
4E-101

SECTION I I I

AVIONICS

3-0



4E- 101

SECTION I i I  AVIONICS

TABLE OF CONTENTS

Chapter 1 Instrument Panels

Chapter 2 Instrument Systems

Chapter 3 Vert ical  Scale Engine Instruments (VSEI)

Chapter 4 Interphone and Publ ic Address System

Chapter 5 Emergency Locat ion/Recording Dev' ices

Chapter 6 Pi tot-Stat ic Systems

Chapter 7 Central  Ai  r  Data Computers

Chapter B Vert ical  Scale Fl ight  Instruments (VSFI)

Chapter 9 Autopi lot

Chapter 10 Yaw Damper System

Chapter 11 Fl ight  Director System

Chapter 12 Stal  1 Prevent ion Systems

Chapter 13 Fuel  Savings Advisory System (FSAS)

Chapter 1

INSTRUMENT PANELS

I ntroduct i  on

To correct ly determine how wel l  an aircraf t
able to interpret  instrument presentat ions.
must determine i f  the informat ion presented
craf t  or  incorrect  instrument informat ion.

system is operat ing,  you must be
If  a malfunct ion is indicated, you

is an actual  condi t ion of  the air-

An erroneous instrument reading could cause you to make a faul ty decis ion on
the best way to cope with a problem but,  on occasions, t rue instrument readings
could be contrary to your natural  inst incts.  You are the determining factor.
Abnormal instrument indicat ions may be caused by a defect ive instrument or air -
craf t  system. You can frequent ly recognize an abnormal instrument indicat ion
by "cross reference" wi th othel instruments.  Whenever poss' ib1e, you should not
base a conclusion on any one instrument.  Instead, you should crosscheck other
related instruments before any decis ion about system condi t ions is made. Each
instrument displays only part  of  a much larger picture.
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Instrument Panel  s

The f l ight  deck has three major panels --  the main instrument pane1, the engi-
neer 's instrument panel  and the navigator 's instrument pane1.

In addi t ion,  some instrument test ' ing and adjust ing controls are located on the
pi lot 's  and copi lot 's  s ide consoles.

The main instrument panel  is  d iv ided into three sect ions.  The lef t  and r ight
s ides each contajn a fu l l  set  of  f l ight  instruments.  The center sect ' ion,  con-
taining engine and posi t ' ion instruments,  is  used by both pi lots.

The engineer 's instrument panel  has an upper and lower sect ion.  The upper sec-
t ion has 12 subpanels for  instruments and controls.  The lower sect ion has an
engine instrument subpanel  and a fuel  system subpane'1.

The navigator 's instrument panel  has several  subpanels.  Most of  these sub-
panels are devoted to var ious navigat ional  a jds.  However,  three instruments
covered in th is sect ion are mounted here.  These are an al t imeter.  the t rue
airspeed indicator and a c lock.

Panel  and Instrument Light ing

Al l  instrument and panel  l ight ing is control led by toggle switches and rotary
switches mounted on the overhead panels.  The instruments are integral ly l ighted,
using AC power provided by l ight ing stepdown transformers located behind each
rotary switch.  The l ight ing t ransformers are powered by the Essent ia l  AC Buses.

Instrument Types

Al l  instruments are f ront mounted.
i  s used.

Ei ther a c lamp-type or a bezel- type mount ing

The C-141 has two types of  instruments.  Most are the convent ional  d ia l - type
ind' icators.  However,  the C-141 also has vert ' ical  scale tape indicators (VSI) .
0n these indicators,  a tape, moving vert ical ly past an index, shows the desired
i  ndi  cat i  on.

Instrument Markings

0n some instruments,  l imi t  and range markings
colors are used --  red for l imi ts,  green for
caut ion.  0n instruments wi th range markings,
the cover glass and part ly on the instrument
has s1 ipped.

are provided. The convent ional
normal operat ion and yel ' low for
a whi te index marker,  part ly on

case, indicates i f  the cover glass
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Chapter 2

INSTRUMENT SYSTEMS

115-Volt  AC Instruments

APU EGT Indicator

The APU exhaust gas temperature (EGT) indicator is located on the engineer 's
pane1. The thermocouple-type sensor is located in the APU exhaust.  Power for
th is indicator comes from Essent ia l  AC Bus No. 2.  A power-of f  f lag in the cen-
ter of  the instrument is v js ib le anyt ime power js not present at  the indicator.

0xygen Quant i ty Indicators

A 25- l i ter  l iquid oxygen quant i ty indicator is located on the copi lot 's  s ' ide
console.  This is a capaci tance-type indicator in which the indicat ion is not
af fected by changes in densi ty due to temperature var iat ions.  This indicator
receives 115-vol t  AC power f rom the Essent ia l  AC Bus No. 2.

Two 75- l ' i ter  l iquid oxygen quant i ty indicators form part  of  the t roop oxygen
system. They are located on the troop oxygen pane. l  at  stat ion 688. These two
indicators are also of  the capac. i tance type. Power for  these indicators is
obtained from two separate buses. Indicator No. 1 is suppl ied by Essent ia l  AC
Bus No. 1,  and Indicator No. 2 is suppl ied by Essent ia l  AC Bus No. 2.

Al l  three f iqu' id oxygen quant i ty indicators have a push-to-test  but ton located
alongside the indicator.  Depressing the test  but ton causes the ind' icator to
move counterclockwise, as an operat ional  check. I f  the indicator is dr iven far
enough towards empty (2.5 l i ters crew system - 7.5 l ' i ters t roop system),  the
LOW OXYGEN QUANTITY h/ARNING LIGHT wi l l  i l luminate.

Fuel Quant i ty System

'the fuel  quant i ty system provides both indiv idual  tank readings and total  fuel
quant ' i ty .  There are ten tank indicators and one total  fuel  indicator.  Al l
' indicators are located on the engineer 's fuel  management panei .

The fuel  quant i ty indicators use capaci tor- type tank uni ts and therefore measure
fuel  quant i ty in pounds rather than in gal lons.

Each tank system contains the tank uni ts,  a densfty compensator and an indicator.

The system is essent ia l ly  a br idge circuj t  which is unbalanced by the addi t ion
or subtract ion of  fuel  in the tanks. Signals created by th is unbalance are
ampl i f ied wi th in the indicator to power the indicator motor.  As the indicat ing
pointer reaches the proper fuel  quant i ty reading, the br idge is again balanced
and mot ion stops unt i l  the next fuel  level  change.
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The total  fuel  quant i ty indicator is connected to a potent iometer in each of
the tank indicators.  Whenever the tank indicator motor responds to a change in
fuel  level ,  i t  a lso changes the potent iometer value, which in turn resul ts in a
change in total  fuel  quant i ty.

NOTE

If  a tank indicator should become inoperat ive,  the value of  that
potent iometer is st i l l  in the total izer c i rcui t  and is af fect ing
the total  fuel  quant i ty reading.

