Panel, part number
5050351-9, and Digital Amplifier Unit, part number 5050365-9, must
be installed as a pair in the aircraft.

Removal of Autopilot Control Panel

A.

Open and tag AUTOPILOT and A/P & MACH TRIM (DISENG LT) circuit
breaker located on P5 overhead circuit breaker panel.

Release quarter-turn fasteners at the edge of the panel by pushing
in and turning one-quarter turn counterclockwise.

Pull panel from mounting space far enough to disconnect electrical
connectors. Remove nearby control heads as necessary to gain access
to the connectors.

Disconnect the electrical connectors.

Install conductive end caps on the three rear connectors of the Con-
trol Panel.

Installation of Autopilot Control Panel

A.

To install the Control Panel refer to fig. 1 and proceed as follows:

Remove the conductive end caps from the three rear connectors of the
Control Panel.

Locate Control Panel near panel opening.

Attach mating connectors of aircraft cables to connectors at rear of
Control Panel.

Place panel in mounting area.

Secure quarter-turn fasteners by pushing in and turning one-quarter
turn clockwise. Install any nearby control heads removed for access
to the control panel connectors.

Remove tags and close AUTOPILOT and A/P & MACH TRIM (DISENG LT) cir-
cuit breakers located on P5 overhead circuit breaker panel.

TR-Nr. 22-4
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8. Test
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Perform test after installation as follows:

(1) See Chapter 22-42-0 “Autopilot System - Adjustment/Test”.

Step (6) Engage Interlocks and Warning
(a) Autopilot Engagement

(b) Autopilot Disengagement and Warning

Step (9) Turn Knob Interlock

Step (10) Mode Selector Switch Interlock

Step (14) Mode Interlocks
(2) Turn Controller Priority
(b) HDG Interlock
(c) Altitude Hold - Autopilot Pitch Wheel Disabling
(f) NAV Mode - VOR/LOC Interlocks
(g) GS Auto Interlocks
(h) GS MAN Interlocks
- Step (16) MAN Mode
(a) Turn Knob Tests
(b) Coarse Turn Knob Sensitivity
- Step (18) Clutched Heading
(c) Pitch Wheel Sensitivity
- Step C. Restore Aircraft to Normal.

END

TR-Nr. 22-4

TCA: LX-N20199 22 1 0 Page 5 of 6
] |
RTCA: LX-N19997, LX-N20000 Jul 15/2005




L=l
MAINTENANCE MANUAL
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AUTOPILOT SENSING COMPONENTS — DESCRIPTION AND OPERATION

1. Three-Axis Rate Transmitter

TCA: LX-N20199

The Three-Axis Rate Transmitter senses the rate of change of air-
plane pitch, roll and yaw attitudes. It provides electrical signals
which represent the angular rate in each of these airplane control
axes., The roll rate transmitter is not used and is disconnected at
the transmitter.

The Three-Axis Rate Transmitter is essentially three rate-gyro
assemblies each consisting of a three-phase gyro motor with pivots
extending from the gimbal housing, an autosyn synchro transmitter
mounted above the gimbal pivot, a centering spring and a dashpot
damping mechanism. The three gyro assemblies differ only in the way
they are mounted and in the position of their spin axes. Each is
mounted and in the position of their spin axes. Each is mounted on
the base and the entire unit is enclosed by a gasket-sealed, evacu-
ated case. Electrical connections are made through an connector
mounted in the base.

The Three-Axis Rate Transmitter is mounted behind a cover on an
equipment shelf located at the lower left side of lower nose
compartment forward of the left electronic equipment rack

(see fig. 1). It is directly accessible through the lower nose
compartment.

The Three-Axis Rate Transmitter utilizes gyroscopic precession prin-
ciples for its operation.

(1) A separate gyro is provided for measuring rate of the rotation
of the airplane in pitch, roll or yaw. All gyros function in a
similar manner. For the roll gyro, as the airplane rolls, the
spin axis is rotated in space about an axis perpendicular to the
spin axis. This rotation generates forces tending to cause pre-
cession about an axis mutually perpendicular to the axis of spin
and the roll axis. Forces tending to cause precession are pro-
portional to the angular rate at which the spin axis is changed.
Since this torque reacts against a linearly calibrated spring,
the angle through which the gyro precesses is proportional to
the rate of airplane roll (see fig. 2).

(2) The gyro is mounted in gimbal rings so precession can take place
about an axis at right angles to the spin axis. An autosyn sig-
nal generator is coupled to the gimbal axis about which preces-
sion takes place. Output of the autosyn is then one phase of
voltage, zero or a voltage reversed in phase 180 degrees
(see fig. 3. for action of the three gyros).

TR-Nr. 22-5
Page 3 of 12
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(3)

The centering spring is constructed and attached to the gyro

housing pivot in such a manner that precession loads the spring
which returns the gyro to center when the precession force is

removed. This spring also contributes to giving a linear signal
output. The dashpot mechanism provides damping action which al-
lows the gyro to remain relatively unaffected by vibration and

transient accelerations.

(4)

A schematic diagram of the unit is given in fig. 4.

Power is

received from the autopilot power junction box. Protective fus-
ing is provided only at the power junction box primary input.
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2. POSTITION TRANSMITTER

The Position Transmitter measures the displacement from reference
position of a control surface. It furnishes an electrical position
follow-up signal which represents magnitude and direction of the
displacement. Two Position Transmitters are used in the autopilot,
one for left outboard spoiler position, and one for right outboard
spoiler position.

The Position Transmitter consists essentially of a high precision
autosyn whose rotor is linked by an anti-backlash mechanism with
one-to-one coupling to a splined input shaft. A selected phasing
resistor is mounted across the back end of the autosyn. The autosyn
assembly is enclosed in a gasket-sealed case, constructed to with-
stand weather enviroment. Electrical connections are made through a
pigmy receptacle on the rear of the transmitter case.

The spoiler Position Transmitters are mounted in clamping brackets,
located on the aft side of the rear wing spars, one below spoiler
number 1 and one below spoiler number 8 (see fig. 5). Access to ei-
ther Position Transmitter is through cove-lip door number 1363 in
the bottom wing panels. Refer to Chapter 12, “Access Doors and
Panels.”

The autosyn is utilized in the Position Transmitter as a direct sen-
sor. Since this basic device is also used throughout the autopilot
in conjunction with other elements and components as a mechanical to
electrical transducer, its importance warrants a brief description
of its operation.

(1) A mechanical displacement, suitably linked to the autosyn rotor
produces a corresponding angular displacement of the rotor with
respect to the stator. Excitation voltage in the rotor winding
then magnetically induces an output voltage in the stator wind-
ing which is sinusoidally proportional to the magnitude and
direction of the rotor displacement. A null, corresponding to a
zero deviation of the movement from reference condition, occours
when the rotor is in a position within the stator such that the
induced voltage for all practical purposes is zero. Then dis-
placement to one side of null position results in a output of
one particular phase while displacement to the other side of
null results in an output of opposite phase (see fig. 6). Output
amplitude increases as the displacement for either side of null
position increases and is maximum at 90 degrees displacement.
Due to the internal configuration of the rotor and stator mag-
netic circuits, the autosyn output voltage is out-of-phase with
the excitation voltage, leading it by 20 degrees. External phas-
ing resistors are generally incorporated in the output and/or
excitation circuits to properly adjust the output phase to sig-
nal reference phase for use in various autopilot circuits. This
phasing resistor also sets the autosyn sensitivity (volts output
per degree of rotor shaft rotation).

TR-Nr. 22-5
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(2) The Position Transmitter autosyn receive single-phase, 26 volt,
400 cycle excitation from the autopilot power junction box. Pro-
tective fusing is provided only at the power junction box pri-
mary input. An autosyn phasing resistor is connected in one ro-
tor lead. It provides a sensitivity of 200 milivolts per degree.

(3) In performing its function, each spoiler Position Transmitter
shaft is attached to the outboard spoiler just aft of its hinge
line through an arm and control rod and is positioned simulta-
neously with the positioning of the spoiler.

(4) The circuit of this unit is given in fig. 7.

lICN: 1P-AMMX-22-0017-01

PHASING
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RECEPTACLE |, ( 5 AUTOSYN
-
B
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F

Position Transmitter Circuits
Fig. 7

END
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SERIES YAW DAMPER SYSTEM - DESCRIPTION AND OPERATION

1. General

A. The series yaw damper system provides automatic control of the yaw axis
of the airplane and is electrically connected to the hydraulic power
control unit of the rudder control system. (see chapter 27.) The
series yaw damper allows the pilot to operate the rudder pedals in a
normal manner without having an opposing force from the yaw damper. The
limit of authority of the yaw damper system is + 4° of rudder travel
from rudder trim position.

NOTE: When the series yaw damper is installed in the airplane all
reference to the rudder channel (parallel yaw damper) of the
autopilot system may be disregarded.

B. The series yaw damper system consists of a yaw damper coupler, vyaw
damper engage switch, yaw damper engage light (P13), yaw damper
disengage light (P9) hydraulic pressure switch, rudder trim indicator,
flap position relay controlled by the flap position (trim servo speed)
switch, yaw damper-autopilot interlock relay and the yaw damper
components of the rudder power control unit. The yaw damper components
are the transfer valve, linear position transducer and the engage
solenoid (shutoff) valve. The rudder trim indicator is part of the
autopilot three axis trim indicator. A pictorial diagram of the yaw
damper is shown in figure 1.

C. The series yaw damper system is a full time yaw damper and. may be engaged
during, taxiing takeoff or landing as well as during normal flight regime.
When the yaw damper is engaged. the yaw rate gyro senses any change in the
yaw axis and the yaw damper provides the necessary signals to the rudder
power control unit and tie rudder to stabilize the airplane in the yaw axis.
Normal operation of the yaw damper may be monitored by observing the opposing
movement of the rudder trim meter, as the airplane is turned during taxiing
maneuvers or in flight.

2. Yaw-Damper Coupler

A. One yaw damper coupler is installed in the lower nose section of the
airplane below the pilot’s control column. The coupler consists of a
rate gyro, power supply and several plug-in modules. The plug-in modules
are the yaw rate filter, yaw synchronizer, yaw servo amplifier and the
yaw gain calibrator. On the front panel of the coupler is the self test
meter, self test switch, system test set connector and. the 115 volt a-c

6 -
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circuit breaker. The self test feature for the yaw damper system is
provided by the self test switch and self test meter. If the self test
switch is in any position but center OFF, the autopilot disengage warning
lights will be on.

3. The yaw rate gyro 1s of conventional design and is provided with a
torquer winding so that the gyro can be electrically rotated through a
small engle. This feature is used in the self test checks to verify
normal operation of the yaw damper coupler and the associated yaw damrer
camponents of the rudder power control unit,

C. The yaw demper coupler power supply furnishes all the a-c excitation and
d-c control and power voltages required for the yaw damper coupler and
the yaw damper components of the rudder rower control unit. The coupler
glso provides the control voltage for the yaw damper-autovilot interlock
relay used in the autopilot interlocks. (See figure 2.)

D. The plug-in modules contain the electronic components needed for
amplification, synchronizing or band pass filtering of the yaw damger
signals., The yaw gain calibretor contains various resistors, to aijust
the gains of the yaw damper coupler to the requirements of the rudder
power control unit, as well as a meter demodulator for the rudder trim
meter and an amplifier for the aileron crossfeed signzl fram the
autopilot system. .

Yaw Damper Hydraulic Pressure Switch

A, The yaw damper hydraulic pressure switch is similar to the rudder
aydraulic low Tressure warning switch, but of a lower setting. (See
Chapter 27.) The two switches are mounted on the inner wall of the
right hand wheel well at station 910, The yaw demper pressure switcn

- contacts close when the hydrauiic pressure exceeds 1000 psi and are used
in the yaw damper interlock circuit. (See figure 2.)

Yaw Pamper Qverztion

A. The series yaw damper system receives power from the yaw damper 1l5-vclt
a-c¢ circuit breeker on the P5 panel. (See figure 2.) When the yaw
damper coupler 45-volt d-c regulated supply reaches approximstely 30
volts, the zener dicde fires and energizes the d-c power monitor relay.
This provides 28-volts dc for the interlock circuit through the
hydraulic pressure switch, the yaw damper engage switch and the yaw
damper calibrator wiring. When the yaw damper engage switch is OFF, btoth
sides of the yaw damper engage relays and the engage solenoid velves are
grounded. Wnen the yaw damper engage switch is ON the yaw damper engage
relays, the zolenoid valve, the yaw damper engage light and the yaw
damper-autorilot interlock relay are all energized. Fallure of the
L5-volt d-c regulated supply, 28-volt d-c supply, yaw damper engage
relays, hydraulici tressure switch or hydraulic pressure will disengage
the yew damrar system, extinguish the yaw damper engage light and

return ths autopilot o MAN mede If it was being used irn a radio mode of

-~
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When the yaw damper switch 1s OFF the yaw damper system 1s in a
pre-engage or synchronizing mode. The output of the fillter section of
the rate filter (SM53) module is shorted to prevent the system from
synchronizing to a yaw rate signal. (See figure 3.) The a-c output of
the servo amplifier (SM55) is fed to the synchronizer module (SM5h4)
through the modulaetor section prior to engagement to synchronlze out all
the signal chaln unbalances. The rudder trim indicator 1s across the
servo amplifier (SM55) output and displays whether the signal chain 1is
nulled and ready for use at engagement., The rudder position transducer
is also at a null, the yaw damper actuator 1s centered by the rudder
power control unit caging springs and the de-energilzed solenold valve
shuts off hydraulic pressure to the yaw damper transfer valve.

When the yaw damper switch 1s ON, the yaw damper 1s engaged, energlzing
the yaw damper engage relays and the solenold valve in the rudder power
control unit. Thils ports hydraulic pressure to the transfer valve and
the yaw damper coupler 1s now capable of operating the rudder control
system., The output of the filter section of the rate filter module 1is
unshorted and the input signal to the rate fllter section of the
synchronizer (SM54) 1s transferred to the rudder power control urlt
position transducer. The rudder trim indicator 1s transferred to the
output of the rudder power control unlt transducer through the trim
amplifier section of the yaw calibrator (SDL8).

In the series yaw damper system the signal from the yaw rate gyro is
introduced to the yaw rate filter module (SM53) through a gain change
circult controlled by a relay that 1s operated by a flap position switch.
(See figure 3.) This gain change circult compensates for differences in
aerodynemic damping in the approech (flaps down) and cruise (flaps up)
flight conditions. The band pass rate filter allows the signals in the
dutch roll frequency range to pass, but eliminates both the steady yaw
rate signals present during turns and the higher body bending frequenciles.
The output of the rate filter module is summed with the linear position
transducer and synchronizer (SMS4) outputs at the input to the servo
amplifier (SM55). The summation of these signals produces a servo
amplifier output signal that operates the yaw damper transfer valve 1in
the rudder power control unit . The transfer valve ports hydraulic
pressure to the ysvw damper actuator which in turn displaces the main
control valve. The control valve, when dlsplaced, ports hydraulic
pressure to the actuating piston which moves the rudder surface to
satlisfy the command signsal.

An alleron crossfeed signal from the autopilot system 1s fed to the yaw
damper system to provide for better stabllity and more accurate tracking
of the localizer beam during an automatic approach. An amplitude limiter
in the yaw damper coupler calibrator prevents saturatlion of the yaw
damper signal chain due to the crossfeed signal. The alleron crossfeed
slgnal 1s fed to the servo amplifier input and to the synchronizer input
after passing through the amplifier-limiter (SD-48). The crossfeed
signal is never synchronized since the amount of signal sent to the
synchronizer 1s equal and opposite to the amount of transducer output
caused by the servo amplifier input.

Dec 15/6L
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Yaw r stem Self-Test eration

The yaw damper coupler incorporates self-test circuitry to enable
preflight operational check-out of the yaw damper system. Four .
functional tests are available by means of & spring-loaded self-test
switch mounted on the front panel of the yaw damper coupler. The
self-test switch connects a sultable input signal and output metering
circult to the system function undergoing test. Test results are
indicated on the self-test meter which 1s also mounted on the front
panel of the yaw damper coupler. Positions 2 and U of the self-test
switch check the response of the complete yaw damper system to simulated
yaw rate gyro signals and require that the yaw damper system be engaged.
Positions 1 and 6 of the self-test swltch check internal functions of
the yaw damper coupler only and are performed with the yaw damper

system disengaged. The center OFF position of the self-test switch
connects the self-test meter across the output of the yaw damper coupler
power supply module to provide continual monitoring of the U5 volt de
output. Positions 3 and 5 of the self-test switch are not used and

are provided for possible future use. The individual tests are described
and illustrated in the following paragraphs.

Self-Test Switch: Position OFF., With the self-test switch in the center
OFF position the 45 volt de output of the power supply module is
continually monitored by the self-test meter through the normelly-closed
contacts of self-test relay k7. (See figure 4.) Correct voltage is

POWER SUPPLY MODULE

DC PWR

MONITOR
CR-9 RELAY K-l
SD-48 YAW CALIBRATOR

[ e

HYD PRESS. !
_>sw

&S\ SELF-TEST
METER

NOTE:

RELAY CONTACTS
AND SWITCHES
ARE SHOWN
ACTIVATED.

2

FROM A/P

WARNING
o—i LIGHT

CIRCUIT

AUTOPILOT
DISCONNECT
WARNING LIGHT

i

: CR-10
1 1l
1
1

B

SELF-TEST
RELAY K.7

SELF.TEST
SWITCH
POSITION OFF

Self-Test Switch Position - OFF

Aug 15/65 Figure L - 22-6-0
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indicated by the self-test meter reading in the mid-green area.
Displacement of the self-test switch from the center OFF position
applies 28 volts dec across self-test relay K7 and the autopilot

disconnect warning light.