Power requirements for  the fuel  quant i ty indicat ing systems are 115-vo'1t ,400-
hertz,  s ingle-phase AC power.  The main tank' indicators are suppl ied AC power
from the Essent ia l  AC Bus No. 1 through four c i rcui t  breakers on the engineer 's
circui t  breaker pane1. The total izer,  auxi l iary tanks No. 1 and No. 4,  and LH
extended range indicators are suppl ied by the Main AC Bus No. 1 through circui t
breakers on the engineer 's c i rcui t  breaker pane1.

The No. 2 and No. 3 auxi l iary tanks and the RH extended range indicators are
suppl ied by Main AC Bus No. 4 through three circui t  breakers on the engineer 's
circui t  breaker pane1.

A push-to-test  but ton is located next to each fuel  quant i ty indicator,  except
the total  fuel  indicator.  Depressing the switch causes the indicator to dr ive
towards zero.  Each fuel  quant i ty push-to-test  but ton wi l l  a lso cause the fuel
total izer to rotate towards zero.  When the switch is released, the fuel  quan-
t i ty indicator and the fuel  total izer wi l l  return to the proper fuel  quant i ty
reading. This is an operat jonal  check and not an accuracy check.

26-Vol t  AC Instruments

Fuel  Pressure Indicator

There is one fuel  pressure indicator on the engineer 's fuel  management pane1.
The transmit ter  for  th is indicator is located in the center wing dry bay area.
The fuel  pressure indicator can be used to ground check the output of  indjv idual
fuel  booster pumps by proper ly posi t ioning the fuel  crossfeed and separat jon
valves.  The fuel  pressure indicator is also used to monitor fuel  pressure dur-
ing ground and air  refuel ing.

Power for  th is indicator is suppl ied by 26-vo1t AC Bus No. 2.

0i l  Pressure Indicators

The four oi l  pressure indicators are located on the engineer 's engine instrument
pane1. The pressure t ransmit ters are mounted on the main accessory sect ion of
each engine. Power for  No. 1 and No. 4 jndicators is suppl ied by 26-vo1t AC Bus
No. 1,  and for No. 2 and No. 3 ind' icators by 26-vo1t AC Bus No. 2.
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Brake Pressure Indicators

Two brake pressure indjcators are located on the pi lots 'center instrument pane1.
One indicator shows normal brake system pressure,  and the other shows emergency
brake system pressure.  Operat ion of  these indicators is dependent on the posi-
t ion of  the brake selector switch.  The proper indicator wi l l  show the pressure
of the system selected.

The transmit ters for  these two' indicators are located under the f loor near the
control  columns.

The normal brake pres'sure indjcator r 's  powered by 26-vol t  AC Bus No. 1,  and the
emergency brake pressure jndicator by 26-vo1t AC Bus No. 2.

Hydraul  ic  Pressure Indicators

There are three hydraul ic pressure indicators on the engineer 's pane'1.  They
show Hydraul ic System No. 1,  No. 2 and No. 3 pressures.  The transmit ters for
these indicators are located in their  respect ive hydraul ic system serv ' ice centers

The No. 1 and No. 3 system indicators are powered by 26-vo1t AC Bus No. 1,  whi le
the No. 2 system indicator is powered by 26-vol t  AC Bus No. 2.

Spoi ler  Posi t ion Indicator

The spoi ler  posi t ion indicator is a dual-pointer indicator
center instrument pane1. The "L" and "R" pointers show the
t ions of  their  respect ive wing spoi lers.  The transmit ters
are dr iven by the inboard spoi ler  dr ive tubes.

In the center of  the spoi ler  posi t ' ion indicator js a window
UNLKD or LOCKED ind' icat ion.  This port ion of  the indicator
spoi ler  actuator l imi t  switches.

I  ocated on the pi  I  ots '
CL0SED and GRD posi-

are i  n the wi  ngs and

that shows ei ther an
i  s operated by the

Power for  the spoi ler  posi t ion jndicator pointers
No. 1.  Power for  the pos' i t ion window comes from

comes from the 26-vol t  AC Bus
the Main 28-vol t  DC Bus No. 1.

Manifold Bleed A' i r  Pressure Indicator

The manifold bleed pressure indicator is located on the engineer 's environmental
pane1. The transmit ter  for  th is indicator is located in the wing manifold at  a
tee connect ion,  and i t  receives pressure f rom both s ides of  the isolat ion valve.

The power for  th is indicator comes from the 26-vol t  AC Bus No. 2.

Regulated Bleed Air  Pressure Indicator

The regulated bleed air  pressure indicator is a dual  pointer indicator.  The
"L" and "R" pointers show the pressure wi th in their  respect ive air-condi t ioning
systems. The indicator is located on the engineer 's pane' | .  The pressure probes
are located in the pr imary heat exchanger out let  a i r  duct ing.
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Power for  th is indicator
AC Bus No. 2 ("R").

28-Vol t  DC Instruments

Engine 0i l  Temperature Indicators

The four engine o ' i1 temperature jndicators are
instrument pane1. The temperature sensors are
f i l ter  in the pressure passage. They sense the
to the engine bear ings.

The DC power for  No. 1 and No. 4 indicators is
whi le No. 2 and No. 3 indicators are powered by

is suppl ied by 26-vol t  AC Bus No. 1 1t t1rr)  and 26-vo1t

located on the engineer 's engine
located downstream of the oi l
temperature of  the oi1 going

suppl ied by Main DC Bus No. 1,
Main DC Bus No. 2.

CSD 0i l  Temperature Indicators

The four constant speed dr ive (CSD) oi l  temperature indicators are located on
the engineer 's pane1. The temperature sensors measure the temperature of  the
oi . l  as i t  leaves the CSD.

Power for  No. 1 and No. 4 indicators ' is  suppl  ied
No. 2 and 3 indicators by Main DC Bus No. 2.

The engine oi1 temperature indicators and the CSD
share the same circui t  breakers on the engineer 's

by Main DC Bus No. 1,  and for

oi l  temperature indicators
circui t  breaker pane1.

Fuel Temperature Indicator

The fuel  temperature' indicator is located on the engineer 's fuel  management pane1.
Near the indicator is a switch marked: OUTBD and INBD. The temperature sensors
are located in No. 1 engine feed l ine and in No. 2 englne feed l ine.  I f  OUTBD
is selected, the indjcator shows the temperature of  the fuel  going to No. 1
engine, wh' i le the INBD posi t ion shows No. 2 engine fuel  temperature.

Power for  the fuel  temperature' indicator is furnished by Main DC Bus No. 1
through No. 1 engine CSD and engine oi1 temperature c i rcui t  breaker.

Pr imary l - leat  Exchanger Temperature Indicators

The two pr imary heat exchanger temperature indicators are located on the engineer 's
panel .  They show the temperature of  the lef t  and r ight  wing b ' leed air  af ter  i t
has passed through the heat exchangers.  The temperature bulbs are located in
the systems downstream from the heat exchangers.