Operation of relay K7 disconnects the self-

test meter from the power supply output while steady i1llumination of
the autopilot disconnect light provides warning that the self-test
switch is not in the OFF position.

C. ©Self-Test Switch: Position 1.
system must be disengaged.

‘To perform this test the yaw damper
Figure 5 shows the circuit configuration

when the self-test switch 1s set to position 1 and the yaw damper engage
Under these conditions, the response of the
limiter amplifier and the yaw synchronizer to a simulated crossfeed

switch is set to OFF.

signal is checked at the output of the servo amplifier.

The self-test

meter must initially indicate in the mid-green area and slowly return
to the null-green area in less than 18 seconds.

D. Self-Test Switch: Position 2.

The yaw rate filter test verifies normal

operation of the yaw damper system in response to a step output signal
This test requires engagement of the yaw
damper system which 1n turn requires that the auxiliary hydraulic pump
and the No. 1 rudder power switch on the overhead control panel be ON.
The yaw damper hydraulic pressure switch closes when the hydraulic
pressure exceeds 1000 psi and arms the yaw damper ENGAGE switch. (See
figure 2.) Placing the yaw damper ENGAGE switch to the ON positicn

from the yaw rate gyro.

P1 T2 CROSS
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“ e ex
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applies 28 volts dc to the yaw damper engage relays, the yaw damper
engage light, and the solenoid velve 1n the rudder power control unit.
This ports hydraulic pressure to the transfer valve and the yaw damper
coupler 1s now capable of operating the rudder control system. The

step input test signal is generated by holding the self-test switch in
position 2. (See figure 6.) This energizes the torquer winding in the
yaw rate gyro which causes the gyro to rotate through a small angle and
produce & step output signal that is applied to the yaw rate filter
module. In the yaw rate filter module the signal is demodulated and
applied through a series capacitor-resistor (CR) filter circuit and a
modulator stage to the input of the servo amplifier. This produces an
output signal that operates the transfer valve in the rudder power
control unit. The transfer valve ports hydraulic power to the yaw damper
actuator which in turn displaces the main control valve and the linear
position transducer., The control valve, when dlsplaced, ports hydraulic
pressure to the actuating piston which moves the rudder surface to
satisfy the command signal. The linear positidn transducer produces a
follow=-up signal that is proportional to the amount of rudder deflection.
This signal is fed back to the input of the servo amplifier and the yaw
synchronizer in phase-opposition to the test input signal. As capacitor
C=-1 in the yaw rate filter circuit charges to the steady-state level of
the test signal the output of the yaw rate filter module decreases.

This causes the opposlte phase follow-up signal to predominate and
drive the rudder surface back to the streamlined position. This action
1s monitored by the self-test meter, which is connected across the
output of the yaw rate filter module, through the normally-open contacts
of self-test relay K-3. Correct operation of the system is indicated by
the pointer of the self-test meter rising to the mid-green area
approximately one second after the self-test switch is set to position

2 and then slowly returning to the null-green area approximately 1k
seconds later. Concurrently, the rudder surface and the rudder trim
meter will deflect to the left and then return to center.

E. Self-Test Switch: Position 4. The follow-up gain test is similar to
the yaw rate filter test (paragraph D.) in that it provides an
operational check of the complete yaw damper system. In this case
however capacitor C-1 in the filter section of the yaw rate filter
module is shorted out by the normally-open contacts of self-test relay
K=5. Consequently, the steady-state test signal from the yaw rate gyro
1s not washed out in the yaw rate filter and thus functions as a
constant level command signal to the servo amplifier. In addition, the
output of the yaw synchronizer is shorted to ground. As a result, the
rudder control system displaces the rudder until the follow-up signal
from the linear position transducer nulls the test command signal at the
input of the servo amplifier. The test is performed with the yaw
damper system engaged and the self-test switch held in position L, fThe
resulting circuit configuration is shown in Figure 7. The self-test

2
Aug 15/65 22-6-0
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meter is connected across the output of the trim amplifier demodulator
through normally-open contacts of yaw damper engage relay K-1 and self-
test relay K-2 to monitor the output of the follow-up linear position
transducer. Correct system operation is indicated by the self-test
meter reading in the midgreen area. The rudder control surface and

the rudder trim meter will be deflected to the right and remain there
as long as the self-test switch is held in position k.

F. Self-Test Switch: Position 6. The channel balance test checks the
pre-engage operation of the yaw synchronizer to null any long term
residual signal imbalance at the output of the servo amplifier. The
test is performed with the yaw damper system disengaged and the self-
test switch held in positlion 6. As shown in Figure 8 the self-test
meter monitors the output of the servo amplifier through the modulator
stage of the yaw synchronizer. Servo loop gquiescent balance is shown
by the self-test meter indicating in the null-green area and the trim
meter being centered. :

$SD-55 SERYO AMPLIFIER MODULE VALVE

2o b ;
__'®_" AMPLIFIER _.l ] r

|
|

Y

| ‘
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YAW DAMPER SYSTEM - TROUBLE SHOOTING

1. General

A It is virtually impossible to trouble shoot the yaw damper system without
having a thorough understanding of the system. The maintenance man
should, from the malfunction report, be able to determine whether the
fault is in the engage interlock circuit or the yav damper signal channel.
The trouble shooting, charts are designed in a manner to facilitate this.
It is obvious that adequate flight reports are essential to permit
intelligent maintenance action. Flight reports such as Inoperative
without additional description of operation involved, forces the
maintenance man to perform a complete functional test of the system.

Even with more complete flight reports, it might not always be possible
to indicate the shortest route to the faulty component. It the flight
report is of such a nature that it is not immediately apparent which
trouble shooting chart to use, it is recommended that the applicable
Adjusment/Test procedures be used.

B. Experience has shown, that in electronic systems, airplane wiring is
responsible for less than two percent of all system malfunctions. This
means that more than 98 percent of the failures occur in the system
components. Emphasis is therefore placed on locating the faulty
component and replacing it. A fault in the airplane wiring however, is
always a possibility and wiring integrity should be checked when
replacement of the suspected component does not clear the system fault.

Gy In every case in which the system fails to operate correctly, the first
check should determine that all interconnecting wiring connectors are
properly attached and that operating power is available to the component
which receive it. Voltage measurements (using a standard multimeter) may
be made at terminals in the autopilot junction box. Consult applicable
wiring diagram when making power cheeks.

NOTE: All terminal numbers that are called out in this section are
located in RJ20, if not otherwise specified.

D An attempt has been made to list the more common types of malfunctions.
The troubles are listed in the first colimn, expressed in a manner
similar to the way they would be written up in flight reports. The
second column lists probable faulty components causing the malfunction,
and the third colimn lists the particular table charts to use to isolate
the trouble. This listing should always be consulted first, so that the
correct trouble shooting charts may be used.

16 .
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Report of Malfunction

Probable Cause Trouble Charts

Engage Interlock Circuit

System will not engage in 1. Circuilt Breaker (Yaw A
YAW DAMPER Damper Coupler)
2. Yaw Damper Engage Switch
3. Yaw Damper Coupler
L, Hydraulic Pressure Switch
No control in yaw axis and 1. Three Axls Rate Transmitter B
no rudder trim indication 2. Yaw Damper Coupler
with damper engaged
No control in yaw axis, but 1. FRudder Hydraullc Power B
rudder trim indication normsal Control Unit
for damper operation 2. Yaw Damper Coupler
No rudder trim indication, 1. Three Axis Trim Indicator B
but control in yaw axis 2. Yaw Damper Coupler
normal for damper operation
Excessive urdamped response 1. Rudder Hydraulic Power B
in yaw axis Control Unit
2. Yaw Damper Coupler
Control in yaw axls sluggish 1. Yaw Damper Coupler B
during damper operation 2. Rudder Hydraullc Power
Control Unit
In glide slope mcde, turms l. Yaw Damper Coupler .
are not coordinated 2. Amplifier and Computer
(Autopilot)
3. Autopilot Adapter (check
correct pot setting)
L, Aileron/Rudder Crossfeed
Relay
Tendency to yaw increases "1. Rudder Hydraulic Power
after damper 1is engaged Control Unit
2. Yaw Damper Coupler
Airplane susceptible to l. Yaw Damper Coupler
Dutch Roll or '"snaking" 2. Rudder Hydraullc Power
action Control Unit
3. Three Axis Rate Transmitter
L, Amplifier and Computer
(Autopilot) _
5. Airplane Rigging, see chapter 27
6. Flap Switch :

22-6-0
Page 102
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A. Control Switching Interlock Circuit (Series Yaw Damper)

Energize radio and T-R circuit
breaker panel (P5). Close applij
cable circuit breakers and
engage system by placing yaw
damper switch to ON.

SYSTEM WILL NOT ENGAGE
(Yaw damper ENGAGE lamp does not light)

With yaw damper self-test switch
in OFF position, observe self-test
meter indication in mid-green area;
verifying presence of 45v dc supply
voltage. IF-

NO INDICATION -
Replace Yaw
Damper Coupler ADEQUATE INDICATION -
Check for 28v dc at

terminal C16 of RJ-20
NO VOLTAGE - Check box. IF-
that at least 1000 psi |
hydraulic pressure exists VOLTAGE - Replace yaw
in yaw damper system. IF- damper ENGAGE lamp.

ADEQUATE PRESSURE -
Check that hydraulic
pressure switch is

= closed (terminals A20
& A21 of RJ-20)
Switch is located at

FS 910. IF-

PRESSURE SWITCH PRESSURE SWITCH OK,

OPENED under adequate replace yaw damper
- hydraulic pressure, coupler. IF -

replace switch.

TROUBLE PERSISTS -

check yaw damper ENGAGE

switch by measuring continuity CONTINUITY - Check

between terminals wiring per dwg 22-2-2

B17 & A20 of RJ-20 and replace defective

box. IF- wiring and/or connecting
terminals.

NO CONTINUITY (OPEN)
Replace yaw damper
ENGAGE switch.

16
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B, Series Yaw Damper Signal Chain

Energize radio and TR
circuit breaker panel
(P5). Close spplicable
clrcuit breskers and
engage system in yaw
da.mper - QN

|
RUDDER CONTROL SURFACE DEFLECTS,
BUT RUDDER TRIM INDEX DOES NOT
DEFLECT IN THREE-AXIS TRIM
INDICATOR,

|
Disengage yaw damper
system and place yaw
i damper self.test switch
to position 1. Read
selfatest meter, IF

Self-test meter initially NO RESPONSE on self-

indicates 1in mid-green area test meter, relay KL N
and returns to mid-green is not energizing, or { ) )
area in less than 18 seconds; 26v ac test voltage b
then yaw damper system rot avallable. Replace

limiter and sync response yaw damper coupler,

is OK. IF -

|
Rudder trim Index does not
deflect during test, replace
three-axis trim indicator. IF -

RUDDER CONTROL SURFACE DOES
NOT AUTOMATICALLY FUNCTION
DURING YAW DAMPER OPERATION -
|
.Engage yaw damper system and
place yaw damper self.test
switch to position 2. Read
self.test meter, IF - °

Self.test meter reads NO RESPONSE, or incorrect
in green area after one second response on self.test -
and slowly returns to nulla meter, replace yaw

green area approximately damper coupler.

14 seconds later, yaw

damper system response is
K., IF

N -

==

CONTINUED ON FOLLOWING PAGE

-

16
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RUDDER control surface or
rudder trim index does not
deflect (left, then centered) CONTINUED FROM
during self-test, cheek for de- PRECEDING PAGE
fective rudder hydraulic power
control unit (per chapter 27).

IF -

Previous self-tests OK, place

self-test switch to position

4 and reed self-teSt meter.

LE =~
Self-test meter indicates NO RESPONSE, or incorrect
in mid-green area as long response on self-test
as self-test switch is held meter, replare yaw
in position 4, then yaw damper coupler.
damper system response is
OK. IF -

|
Rudder control surface nor rudder
trim index does not deflect (right)
during self-test, check for de-
fective rudder hydraulic power con-
trol unit (per Chapter 27). IF -

Previous self-tests OK, disengage
yaw damper and place self-test switch
to position 6. Read self-test meter. -_]

IF -
Self-test meter indicates NO REPONSE, or incorrect
in null-green area, and response on self-test
rudder trim index reads meter, replace yaw
centered, then yaw damper damper coupler.
channel balance in OK. IF -

PREVIOUS SELF-TESTS check out

OK, tune in localizer station;
engage autopilot in GS AUTO

mode and cheek that aileron X-feed
relay energizes properly. IF -

RELAY ENERGIZES OK check pot RELAY DOES NOT ENERGIZE
setting in A/P adapter (RJ-16 for N20199 Cheek for 28v dc at

. RJ23 for N19997 & N20000). terminal G28 or L19 of

| Readjust or replace as necessary if RJ-3 junction box. IF -

aileron x-feed signal has been found to
be such that rudder control surface
deflection does not limit to 2-1/2° left

or right.
VOLTAGE - replace defective No VOLTAGE =~ Trouble
x-feed relay. exists in autopilot
amplifier computer.
16 :
Jul 15/67 22-6-0
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SERIES YAW DAMPER SYSTEM - ADJUSTMENT/TEST

General

This system test insures that all components are properly installed
and wired. It also checks the operation of the yaw damper on the
ground for proper operation of the various components in the signal
chain. It is assumed that all system furnishing signal data to the
Yaw Damper are in proper working order, and the rudder control sys-
tem is properly rigged (see Chapter 27 for rudder control system and
Chapter 29 for rudder hydraulic system operation.). The dynamic re-
sponse of the airplane cannot be checked on the ground.

Input signal data to the Yaw Damper is supplied by the yaw rate gyro
in the Yaw Damper Coupler, a crossfeed signal from the aileron chan-
nel of autopilot and the linear position transducer of the rudder
(hydraulic) power (control) unit. The Yaw Damper Coupler processes
these signals and supplies the corrective signals to the transfer
valve of the Rudder Power Unit to damp out unwanted turn motions of
the airplane. The Yaw Damper Coupler also supplies 28 volts dc to
the rudder power unit engage solenoid (shutoff) valve which then
ports hydraulic fluid within the Rudder Power Unit, so that the yaw
damper hydraulic spool valve may control the main hydraulic spool
valve and move the rudder.

The series yaw damper system may be checked without any auxiliary
equipment, but an optional test of the Rudder Power Control Unit and
its yaw damper components may be performed by use of Boeing Eleva-
tor/Rudder Power Control Unit Test Set No. F72785. Boeing Document
D6-6891 should also be obtained for full description of the tests.

Prepare to Test Series Yaw Damper System

A.

Gain access to Yaw Damper Coupler in lower nose section and estab-
lish communications with another technican in the control cabin.

With external power supplied, establish that yaw damper and autopi-
lot circuit breakers are pushed in, except where otherwise speci-
fied, and that yaw damper system and other associated systems are
powered. Detemine that hydraulic pressure is available to operate
rudder power unit.

WARNING: PRESSURIZING HYDRAULIC SYSTEM WILL SUPPLY POWER TO RUD-

DER AND ASSOCIATED HYDRAULIC SYSTEMS. CARE SHOULD BE
TAKEN TO ISOLATE AND TAG HYDRAULIC SYSTEM NOT BEING
TESTED TO PREVENT INJURY TO PERSONNEL OR DAMAGE TO AIR-
PLANE AND EQUIPMENT.

TR-Nr. 22-8

LX-N20199 22 6 0 Page 3 of 6
= -
RTCA: LX-N19997, LX-N20000 Jul 15/2005
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Test Yaw Damper Interlock and Engage Light

A. With rudder hydraulic power on and yaw damper and autopilot circuit
breakers pushed in, engage Yaw Damper and autopilot. The yaw damper
engage light shall illuminate.

B. With autopilot in MAN mode, turn rudder hydraulic power off. Yaw
damper engage light shall extinguish and autopilot disengage. The
autopilot warning light will flash and the audio alert will sound.

€ Turn rudder hyraulic power on, yaw damper engage light will illumi-
nate. Pull yaw damper circuit breaker. Yaw damper engage light will
extinguish. Push yaw damper circuit breaker in. Yaw damper engage
light shall illuminate.

Ds Engage autopilot and select LOC/VOR mode. Turn yaw damper engage
switch OFF. Yaw damper engage light will extinguish and autopilot
will disengage. Reselect LOC/VOR mode. Mode selector switch shall
not latch-up in LOC/VOR mode. Turn Yaw Damper Switch ON, yaw damper
engage light will illuminate.

E. Repeat step D. but use G/S AUTO and the G/S MAN positions of Autopi-
lot Selector Switch.

F. Engage Yaw Damper. Place Yaw Damper Self Test Switch on Yaw Damper
Coupler in any position but OFF. Autopilot disengage warning light-
shall illuminate steady. Set Yaw Damper Self Test Switch to OFF
position. Autopilot warning light shall extinguish.

Test Yaw Damper Power Mode (Self Test Procedure)

A. Place rudder in power mode configuration at zero trim knob and cen-
tered rudder pedals. Establish that flaps are in up (zero degrees)
position unless otherwise specified. Engage yaw damper. Yaw damper
engage light shall illuminate and self test meter on Yaw Damper Cou-
pler shall read in the middle green area, showing proper output d-c
voltage from Yaw Damper Coupler.

B. Perform yaw damper system self tests as outlined in fig. 1. The
autopilot disengaged warning light will be extinguished for OFF
position of self test switch, but illuminated for any other position
of switch.

Cs If no further requirement for external power, return all system to
normal and remove external power.