The lef t -hand indicator is suppl ied power by the Isolated DC Bus, and the r ight
hand indicator by the Main DC Bus No. 2.  In the event of  power fa i lure on ei ther
bus, the appl icable emergency pressur izat ion switch on the emergency power c i r -
cui t  breaker panel  can be placed to the EMERG posi t ion.  Now power wi l l  be
suppl ied to the indicators by the Emergency DC Bus.
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Cargo Compartment Temperature Indicator

The cargo compartment temperature jndicator is mounted on the engineer 's panel
The temperature sensor is located in the cargo compartment temperature control
uni t  instal led in the af t  upper deck (haylof t ) ,  wherein a fan draws cargo com-
partment air  over i t .

Power for  th is indicator comes from Ma' in DC Bus No. 2.

Flap Posi t ion Indicator

The f lap posi t ion indicator is located on the pi lots 'center instrument pane1.
The transmit ter  is  dr iven by the f lap dr ive gearbox. Cal ibrat ion is f rom UP
(zero percent)  to D0WN (100 percent)  wfth an increment at  each 10 percent.

The wing f lap indicator is supp' l ied 28-vol ts of  DC power by the Main DC Bus No.
1.

Landing Gear Posi t ion Indicators

The three type C-1 landing gear posi t ion indicators are located on the pi iots '
center instrument pane' l  above the landing gear 1ever.  A miniature wheel  and
t i re indicate that  the gear is DOWN; an UP marker indicates that the gear is
UP; whi le a black and ye' l1ow str iped f lag indicates that the gear is not up or
locked. Limit  switches actuated by the gear movement operate the indicators.

Power is furnished by the Isolated DC Bus.

Bogie Posj t ion Indicators

Two type C-1 bogie posi t ion indicators are on the pi lots 'center instrument
pane1. The miniature wheel  and t j re indicate that  the associated bog' ie is ' in
posi t ion for  landing. At al l  other t imes, a black and ye11ow str iped f lag is
vis ib ' le to warn the pi1ot.  L imit  switches, actuated by bogie beam movement,
operate these i  nd' icators.

The Isolated DC Bus powers the bogie posi t ion indicators.

Tr im Posi t ion Indicators

The hor izontal  stabi l izer t r im posi t ion indicator is mounted on the pi lots '
center instrument panel .  I t  is  cal ' ibrated in degrees of  stabi l izer t ravel  for
aircraf t  nose-up and nose-down. The transmit ter  is  mounted ' in the empennage.
Power is supp' l ied by the Ma' in DC Bus No. 1.

The ai leron tr im posi t ion indicator on the pi lots '  center instrument panel  is
cal ibrated in degrees for lower lef t  wing and lower r ight  wing. The transmit ter
is part  of  the ai leron tr im actuator.  Power is furnished by Main DC Bus No. 1.
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The rudder t r im posi t ion indjcator also is on
panel .  I t  is  cal ibrated in degrees for nose
mit ter  is  part  of  the rudder t r im actuator.
No. 1.

Miscel  laneous Instruments

The cabin rate of  c l imb indicator is
cates the rate of  pressure change in
up or down.

the pi lots '  center instrument
lef t  and nose r ight .  The trans-
Power comes from the Main DC Bus

located on the engineer 's pane1. I t  ind' i -
feet  per minute as cabin al t i tude is moved

Clocks

Four 8-day clocks are provided and are located on the pi lot 's ,  copi lot 's ,  engi-
neer 's and navigator 's pane' ls.  These are spr ing-operated clocks.  They are
wound by us' ing the knob fn the lower lef t  corner.  A sweep second hand and
minute total izer are provided; both are control led by successive depressions of
the START-STOP-RESET knob in the upper r ight  corner.

Accel  erometer

The sel f -contained accelerometer is located on the pi lot 's  pane'1.  The dial  is
cal ibrated from '2 to +4 Gs. One pointer indicates cont inuously the vert ical
rrGrr forces on the aircraf t .  The other hands indicate the maximum plus and minus
vert ical  r rcrr  forces exerted unt i l  they are reset by the knob' in the lower lef t
corner.

Cabin Al t i tude and Dif ferent ia l  Pressure Indicators

There are two of  these' indicators,  one on the copi lot 's  panel  and one on the
engfneer 's pane1. One pointer indicates cabjn pressure al t i tude in feet ,  and
the other pointer indicates the pressure di f ference between aircraf t  and cabin
al t ' i tudes in psi .

Cabin Rate of  Cl imb Indicator

Direct  Pressure Indicator

Each Hydraul ic Servjce Center has a direct  pressure reading indicator for  system
pressure.  In addi t ion,  Hydraul ic Service Center No. 3 has a direct  pressure
' indjcator for  each of  the two 400-cubic- inch accumulators and the APU surge
accumulator.  These indicators are mechanical  instruments and require no elec-
tr ical  power.
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Chapter 3

VERTICAL SCALE ENGINE INSTRUMENTS (VSEI)

(F' igures 3-3 thru 3-5)

I  ntroduct i  on

There are f ive vert ical  scale engine instrument (VSEI) systems on the center
instrument panel  for  the pi lots and f ive on the engineer 's pane' | .  In turn,  each
of the f ive ' indicator systems g' ives indicat jons fon each of  the four engines.

One engine instrument converter uni t  serves the fol lowing systems: EGT, N, and

N, and fuel  f low. This engine' instrument converter uni t  is  located in the

r ight  underdeck equfpment rack.  The converter contains ampl i f jer  modules,  which
take transmit ter  s ignals,  ampf i fy them, and then send the signals on to operate
indicator servo motors.  These modules are interchangeable in the same system.
For example,  the No. 1 EGT could be interchanged to operate the No. 2 EGf.  A
set of  fuses on the converter protects each indiv idual  instrument presentat ion
feeding through the converter uni t .  Power for  the converter uni t  is  suppl ied
by the Essent ia l  Bus No. 2 through four c i rcui t  breakers (one per engine)
labeled: ENG, EGT, RPM and FUEL FL0W

The EPR system has four converter t ransmit ters,  one for each engine EPR indi-
cat ion.  They are located in the base of  each engine py1on. Power is provided
by the Isolated AC Bus through four indiv idual  c i rcui t  breakers.

Exhaust Gas Temperature (EGT) Indicators

The four-channel  EGT indicators on the pi lots 'center pane' l  and the engineer 's
panel  show the average temperature jn the engine turbjne case. Six thermocouples,
electr ical ly connected in paral le ' I ,  are instal led in each engine exhaust sect ion.
Signals developed by the thermocouples are fed through the converter uni t  to the
indicator servo motor which posi t ions the vert ical  scale.  The scale is cal ibrated
from ooC to 700"C.