TR-Nr. 22-8

LX-N20199 22 6 0 Page 4 of 6
| |
RTCA: LX-N19997, LX-N20000 Jul 15/2005
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Carry out a test according to the following list

Test Power mode |Position |A/P Trim Rudder SELF-TEST
procedure |YAW of SELF- |warning |indicator |[excursion |meter
DAMPER TEST lamp
switch
+45V DC Switched OFF OFF Middle Middle Middle green
on or off position position |range
Synchro- Switched 1 ON Left, Remains Middle green
nizer off then in middle |range, then
loop middle- position |decreasing
position until green
zero range in
approx. 18
sec.

Switch the SELF-TEST switch OFF and wait 10 sec.

Rate time |Switched 2 ON Left, Left, Max. output
constant on then then in middle
middle middle green range
position position for approx. 1
sec., then
drop to the
green zero
range
Switch the YAW DAMPER OFF and wait 30 sec.
Follow-up |Switched 4 ON Right Right Middle green
on range
Follow-up |Switched 4 ON Right Right Larger than
on, land- with the
ing flaps landing flaps
deployed retracted
Channel Switched 6 ON Middle Middle Decreasing
balance off position position |indication
until green
zero range
Fig. 1
END
TR-Nr. 22-8
TCA: LX-N20199 Page 5 of 6

RTCA: LX-N19997, LX-N20000
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INTENTIONALLY LEFT BLANK

TR-Nr. 22-8

TCA: LX-N20199 22 6-0 Page 6 of 6
|
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SERTES YAW DAMPER SYSTEM =~ ! S ST

l. General

A

This system test insures that all components are properly installed and
wired. It also checks the operation of the yaw damper on the ground for
proper operation of the various components in the signal chain., It is
assumed that all systems furnishing signal data to the yaw damper are in
proper working order, and the rudder control system is properly rigged.
(See Chapter 27 for rudder control system and Chapter 29 for rudder
hydraulic system operation.) The dynamic response of the airplane cannot
be checked on the ground.

Input signal data to the yaw damper 1s supplied by the yaw rate gyro in
the yaw damper coupler, a crossieed signal from aileron channel of
autopilot and the linear position transducer of the rudder (hydraulic)
power (control) unit. The yaw damper coupler processes these signals and
supplies the corrective signals to the transfer valve of the ruvdder power
unit to damp out unwanted turn motions of the airplane. The yaw damper
coupler also supplies 28 volts de to the rudder power unit engage solenoid
(shutoff) valve which then ports hydraulic fluid within the rudder power
unit, so that the yaw damper hydraulic spool valve may control the main
hydraulic spool valve and move the rudder,

The series yaw damper system may be checked without any auxiliary
equirment, but an optional test of the rudder power control unit and its
yew damper components may be performed by use of Boeing Elevator/Rudder
Power Control Unit Test Set No. F72785. Bceing Document D6-6891 should
also be obtained for full description of the tests.

2. Brerare 1o Test Serles Yaw Damper System

Gein access to yaw damper coupler in lower nose section and establish
communications with another technician in the control cabin.

With externmal power supplied, establish that yaw damper and autopilot
circult breakers are pushed in, except where otherwlse specified, and
that yaw damper system and other associated systems are powered.
Determine that hydraulic pressure is available to operate rudder power
unit.

WARNING: PRESSURIZING HYDRAULIC SYSTEMS WILL SUPPLY POWER TO RUDDER AND
ASSOCIAT=D HYDRAULIC SYSTEMS., CARE SHOULD EE TAKEN TO ISOLATE
AND TAG HYDRAULIC SYSTEMS NCT BEING TESTED TO PREVENT INJURY TO
PERSONNEL OR DAMAGE TO AIRPLANE AND EQUIFPMENT.

5 22-6-0
Page 501
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3. Test Yaw Damper Interlock and Engage Light

A. With rudder hydraulic power on and yaw damper and autopilot circuit
breakers pushed in, engage yaw damper and autopilot. The yaw damper
engage light shall illuminate.

B. With autopilot in MAN mode, turn rudder hydraulic power off. Yaw damper
engage light shall extinguish and autopilot will remain egaged, (N20199)
disengage (N19997, N2000.)

C. Turn rudder hydraulic power on, yaw damper engage light will illuminate
Select autopilot HDG mode. Pull yaw damper circuit breaker. Yaw damper
engage light will extinguish and autopilot will remain engaged in HDG
mode. Push yaw damper circuit breaker in. Yaw damper engage light shall
illuminate.

D. Select LOC/VOR mode. Turn yaw damper engage switch off. Yaw damper
engage light will extinguish and autopilot will remain engaged, but
revert to MAN mode. Reselect LOC/VOR mode. Mode selector switch shall
not latch-up in LOC/VOR mode. Turn yaw damper switch on, yaw damper
engage light will illuminate.

E. Repeat stem D. but use GI/S AUTO and then G/S MAIN positions of autopilot
mode selector switch.

F. Engage yaw damper. Place yaw damper self test switch on yaw damper
coupler in any position but OFF. Butopilot disengage warning light shall
illuminate steady. Set yaw damper self test switch to CFF position.
Autopilot warning light shall extinguish.

NOTE: Para 3C/ D/ E/ for N20199 only

4. Test Yaw Damper Power Mode (Self Test Procedure)

A. Place rudder in power mode configuration at zero trim knob and centered
rudder pedals. Establish that flaps are in up (zero degrees) position
unless otherwise specified. Engage yaw damper. Yaw damper engage light
shall illuminate and self test meter on yaw damper coupler shall read in
the middle green area, showing proper output d-c voltage from yaw damper
coupler.

B. Perform yaw damper system self tests as outlined in figure 501. The
autopilot disengaged warning light will be extinguished for OFF position
of self test switch. but illuminated for any other position of switch.

C. If no further requirement for external popwer, return all systems to
nermal and remove external power.

= 6
22-6-0 Mar 15/67
Page 502 SN REV Jul 31/99
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Carry out a test according to the following list

Test Power mode | Position A/P Trim indicator | Rudder SELF-TEST
procedure YAW of SELF- | waming excursion meter
DAMPER TEST lamp
switch
+45V DC Switched on | OFF QFF Middle Middle Middle green
or off position pasition range
Synchronizer | Switched off | 1 ON Left then Remains in Middle green
loop middle middle range then
position position decreasing until

green zero range
in approx. 18 sec.

Switch the SELF-TEST switch OFF and wait 10 sec.

Rate time Switched on | 2 ON Left then Left then Max. output in -
constant middle middle middle green
' position position range for approx. .
1 sec. then drop
to the green zero
range
Switch the YAW DAMPER off and wait 30 sec.
Follow-up Switchedon | 4 ON Right Right Middle green
range
Follow-up Switched on, | 4 ON Right Right Larger than with
landing flaps the landing flaps
deployed retracted
Channel Switched off | 6 ON Middle Middle Decreasing
balance position position indication until
green zero range
Figure 501

22= 6-0

SN REV JUL 31/99 Page 503
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SERIES YAW DAMPER RUDDER POWER UNIT COMPONENTS - MAINTENANCE FRACTICES

1. General

A,

The seriles yaw damper rudder power unit components are externally mounted
on the rudder power control unit., Refer to 27-17-121, Rudder Power
Control Unit. The yaw damper components consist of an engage solenoid

( shutoff) valve, & transfer valve, and a position transducer, (See
figure 201.) It is assumed that rudder, rudder control tab and rudder
control system are properly rigged and in working order. See 27-17-0.

WARNING: PRESSURIZING HYIRAULIC SYSTEMS WILL SUPPLY POWER TO RUDDER AND
ASSOCIATED SYSTEMS. CARE SHOULD BE TAKEN TO ISOLATE OR TAG
SYSTEMS NOT BEING TESTED TO PREVENT INJURY TO PERSONNEL CR
DAMAGE TO ATRPLANE AND EQUIPMENT.

2. Removal/Installation Yaw Damper Components

A. Remove Yaw Damper Component
(1) Depressurize auxiliary hydraulic system. Refer to 27-17-0, Rudder,
Rudder Control Tab and Rudder Control System.
(2) Remove left and right rudder tab control panels (1510) and (151kL)
and rudder nose falring access panel 1572, See Chapter 12, Access
Doors and Panels.
(3) Break lockwire and remove 4 screws using 3/16-inch allen wrench.
Rotate rudder to gain access to components.
(4) 1ift valve from mounting pad or pull pgsition transducer straight
back approximately 3-1/2 inches to clear probe housing.
(5) Cover all openings.
CAUTION: CARE SHOULD BE TAKEN TO PREVENT CONTAMINATION OF HYDRAULIC
FLUID.
B. Install Yaw Damper Component
(1) Verify that seal plate and/or o-ring are satisfactory or replace.
(2) Install component on mounting pad.
(3) 1Install screws and tighten to 25 to 35 pound-inches torque.
(4) Lockwire screws.
(5) Install access panels after checking for hydraulic fluld leakage and
operation of component.
6
May 15/65 22-6-11
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SEE DETAIL A

4

YAW DAMPER

ENGAGE (SHUTOFF)
SOLENOID VALVE

(AND MOUNTING SCREWS
4 PLACES) -

YAW DAMPER

TRANSFER VALVE YAW DAMPER POSITION

TRANSDUCER
MOUNTING SCREWS

(4 PLACES)

MOUNTING SCREWS
(4 PLACES)

—— ELECTRICAL
CONNECTOR

DETAIL A
Series Yaw Damper Rudder Power Control Unit Components 6
22-6-11 Figure 201 ) Aug 15/66
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3. Inspection/Check Yew Damper Components

A, General

(1)

The yaw damper components ere electrically interconnected by
internal wiring between the electrical comnector and individual
internal connectors for each component. The continulty of the
electrical wiring can be checked by using aprropriate pin
connectors and a testmeter, Simpson model 260 or equivalent.

Check electrical continulty of wiring between pins of electrical
connector. Pin to pin resistance shall agree with table below.

1lto2 80 (x 8) ohms - Yaw damper solenoid valve
ltolk 0 (short) ohms

5 to 6 1000 (+ 100) ohms - Transfer valve solenoid

7 to 8 1000 (% 100) ohgs.- Transfer valve solenoid

9 to 10 90 (x9) ohms - Position transducer primary
11 to 12 70 (x7) ohms - Position transducer secondary

4, Adjustment/Test Yaw Demper Components

A. Refer to 22-6-0, Series Yaw Demper - Adjustment/Test.

NOTE: An optionsl test of the rudder power control unit and its yaw

6
May 15/65
+

damper components may be performed by use of Boeing Elevator/Rudder
Power Control Unit Test Set No. F72785. The tests are outlined

in Boeing document D6-6891, Handbook of Operating Instructions -
Elevator/Rudder Power Control Unit Test Set No. F72785.

22-6-11
Page 203
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SERIES YAW DAMPER HYDRAULIC PRESSURE INTERLOCK SWITCH
REMOMAL/INSTALLATION

1. General
A. A container will be necessary to catch fluid from disconnected hydraulic
lines. Should any fluid spill on the airplane, decontaminate the area.
See Chapter 12, Cleaning and Washing.

2., Equipment and Materials

A. Main Gear Door Downlock, P71127 or equivalent
B. O-ring, P/N NAS1612-4

3. Prepare to Remove Series Yaw Damper Hydraulic Pressure Interlock Switch

A. Open SERIES YAW DAMPER circuit breakers on radio and T-R circuit
breaker (P5).

B. Depressurize rudder hydraulic system by turning rudder switch ON and
de flecting the rudder with the power control unit until the rudder stops
operating hydraulically. Turn rudder switch OFF.

C: Open left main gear, heel well door and install main gear door downlock.

WARNING: PERSONNEL SHOULD STAND CLEAR OF WHEEL WELL DOOR PATH.

D3 Depressurize utility hydraulic reservoir by slowly unscrewing filler
cap three full turns. Tighten cap after compressed air has escaped.

CAUTION: DO NOT REMOVE UP UNTIL PESERVOIR IS DEPRESSURRIZED
OTHERWISE FLUID WILL ESCAPE.
4. Remove Series Yaw Damper Pressure Interlock Switch
A. Remove electrical connector plug from switah. (See figure 401.)
B. Disconnect hydraulic line from restrictor and cap end of line.
C. Remove switch mounting screw and remove pressure switch with restrictor.

Discard the used O-ring.

2 .
Jan 15/70 22-6-21
+ SN REV Jul 31/99 Page 401
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SERIES YAW DAMPER -
HYDRAULIC PRESSURE
INTERLOCK SWITCH
(SEE DETAIL A)

LOW PRESSURE WARNING
SWITCH (REFER TO

|
I
RUDDER HYDRAULIC ; l
!
CHAPTER 27) | |
|
|

—
1

RIGHT WHEEL WELL INBOARD WALL

HYDRAULIC LINE
SCREW

* LOW PRESSURE

WARNING SWITCH RESTRICTOR
(UNIONl

(\

ELECTRICAI.
CONNECTOR
DETAIL A
Rudder Hydraulic Low Pressure Warning Switch Installation . 2
22-6-21 Figure -401 Jan 15/70
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5. Install Series Yaw Damper Hydraulic Pressure Interlock Switch

A. Lubricate O-ring with fire resistant hydraulic fluid BMS 3-11 or grease
MCS 352 (Monsanto). Install O-ring, restrictor (union) on interlock
switch. (see figure, 401.)

B. Position witch in mounting position and install mounting screws.

C. Connect hydraulic line to restrictor (union).

D. Install electrical connector to switch.

E. Pressurize interlock switch.

(L) Close SERIES YAW DAMPER circuit breakers on radio and T-R circuit
breaker panel (P5).

(2) Connect external electrical power and position auxiliary pump
switch ON.

F. Check switch and restrictor (union) for leakage.

G. Test series yaw damperr hydraulic pressure interlock switch. (See
22-6-21, Adjustment/test.)

H. Remove main gear door downlock and close left maingear wheel well door.

WARNING: PERSONNEL SHOULD STAND CLEAR OF WHEEL WELL DOOR PATH.

2 -
Jan 15/70 22-6-21
+ SN REV Jul 31/99 Page 403
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STABILIZER OPERATED ELEVATOR SERVO TORQUE SWITCHING SYSTEM - DESCRIPTION
AND OPERATION

1. General

A. The stabilizer operated elevator servo torque switching system (torque
modulation system) provides improved autopilot performance in the high
stick~force/”g” flight regime while conforming to airplane load maneuver
requirements. This improvement in autopilot pitch axis control is
obtained from a fail safe stabilizer operated system. When the
stabilizer is in the airplane nose-up trim region, the torque switching
system decreases the value of the torque limiting resistor and thereby
increases the available servo torque for the elevator.

B. The torque modulation system consists of three mechanically operated
cams (driven by the stabilizer surface) which operate three torque
modulation switches. The system also contains an electronic torque
modulation box which is mounted in the pressurized area forward of the
aft bulkhead, and is accessible from the right rear lavatory. Three
torque limiting resistors are mounted in the autopilot component box
RJ16 for N201399, RJ24 for N19997 - N20000.

C. The torque modulation system controls the elevator output channel of the
autopilot. The control switching is mechanical and the torque modulation
box selects the proper torque limiting resistors that apply the
excitation voltage to the elevator servo for various positions of the
stabilizer. No additional power or signal sources are necessary for the
operation of the system. See fig. 1 for system component location.

2. Torgque Modulation Box

A. The torgque modulation box contains two capacitors, a diode and a relay
and is mounted on the rear bulkhead of the airplane and is accessible
through a wall panel in the right rear lavatory.

6 s
Apr 15/65 22-7-0
SN REV Jul 31/99 Page 1
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Stabilizer Operated Elevator Servo Torgue Switching
System Component Location
22-7-0 Figure 1 Apr 15/65
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3. Torgue Limiting Resistors

A.

The torque limiting resistors are mounted in the autopilot component
box RJ16 or RJ2L.

4. Torque Modulation Cams and Switches

A. The cams and switches are located in the uppressurized area adjacent to

the stabilizer. (See figure 1.)
5. QOperation

A. The stabilizer-operated switching is shown in figure 2.

(1) A set of three mechanically-operated cams, driven from the
stabilizer control surface, operates switches S1(RS302), S2(RS303)
and S3(RS304) in accordance with switching program shown in figure
2. As the stabilizer travels through the switching region between
0.5 units nose down and 1.5 units of nose up trim, these switches
will operate to produce a self-monitoring function, and at 0.5 units
of nose up trim (torque changeover point) will operate the double
pole relay Kl. The normally-open contacts of pole A are used to
bypass the torque limiting resistors Rl and R2 for high torque and
the remaining contacts are used in the autopilot engage Interlock
eircuits. ’

(2) Capacitor Cl, which is in parallel with the autopilot engage holding
solenold and relay Kl solenoid, provides sufficient delay to prevent

" nuisance autopilot disengagements during contact transfer of relay
K1 (events 3 to 4) and switch S1 (events 5 to 6 and 6 to 7).

(3) Diode D1 is used to provide suppression of transient voltages across
the relay solenoid and switeh S3.

B. During normal auto-stab-trim operation the interlock néfwork provides
contimiity to the autopilcot engage holding solenoid through alternmate
current paths using the contacts of switches S1, S2 and relay Kl. As
the stabilizer moves in the airplane nose up direction (events 0 to 7)
the following operation results:

(1) For event (0 to 1) switeh S2 transfers to the Y position. This
switching operation is to provide autopilot disengagement if switch
Sl has failed in the Y position. During normal operation this
switch event provides no funection.

(2) For event (1 to 2) switch S2 returns to X position. The return of
S2 to its original position establishes a current path necessary
during the subsequent switching event.