Power (115-vol t ,400-hertz,  s ingle-phase AC) for  the EGT indicators is suppl ied
by Essent ia l  AC Bus No. 2.  There are four c i rcui t  breakers on the engineer 's
circui t  breaker pane1. NOTICE that the EGT, tachometer,  and fuel  f low indica-
tors for  an engine share the same circui t  breaker.

Tachometer Indicators

There are two four-channel  tachometers on the pi lots 'center panel  and two on
the engineer 's pane1. This is because they have both an N, and N, compressor
speed indicat ing system.

The N, indicat fng system shows the speed of  the 1ow-speed compressor.  The N,

fndicator shows the speed of  the high-speed compressor.

There are two tachometer generators per engine, one for each system. The N,
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tachometer generator is dr iven by the f ront accessory dr ive
through the in let  guide vanes. The N, tachometer generator
accessory dr ive.

As the engine speed changes, a var iab' le s igna' l  is  developed
generator,  fed to the converter uni t ,  then to the indicator
tape. The tape is cal ibrated from 0 to 110 percent.

and routes the wi res
is dr iven by the main

by the tachometer
to move the vert ical

Again,  115-vol t ,  400-hertz,  s ingle-phase AC power is suppl ied by Essent ia l
Bus No. 2.  These indicators use the same four c i rcui t  breakers as the EGT
fuel  f low indicators.

Fuel  Flow Indicators

AC
and

Two four-channel  indicators are instal led,  one at  the pi ' lot 's
engineer 's posi t ion.  A t ransmit ter  is  mounted on the forward
1ow compressor case.

and one at  the
r ight  s ide of  the

after being ampl i -
tape is cal ibrated

Fuel f lowing
f ied by the
from 400 to

Power supp' ly
i  nstruments.

through the transmit ter  creates a s igna' | ,  which,
converter uni t ,  posi t ions the vert ical  tape. The
16,000 pph.

and circui t  breaker protect ion is the same as for the two preceding

Engine Pressure Rat io Indicators

Two four-channel  indicators are used in the engine pressure rat io indicat ing
(EPR) system. These indicators show the rat io of  engine turbine exhaust total
pressure to compressor in let  total  pressure.  The EPR reading is used as a
measure of  engine thrust .

The converter- t ransmit ter  for  each indicator is mounted in the engine py1on.
An in let  pressure probe (PT')  is  mounted on the inboard s ide of  each py1on.

Six exhaust pressure pnobes (PT7) are mounted in the exhaust of  each engine.

Changes in pressure are sensed by these devices and transmit ted to the indicator.
The EPR indicator moving tape is marked from 1.0 to 2.3.

The 115-vo1t,400-hertz,  s ingle-phase AC power,  requ' i red by the EPR indicators,
is suppl ied by the Isolated AC Bus. There is an EPR circui t  breaker for  each
engi  ne.

VSEI Power OFF Warning

Each of  the moving tapes in the VSEI indicators has a sect ion of  the tape,
colored red, which wi l l  come into v iew at  the top of  the indicator column should
there be a power loss to that  indicat ing system. The word OFF is pr inted on the
red sect ion of  tape. f r / i th normal power to the indicator,  th is red port ' ion of
the tape wi ' |1 be out of  v iew.
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Engine Vjbrat ion Indicators

Four vert ical-scale type indicators,  located on the f l ight  engineer 's lower
panel ,  supp]y indicat ions of  engine vibrat ion and aid in isolat ion of  engine
vibrat ion.  A vfbrat fon f i l ter  selector switch and an indicator pickup selector
switch control  monjtor ing on al l  four indicat ing systems. There are two vjbra-
t ion sensors on each engine: One on the forward end located on the lef t  s ide
of the compressor sect ion,  and one on the bottom of the turbine sect ion.  The
sensors are monjtored one at  a t ime, depending on switch posi t ion.  The vibra-
t ion indicator registers the average vibrat ion displacement on a zero-to-f ive
MIL scal  e.

The vibrat ion sensing system is capable of  sensing both h ' igh and 1ow frequency
vibrat ions.  The HI-LOl ' /  v ibnat ion f i l ter  selector switch is spr ing- loaded to
the low posi t ion;  in th is posi t ion the ampl i tude of  the total  f requency range
(HI & L0W) of  v ibrat ion is presented on the indicator.  Posi t ' ioning the f i l ter
switch to HI al lows only the h ' igh f requency vibrat ion to be presented on the
indfcator.  The pickup selector switch js a two-posi t ion switch.  I t  remains in
the desired posi t ion for  e i ther the FWD or AFT sensor.  The PUSH-T0-TEST Switch
fs used to check cont inui ty of  the wir ing and vibrat ion sensors.  When the
switch is actuated, the jndicator pointer should move to approximately 3.5 mi l .

The vibrat ion indicators use 115-vol t ,  400-hertz,  s ingle-phase AC power f rom
the Isolated AC Bus. The pickup selector c i rcui ts require 28-vol t  DC power
from the Isolated DC Bus to operate the pickup selector relay.
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Chapter 4

INTERPHONE AND PUBLIC ADDRESS SYSTEM

(Figures 3-6,3-7)

AN/AIC-18 Interphone System

The AN,/AIC-18 Interphone System provides vofce communicat ion between the f l ight
stat ions,  cargo compartment and ground crew personnel .  I t  a lso provides switch-
ing and mixing faci l i t ies for  t ransmit t ing and receiv ing over the communicat ions
systems, and receiv ing the navigat ion systems.

The DC vol tage for the' interphone system consists of  three independent ly oper-
ated circui ts.  Operat ional  power for  each circui t  is  provided through 28-vo1t
DC circui t  breakers.

Interphone control  and monitor panels are instal led at  the pi lot 's ,  copi lot 's ,
navigator 's,  and f l ight  observer 's crew posi t ions.  The f l ight  engineer 's posi-
t ' ion has only the interphone control  panel  instal led.  The Center Avjonic Equip-
ment Rack contains both panels.

The control  panel  consists of  a mike selector,  B push-pu11 audio switches, a
HOT MIC TALK switch,  a master volume control  and a CALL button. The monitor
panel  provides 8 addi t ional  audio switches to increase the receiv ing capabi ' l i ty
of  the control  pane1.

The mike selector has seven posi t ions and al lows the operator to t ransmit  and
receive the fol lowing faci l i t ies:

I  -  Interphone and publ ic address t ransmiss' ion

Ul -  UHF Command Radio No. 1

UHF Command Radio No. 2

Radio No. 1

Radio No. 2

VHF Command Radio No. 1

V2 - VHF Command Radio No. 2

NOTE: On' ly the interphone and publ ic address posi t ions are wired for operat ion
at the forward crew door and the two jumpmaster/ loadmaster control  panels.
0n1y the' interphone posi t ion is wired for operat ion at  the f l ight  engi-
neer 's pane'1,  though al l  interphone control  panels are interchangeable.