6 _ :
Jar 15/6¢ . 22-7-0

4

Page 3



BoENC ' .
G st
LI L
MAINTENANCE M:QNUAL

ELEVATOR
SERVQ

|. ) i
R ; 5 AN - A~ @
SA 40 TORQUE LIMITING
OR
SA 104 S SA ; RESISTORS

PREAMP ! SERVO AMP MAG AMP

[

]
o

—e ‘.‘-‘-Jé-m
o

)
'
I
1
1
wis
NOTE: [ sTABILIZER OPERATED l ==

e
ELEVATOR SERVO TORQUE .
KI' RELAY . REFER TO
SHEET 2
(D
Q Q
HIGH TORQUE xl
—_— - Sl " 1
- L Q
/——LOW TORQUE Q.5° AIRPLANE NOSE-UP TRIM
LOCATION OF EQUIPMENT
>
a2
t
. 6
. = Jan 15/69
~22-7-0 Stabilizer Operated Variable Torque System S BEv 20 3iiss

Page 4 Figure 2 (Sheet 1)



L= Ll
MAINTENANCE MANUAL

sae el T s %_

AUTOPILOT STABILIZER TRIM
SERVOMOTOR AMPLIFIER 5A395

RR962 .| RR961
MAG AMP b e - ELEVATOR SERVO
SA 40 MOTOR
(RS 303}
Y
s2 ,
P
A 8
INTERLOCK Jx‘ﬂsmz' ! [ ! !N A/P ENGAGE
VOLTAGE St . Ng 9— HOLDING
28V OC Y " = 77 SOLENOQID,
| ¥ ! K1
(RS 304)Jx """ = —~c1
s3 l

I
1
Y )

(= H

INTERLOCK NETWORK - SHOWN IN LOW TORQUE MQOE (EVENT NO. 0)

SWITCH EVENT NQ. o] 1 2 3 4 5 5 y
(RS 3G2) %
St
Y |
{RS303) Y
s2
%
{RS 304) X
S3 .
’ |

| . N.U.
t{s{rr 2—’\/———Low TORQUE HIGH Toaou:———«r—-é i

0,5 STAB. TRIM A.N.U.

6 o ;
JAN 15/69 Stailizer Ope;ated \;ar:.sal..:altez Torque System 22-7-0
SN REV JUL 31/99 B et2) PAGE 5



e 22/

Li=r
MAINTENANCE MANUAL

(3) For event (2 to 3) switch Sl transfers to Y position. The purpose
of this switching cperation is to apply the interlock voltage (28
volts dc) to the X contact of S3 in’ preraration for switching the
network to the high torque mode. Another purpose for this switching
sequence 1s to provide interlock continuity via S2 (X) and relay K1.
normally closed contacts.

(4) For event (3 to ) switch S3 transfers to X rosition. Twenty-eight
valts dc is applied ta the K1 relay solencid via S1(Y) and S3(X)
contacts. After the relay contacts have transferred to the
energized position, the contacts of pole A short-out torque limiting
resistors Rl and R2 to obtain high servo torque. Interlock
continuity is provided via contacts of S1(Y) and pole B of relay K1.
Capacitor Cl holds autopilot engage holding solenoid emnergized
during the switching operation.

(5) For event (4 to 5) switch S2 transfers to Y position. The purpose
of this switching operation 1s to provide autopilot disengagement 1if
relay contacts have failed to transfer to normally open position;
and to provide a current path to keep relay X1 energized subsequent
to the followlng switching event.

(6) For event (5 tao 6) switch S1 returns to X gposition. During the
contact transfer time of Sl, the interlock voltage 1s removed fram
the relay sclenoid, however, capacitor Cl provides sufficient
holding current during this period to keep the relay energized.
After the contacts have transferred the relay solencid is energized
via the contacts of S1(X), S2(Y), relay pole B, and S3(X).

N

(T) For event (6 to T) switch S1 transfers to Y position. The purgose
of this switching operation 1is to enable relay XKl to re-energize
subsequent to an interruption In interlock voltage via switches
S1(Y) and S3(X). This will allow high torque autopilot operation
whenever the autopilot 13 engaged(or re-engaged) while the stabilizer
position is in the high torque region.’

C. A similar operation of the autopilot engage interlock circuit will result
when the stabilizer is moving in the opposite direction (nose-down trim)

or traversing smy portion of the switching region. In the event of a
switch or relay failure, where a comtact fails to transfer electrically,
as with a welded contact, the interlock network will disengage the
autopilot when the stabilizer is in the switching region. A carpacitor or
diode failure may result in nuisance autopilot disengagements since these
elements are used to provide nuisance free autopllot operation during
switch and relay transients.

g -t 6
22-7-0 Apr 15/65
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STABILIZER-OPERATED ELEVATOR SERVO TORQUE SWITCHES - ADJUSTMENT/TEST

1 General

A. The stabilizer-operated servo torque switches provide an increase in
available elevator servo torque at stabilizer settings between 0.5 units
of airplane noseup trim and the airplane noseup stabilizer limit. (Refer
to Stabilizer Trim System, Chapter 27.)

2. Torque Modulation Swithes Adjusment

A. Equipment and Materials
(1) Rigging Pin - 5" long x 5/16" diameter
(2) Scale - 0 to 4 feet in inches and hundredths
(3) Tensiometer - 0-100 lb. capacity
B. Prepare for Adjustment
(1) Remove stabilizer jackscrew access panel No. 1185.
(2) Set stabilizer A dimension at 31.89 (+ 0.03) inches.
NOTE: This is 3 degrees, 30 minutes stabilizei down.

(39 Insert rigging pin through cable drum and outer bracket. (See
figure 501.

(4) Rig cables to load indicated by temperature in Table 1.
(5) Remove rigging pin.
C. Adjust Torque Modulation Switches
(1) Position stabilizer to 2 degrees 50 minutes down by setting
stabilizer A dimension to 33.01 (+ 0.10) inches. set switch RS303
to actuate with cam B.
(2) Position stabilizer to 3 degrees 10 minutes clown by setting

stabilizer A dimension to 32.45 (+ 0.10) inches. Set switch RS302
to actuate with cam A.

6 .
Apr 15/69 22-7-0
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With cables rigged as above, positioﬁ stabilizer to 3 degrees 30
mimutes down by setting stabilizer A dimension to 31.89 (+ 0.03)
inches, Set switch RS304 to actuate at this position with cam C.
(See figure 501,)

Test stabilizer-operated elevator torque switching system. Refer to
paragraph 3.

3. Torgue Modulation Switches Test

A. Equipment and Materilals i
(1) AC voltmeter
(2) Torque wrench

B. Prepare for Test

(1) Remove cover plate (covering hex shaft) from housing of elevator servo
and mount torque wrench with adapter on hex shaft of elevator servo.

(2) Set stabilizer at approximately 0,5 units airplane nose-up position,
NOTE:s Flaps mist be up for these tests unless otherwise specified,

(3) TPlace Split axis elevator ON=-OFF switch in OFF position,

(4) Disable stabilizer trim drive.
() Tape stabilizer trim servo up and down limit switches in
actuated position, or remove elither wire from terminal ABL6 in
RJ23 (G19 in RJ3).
(b) Tape stabilizer trim actuator up and down limit switches in
actuated position, or open stabilizer trim actuator circult
breaker on the P2 panel.

Connect ac voltmeter across (output of SALO) terminals F16 and Fli
in RJ23 (A26 and A28 in RJ3).

(6) Manually trim the stabilizer to zero units trim position.
C. Test Torque Modulation Switches
(1) Engage sutopilot and slowly insert & pitchdown signal. Check that:

(a) Output of SALO card is between 105 and 133 volts.

6
9270 Apr 15/69
Page 504 +
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(b) Torque developed &t meximum voltage is between 72 and 88 pound-
inches (low torque region).

NOTE: Use calibration curve for torque wrench to correct
readings. Bf excitation to SALO card must be 135 volts.

Repeat step (1) using pitchup signal.

Connect ac voltmeter across terminals F13 and Fl4 in RJ23 (A29 and
A28 in RJ3). With a pitchup signel mamally trim stabilizer toward
1l unit nose-up trim. Check that voltage output increases at some
position between 0-1 unit nose-up trim (high torque region).
Disengage autopilot at this position.

Measure stabilizer dimension "A" on stabilizer Jjackscrew. Check
that the dimension is 31.9 (% 0.1) inches.

With stabilizer positioned as in step (3), re-engage asutopilot and
slowly insert a pitchdown signal. Check that meximum torque
developed is between 103 and 125 pound-inches. Disengage autopllot.
Repeat step (5) using e pitchup signal.

NOTE: Airplanes with 10-3056-400 elevator torque adapter installed,
proceed to step (7). If not, restore system to normal.

With staebilizer in high torque reglon and with flaps down, engage
autopilot, and slowly insert a pitchdown signal. Check that
meximim torgque developed is between 147 and 180 pound-inches.

Disengage autopilot and repeat step (7) in opposite direction,

D. Restore Airplane to Normal

6
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INTENTIONALLY LEFT BLANK

NOTE: The insertion of this TR has to be listed in the Record of Temporary
Revisions at the beginning of Volume 1.

TR-Nr. 22-10

TCA: LX-N20199 22 10 0 Page 2 of 20
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MACH TRIM SYSTEM - TROUBLE SHOOTING
1 Trouble Shooting Mach Trim System

A. General

(1) The mach trim system analyzer is designed to locate malfunctions
in the mach trim system which occur outside the mach trim cou-
pler. The mach trim coupler should be removed, the tester
installed in its place and the test procedure outlined in
Table I, should be followed.

(2) If the outlined procedure does not locate a malfunction in the
system, the faulty component may safely be assumed to be the
mach trim coupler. The mach trim coupler should be replaced with
a coupler known to be in good working condition.

(3) If the test procedure does locate a fault, the faulty component
should be replaced or wiring repaired as necessary. The mach
trim coupler that was removed prior to the test may be installed
if a single fault is assumed.

NOTE: The mach trim coupler has not been checked. To make sure
that the complete system is operating properly, a mach
trim coupler known to be in good working condition
should be installed. This last step is necessary only
when the system has a double fault.

B. Equipment and Materials
(1) Mach Trim System Analyzer, Boing F-71375 or equivalent.
(2) Pitot-Static System Tester, Boing EDS/PS-200 or equivalent.

(3) Two sets of interphones.

&l Prepare for Trouble Shooting of Mach Trim System

(1) Close ESSENTIAL RADIO BUS circuit breakers (3) and RADIO BUS
NO.2 circuit breakers (3) on A-C BUS NO.2 circuit breaker panel
(P2).

(2) Close ESSENTIAL RADIO BUS and RADIO BUS NO.2 Toggle Switches on
radio and T-R circuit breaker panel (P5)

(3) Close applicable vertical gyro circuit breaker or insert fuse on
radio and T-R circuit breaker panel (P5) as applicable.

(4) Open all autopilot and mach trim a-c and d-c ciruit breakers or
remove fuses as applicable on radio and T-R circuit breaker
panel (P5)

TR-Nr. 22-10

TCA: LX-N20199 22 10 O Page 3 of 20
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Open KIFIS breaker or remove fuse as applicable on radio and T-R
circuit breaker panel (P5).

Remove mach trim coupler from electronic equipment rack.
Install mach trim system analyzer in place of mach trim coupler.

Install an interphone communication system between the pilot or
copilot station and the electronic equipment rack station. This
can be accomplished by using existing airplane wiring and inter-
phone-jack facilities (See Chapter 23).

NOTE: Two operators are needed to perform the test and it is
essential for the operators to be able to communicate
with each other.

Position one operator at the pilot’s or copilot’s station.

Position one operator at the electronic equipment rack with the
mach trim analyzer.

NOTE: Components called out in the following testing procedure
are located on the mach trim system analyzer if not
otherwise specified. Terminal numbers are located in RJ3
for LX-N20199, RJ23 for LX-N19997 & LX-N20000 if not
otherwise specified.

Follow the testing procedure outlined in Table I

TR-Nr. 22-10
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Step

Indication OK

Malfunction-Replace
Component or Repair
Wiring as Necessary

1. Close A/P & MACH TRIM
DISENG LT D-C circuit
breaker on circuit
breaker panel.

MACH TRIM DISENGAGED
light (on engine in-
strument panel (P9).

NO light, check for 28V
DC at * Check warning
light and warning light
on circuitry.

*D30 for LX-N20199
*AD13 for LX-N19997,
LX-N20000.

2. Close AUTOPILOT A-C
circuit breaker (on
radio and T-R circuit
breaker panel).

AUTOPILOT ON light on
(if POWER Switch is in
AUTOPILOT position,
lights will also come
on as in step 3.).

No light, see trouble
shooting Chart "A”".

3. Close MACH TRIM
CONTROL A-C ciruit
breaker (on radio and
T-R circuit breaker
panel (P5).

Power Switch must be
Mach Trim position.

TRIM RELAY light and
SAFETY SW TEST light
on.

a. If TRIM RELAY light
fails to come on,
see trouble shoot
ing Chart “B”

b. If SAFETY SW TEST
light fails to come
on, see trouble
shooting Chart “C”

c. Note step 35.

potentiometer in co-
(KIFIS control unit),
close copilot’s KIFIS
circuit breaker or

applicable.

4. On airplanes having mach

pilot’s computer unit,

insert fuse (on P5) as

5. Set POWER Switch to
AUTOPILOT Position.

@ A, @B and @C A-C
POWER lights on. PHASE
ROTATION RIGHT light
on; PHASE ROTATION
WRONG light out.

If any or all lights
are out, check autopi-
lot circuit breaker
(on P5).

6. Set POWER Switch to
MACH TRIM position.

@ A, B and @C A-C
POWER lights on. PHASE
ROTATION RIGHT light
on; PHASE ROTATION
WRONG light out.

If any or all @ lights
are out, check mach
trim circuit breaker
(on P5). If all @
lights are on, but
PHASE ROTATION WRONG
light is ON and PHASE
ROTATION RIGHT light is
OFF; check phase rota-
tion.

TCA: LX-N20199

RTCA: LX-N19997, LX-N20000

Table I (Sheet 1 of 9)
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Step

Indication OK

Malfunction-Replace
Component or Repair
Wiring as Necessary

Hold STAB TRIM MOTOR
NOSE UP - NOSE DN

Switch in NOSE UP posi-
tion. For single speed
trim servo hold for

6 seconds. For two speed
trim servo hold for

8 seconds.

Stabilizer position in-
dicator (on the control
stand) shall move up

1 (¢ 1/4) unit.

If stabilizer position
indicator does not move
up as required, check
trim servo (on lower
right side of the ac-
tuator assembly) and
limit Switches (on air-
plane structure adja-
cent to the jackscrew).
SAFETY SW LIGHT may
blink but should not be
off longer than it
takes the operator to
say ONE quickly.

Hold STAB TRIM MOTOR
SHORTS Switch in

SHORTS position while
holding STAB TRIM MOTOR
NOSE UP-NOSE DN Switch
in NOSE UP position.

Stabilizer trim shall
stop.

If stabilizer trim does
not stop, assure that
wire to pin 17 of plug
J1l (RD1317) is not
grounded.

9.

10.

Relase STAB TRIM MOTOR
SHORTS Switch; release
STAB TRIM MOTOR NOSE
UP-NOSE DN Switch.

Hold STAB TRIM MOTOR
NOSE UP-NOSE DN Switch
in NOSE DN position.
For single speed trim
servo hold for 6 sec-
onds. For two speed
trim servo hold for

8 seconds.

Stabilizer position
indicator shall move
down 1 (+ 1/4) unit.

If stabilizer position
indicator does not move
up as required, check
trim servo (on lower
right side of the ac-
tuator assembly) and
limit switches (on air-
plane structure adja-
cent to the jackscrew).
SAFETY SW LIGHT may
blink but should not be
off longer than it
takes the operator to
say ONE quickly.

TCA:

Table I (Sheet 2 of 9)

LX-N20199

RTCA: LX-N19997, LX-N20000
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Step

Indication OK

Malfunction-Replace
Component or Repair
Wiring as Necessary

11.

Hold STAB TRIM MOTOR
SHORTS Switch in
SHORTS position while
holding STAB TRIM MO-
TOR NOSE UP-NOSE DN
Switch in NOSE DN
position.

Stabilizer trim shall
stop.

If stabilizer trim does
not stop, assure that
wire to pin 17 (of plug
J1l RD1317) is not
grounded.

12.

13.

14.

Release STAB TRIM MO-
TOR SHORTS Switch; re-
lease STAB TRIM MOTOR
NOSE UP-NOSE DN
Switch.

Trim stabilizer (manu-
ally or with main elec-
tric stabilizer trim
motor) so that trim in-
dicator reads 0 units.

NOTE: to employ main
electric trim motor,
observe step 24. Set
“STAB TRIM” cutout
Switch in the ON posi-
tion, or the STAB TRIM
MAIN ELECTRIC cutout
Switch in NORMAL (on
right hand side of con-
trol stand) as applica-
ble.

Set voltmeter selector
Switch to POS XMTR.

Voltmeter indication
should be as shown in
Table II.

If no, or incorrect
voltage reading,
see trouble shoot-
ing Chart D.

b. Note step 18.

a.

15.

Hold POS XMTR SHORTS
Switch in upward posi-
tion.

No significant change
in voltage noted pre-
viously.

If a change in voltage
is noted, assure that
wires to pins 24 and 32
of plug J2 (M7W RD1318)
are not grounded.

TCA:

LX-N20199

RTCA: LX-N19997, LX-N20000

Table I (Sheet 3 of 9)
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Step

Indication OK

Malfunction-Replace
Component or Repair
Wiring as Necessary

16.

Hold POS XMTR SHORTS
Switch in downward
position.

No significant change
in voltage noted pre-
viously.

If a change in voltage
is noted, assure that
wires to pins 24 and 32
of plug J2 (M7W RD1318)
are not grounded.

17.

18.

Release POS XMTR
SHORTS Switch.

Hold POS XMTR POLA-
RITY Switch in down-
ward position.

Voltage shall decrease
0.60 (x0.25) volts
from reading obtained
in step 14.