There is a MIC-OFF-INTERPH0NE switch on the control  yoke. l , /hen the switch is
held in the up posi t ion ( INTERPHONE), t ransmissions wi l l  be made only on inter-
phone, regardless of  the posi t ion of  the MIC selector on the interphone control
pane1. In the down (MIC) posi t ion,  the user is able to t ransmit  over whatever
faci l i ty  he has selected on the MIC selector on the interphone control  pane1.
In the spr ing- loaded middle posi t ion,  the MIC' is ' inoperat ive.

HF

HF

U2

H1

H2

V1
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There is also an interphone button on the nose steer ing wheel that  enables the
p' i1ot  to t ransmit  over interphone whi le steer ing the aircraf t .

The 16 push-pu11, rotary,  audio switches enable the user to monjtor any combina-
t ion of  audio faci l i t ies and indiv idual  volume control .  The push-pu1l  feature
connects and disconnects the indiv idual  audio faci l i t ies,  whi le the rotary
feature af fords the indiv idual  volume control .

The master volume control  determines the output of  an audio ampl i f ier  wi th in
the control  pane1, through which al l  s ignals are control led s imultaneously.
This does not mean that al1 s igna' ls wi l l  be heard equal ly we11, as most s ignals
arr iv ing at  the ampl i f ier  have passed through two other volume controls.  There-
fore,  the strength of  each signal  wi l l  be di f ferent.  The audio ampl j f ier  wi l l
ampl i fy each signal  the same rat ' io,  but  i t  wi l l  not  ampl i fy a weak signal  to the
level  of  a strong signal .

The CALL feature is used to alert  a l l  crew members and to assure that they
recejve the informat ion broadcast on the interphone circui t .  The system is
act ivated by depressing the CALL button on the control  pane1. Energiz ing the
CALL button does not interrupt the other s ignals being received, but the CALL
s i  gna1. wi  I  1 be somewhat I  ouder than the other s i  gna' l  s.

The HOT MIC buttons on the control  panel  permit  d i rect  t ransmission to al l  inter-
phone stat ions on the f l ight  deck, avionics area, and forward crew door,  wi thout
pressing the microphone switch at  the interphone stat ion.  The push-pu11 buttons
are labeled TALK and LISTEN and must be pul led out for  hot microphone mode of
operat i  on.

An auxi l iary control  panel  is  instal led in the vert ical  stabi l izer.  Operat ion
from this posi t ion is l imi ted to interphone.

There are external  receptac' les instal led on the lef t  forward fuse' lage, lef t  wheel
we11, and r ight  wheel  we11, to permit  interphone communicat ions between f l ight
and ground personnel .  The receptacle on the lef t  forward fuselage is wired into
the center avionics equipment rack control  panel  and can be used for radio com-
municat ions f rom outside the ajrcraf t  on most aircraf t .  The lef t  and r ight  wheel
wel l  receptacles are wired into the lef t  and r ight  jump door interphone control
pane' ls respect ively and can be used for interphone or PA system.

Publ ic Address System AN/AIC-13

The publ ic address system al lows the crew to broadcast interphone or stat ions
received on the ADF receivers throughout the cargo compartment.  The system
consists of  a main control  pane1, three auxi l iary control  panels,  a publ ic
address switch,  three ampl i f iers and six speakers.

The required 28-vol t  DC power for  operat ion is provided from the DC Avionics
Bus No. 2,  through a c i rcui t  breaker on the avionics c i rcui t  breaker panel .

Main Control  Panel

The main control  panel  is
has complete operat ional

located at  the f l ight  eng' ineer 's stat ion.  This pane)
control  of  the system. The panel  consists of  a power
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0N/0FF switch,  a speaker selector switch,  a volume control ,  and f ive toggle
switches. The power 0N/0FF switch turns the system on or of f .  The speaker
selector switch selects the desired speaker or speakers to be used. In the
JUMP posi t ion,  the speaker forward of  each troop door is in operat ion; ' in the
ALL posi t ion,  a l l  s ix speakers are operat ional ;  in the FWD posi t ion,  only the
most forward speaker ( just  above the lef t  forward s ide escape hatch) is opera-
t ional ;  and in the AFT posi t ion,  only the speaker af t  of  the pressure door is
operat ional .  The master volume control  controls the volume of  the ent i re system.
0n1y the two toggle switches marked ADF 1 and ADF 2 are wired for operat ion.
By placing them in the UP posi t ion,  ADF recept ion is broadcast over the PA
system. ADF recept ion is blocked out anyt ime the PA posj t ion is energized at
the Jumpmaster/Loadmaster panels.

LH and RH Jumpmaster/Loadmaster Panel s

These panels are located at  the forward crew door and lef t  and r ight  jump doors.
In addi t ion to providing interphone recept ion and transmission capab' i1 i ty,  th is
panel  af fords the user the abi l i ty  to t ransmit  over the PA system, provided i t
is  turned on at  the main control  pane1. I t  a lso provides remote control  of  the
volume level  through the use of  INCREASE and DECREASE buttons. These pushbuttons
are electr ical ly inter locked to prevent s imultaneous increase or decrease opera-
t i  on.

Pi lot 's  Side Console

The publ ic address switch is located at ,  the pi lot 's  s ide console.  With the
switch fn the INPH & PA posi t ion,  any s ignal  broadcast over the interphone sys-
tem wi l l  be ampl i f jed and transmit ted over the PA system, provided the PA system
is turned on. In the INPH posj t ion,  interphone communicat ions are restr icted to
the normal interphone circu' i ts.  In the INPH and PA posi t ion,  the ADF receivers
wi I  I  not  be heard through the PA system.

Speaker Locat ions

Speakers No. 1 and 3 are located above the lef t  forward s ide escape hatch, and
speaker No. 2 is located just  above the No. 2 hydraul ic service center.
Speakers No. 4 and 5 are just  forward of  the t roop doors,  and speaker No. 6 is
af t  of  the pressure door.

Ampl i  f i  ers

The three ampl i f iers are on the center avionics rack.  The No. 1 ampl i f ier
suppl ies power for  the No. 1 and No. 3 speakers,  and the No. 2 ampl i f ier  suppl ies
power for  No. 2 and No. 4 speakers.  The No. 3 ampl i f ier  powers the No. 5 and
No. 6 speakers.
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Chapter 5

EMERGENCY LOCATION/RECORDING DEVICES

(Figure 3-8)

I  ntroduct i  on

To quickly ' locate the aircraf t  upon an accident or crash landing, two systems
are instal led on the C-141 to aid ' in f jnding the aircraf t  and/or i ts recording
devices.  One js an underwater acoust jc beacon (UAB);  the other is an emer-
gency locator t ransmit ter  (ELT).  Once the aircraf t  has been located, two other
devices wi l l  a id in the accident invest igat ' ion board's f indings of  the causes
of the accident.  One such device is a cockpi t  voice recorder (CVR);  the other
is a digi ta l  f l ight  data recorder (DFDR). Al l  four of  these systems are designed
to be f i re and crash resistant.

Underwater Acoust ic Beacon (UAB)

The beacon is mounted on the digi ta l  f l ight  data recorder,  and is contained in
a cyl jndr ical  watert ight  a luminum case capable of  wi thstanding high-G impact
shock and deep water immersion. The beacon consists of  a sel f -contained battery,
an electronic module and a t ransducer.  The shock-mounted battery occupies
approximately two-thirds of  the case and is separated from the electronic module
by a bulkhead that js integral  wi th the case. The opposi te end contains a
tef lon- insulated water switch.

The beacon radiates a pulsed acoust ic s ignal  fnto the surroundfng water upon
act ivat ion by i ts water-sensi t ive switch.  Search operat ions for  beacon-equipped
aircraf t  that  have crashed in water are conducted by ut i l iz ing a recejver
equipped with a direct ional  hydrophone (SONAR).

Operat i  ng Frequency

Operat i  ng Depth

Pul se Length

Pul se Repet ' i t i  on Rate

Operat i  ng Li  fe

Battery Li fe in Beacon

37.5r KHZ

Surface to 20,000 feet

Not less than 9 mi l l iseconds

1 Pulse per second (1 Pulse
for Mod 1)

30 Days ( I2!  2 Days for Mod

1 Year

per .5 second

1)

Emergency Locator Transm' i t ter  (ELT) System (AN/ARC-31)

General  Descr ipt ion

The Emergency Locator Transmit ter  (ELT) system is instal led on al l  C-141 air-
craf t .  This system aids search, rescue and recovery operat ions by automat ical ly
signal l ing the geographical  locat ion of  the downed aircraf t .  In the event of  a
crash landing, i t  radio beacon begins immediate t ransmission on the 121.5 and
243.0 megahertz distress f requencies.
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ELT Components

The ELT system contains the fo l lowing components:
a remote control  uni t  and the ELT mount.

an ELT, a diplexer,  an antenna,

Emergency Locator Transmit ter

The ELT is a sel f -contained uni t  including a sol id state t ransmit ter ,  an inert ia l
impact switch that wi l l  turn on the transmit ter  above a given impact force along
the longi tudinal  axis of  the aircraf t ,  and a battery pack that consists of  three
D-size cel ls.  The shel f  l i fe of  the battery pack exceeds 24 months.

Diplexer

The purpose of  the djplexer is to spl i t  the s ignal  put  out by the t ransmit ter
into a UHF and VHF signa' l  and to send this s ignal  to the antenna.

Antenna

The antenna i  s mounted on the
antenna. I t  is  both a UHF and

ELT Mount

top of  the empennage bu1' let  just  af t  of  the HF
a VHF antenna combined into one uni t .

The ELT mount,  d i rect ly beneath the antenna, secures the ELT and diplexer to
the underside of  the empennage bul let  and provides the ELT diplexer and antenna
the abi l i ty  to wi thstand up to 100 g's of  impact force,  even i f  the mount should
separate f rom the rest  of  the aircraf t .

Remote Control  Uni t  (RCU)

The RCU, on the upper af t  port ion of  the navigator 's instrument pane1, provides
a means of  checking the operat ional  status of  the ELT system, and a means of
deact ivat ing the uni t  due to inadvertent operat ion.  This uni t ,  the RCU, is not
needed for the ELT to t ransmit  an emergency signa' l  i f  act ivated by a crash
impact.

COCKPIT VOICE RECORDER (CVR) SYSTEM

(Figures 3-9 to 3-11)

The purpose of  the CVR is to record cont inuously the last  30 minutes of  f l ight
stat ion interphone and radio communicat ions,  as wel l  as general  f f ight  stat ion
noise ( ta lk ing and aircraf t  sounds).  I t  accompl ishes this by monitor ing com-
municat ions f rom the pi lots,  copi ' lots,  and f l ight  engineers interphone stat ions.
Recordjng anything that those crew members have selected to monitor and trans-
mit  on.  The system picks up f l ight  stat ion noises by the use of  an area micro-
phone located in the f ront of  the CVR control  uni t .
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CVR Control  Uni t

The CVR control  uni t  is  in a f iberglass hous' ing at tached to the af t  end of  the
pi lot 's  overhead control  pane1. The control  uni t  has,  located on the front
control  pane1, an area microphone, a test  meter,  a test  but ton or switch,  and a
receptacle for  a headset jack.  Operat ion of  the uni t  is  automat ic whenever the
power select  swjtch is posi t ioned to "AUX" or "OFF" whi le the APU or engine-
dr iven generators are on and powering the aircraf t .

Cockpi t  Voice Recorder

The CVR.is in the haylof t  area, just  af t  of  the r ight  l i feraf t  s i lo canister,
and just  forward of  the No. 3 smoke detector.  There are two day glow interna-
t ional  orange-pa' inted recorder boxes mounted on a t ray there;  the one on the
r ight  is the CVR. The uni t  is  crash/f i re/and sal t  water resistant and is used
Lo record/store/erase any data sent to i t  f rom the control  uni t  located on the
ff ight  stat ion.  I ts operat jon is the same as the control  uni t  above. The
recording sect ion consists of  a four-channel  recorder,  a cont inuous loop mag-
net ic tape that wi l l  record for  a per iod of  30 minutes,  and an eraser that  wi l l
cont inuous' ly erase the oldest data.

CVR Test Switch

fhe CVR
: ' r .C K.
i  \  + . -+
LI- I  .  : ' ,  L

l lo l ' r l ld I

on the
t ion is

test  switch is in the r ight  hand underdeck area, on the center avionics
Thjs test  switch,  just  af t  and above the DFDR acquis i t ion uni t ,  is  used

the CVR system. By tak ' ing the switch to the test  posi t ion,  you bypass
CVR operat ion and al low the CVR to operate whi le the power select  sw' i tch,
f l ight  engineer 's pane1, is in the external  power posi t ion.  This posi-

i ised only to test  the operat ion of  the system dur ing ground maintenance.

Di gi  t ' ia ' l  F1 i  ght  Data Recorder (DFDR) Uni t
F1 ight  Data Acquis i t ion Uni t  (FDAU)
Triaxi  a l  Accelerometer
Underwater Acoust ic Beacon
Rudder Posi t ion Synchro

DIGiTAL FLIGHT DATA RECORDER SYSTEM (DFDR)

(Figures 3-12 thru 3-14)

The DFDR system is used to record the last  25 hours of  selected aircraf t  systems
operat ion.  The monitor ing of  these systems al lows for the reconstruct ' ion of
aircraf t  f l ight  and grcund operat ions,  for  accident, / incident invest igat ions.
The system has f ive majoy'components used in conjunct ion wi th each other to
record/ ident i fy the var ious areas monitored. The components are:

1.
2.

A
T.

5.