If voltage does not de-
crease as required, as-
sure that wiring is not
reversed in airplane or
resistor box. Assure
that stabilizer posi-
tion transmitter link-
age is not reversed

NOTE: Looking at stabi-
lizer position trans-
mitter and stabilizer
from left side of air-
plane when stabilizer
leading edge moves
down, position trans-
mitter shaft must ro-
tate clockwise.

19. Release POS XMTR
POLARITY Switch.

20. Trim stabilizer 1 unit Voltmeter reading shall |If voltmeter indication
nose down manually or decrease from reading is incorrect, check re-
with main electric trim |attained in step 14 (Se |sistors in resistor box
motor (see NOTE in Table II.). (See wiring diagram
step 13.). 22-1-6.). Assure that

position transmitter
linkage is not re-
versed.

21. Hold STAB TRIM MOTOR Voltmeter reading shall |If voltmeter reading
SHORTS Switch in go to zero volts. does not go to zero
SHORTS position. volts, assure that wire

to pin 25 of plug J2
(M/W RD1318) is not
grounded.
Table I (Sheet 4 of 9)
TR-Nr. 22-10
TCA: LX-N20199

RTCA: LX-N19997, LX-N20000

22-10-0

Page 8 of 20
Jul 15/2005




BOENG Ei7:2?;7
o7 Il ’)‘
MAINTENANCE MANUAL

Malfunction-Replace
Step Indication OK Component or Repair
Wiring as Necessary

22. Release STAB TRIM
MOTOR SHORTS Switch.

23. Set MACH TRIM CUTOUT
Switch to ON or AUTO-
MATIC STABILIZER trim
cutout Switch to
NORMAL (on control
stand) as applicable.

24. Close STAB TRIM CONT
DC circuit breaker (on
P5) and STAB TRIM A-C
circuit breaker (on P2
breaker panel).

NOTE: This step may
have been done with

step 13.

25. Hold pilot trim Switch TRIM RELAY light out; a. If TRIM RELAY
(on pilot’s wheel) in STAB TRIM ON warning light fails to come
NOSE UP position light (on control out, check STAB
momentarily. stand) on. TRIM cut out

Switch or STAB
TRIM MAIN ELECTRIC
cutout Switch (on
control stand)
whichever is used
and manual STAB
TRIM CONT relay
(on J18 relay
shield).

b. If STAB, TRIM ON
warning light fails
to come on, check
warning light and
warning light wire-

ing.

26. Hold pilot trim Switch TRIM RELAY light out; If TRIM RELAY light
in downward position STAB TRIM ON warning fails to come on, check
momentarily. light on. STAB TRIM cutout Switch

or STAB TRIM MAIN ELEC-
TRIC cutout Switch (on
control stand) which-
ever is used.

Table I (Sheet 5 of 9)

TR-Nr. 22-10
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Step

Indication OK

Malfunction-Replace
Component or Repair
Wiring as Necessary

27.

Repeat step 25 and step
26 using copilot’s trim
Switch (on copilot’s
wheel).

RTCA: LX-N19997,

LX-N20000

22-10-0

28. Set autopilot engage AUTOPILOT ENGAGED If lights fail to come
Switch (on autopilot LIGHTS ON, AUTOPILOT on as specified, check
control panel to the DISENGAGED lights (on autopilot, and wires to
AUTOPILOT position). P9 engine instrument the following:
Airplanes with AUTO- panel) OFF and auto- pin 30, J1 (M/W-RD1317)
MATIC STAB TRIM cutout |pilot audio alerter pin 31, J1 (M/W-RD1317)
Switch require Switch will not sound. pin 23, J1 (M/W-RD1317)
in NORMAL position pin 24, J1 (M/W-RD1317)
before MACH SW and
AUTOPILOT ENGAGE
lights will go on.

29. Set POWER Switch to NOTE: COMPARISON UNIT
AUTOPILOT position. INTERLOCK Switch must

be in BYPASS if compar-
ison unit is part of
system.

30. Hold STAB TRIM MOTOR Stabilizer position in- |If stabilizer position
NOSE UP-NOSE DN Switch dicator (on control indicator does not move
in NOSE UP position. stand) shall move up up as required, check
Push on control column. |1 (* 1/4) unit. autopilot.

For single speed trim
servo push for 6 sec-
onds. For two speed
trim servo push for 24
seconds.

31. Hold STAB TRIM MOTOR Stabilizer position in- |If stabilizer position
NOSE UP-NOSE DN Switch |dicator shall move down |indicator does not move
in NOSE DN position. 1 (= 1/4) unit. down as required, check
Pull on control column. autopilot.

For single speed trim
servo pull for 6 sec-
onds. For two speed
trim servo pull for 24
seconds.
NOTE: Operation of STAB TRIM MOTOR Switch is unnecessary in steps 30
and 31 for airplanes incorporating Bendix E/P two speed trim servo.

Table I (Sheet 6 of 9)

TR-Nr. 22-10
TCA: LX-N20199 Page 10 of 20
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Step

Indication OK

Malfunction-Replace
Component or Repair
Wiring as Necessary

32. Release STAB TRIM MOTOR If stabilizer position
NOSE UP-NOSE DN Switch. indicator moves, check
Push on control column. trim servo. Check for

trim servo wiring
NOTE: Delete step 32 for airplanes with two shorting to plug J1
speed trim servo installed. (M/W RD1317).

33. WARNING: WAIT 30 SEC
ONDS (FOR TRIM SERVO
MOTOR ARMATURE TO STOP
ROTATING) BEFORE PROCE-

EDING.

34. Set POWER Switch to
MACH TRIM position.

35. Hold SAFETY SW TEST SAFETY SW TEST light If light remains on,
Switch in downward out. check limit switches
position. and trim servo and re-

pair or replace as nec-
essary.

36. Pull AUTOPILOT A-C cir-
cuit breaker (P5).

37. Pull A/P & MACH TRIM
DISENG LT CB (P5).

38a.Set MACH TRIM cutout MACH TRIM CUTOUT Switch |Perform step 38b.
Switch to on or AUTO- ON light on; MACH TRIM
MATIC STAB TRIM cutout DISENGAGE light (on P9
Switch to NORMAL as ap- |engine instrument panel
plicable. off).

38b.Set MACH TRIM cutout MACH TRIM CUTOUT Switch |If lights do not per-
switch or AUTOMATIC ON light on; MACH TRIM |form as required, check
STAB TRIM cutout switch |CUTOUT Switch ON light |MACH TRIM cutout Switch
as applicable to CUTOUT |off, and MACH TRIM DIS- |or AUTOMATIC STAB TRIM
position (control ENGAGED light will be cutout Switch (on con-
stand). dimmer than usual. trol stand) as applica-

ble. Check diodes in
resistor box (See wir-
ing diagram 22-1-6).
Table I (Sheet 7 of 9)
TR-Nr. 22-10
TCA: LX-N20199

RTCA: LX-N19997, LX-N20000

22-10-0

Page 11 of 20
Jul 15/2005
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aeone, 3

Malfunction-Replace
e ndication omponent or Repair

Step Indicati OK Comp t Repai

Wiring as Necessary

39. Position voltmeter se- Voltmeter indication If voltmeter reading is
lector Switch to BIAS posi- |should be as shown in not as specified, check
tion. Table II. resistors in resistor

box. (See wireing dia-
gram 22-1-6).

40. Position voltmeter se- Voltmeter shall indi- In the event of an er-
lector Switch to MACH POT cate 0 volts. roneous indication,
position. check mach synchrotel

transmitter as applica-
ble; check KIFIS con-
trol unit or servo
torque unit as applica

ble.
41. Hold MACH TRIM TEST Voltmeter reading In the event of erro-
Switch (on P9 engine in- should be as shown in neous indications:
strument panel) in TEST Table II. a. Check resistors in
position. resistor box or
mach trim component
box.
(See wiring diagram
22-1-6).

b. Note step 44.

Table I (Sheet 8 of 9)

TR-Nr. 22-10

TCA: LX-N20199 22 10 0 Page 12 of 20
- |
RTCA: LX-N19997, LX-N20000 Jul 15/2005
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Step

Indication OK

Malfunction-Replace
Component or Repair
Wiring as Necessary

42.

Release MACH TRIM TEST
Switch

43.

On airplanes with mach
potentiometer in KIFIS
control unit only:
Position AUTO STAB TRIM
cutout Switch to NORMAL
(on control stand) as
applicable and hold co-
pilot’s KIFIS Switch
(copilot’s instrument
panel) in TEST posi-
tion.

MACH SW CLOSED light
on. Light should be
steady and of normal
brilliance. Voltmeter
readings should be as
shown in Table II.

If MACH SW CLOSED
light shows indica-
tions different
from those speci-
fied, or if voltme-
ter readings are
erroneous, check
resistors in
resistor box

(aft of left
electronic equip-
ment rack).

b. Note step 44.

a.

44. NOTE: This step is not

necessary if steps 41
through 43 are satis-
factory and if malfunc-
tion of synchrotel
transmitter is not sus-
pected.

With a pitot-static
system tester, supply
the airplane pitot-
static system with
pitot and static
pressures sufficient to
simulate mach numbers
between 0.75 and 0.94.

Voltmeter readings
should be as shown in
Table II.

See steps 41 through
43,

TCA:

LX-N20199

RTCA: LX-N19997, LX-N20000

Table I (Sheet 9 of 9)

22-10-0

TR-Nr. 22-10
Page 13 of 20
Jul 15/2005
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CONDITION

707-300C

POSITION TRANSMITTER-
0 Units of Trim on Trim
Indicator

0.50 to 1.5 V

Trim Stabilizer

Airplane Nose Down to

Voltage decreases 0.25
to 0.45 V/unit

BIAS

1.1 to 1.4 V

MACH TRIM TEST

If from Resistor Box

MACH TRIM TEST or F/O

If from Mach Pot (.917 M)

0.70 to 1.10 V

OUTPUT OF MACH

POTENTIOMETER ENGINES [ ey

M = 0.87

M = 0.90

M= 0.86 0.10 to 0.20 V
M=0.88 [ 0.20 to 0.40 V [Z>
M= 0.92 0.80 to 1.10 V

E:>> When mach number is increasing, MACH SWITCH CLOSED light comes on
0.02 to 0.00 Mach below this point. Output of MACH POT begins 0.00 to
0.02 mach above this point and increases smoothly if mach number is in-
creased slowly,then decreases smoothly if mach number is decreased slowly
to mach number where output began. MACH SWITCH CLOSED light shall go off
0.00 to 0.02 mach below the point at wich it came on with increasing

mach.

EZ>> Voltage at 0.88 M shall be 2.0 (+ 0.5) times the voltage at 0.86 M

but do not exceed table wvalue.

TCA: LX-N20199
RTCA: LX-N19997, LX-N20000

Table II

TR-Nr. 22-10

22 10 0 Fage 14 of 29
- -
Jul 15/2005
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NO LIGHT,

check for 28V

DC at, K5 for N20199.
AFl5 for N19997, N20000.
IE =
[
| , |
VOLTAGE OK, check wire NO VOLTAGE, check for
to 32 of RD1317 and 115V at K23, K24, K25,
repair as necessary. for N2019°9.
AEl, AE2,RE3 for
N19997, N20000. IF -
|

1

lICN: 1P-AMMX-22-0037-01

VOLTAGE OK, replace
POWER JUNCTION BOX and
check for 28V DC at

K5 for N20199.

NO VOLTAGE check three

phase circuit breaker or
wires to circuit breaker
and replace or repair as

AF15 for N18397, necessary.
N20000. IF -
[ =
VOLTAGE OK POWER JUNC- NO VOLTAGE, check wires
TION BOX was faulty. to pins 1, 4 and 17 of
RD439 and wire between
K5 for N2019S.
AFl5 for N19997, N200Q00

and pin 8 o

necessary.

and repair wiring as

£ RD439

TE =

|

.

l

Light OK, wiring was
faulty.

NO LIGHT, check wire to
pin 28 on RD1318 and re-

pair as necessary.

NOTE: RD439 is the PWR J-BOX 22-1-3.

Trouble Shooting Chart A

TCA: LX-N20199
RTCA: LX-N19997, LX-N20000

22-10-0

TR-Nr. 22-10

Page 15 of 20
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IICN: 1P-AMMX-22-0038-01

to come on,

IF -

TRIM RELAY LIGHT fails
check for
28V DC at H23 for N201%9%
AC7 for N19597, N20000.

l

|

NO VOLTAGE, check wire
to pin 28 of RD1317 and
repair as necessary.

VOLTAGE OK, check for
28V DC at K10 for N20199,
AC6 for N195957, N20000.
IF -

NO VOLTAGE , check stabi-
lizer trim control relay
( on STAB TRS8IMI CONT
SCHIELD J18) and replace
or repailr as necessary.
IF -

NO LIGHT, check wires
from H23 for N20199,
AC7 for N19997, N20000
and K10 for N20199, AC6
for N193597, N20000 to
stabilizer trim control
relay and repair as
necessary.

VOLTAGE OK, check wire
from K10 for N20199,
AC6 for N19997,
to pin 29 of RD1317 and
repair as necessary.

N20000

Trouble Shooting Chart B

TCA: LX-N20199
RTCA: LX-N19997, LX-N20000

22-10-0

TR-Nr. 22-10
Page 16 of 20
Jul 15/2005
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SAFETY SW TETST light
fails to comeon, unplug
RD4611 from trim srvo
and check for 28V DC at
terminal N of RD4611.

IF -
I

NO VOILTAGE , repair wir-
ing between terminal

H23 for N20199, AC7 for
N19997, N20000 and terminal
N of RD4611 and proceed with

VOLTAGE OK, check for
continuity between pins
P and N on RMS84. IF -

HCN: 1P-AMMX-22-0039-01

test.

|

NO CONTINUITY, replace
trim servo and reconnect
RD4611 and proceed with

CONTINUITY OK,
RD4611. IF -

reconnect

test.

TCA: LX-N20199
RTCA: LX-N19997, LX-N20000

|

SAFETY SW TEST light
still fails to come on,
repair wiring between
terminal P on RD4611 as
applicable and terminal
29 on RD1318.

Trouble Shooting Chart C

22-10-0

TR-Nr. 22-10
Page 17 of 20
Jul 15/2005
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IICN: 1P-AMMX-22-0040-01

Perform step 14. IF -

r
I |
NO VOLTAGE indication VOLTAGE READING outside
unplug RD2154 from re- specified limits, check
sistor box and check for for correct installation
voltage between termi- of stabilizer position
nals X and Y of RD2154. transmitter. IF -
IF -
INSTALLATION NOT CORRECT,
install per maintenance INSTALLATION OK, check
practices resistor box, (resistors
Al, Bl and B5). IF -
|
i I e |
RESISTOR BOX NOT OK, RESISTOR BOX OK, check
replace resistor box voltage regulations (see
and proceed with test Chapter 24)
as necessary
|
NO VOLTAGE, check con- VOLTAGE OK, replace re-~
tinuity between ter- sistor box and insert
minals X and Y of RD2154.| RD2154. IF =~
IF -
I
VOLTAGE INDICATION on NO VOLTAGE indication on
tester OK, resistor box tester, repair wiring
was faulty between RD2154 and
RD1318, (specifically
between terminals F and
(F) 24, and D and 32)

CONTINUED ON
FOLLOWING PAGE

Trouble Shooting Chart D (Sheet 1)

TR-Nr. 22-10

TCA: LX~N20199 22 10 0 Page 18 of 20
-
RTCA: LX-N19997, LX-N20000 - Jul 15/2005
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IICN: 1P-AMMX-22-0041-01

CONTINUED FROM
PRECEDING PAGE

1

CONTINUITY OK, Plug in
RD2154, remove RD1318
from mach trim coupler
and check for continuity
between pins 25 and 26
Of RD13180 E -

1.

NO CONTINUITY, replace
stablilizer position
transmitter and recheck.

CONTINUITY OK, check for
voltage at pins 25 and
26 of RD1318 receptacle

NO CONTINUITY, replace
stabilizer position
transmitter and recheck.

on mach trim coupler.
IF =

1

NO VOLTAGE, replace mach
trim coupler.

VOLTAGE OK, replace sta-
bilizer position trans-~
mitter and recheck.

Trouble Shooting Chart D (Sheet 2)

END

TR-Nr. 22-10
Page 19 of 20
Jul 15/2005
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NOTE: The insertion of this TR has to be listed in the Record of Temporary
Revisions at the beginning of Volume 1.

TR-Nr. 22-9

TCA: LX-N20199 22 10 0 Page 2 of 14
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MACH TRIM SYSTEM - DESCRIPTION AND OPERATION

i General

A. The purpose of the mach trim system is to position the horizontal
stabilizer of the airplane as a function of mach number in order to
provide a positive control column force gradient at high mach num-
bers when the autopilot is disengaged. The system consists of a Mach
Trim Coupler, stabilizer position transmitter, stabilizer trim
servo, automatic stabilizer trim cutout switch, Monitor Test Switch,
resistor box and warning light (see fig. 1). The stabilizer trim
unit contains a servo motor with two different speed-torque charac-
teristics. The mach trim system drives the high speed motor and the
autopilot, when engaged, drives the motor at both speeds. Refer to
Chapter 22-24-0 Autopilot Flight Control Component.

B. It is not possible to use the automatic mach trim system when the
autopilot is engaged, and when the stabilizer trim system is elec-
trically driven. The system is designed to function at airplane
speeds of mach 0.82 and above. When the above conditions are met,
the stabilizer will be positioned automatically as a function of
mach number (see fig. 2).

Cs The mach trim system receives mach number information from a mach
synchrotel transmitter (see fig. 1). This information then goes to
the (copilot’s) computer unit in the Integrated Air Data System,
(KIFIS) which operates the mach switch and mach pot located in the
computer unit, to control the mach trim system.

D. The automatic stabilizer trim cutout switch is located within the
control stand. When the actuating lever on the top of the control
stand is in the NORM position, the Switch is ON. In the aft
CUTOUT position, the Switch is OFF.

2. Mach Trim System Controls

A. Direct manual control of the mach trim system is provided by the
automatic stabilizer trim cutout switch. When the switch lever is in
the NORMAL position, the circuits to the trim servo clutch relay
coils are closed, and the system warning light is armed (see fig.
2). When one of the relays is energized, 28V d-c is furnished to the
power relay and the clutches for either clockwise or counterclock-
wise rotation of the stabilizer. The direction of rotation depends
on which relay is being energized (see fig. 3). Three-phase power is
now being furnished to the fast speed stabilizer trim servo motor.
When the automatic stabilizer trim cutout switch lever is in the
CUTOUT position, the mach trim system is de-energized, the warning
light is on to indicate the system is inoperative, and it also opens
the autopilot interlock circuit.

TR-Nr. 22-9

TCA: LX-N20199 22 10 O Page 3 of 14
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RTCA: LX-N19997, LX-N20000 Jul 15/2005
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IICN: 1P-AMMX-22-0031-01

MACH TRIM
DISENGAGED
LIGHT

MACH TRIM —/-
TEST SWITCH=——

RESISTOR _
sox .

‘ in RJ16; N20199
———=STABILIZER POSITION )
TRANSHITTER RJ24; N19997, N20000

Mach Trim System Component Location
Fig. 1

TR-Nr. 22-9

TCA: LX-N20199 22 10 O Page 4 of 14
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B. Simultaneous operation of the main electrical stabilizer trim system
and mach trim system is prevented by a manual trim relay in the Mach
Trim Coupler. This relay is energized when the stabilizer trim con-
trol switch is not operated. When the stabilizer trim control switch
is in use, the manual trim is not energized, the signal paths to the
trim servo clutch relays are opened and the clutch solenoids are
shorted.

3. Mach Trim Coupler

A. General

(1)

The Mach Trim Coupler contains a signal preamplifier, an elec-
tro-mechanical synchronizer, a control amplifier, an auto-trim
actuator amplifier, a monitor amplifier and several relays. The
coupler acts as the control center for the mach trim system and
supplies the nesessary control signals to the trim servo. It
also contains protective and warning circuits to guard against
malfunctions and possible violent maneuvers during system opera-
tion.

B. Coupler Power Supply

(1)

Operating power for the mach trim system is taken from A and C
phases of the flight instrument bus No.2 in the radio and T-R
circuit breaker panel (P5). This power is converted in the Mach
Trim Coupler power supply to the voltages necessary for all com-
ponents of the system as follows:

(a) 5-volts phase A is supplied to the mach signal potentiome-
ter for furnishing control signals to the system.

{b) 30-volts phase C, and 15-volts phase A plus 180 degrees,
are supplied to energize the electro-mechanical synchro-
nizer card motor.

(¢) 19.4-volts phase A and 10.3-volts phase C are combined to
supply 26-volts at a phase angle lagging phase A by 20 de-
grees. This lagging voltage is used to excite the electro-
mechanical synchronizer signal synchro and stabilizer trim
position transmitter.

(d) 28-volts d-c power is supplied to all relay control cir-
cuits.

(e) 28-volt filtered d-c power is supplied to the amplifier and
monitor cards.

(f) O0-volts phase A is supplied as a reference.

TR-Nr. 22-9

TCA: LX-N20199 22 10 O Page 5 of 14
= |
RTCA: LX-N19997, LX-N20000
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AUTOMATIC =
STABILIZER MANUAL AUTQPILOT ENGAGE
TRIM CUTOUT SW TRIM RELAY  RELAY NO. I,
T ' ?NOIMAL T "-OI‘_ T UMIT Sw
' ! o= L]
MACH : R o i o3
TRIM ; T v =.',,_| gw S&vo
. N t ' UTCH COILS
APUFIER il ; ; i a— OR RELAY
S, [t — T Y
! ¥y i | 2 : l s
i lamour | L ;—.ag )
- ~ A‘Q-i : ~ 7 7 Fia
MONITOR MACH- \ J
RELAY RELAY : i
TQ AUTOPILOT ENGAGE SWITCH
LINE ANALYZZR RECEPTACLE
" AND AUTQPILOT TRIM ORIVE UNIT
Trim Servo Power Control Circuit
Fig. 2
IICN: 1P-AMMX-22-0026-01
d H TRIM RELAY ID
RADIO AND T-R ::\SER surrLY K-1 POWER RELAY STABILIZER
C.8. PANEL (P9) ovc . :
l ; e FAST .
[' T - l Sk
uf : ! Lo o
Y NG AT T
v gt ¢ — ‘\\~ I_
L SLOW S
& -
. SPEED
AND ZIVWHEN| L TO SIANG
v . RELAY
28V WHEN ENGAGED = AN/?- LN
orghbbpiiocad © ENGRELAY
1
28v 0C s NORMAL
e S "R i T
MONITOR 1
RELAY éL::—"s Ot (MTC)
MACH o
W cuTouT
ERLAY TRIM CUTOUT
SWITCH
Trim Servo Power Control Circuit
Fig. 3
TR-Nr. 22-9
TCA: LX-N20199 Page 6 of 14
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(2) The Mach Trim Coupler power supply is energized whenever the
flight instrument bus No.2 in the radio and T-R circuit breaker
panel (P5) is energized.

C. Autopilot Engage Relays

(1) Two interlock relays prevent simultaneous operation of the mach
trim system and autopilot system. These relays are autopilot en-
gage relay No. 1 and autopilot engage relay No. 2. Both relays
are energized when the autopilot is engaged (see fig. 3).

(2) When autopilot engage relay No. 1 is energized, control of the
trim servo clutches and power relay is transferred from the mach
trim actuator amplifier to the autopilot actuator amplifier.

(3) When autopilot engage relay No. 2 is energized, operating power
for the stabilizer trim servo motor is transferred from the mach
trim power source to the autopilot power source, and power is
supplied to the electro-mechanical synchronizer.

D. Manual Trim relay (K2 is in Mach Trim Coupler)

(1) The manual trim relay may be energized from the autopilot power
junction box or the Mach Trim Coupler power supply when the main
stabilizer trim relay is not energized (see Chapter 27). Diodes
prevent current flow between the power supply sources (see fig.
4). The relay is energized through a thermal delaying circuit
which delays the relay closing by 0.75 second.

(2) When the manual trim relay is de-energized (main stabilizer trim
system is electrically operated) the autopilot interlock circuit
is opened, the control circuit to the trim servo clutches are
opened and power is supplied to the synchronizer motor.

(3) When the manual trim relay is energized, a closed path is pro-
vided for the autopilot interlock circuit and for signals to the
trim servo coil clutches.

E. Safety Switch Relay (K7 is in Mach Trim Coupler)

(1) The safety switch relay coil is connected in series with inter-
lock switches in the trim servo so that the relay will be de-en-
ergized if both trim servo clutches should be engaged at once
(see fig. 4).

(2) When the safety switch relay is energized, two sets of contacts
are operated. One set of contacts is connected in series with
contacts of the manual trim relay in the autopilot interlock
circuit. The second set of contacts is connected in series with
other relay contacts to complete a ciruit to the monitor relay.

TR-Nr. 22-9
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TO GL - 17 -
SYNCHRONIZER
Jovd e ‘—-ﬂu-l

a4

lNT!RLOCK

1
L]
ﬂ.h__—
_—d ]
CLUTCH CONTROL i
CIRCUIT :T‘-""
o 3
%—.
AUTOPILOT .____.. '
INTERLOCK B
i
WD 27-4~1 :
MAMUAL :
STABILIZER !
TRIM CONTROL '
RELAY R24 !
mvoc | T :
erian - Dt — : P MANUAL
BOX RJD) AEA J RELAY
g == 0.7S SEC K2
- TO cLase
(MACH TRIM COUPLER
POWER SUPPLY) :
ZIVDC--E;I
T%Lmugr!g‘w --;---L - - < L_A RMEELT;OR—‘E
(cLaCxMSE) f ‘ :
l
1
1
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L. TRIM SERVQ
cLUTCH

TRIM SERVG !_______L. ol =] A W, ] L~
FPRCLa¢ ' : - sum sw
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w:{

For more details, see WD 22-1-0 SCH 7

Manual Trim and Safety Switch Relay Circuits
Fig. 4

TR-Nr. 22-9
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F. Monitor Relay

(1) Autoprotection against malfunction is furnished by the monitor
amplifier which controls the monitor relay. Contacts on the mon-
itor relay control output of the auto-trim actuator amplifier
and control application of power to the trim servo motor power
relay and clutches. An additional set of contacts is used in an
interlock for the monitor relay coil so that the relay cannot be
energized after it has been tripped unless the automatic stabi-
lizer trim switch is turned to CUTOUT and then to NORMAL.

(see fig. 5).

(2) When the automatic stabilizer trim cutout switch lever is in the
NORMAL position and power is applied to the Mach Trim Coupler,
the relay will be pulled in by the initial pulse of current
through the capacitors, and if the safety switch relay is ener-
gized and the monitor amplifier senses proper circuit operation,
the monitor relay will stay energized by the power through the
closed contact in the monitor amplifier. When the automatic sta-
bilizer trim cutout switch lever is in CUTOUT position the moni-
tor relay will stay energized in all conditions.

G. Mach Relay

(1) When the automatic stabilizer trim cutout switch lever is in the
NORMAL position the mach relay will be energized if the mach
switch is closed (see fig. 6).

(2) When the mach relay is energized, three sets of contacts com-
plete the control circuit between the auto-trim actuator ampli-
fier and trim servo clutches, and the circuit to the trim servo
power relay. When the mach relay is not energized, these cir-
cuits are opened.

H. Preamplifier

(1) Mach signals from the mach potentiometer in the integrated air
data instrument system, synchronizer signals from a synchroniz-
ing autosyn and position signals from the stabilizer position
transmitter are combined and fed to a preamplifier. If the com-
bined inputs from the three signal sources are not balanced, an
error signal will exist. This error signal is amplified and sent
to a control amplifier (see fig. 7).

I Control Amplifier

(1) The control amplifier amplifies the a-c error signal and con-
verts the amplified signal into a d-c signal in a Ramey toroid
phase discriminator. The d-c signal is fed to a magnetic ampli-
fier to develop controlled a-c power for operation of the elec-
tro-mechanical synchronizer. The control amplifier also provides
an a-c signal to an auto-trim actuator amplifier
(see fig. 7).

TR-Nr. 22-9
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"AUTQPILOT DISENGAGED
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(2) Whenever the autopilot is engaged, or whenever the main electri-
cal stabilizer trim system is operated, an electro-mechanical
synchronizer motor receives excitation for the reference phase.
Error signals developed at the input of the preamplifier are am-
plified and used by the variable phase of the synchronizer mo-
tor. The motor drives a rate generator and autosyn transmitter.
Output of the autosyn is used to cancel any difference between
the mach input signal and stabilizer position signal, thus keep-
ing the mach trim system synchronized with manual flight control
or autopilot. Output of the synchronizer rate generator is fed
through the control amplifier and used to damp out any tendency
of the synchronizer motor to overshoot when the error signal is
cancelled.

J. Auto Trim Actuator Amplifier

(1) Output of the control amplifier is fed to an auto-trim actuator
amplifier. This amplifier limits the signal by diode limiters
and amplifiers it in a step-up transformer to increase sensitiv-
ity and reduce power loss. The a-c signal is then changed to dc
in magnetic amplifier demodulators and used to operate magnetic
amplifier switches. The amplifier switches control the clutches
in the trim servo which actuates the stabilizer trim mechanism
(see fig. 2 and 7).

K. Synchronizer

(1) In order to prevent rapid changes in attitude when the mach trim
system is initially engaged, balancing or synchronizing signals
must be supplied to make up the difference between signals from
the mach potentiometer and stabilizer position transmitter. The
synchronizing signal is supplied by a motor driven autosyn
(see fig. 7).

(2) The two-phase synchronizer motor receives excitation on the ref-
erence phase only when the autopilot is engaged or when the main
electrical stabilizer trim system is operated. Any error signals
appearing at the input of the control amplifier is amplified and
fed to the variable phase of the motor, which then operates and
turns the synchronizer autosyn to a new position. When the auto-
syn reaches a position at which its output cancels the error
signal, the system is synchronized and the motor stops.

(3) A rate generator is used to prevent synchronizer overshoot. Out-
put of the rate generator is fed through the control amplifier
to the variable phase of the synchronizer motor. When the error
signal is balanced, rate generator output act in opposition to
motor operation, and rapidly stops the motor to prevent over-
shoot.
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Monitor Amplifier

(1) Protection against violent maneuvers or extreme attitudes caused
by malfunction of the mach trim system is provided by a monitor
amplifier. This amplifier senses the error signal and compares
it to a reference signal. If the error signal reaches a prede-
termined magnitude the monitor amplifier causes the monitor
relay to become de-energized and disconnects the mach trim sys-
tem from the trim servo. A warning light on the engine instru-
ment panel is then energized to inform the pilot that the system
is disconnected. The monitor trips if signal voltage exceeds
that equivalent to one degree of stabilizer movement. The warn-
ing light will also illuminate if the automatic stabilizer trim
cutout switch lever is in the CUTOUT position
(see f£ig. 5 and 7).

(2) A one-half second delayed opening relay is in the monitor ampli-
fier to eliminate nuisance disconnect of the system when tran-
sient signal difference is presented. The warning light will
blink momentarily, but the system is not disconnected.

(see fig. 5)

4. Monitor Test Switch

The monitor amplifier can be checked during ground operation by a
monitor test switch on the engine instrument panel. When the switch
is actuated, a fixed error signal is substituted for the mach signal
and applied to the Mach Trim Coupler input. The error signal should
cause the monitor amplifier to disconnect the mach trim system. The
monitor circuit cannot be armed again until the automatic stabilizer
trim cutout switch lever is actuated to CUTOUT and back to NORMAL,
and the fixed error signal is removed from the amplifier input

(see fig. 5 and 7).

WARNING: DO NOT ACTUATE THE MONITOR TEST SWITCH DURING FLIGHT.

B Mach Potentiometer and Mach Switch

Electrical signals corresponding to mach number are taken from a po-
tentiometer in the KIFIS system (see fig. 6 and 7). The potentiome-
ter is driven by a servo system controlled by output of a mach
transmitter in the machmeter. Refer to Chapter 34-17-0, “Altitude
Alert System (KIFIS)”.

The KIFIS also operates the mach switch. The switch is closed at
approximately mach 0.83 and is open at speeds less than mach 0.83.
When the switch is closed, the mach relay in the Mach Trim Coupler
is energized.

TR-Nr. 22-9
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Stabilizer Position Transmitter

A. The stabilizer position transmitter is an autosyn which is connected
to the stabilizer through a mechanical linkage. The autosyn motor is
excited by 26-volt a-c, and induces a voltage in the stator wind-
ings. The phase and magnitude of the induced voltage is compared to
reference signals to determine direction and magnitude of trim er-
ror.

Resistor Box

A. The resistor box contains two diodes used in the warning light cir-
cuit and fixed resistors used an voltage dividers and resistance
bridges to modify error and reference voltages for use by the mach
trim system. The resistor box is located in the lower nose compart-
ment (see fig. 1).

Mach Trim Warning Lights

A. A warning light is provided to indicate that the mach trim system is
disengaged. The system is disengaged when the automatic stabilizer
trim cutout switch lever is in the CUTOUT position, or when the mon-
itor relay is de-energized. The warning light is located on the pi-
lot’'s engine instrument panel (see fig. 1).

Operation

A. During normal flight operation, the mach trim system is on stand-by
when the mach trim circuit breaker and the autopilot and mach trim
disengage light circuit breaker are closed on radio and T-R circuit
breaker panel (P5), and the automatic stabilizer trim cutout switch
lever is in NORMAL position.

B. The system will start operation when the main electrical stabilizer
trim system is not used, the autopilot disengaged, and the mach num-
ber is 0.82 or above. When these conditions exist, any change in
mach number will cause the horizontal stabilizer to be positioned to
correct for the change. For example, if the airplane increases speed
because of a nose down attitude the mach trim system will cause the
stabilizer to move a nose up trim position. Conversely, if the mach
number decreases, the mach trim system will cause the stabilizer to
move to a nose down trim position. The system will therefore auto-
matically adjust the horizontal stabilizer position in accordance
with the proper function of mach number such that positive static
stability is obtained throughout the airplane speed range. Positive
static stability is defined as a requirement for an increasing posi-
tive stick force for trim with increasing speed.

C. When the main electrical stabilizer trim system or autopilot is
used, the mach trim system is inoperative and the synchronizer is
energized to wash out any signal feed back from the stabilizer posi-
tion transmitter. However, operation of the emergency manual stabi-
lizer trim system will not override the mach trim system and the
stabilizer position transmitter feed back signal will not be washed
out.

END

TR-Nr. 22-9

LX-N20199 22-1 0-0 Page 14 of 14
RTCA: LX-N19997, LX-N20000

Jul 15/2005



Ba"N,cZadﬂv@?:&z[ )_)_

MAINTENANCE MANUAL

MACH TRIM SYSTEM - DESCRIPTION AND OPERATION

1. General

A.

The purpose of the Mach Trim System is to position the horizontal
stabilizer of the airplane as a function of mach number in order to
provide a positive control column force gradient at high mach numbers
when the autopilot is disengaged. The system consists of a mach trim
coupler, stabilizer position transmitter, stabilizer trim servo,
automatic stabilizer trim cutout switch, monitor test switch, resistor
box and a warning light. (See figure 1l.) The stabilizer trim unit
contains a servo motor with two different speed-torque characteristics.
The mach trim system drives the high speed motor and the autopilot, when
engaged, drives the low speed motor. Refer to autopilot flight control
components.