Di gi  t ' ia l  Fl  i  ght  Data Recorder Uni  t

The DFDR uni t  is  in the haylof t  area,
canister,  and just  forward of  the No.
internat ' ional  orange-painted recorder

just  af t  of  the r ight  l i feraf t  s i lo
3 smoke detector.  There are two day 91 ow
boxes mounted on a t rav there.
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The one on the lef t  is  the DFDR. Mounted on the front of  the case of  the DFDR
there is an underwater acoust ic beacon. The DFDR uni t 's  purpose is to record
data sent to i t  f rom the acquis i t ion uni t .  The DFDR is located toward the tai l
of  the aircraf t  to help i t  w' i thstand a crash impact.  The uni t  is  shock/sal t
water/ f i re res ' istant and contains an airborne magnet ic tape recorder,  wi th a
six-channel  tape and an eraser.  The tape is a L/4- inch mylar-based endless
loop tape and has a storage capaci ty of  25 hours.  Once part  of  the tape data
becomes 25 hours o ' ld,  i t  is  erased and new data is recorded.

Fl ight  Data Acquis i t ion Uni t  (FDAU)

The Acquis i t ion Uni t ,  on the r ight  s ide of  the center avionics rack,  is  used to
acquire and transmit  data f rom 18 dj f ferent aircraf t  monitored systems. The
uni t  converts aircraf t  data into a 65-word-per-second computer format,  and then
transmits th is data to the DFDR uni t  for  recording. The fol lowing parameters
are sensed by the FDAU.

1. Al t i tude
2. Ai  rspeed
3. Headi  ng
4. Vert ical  Accelerat ion
5. Lateral  Accelerat ion
6. Longi tudinal  Accelerat ion
7. Pi tch Att i tude
8. Rol  I  At t i tude
9. Rudder Posi t ion

Rudder Posi t ion Synchro

The rudder posi t ion synchro,  mounted in the
attached to the rudder torque tube, picks up
mits thf  s ' informatf  on to the FDAU.

10. Pi tch Tr im Posi t ion
11. Engine Pnessure Rat io
12. Flap Posi t ion
13. Spoi  1 er Pos i  t i  on
14. Thrust  Reversers Extended
15. Thrust  Reversers Locked
16. Landing Gear Posi t ion
17. Radio Transmission Keying
18. Aircraf t  Ident i f icat ion

The FDAU also contains the faul t  detect ion c i rcui ts to advise the crew or main-
tenance of  faul ts.  Once a faul t  is  sensed through a bui l t - in test  c ' i rcui t ,  the
"FLT REC INOP" l ight  on the annunciator panel  wi l l  i l luminate.

Tr iaxial  Accel  erometer

The tr iaxial  accelerometer,  on the af t  center wing beam just  forward of  the
f lap pack in the cargo compartment,  p icks up movement around the three axes of
the aircraf t  and sends this informat ion to the FDAU.

aft  port ion of  the empennage and
movement of  the rudder and trans-

Operat ion of  the DFDR System

The DFDR system's operat ion is control led by the posi t ion of  the power select
switch.  When the power select  switch is placed to the'r0FFi l  pos' i t ion,  and the
engine generators are operat ing,  the DFDR system wi l l  s tar t  recording data as
acquired. When the power select  switch is posi t ioned to "AUX" or "EXT," the
DFDR is shut down. The system is designed, wi th the except ion of  the t r iaxial
accelerometer and the rudder posi t ion syncro,  to record data on1y. In th is way,
i t  does not af fect  the operat ional  status of  the aircraf t .  Al l  system s' ignals
are picked up as generated through norma' l  operat ion of  the aircraf t  systems out-
put to the f l ight  deck instrumentat ion.
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FDR Test Switch

The f l ight  data recorder test  switch,  adjacent to the r ight  s ide of  the center
avionics rack,  a ' l lows for test ing of  the system on the ground and for operat ing
tape copy. The switch wi l ' l  bypass the normal inter locks in the "EXT" and "AUX"
posi t ions of  the power select  switch when used for tape copy operat ions.  A
ground test / recorder uni t  p ' lugged into a cannon p' lug in the center of  the lef t
aft chopping area is used to test or extract recorded data from the system.
When the test  switch is placed in test ,  a ' |1 25 hours of  recorded tape informa-
t ion wi l l  be copied in 15 minutes,  wi thout erasing the or ig inal  data.
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Chapter 5

PITOT.STATIC SYSTEMS

(Figures 3-15 thru 3-20)

I  ntroduct i  on

Two independent pi tot-stat ic systems provide pressures to operate the central
air  data computers (CADC), two al t fmeters,  and an airspeed indicator.  These
pressures are picked up by four pi tot-stat ic tubes, two on each side of  the
fuselage, mounted just  af t  and sl ight ly above the crew entrance door.

Pi tot-Stat ic Tubes

A pi tot  opening and a stat ic opening are in the head of  each pi tot-stat ic tube.
The lower tubes supply both pi tot  and stat ic pressures.  The upper tubes supply
stat ic pressure only as the pi tot  ports are plugged.

The stat ic system is a balanced stat ic system. The stat ic vents of  the upper
tube on one side of  the aircraf t  are connected to the stat ic vents of  the lower
tube on the opposi te s ide of  the aircraf t .  This arrangement provides stable
stat ic pressure regardless of  crosswinds, s l ipping or skidding of  the aircraf t .

P' i  lot '  s  Pi tot-Stat ic System

The lower lef t  and upper r ight  p i tot-stat ic
pi tot-stat ic system. This system furnishes
No. 1 CADC on' ly.

Copi lot '  s  Pi tot-Stat ic System

The upper lef t  and lower r ight  p i tot-stat ic
pi tot-stat ic system. The copi lot 's  system
direct ' ly  to the No. 2 CADC, navigator 's and
pi lotr  s standby airspeed indicat ion.

tubes form the pi lot 's  (or  No. 1)
pi tot  and stat ic pressures to the

tubes form the copi lot 's  (or  No. 2)
furnishes pi tot  or  stat ic pressures
engineer 's al t imeters,  and the

Pitot-Stat ic Systems Drains

Two drain boxes, one on each side of  the fuse' lage, and internal ly mounted just
below the pi tot-stat ic tubes, permit  access to capped drain l ines which can be
used for moisture drainage from the tubes. Two capped drain l ines,  located
under each CADC, permit  drafnage of  the rest  of  the systems.

One manual shutof f  valve is instal led in the copi lot 's  (No. 2) system. I t  is
used to isolate a port ion of  the system in the event of  a leak.  The valve is
in the r ight-hand underdeck area, just  forward of  the crew's latr ine,  and can
be reached through an access door in the f loor near the engineer 's stat jon.
The shutof f  valve is norma' l1y open. When the valve is c losed, the engineer 's
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and navigator 's al t imeters are jsolated from the system. Pi tot  and stat ic
pressure wi l l  s t i l l  be avai lable to the No. 2 CADC and the pi lot 's  standby
airspeed indicator.