It is not possible to use the automatic mach trim system when the
autopilot is engaged, and when the stabilizer trim system is electrically
driven. The system is designed to function at airplane speeds of mach
C.82 and above. When the above conditions are met, the stabilizer will

be positioned automatically as a function of mach number. (See figure 2.)

The Mach Trim System receives, mach number information from a mach
synchrotel transmitter. (See figure 1.) This information then

goes to the (copilot’s) computer unit in the integrated Air Data System,
(KIFIS) which operates the mach switch and mach pot located in the computer
unit,to control the mach trim system.

The automatic stabilizer trim cutocut switch is located within the
control stand. When the actuating lever on the top of the contrel
stand is in the “NORM’ position, the switch is on. In the aft “CUTOUT”
position, the switch is off.

2. Mach Trim System Controls

A,

9
Nov 15/61

Direct manual control of the mach trim system is provided by the
automatic stabilizer trim cutout switch. When the switch lever is in
the “NORMAL” position, the circuits to the trim servo clutch relay coils
are closed, (figure 2) and the system warning light is armed. When one
of the relays is energized, 28V d-c is furnished to the power relay and
the clutches for either clockwise or counterclockwise rotation of the
stabilizer. The direction of rotation depends on which relay is being
energized. (See figure 3.) Three-phase power is now being furnished to
the fast speed stabilizer trim servomotor. When the automatic
stabilizer trim cutout switch lever is in the “CUTOUT” position, the
mach trim system is de-energized, the warning light is on to indicate
the system is inoperative, and it also opens the autopilot interlock
circuit.

22-10-0
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B. Simultanecus operation of the main electzical stabllizes <im gyatem and
mach trim system is prevented by a& marual <im relay in <he mack trim
coupler. This relay is energized when the gtadilizer tri= contrcl

tch 1s not operated. Whenrn the stabilizer iz contrcl switehr 1s in
use, the manual trim relay is not energized, the signal'zaths tc <the
trim servo clutch relays are opened azd the clutch solerncids are
shorted.

3. Mach Trim Coupler

A. General

(1) The mach trim coupler ccotains a sigz=e) pree=plifier, 2n electro-
mechanical synchronizer, a contirol e.:-li--a. an auts-<rim
actuator amplifier, e monitor axplifies and severa.l T2lays., The
coupler acts as the control center Zcr the mach triz 3ystem exd
supplies the necessary corntrol sizsels to the trim 32rvo. Izt elso
contains protective and ‘-ra:n‘_r.g c‘*-'.:_:a to greard a=i-at
malfunctions and possible vicl =pmecvers dring s7sten
operation.

3.: Coupler Power Supply

‘(1) Operating power for the mach trim system is taxen fr== A end C
phases of the flight instrumen:t bus Nc. 2 in the rzédis a=nd T-R
circuit breakar panel (P5). This scwer is ccoverted iz the zach
trim coupler power supply to the volteges necessary Zor all
campcnents of the system a2s follows:

(2) 5-volts phase A is supplied to the mach signal zctenticzeter
for fuwrnishing control sigrals to the system.

(b) 30 volts phase C, and 15 volts prase A plus 180 dagrees, are
supplied to energize the electro-x=chanicel synct—ranizer card
motor.

(¢) 19.% volts phase A and 10.3 vclts pkase C are cc=bined %0
supply 26-volts at a phase angle laggzing phase A by 20
degrees. This lagging voltage is used to excite the electro-
machanical synchraonizer sigzmal syzchro a.n.d. stabilizer t—im
positian transmitter.

(4)' 28-volt d-¢ power is supplied to all relay conit=cl cirezits.

(e) 28-volt filtered d-c power 1is supplied to the a—plifier arnd
monitor cards.

(£) O-volt phase A is supplied as 2 reference.

15 22-10-0
Sep 15/60 Page 3
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(2) The mach trim coupler power supply is energized whenever the flight
instrument bus No. 2 in the radio and T-R circult breaker panel (P5)
is energized.

C. Autopilot Engage Relays

(1) Two interlock relays prevent simultaneous operation of the Mach
trim system and autopilot system. These relays are autopilot
engage relay No. 1 and autopilot engage relay No. 2. Both relays
are energized when the autopilot is engaged. (See figure 3.)

(2) When autopilot engage relay No. 1 is energized control of the trim
servo clutches and power relay is transferred from the mach trim
actuator amplifier to the autopilot actuator amplifier.

(3) When autopilot engage relay No. 2 Is energized operating power for
the stabilizer trim servo motor is transferred from the mach trim
power source to the autopilot power source, and power is supplied
to the electro-mechanical synchronizer.

D. Manual Trim Relay (K2 is in MACH TRIM COUPLER)

(1) The manual trim relay may be energized from the autopilot power
junction box or the mach trim coupler power supply when the main
stabilizer trim relay is not energized. (See Chapter 27.) Diodes
prevent current flow between the power supply sources. (See
figure 4.) The relay is energized through a thermal delaying
circuit which delays the relay closing by 0.75 second.

(2) When the manual trim relay is de-energized (main stabilizer trim
system is electrically operated) the autopilot interlock circuit
is opened, the control circuit to the trim servo clutches are
opened and power is supplied to the synchronizer motor.

{(3) When the manual trim relay is energized, a closed path in provided
for the autopilot Interlock circuit and for signals to the trim servo
coil clutches.

E. Safety Switch Relay(K7 is in MACH TRIM COUPLER)

(1) The safety switch relay coil is connected in series with interlock
switches in the trim servo so that the relay will be de-energized
if both trim servo, clutches should be engaged at once. (See
figure 4.)

(2) When the safety witch relay is energized, two sets of contacts are
operated. One set of contacts is connected in series with contacts
of the manual trim relay in the autopilot interlock circuit. The
second set of contacts is connected in series with other relay
contacts to complete a circuit to the monitor relay.

15 &
Sep 15/60 22-10-0
SN REV Jul 31/99 Page 5
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F. Monitor Relay

(1) Automatic protection against malfunction is furnished by the monitor
amplifier which controls the monitor relay. Contacts on the monitor
relay control output of the auto-trim actuator amplifier and control
application of power to the trim servo motor power relay and clutches.
An additional set of contacts is used in an interlock for the monitor
relay coil so that the relay cannot be energized after it has been
tripped unless the automatic stabilizer trim switch is turned to
“CUTOUT” and then, to “MORMAL.” (See figure 5.)

(2) When the automatic stabilizer trim cutout witch lever is in the
“NORMAL” position and power is applied to the mach trim coupler,
the relay will be pulled in by the initial pulse of current
throughthe capacitors, and, if the safety switch relay is energized
and themonitor amplifier senses proper circuit operation, the
monitor relay will stay energized by the power through the closed
contact in the monitor amplifier. When the automatic stabilizer
trim cutout switch lever is in “CUTOUT” position the monitor relay
will stay energized in all conditions.

G. Mach Relay

(1) When the automatic stabilizer trim cutout witch lever is in the
“NORMAL” position the mach relay will be energized if the mach
“switch is closed. (See figure 6.)

(2) When the mach relay is energized, three sets of contacts complete
the control circuit between the auto-trim actuator amplifier and
trim servo clutches, and the circuit to the trim servo power relay.
When the mach relay is not energized, these circuits are opened.

H. Preamplifier

(1) Mach signals from the mach potentiometer in the integrated air
data instrument system, synchronizer signals from a synchronizing
autosyn and position signals from the stabilizer position
transmitter are combined and fed to a preamplifier. If the
combined inputs from the three signal sources are not balanced,
an error signal will exist. This error signal is amplified and
sent to a control amplifier. (See figure 7.)

I. Control Amplifier

(1) The control amplifier amplifies the a-c error signal, and converts
the amplified signal into a d-c signal in a Ramey toroid phase
discriminator. The d-c signal is fed to a magnetic amplifier to
develop controlled a-c power for operation of the electro-mechanical
synchronizer. The control amplifier also provides an a-c signal to
an auto-trim actuator amplifier. (See figure 7.)

24 4
Jun 15/61 22-10-0
SN REV Jul 31/99 Page 7
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(2) Whenever the autopilot is engaged, or whenever the main electrical
stabilizer trim system is operated, an electro-mechanical
synchronizer motor receives excitation for the reference phase.
Error signals developed at the of the preamplifier are
amplified and used by the variable phase of the synchronizer motor.
The motor drives a rate generator and autosyn transmitter. Output
of the autosyn is used to cancel any difference between the mach
input signal and stabilizer position signal, thus keeping the mach
trim system synchronized with manual flight control or autopilot.
Output of the synchronizer rate generator is fed through the control
amplifier and used to damp out any tendency of the synchronizer
motor to overshoot when the error signal is cancelled.

J. Auto-Trim Actuator Amplifier

(1) Output of the control amplifier is fed to an auto-trim actuator
amplifier. This amplifier limits the signal by diode limiters and
amplifies it in a step-up transformer tc increase sensitivity and
reduce power loss. The a-c signal is then changed to dc in
magnetic amplifler demodulators and used to operate magnetic
amplifier switches. The magnetic amplifier switches control the
clutches in the trim servo which actuates the stabilizer trim
mechanism. (See figures 2 and 7.)

K. Synchronizer

(1) In order to prevent rapid changes in attitude when the mach trim
system is initially engaged, balancing or synchronizing signals
must be supplied to make up the difference between signals from
the mach potentiometer and stabilizer position transmitter. The :
chronizing signal is supplied by a motor driven autosyn.
(See figure 7.)

(2) The two-phase synchronizer motor receives excitation on the-
reference phase only when the autopilot is engaged or when the
main electrical stabilizer trim system is operated. Any error
signal appearing at the input of the control amplifier is
amplified and fed to the variable phase of the motor, which then
operates and turns the synchronizer autosyn to a new position.
When the autosyn reaches a position at which its output cancels
the error signal, the system is synchronized and the motor stops.

(3) A rate generator is used to prevent synchronizer overshoot. Output
of the rate generator is fed through the control amplifier to the
variable phase of the synchronizer motor. When the error signal is
balanced, rate generator output acts in opposition to motor
operation, and rapidly stops the motor to prevent overshoot.

15 '
22-10-0 Sep 15/60
Page 10 SN REV Jul 31/99
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L. Monitor Amplifier

(1) Protection against violent maneuvers or extreme attitudes caused by
malfunction of the mach trim system is provided by a monitor
amplifier. This amplifier senses the error signal and compares it
to a reference signal. If the error signal reaches a predetermined
magnitude the monitor amplifier causes the monitor relay to become
de-energized and disconnects the mach trim system from the trim
servo. A warning light on the engine instrument panel is then
energized to inform the pilot that the system is disconnected. The
monitor trips if signal voltage exceeds that equivalent to one
degree of stabilizer movement. The warning light will also
illuminate if the automatic stabilizer trim cutout switch lever is
in the “CUTOUT” position. (See figures 5 and 7.)

(2) A one-half second delayed opening relay is in the monitor amplifier
to eliminate nuisance disconnect of the system when transient
signal difference is presented. The warning light will blink
mementarily, but the system is not disconnected. (See figure 5).

4. Monitor Test Switch

A. The monitor amplifier can be checked during ground operation by a
monitor test switch on the engine instrument panel. When the switch is
actuated, a fixed error signal is substituted for the mach signal and
applied to the mach trim coupler input. The error signal should cause
the monitor amplifier to disconnect the mach trim system. The monitor
circuit cannot be armed again until the automatic stabilizer trim cutout
switch lever is actuated to “CUTOUT.” and back to “NORMAL”, and the fixed
error signal is removed from the amplifier input. (See figure 5 and 7.)

WARENING: DO NOT ACTUATE THE MONITOR TEST SWITCH DURING FLIGHT.

5. Mach Potentiometer and Mach Switch

A. Electrical signals corresponding to mach number are taken from a
potentiometer in the KIFIS system. (See figures 6 and 7.) The
potentiometer is driven by a servo system controlled by output of a mach
transmitter in the machmeter. Refer to Chapter 34, “Integrated Air Data
Instrument System.”

B. The KIFIS also operates the mach switch. The switch is closed am
approximately mach 0.83 and is open at speeds less than Mach 0.83. When
the switch is closed, the mach relay in the mach trim coupler is energized.

12 .
Mar 15/61 22-10-0
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6. Stabilizer Position Transmitter

A. The stabilizer position transmitter is an autosyn which is connected to
the stabilizer through a mechanical linkage. The autosyn motor is
excited by 26-volt a-c, and induces a voltage in the stator windings.
The phase and magnitude of the induced voltage is compared to reference
signals to determine direction and magnitude of trim error.

7. Resistor Box
A. The resistor box contains two diodes used In the warning light circuit
and fixed resistors used an voltage dividers and resistance bridges to
modify error and reference voltages for use by the mach trim system.
The resistor box in the lower nose compartment. (See figure 1.)

8. Mach Trim Warning Light

A. A warning light is provided to indicate that the mach trim system is
disengaged. The system is disengaged when the automatic stabilizer trim
cutout switch lever is in the “CUTOUT” position, or when the monitor
relay is de-energized. The warning light is located on the pilot’s
engine instrument panel. (See figure 1.)

9. Operation

A. During normal flight operation, the mach trim system is on stand-by
when the mach trim circuit breaker and the autopilot and mach trim
disengage light circuit breaker are closed on radi¢ and T-R circuit
breaker panel (P5), and the automatic stabilizer trim cutout switch
lever is in “NORMAL” position.

B. The system will start operation when the main electrical stabilizer
trim system is not used, the autopilot disengaged, and the mach number
is 0.82 or above. When these conditions exist, any change in mach
number will cause the horizontal stabilizer to be positioned to correct
for the change. For example, it the airplane increases speed because of
a nose dawn attitude the mach trim system will cause the stabilizer to
move to a nose up tria.position. Conversely, if the mach number decreases
the mach, trim system will cause the stabilizer to move to a nose down
trim position. The system will therefore, automatically adjust the
horizontal stabilizer position in accordance with the proper function of
mach number such that positive static stability is obtained throughout
the airplane speed range. Positive static stability is defined as a
requirement for an increasing positive stick force for trim with
increasing speed.

C. When the main electrical stabilizer trim system or autopilot is used,
the mach trim system is inoperative and the synchronizer is energized
to wash cut any signal fed back from, the stabilizer position transmitter.
However, operation of the emergency manual stabilizer trim system will
not override the mach trim system and the stabilizer position transmitter
feed back signal will not be washed out.

12 -
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MACH TRIM SYSTEM - TROUBLE SHOOTING

1. Trouble Shooting Mach Trim System

A. General

(1) The mach trim system analyzer 1s designed to locate malfunctions in
the mach trim system which occur outside the mach trim coupler.
The mach trim coupler should be removed, the tester installed in its
Place end the test procedure outlined in Table I should be followed.

(2) 1If the outlined procedure does not locate & malfunction in the
system, the faulty component may safely be assumed to be the mach
trim coupler. The mach trim coupler should be replaced with a
coupler known to be in good working condition.

(3) If the test procedure does locate a fault, the faulty component
should be replaced or wiring repaired as necessary. The mach trim
coupler thet was removed prior to the test may be installed if a
single fault is assumed.

NOTE: The mach trim coupler has not been checked. To make sure
thet the complete system 1s operating properly, & mach trim
coupler known to be in good working condition should be
instelled. This last step is necessary only when the system
has a double fault.

B. Equipment and Materials
(1) Mach Trim System Analyzer, Boeing F-T1375 or equivalent
(2) Pitot-Static System Tester, Boeing EDS/PS-200 or equivalent
(3) Two sets of interphones

C. Prepare for Trouble Shooting of Mach Trim System

(1) Close ESSENTIAL RADIO BUS circuit breakers (3) and RADIO BUS NO. 2
circuit breskers (3) on A-C BUS NO. 2 circuit breaker panel (F2).

(2) Close ESSENTIAL RADIO BUS and RADIO BUS NO. 2 toggle switches on
radio and T-R circuit breaker panel (P5).

(3) Close applicable vertical gyro circuit breaker or insert fuse on
radilo and T-R circuit breaker panel (P5) as epplicable.

6
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Oven all autopilot and mach trim a-c and d-c circuit breakers or
remove fuses as applicable on radio and T-R circuit breaker panel
(B5) .«

Open KIFIS breaker or remove fuse as applicable on radio and T-R
circuit breaker panel (P5).

Remove mach trim coupler from electronic equipment rack.
Install mach trim system analyzer in place of mach trim coupler.

Install an interphone communication system between the pilot or
copilot station and the electronic equipment rack station. This
can be accomplished by using existing airplane wiring and
interphone-jack facilities. See Chapter 23.

NOTE: Two operators are needed to perform the test and it is
essential for the operators to be able to communicate with
each other.

Position one operator at the pilot’s or copilot’s station.

Position one operator at the electronic equipment rack with the
mach trim system analyzer.

NOTE: Components called out in the following testing procedure
are located on the mach trim system analyzer if not otherwise
specified. Terminal numbers are located in RJ3 for N20199,
RJ23 for N19997 & N20000 if not otherwise specified.

Follow the testing procedure outlined in Table I.

6
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Step

Indication OK

Malfunction-Replace
Component or Repair
Wiring as Necessary

. Close A/P & MACH TRIM

DISENG LT D-C circuit
breaker on circuit
breaker panel

“MACEH TRIM DISENGAGED”
light (on engine
instrument panel (P9))

NO light, check for 28V
DC at * check warning
light and warning light
on circuitry.

* D30 for N20199.

* AD13 for N19997, N20000.

. Close AUTOPILOT A-C

circuit breaker (on
radio and T-R circuit
breaker panel).

AUTOPILOT ON” light
on. (If POWER switch
is in AUTOPILOT posi-
tion, lights will also
come on as in step 3.)

No light, see trouble
shooting Chart “A.”

. Close MACH TRIM CONTROL

A-C circuit breaker

(on radio and T~-R cir-
cuit breaker panel (P5).)
POWER switch must be
MACH TRIM position.

“TRIM RELAY” light and
“SAFETY SW TEST” light
on.

a. If TRIM RELAY light
falls to come on, see
trouble shooting
Chart “B.”

b. If SAFETY SW TEST
light fails to come
on, see trouble
shooting Chart “C.”

c. Note step 35.

On airplanes having mach
potentiometer in co
pilot,s computer unit,
(KIFIS control unit),
close copilot’s KIFIS
circuit breaker or in-
sert fuse (on P5) as
applicable.

Set POWER switch to

AUTOPILOT Position.

g A, 9 Band g C A-C
POWER lights on. PEASE
ROTATION RIGHT light
on; PHASE ROTATION
WRONG light out.

If any or all lights
are out, check autopilot
circuit breaker (on PS).

. Set POWER switch to

MACH TRIM position.

@A, @ B and & C A-C
POWER lights on. PHASE
ROTATION RIGHT light
on; PHASE ROTATION
Wrong light out.

It any or all o lights
are out, cheek mach trim
circuit breaker (on PS).
If all O lights are on,
but PHASE ROTATION

WRONG light is on and
PHASE ROTATION RIGHT
light is out; cheek phase
rotation.

6
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Step

Indication OK

Malfunction - Replace
Component or Repair
Wiring as Necessary

Hold STAB TRIM MOTCOR
NOSE UP - NOSE DN
switch in NOSE UP
position. For single
speed trim servo hold
for 6 seconds. For
two speed trim servo
hold for 8 seconds.

Stabilizer position in-
dicator (on the control
stand) shall move up 1
(£ 1/4) unit.

If stabilizer position
indicator does not move
up as required, check’
trim servo (on lower
right side of the actu-
ator assembly) and limit
switches (on airplane
structure adjacent to
the Jjackscrew). "“SAFETY
SW LIGHT" may blink but
should not be off longer
than 1t takes the operza-
tor to say ONE quickly.

Hold "STAB TRIM MOTOR
SHORTS" switch in
"SHORTS" position while
holding "STAB TRIM
MOTOR NOSE UP - NOSE
DN" switch in "NOSE UP"
position.

Stabilizer trim shall
stop.

If stabilizer trim does
not stop, assure that
wire to pin 17 of plug Jl
(RD1317) is not grounded.

10.

Release '"STAB TRIM
MOTOR SHORTS" switch;
release "STAB TRIM
MOTOR NOSE UP - NOSE
DN" switch.

Hold "STAB TRIM MOTOR
NOSE UP - NOSE DN
switch in "NOSE DN"
position. For single
speed trim servo hold
for 6 seconds. For
two speed trim servo
hold for 8 seconds.

Stabilizer position
indicator shall move
down 1 (+ 1/4) unit.

If stabilizer rosition
indicator does not move
down as required, check
trim servo (on lower
right side of the actu-
ator assembly) and limit
switches (on airplane
structure adjacent to the
Jackscrew), "SAFETY SW
LIGHT" may blink, but
should not be off longer
then 1t takes the opera-
tor to say ONE quickly.

22-10-0
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"l

Malfunction - Replace
Step Indication OK Component or Repair
Wiring as Necessary

11. Hold "STAB TRIM MOTOR Stabillizer trim shall If stabilizer trim does
SHORTS" switch in stop. not stop, assure that
""SHORTS" position wire to pin 17 (of plug
while holding "STAB J1 RD1317) is not
TRIM MOTOR NOSE UP - grounded.

NOSE DN" switch in
""NOSE DN'" position.

12, Release "STABR TRIM
MOTOR SHORTS" switch;
release "STAB TRIM
MOTOR NOSE UP - NOSE
DN" switch,

13. Trim stabilizer (manu-
ally or with msin
electric stabilizer trim
motor) so that trim
indicator reads O units.

NOTE: To employ main
electric trim motor,
observe step 2k, Set
"STAB TRIM" cutout
switch in the on posi-
tion, or the "STAB TRIM
MAIN ELECTRIC" cutout
switeh in "NORMAL" (on
right hand side of con-
trol stand) as appli-

cable.
1k, Set voltmeter selector |Voltmeter indication a. If no, or incorrect
switch to POS XMTR. should be as shown in voltage reading, see
Table II. trouble shooting
chart "D."
b. Note step 18.

15. Hold POS XMTR SHORTS No significant chahge If a change in voltage is
switch in upward in voltage noted pre- noted, assure that wires
position. viously. to pins 24 and 32 of plug

J2 (M/W RD1318) are not
grounded,

6 Table I (Sheet 3)
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Step

Indication 0K

Malfunction - Replace
Component or Repair
Wiring as Necessary

16. Hold POS XMTR SHORTS No significant change If a change in voltage
switech in downward in voltage noted pre- is noted, assure that
position. viously. wires to pins 24 and 32

of J2 (M/W RD1318) are
not grounded.

17. Release POS XMIR
SHORTS switch.

18. Hold POS XMTR POLARITY | Voltage shall decrease If voltage does not de-
switch in downward 0.60 (£ 0.25) volts crease as required,
position, from reading obtained assure that wiring is not

in step 1l4. reversed in alrplane or
reslistor box. Assure
that stabilizer position
tranamitter linkage is
not reversed.
NOTE: Looking at stabi-
lizer position transmitter
and stabilizer from left
side of airplane when
stabilizer leading edge
moves down, position
transmitter shaft must
rotate clockwise.

19, Release POS XMTR
POLARITY swiltch,

20. Trim stabilizer 1 unit | Voltmeter reading shall | If voltmeter indication
nose down manually or decrease from reading is incorrect, check re-
with main electric attained in step 1h. sistors in resistor box.
trim motor., (See See Table II, ' (See wiring diagram 22-1-
NOTE in step 13.) 6.) Assure that position

transmitter linkage is
not reversed.

2l. Hold STAB TRIM MOTCR Voltmeter reading shall If voltmeter reading does
SHORTS switch in go to zero volts, not go to zero volts,
SHORTS position. assure that wire to pin

25 of plug J2 (M/W RD1318)
is not grounded.
Table I (Sheet 4) 6
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Malfunction-Replace
Step . Indication OK Component or Repair
Wiring as Necessary

22. Release STAB TRIM
MOTOR SHORTS switch

23. Set “MACE TRIM CUTOUT’
switch to on or “AUTO-
MATIC STABILIZER trim
cutout switch to
“NORMAL” (on control
stand) as applicable

24. Close “STAB TRIM CONT
DC circuit breaker (on
P5) and “STAB TIM A-C
circuit breaker (on P2
breaker panel).

NOTE: This step may
have been done with

step 13.
25. Hold pilot trim switch |TRIM RELAY light out; a. If TRIM RELAY light
(on pilot’s wheel) in STAB TRIM ON warning fails to come out,
“NOSE UP” position light (on control stand) check “STAB TRIM cut
momentarily. on. out switch or “STAB
TRIM MAIN ELECTRIC”
cutout switch (on con-
trol stand) whichever
is used and manual
STAB TRIM CONT relay
(on J18 relay shield)
b. If STAB, TRIM ON warning
light fails to come on,
cheek warning light and
warning light wiring.
26. Hold pilot trim switch |TRIM RELAY light out; If TRIM RELAY light fails
in downward position STAB TRIM ON warning to come on, check “STAB
momentarily. light on. TRIM’ cutout switch or
“STAB TRIM MAIN ELECTRIC
cutout switch (on control
stand) whichever is used.
Table 1 (Sheet 5 of 9)
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Step

Indication CK

Malfunction - Replace
Ccomponent or Repair
Wiring as Necessary

27.

28,

Repeat step 25 and
step 26 using copilot!
trim switch (on co-
pllot's wheel).

Set autopilot engage
switch (on autopilot
control panel to the
"AUTOPIIOT" position).
Airplanes with AUTO=-
MATIC STAB TRIM cutout
switch require switch
in NORMAL positilon be-
fore MACH SW and AUTO-
PILCT ENGAGE lights
will go on.

"AUTOPTIOT ENGAGED'
light on; "AUTOPILOT
DISENGAGED" light (on
P9 engine instrument
panel) off.

If lights fail to come on
as specified, check ayto-
pilot, and wires to the
following: :

pin 30, J1 (M/W-RD1317)
pin 31, J1 (M/W-RD1317)
pin 23, J1 (M/W-RD1317)
pin 24, J1 (M/W-RD1317)

29.

30.

Set POWER switch to
AUTOPILOT position.

Hold STAB TRIM MOTOR
NQOSE UP --NOSE DN
switch in NOSE UP
position. Push on
control column. For
single speed trim
servo push for 6 sec-
onds. For two speed
trim servo push for
24 seconds.

NOTE: COMPARISON UNIT
INTERIOCK SWITCH must
be in BYPASS if com-
rarison unit is part of
system.

Stabilizer position
indicator (on control
stand) shall move up
1 (+1/4) unit.

If stabilizer position
indicator does not move
up as required, check
autopilot.

3]—0

Hold STAB TRIM MOTOR
NOSE UP - NOSE DN
switch in NOSE DN
position., Pull on
control colum. For
single speed trim
servo pull for 6 sec-.
onds. For two speed
trim servo pull for
2l seconds.

Stabilizer position
Indicator shall move
down 1 (+ 1/4) unit.

If stabllizer position
indicator does not move
down as required, check
autopilot.

NOTE :

Operation of STAB TRIM MOTOR switch 1s unnecessary in steps 30 and

31 for airplanes incorporating Bendix E/P two speed trim servo.

22-10-0
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Step

Indication OK

Malfunction - Replace
Component or Repair
Wiring as Necessary

32. Release STAB TRIM Stabilizer position If stabilizer position
MOTOR NOSE UP - NOSE indicator shall not indicator moves, check
DN switch. Push on move. trim servo. Check for
control column. trim serve wiring short-

ing to plug J1 (M/W
NOTE: Delete step 32 for airplane with two RD1317).
speed trim servo installed.

33. WARNING: WAIT 30
SECONDS (FOR TRIM
SERVO MOTOR ARMATURE
TO STOP ROTATING) BE=-

FORE PROCEEDING .

3k. Set POWER switch to
MACH TRIM position.

35. Hold SAFETY SW TEST SAFETY SW TEST light If light remains on,
switch in downmward out. check limit switches and
position. trim servo and repair or

replace as necessary.

36. Pull AUTOPILOT A-C
circuit breaker (P5).

37. Pull A/P & MACH TRIM
DISENG LT CB (P5).

38a. Set MACE TRIM cutout MACH TRIM CUTOUT Perform step 38b.
switch to on or AUTO- SWITCH ON light on; | 7
MATIC STAB TRIM cutout | MACH TRIM DISENGAGED
switch to NORMAL as light (on P9 engine

. arplicable. instrument panel off).

38b. Set MACK TRIM cutout MACH TRIM CUTOUT SWITCH | If lights do not perform
switch or AUTOMATIC OFF lights on; MACH as required, check MACH
STAB TRIM cutout TRIM CUTOUT SWITCE ON TRIM cutout switch or
switch as applicable light off, and MACH AUTOMATIC STAB TRIM cut-
to CUTOUT position TRIM DISENGAGED light out switch (on control
(control stand). (P9) on. ’ stand) as applicable.

Check diodes in resistor
NOTE: In thils step, box. (See wiring diagram
one of the OFF lights 22-1-6.)
will be dimmer than
the other; also MACH
TRIM DISENGAGED light
will be dimmer than
usual, -
6 Table I (Sheet T)
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Step

Indication OK

Malfunction-Replace
Component or Repair
Wiring as Necessary

39. Position voltmeter
selector switch to
BIAS .position.

Voltmeter indication
should be as.shown in
Table II.

If voltmeter reading is
not as specified, check

resistors in resistor box.

(See wiring diagram 22-
1=6.)

40. Position voltmeter
selector switch to
MACH POT Position.

Voltmeter shall indi-
cate 0 volts.
mach synchrotel trans

In the event of an er-
roneous indication, check
mitter as applicable;
check KIFIS control unit
or servo torque unit as
applicable.

41. Hold MACH TRIM TEST
switch (on P9 engine
instrument panel) in
TEST position.

Voltmeter reading
should be as shown in
Table II.

In the event of erroneous

indications:

a. Check resistors in
resistor box or mach
trim component box.
(See wiring diagram
22-1-6.)

b. Note step 44.

22-10-0
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Malfunction-Replace
Step Indication OK Component or Repair
Wiring as Necessary

42. Release MACH TRIM
TEST switch

43. On airplanes with mach MACE SW CLOSED light a. If MACH SW CLOSED
potentiometer in KIFIS on. Light should be light shows indica-
control unit only: steady and of normal tions different from
Position AUTO STAB TRIM brilliance. Voltmeter those specified, or
cutout switch to NORMAL readings should be as if voltmeter reading
(on control stand) as shown in Table II. are erroneous,, check
applicable and hold co- resistors in resistor
pilot’s KIFIS switch box (aft of left elec-
(copilot’s instrument tronic equipment rack)
panel) in TEST posi- b. Note step 44.
tion.

44. NOTE: This step is not
necessary if steps 41
through 43 are satis-
factory and if malfunc-
tion of synchrotel
transmitter is not

suspected.

With a pitot-static Voltmeter readings See steps 41 through 43
system tester, supply should be as shown in

the airplane pitot- Table II.

static system with
pitot and static :
pressures sufficient
to simulate mach
numbers between 0.75
and 0.94.

Table 1 (Sheet 9)
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CONDITION 707-300C
POSITION TRANSMITTER - 0.50 to 1.5 Vv
0 Units of Trim on Trim
Indicator
Trim Stabillzer Voltage decreases 0.25
Airplane Nose Down to to 0.45 V/unit
BIAS 1.1 to 1.4 V

MACH TRIM TEST
If From Resistor Box

MACH TRIM TEST or F/O0
KIFIS TEST 0.70 to 1.10 V
If From Mach Pot (.917 M)

OUTPUT OF MACH 0.81 M

POTENTIOMETER ENGINS [T>

M = 0.87

M = 0.90

M = 0.86 0.10 to 0.20 V

M= 0.88 [Z> 0.20 to 0.40 V [Z>
M= 0.92 ' 0.80 to 1.10 V

E::> When mach number is increasing, MACH SWITCH CLOSED light comes on 0.02 to
0.00 Mach below this point. Output of MACH POT begins 0.00 to 0.02 mach
above this point and increases smoothly if mach number is increased slowly,
then decreases smoothly if mach number is decreased slowly to mach number
where output began. MACH SWITCH CLOSED light shall go off 0.00 to 0.02
mach below the point at which it cam on with increasing mach.

EZ:> Voltage at 0.88 M shall be 2.0 (+ 0.5) times the voltage at 0.86 M but do
not exceed table value.

Table II
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NO LIGHT, check for 28V
DC at, K5 for N20199.
AFl15 for N19997, N20000.
IF -

|

VOLTAGE OK,

to 32 of RD1317 and
repair as necessary.

check wire NO VOLTAGE,
for N20199.
AE1l,
N19997,

115V at K23,

AE2,AE3 for
N20000.

check for
K24, K25,

IE

VOLTAGE OK,

N20000.

POWER JUNCTION BOX and
check for 28V DC at

K5 for N20199.

AF15 for N19997,

IF -

1

replace

NO VOLTAGE check three
phase circuit breaker or
wires to circuit breaker
and replace or repair as
necessary.

I

VOLTAGE OK POWER JUNC-
TION BOX was faulty.

NO VOLTAGE, check wires
to pins 1, 4 and 17 of
RD439 and wire between
K5 for N20199.

AF15 for N19997, N20000.
and pin 8 of RD439

and repair wiring as
necessary. IF -

faulty.

Light OK, wiring was

NO LIGHT,

check wire to
pin 28 on RD1318 and re-
pair as necessary.

Trouble Shooting Chart A

NOTE : RD439 is the PWR J-BOX 22-1-3
6 i
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IF =

TRIM RELAY LIGHT fails
to come on, check for
28V DC at H23 for N20199
AC7 for N19997,

N20000.

NO VOLTAGE, check wire
to pin 28 of RD1317 and
repair as necessary.

VOLTAGE OK, check for

28V DC at

AC6 for N19997, N20000.

IF =

K10 for N20199,

NO VOLTAGE , check stabi-
lizer trim control relay
( on STAB TR8IMI CONT
SCHIELD J18) and replace
or repair as necessary.
IF -

NO LIGHT, check wires
from H23 for N20199,
AC7 for N19997, N20000
and K10 for N20199, AC6
for N19997, N20000 to
stabilizer trim control
relay and repair as
necessary.

VOLTAGE OK, check wire
from K10 for N20199,
AC6 for N19997, N20000
to pin 29 of RD1317 and
repair as necessary.

Trouble Shooting Chart B

6
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IF =

SAFETY SW TETST light
fails to comeon,
RD4611 from trim srvo
and check for 28V DC at
terminal N of RD4611.

unplug

_ [

NO VOILTAGE , repair wir-
ing between terminal

H23 for N20199, AC7 for
N19997, N20000 and terminal
N of RD4611 and proceed with

VOLTAGE OK, check for
continuity between pins
P and N on RM984. IF -

test.

NO CONTINUITY,

replace
trim servo and reconnect
RD4611 and proceed with test.

CONTINUITY OK, recconnect

RD4611. IF -

6 -
Feb 15/61
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SAFETY SW TEST light
still fails to come on,
repair wiring between
terminal P on RD4611 as
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