Pi tot-Stat ic System Ant i - Ic i  ng

Ant i - ic fng of  the pi tot-stat ic tubes and masts is provided by 115-vol t ,400-hertz,
s ingle-phase AC powered heat ing elements.  Each pi tot-stat ic tube contains two
ant i - ice heat ing elements.  One is in the tube head, to prevent ice f rom cover ing
the pi tot  and stat ic vents.  The other heat ing element is in the tube mast and
prevents ice bui ldup on the mast.

Al l  the heat ing elements are powered by the Essent ia l  AC Busses except the pi lot 's
pi tot-stat ic head heater elements.  The pi lot 's  p i tot-stat ic head heater elements
are powered by the Emergency AC Bus and wj l l  keep the No. 1 system pftot-stat ' ic
ports open when operat ing wi th only emergency power avai lable.

The ant i - ic fng systems are control led by two 0FF-0N switches on the pi lot 's  over-
head pane1.

A HTR FAULTED l ight  above each switch wj l l  i l luminate i f  a power loss should occur
in ei ther head heat ing element and the switch is 0N. In addi t ion,  a PITOT HEAT
' l ight  on the annunciator panel  and both master CAUTI0N l ights wi l l  i l luminate.

Standby InstrumenE

The instruments operat ing on d' i rect  p i tot  and/or stat ic pressures (not connected
through a CADC) are the pi lot 's  standby airspeed indicator and the navigator 's
and eng' ineer '  s al t imeters.

The pi lot 's  standby airspeed indicator is mounted on the pi lot 's  instrument pane' I .
The pi lot 's  instrument is of  the convent ional  design, but only one-hal f  the s ize
of a convent ional  a i rspeed ind' icator.  I t  is  used only i f  the vert jca1 scale
f l ight  instruments have malfunct ioned.

The navigator 's and engineer 's al t imeters are the conventfonal  type and can be
adjusted by using the knob and barometr ic scale provided on each al t imeter.  The
pi lot  a lso has a standby compass mounted forward of  the pi lot 's  overhead panel .

Total  Temperature Indicators

There are two total  temperature indicators.  One is located on the pi ' lots 'center
instrument panel  and one is on the engineer 's instrument pane1. They indicate
total  temperature in degrees cent igrade. Total  temperature is def ined as ambient
air  (outs ide) temperature plus ram effect .

The total  temperature indicators use 115-vol t  AC power f rom the Main AC Bus No.
1.  Both jndicators are protected by a s ingle c i rcui t  breaker labeled T0TAL TEMP
IND. A power-of f  mechanism displays the word OFF through a window' in the face
of the indicator,  should electr ica ' l  power be lost .  ,
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A total  temperature probe is on each side of  the fuselage, below the pi lot 's
windows. Each temperature probe contains two temperature sensing elements.
Probe No. L is on the lef t  s ide and has one sensor connected to the engineer 's
total temperature indicator and the other connected to CADC No. 1. Probe No. 2
is on the r ight  s ide of  the fuse' lage and has one sensor connected to the total
temperature indicator on the center instrument panel .  The second sensor is
connected to CADC No. 2.

Each temperature probe has a 115-volt AC de-icing element which is energized by
switch on the pi ' lotsr  overhead panel ,  labeled TEMP PROBE DE-ICE.

The No. 1 probe de- ic ing element is powered by Essent ia l  AC Bus No. 1.  No. 2
probe de- ic ing element is powered by Essent ia l  AC Bus No. 2.

N0TE: There is no warning for a de- ic ing system fai lure.
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Chapter 7

CENTRAL AIR DATA COMPUTERS

(Figures 3-21 thru 3-23)

I  ntroduct i  on

Two comp' lete and independent ly operated Central  Air  Data Computers (CADCs) are
instal led jn the C-141 to supply pr imary f l ight  informat ion to the pi lot 's  and
copi lot 's  Vert ical  Scale Fl ight  Instruments (VSFI) .  They a' lso provide control
and warning' informat ion to the Automat ic Fl ight  Control  System (AFCS),  a i r  con-
di t ioning systems, elevator art i f ic ia ' l  feel  system, rudder pressure reducers,
overspeed warning system, sta ' l l  warning system, rudder pressure warning, and
navigator 's t rue airspeed indicator.

Pftot-stat ic pressures,  f rom the aircraf t  p i tot-stat ic systems, and temperature
informat ion,  f rom the total  temperature probes, are suppl ied to each CADC. The
CADCs transform these pr imary input var iables into electr ical  servo signals
represent ing t rue airspeed, cal ibrated airspeed, Mach number,  pressure al t i tude,
and vert ical  veloci ty.

CADC No. 1 receives pi tot-stat ic pressures f rom the pi lot 's  system and tempera-
ture infonmation f rom a temperature sensor mounted in the lef t  total  tempenature
probe. The electr ical  s ignal  outputs are ampl i f ied and displayed on the pi lot 's
pr imary f l ight  instruments and the navigator 's t rue airspeed indicator ( i f
selected).  Electr ical  power is suppl ied by the 115-vol t ,  400-hertz Emergency
AC Bus. A circui t  breaker,  labeled CADC No. 1,  provides power c i rcui t  protec-
t ion.  There are no control  c i rcui ts,  and the system is in operat ion whenever
the Emergency AC Bus is powered.

CADC No. 2 has the same power requirement,  but  po!. /er  is  suppl ied f rom the Navi-
gat ion AC Bus No. 2.  Whenever power is appl ied to Navigat ion AC Bus No. 2,  the
system is in operat ion.  Circui t  protect ion is suppl ied by a c i rcuf t  breaker
labeled CADC No. 2.  Pi tot-stat ic inputs for  CADC No. 2 are provided by the
copi lot 's  system. A temperature sensor in the r ight  tota ' l  temperature probe
provides temperature informat ion.  Electr ical  s ignal  output is displayed on the
copi lot 's  pr imary f l ight  instruments and the navigator 's t rue airspeed indicator
( i f  selected).

Both CADCs are located on the underdeck equipment racks.  CADC No. f  is  on the
lef t  s ide,  on the forward equipment rack,  and CADC No. 2 is on the r ight  s ide
of the center avionics rack.

Test i  ng

0n the front panel .of  each CADC is a push-to-test  switch and four malfunct ion
warning l ights.  The warning l ights are labeled Hp (pressure al t i tude),  Va
(true airspeed),  Va (cal ibrated airspeed) and M (Mach).  Monitor c i rcui ts wi th in

the CADCs wi l l  sense malfunct ions and i l luminate one or more warning' l ights,
depending on which c i rcui t  has malfunct ioned.
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Actuat ing the push-to-test  but ton
The moment the test  cycle starts,

Al  t i  tude
KCAS
Mach
Navigator 's TAS

wil l  dr ive the CADC through a sel f - test  cycle.
al l  four warning ' l ights should i l lumfnate.

50,000'  t  110'
225 knots t  3.5
.92 !  0.015
527 knots t  5

The l iqhts wi l l  not  go out unt i l  the preset va' lues are reached. The t ime l imi t
for  sel f - test ing is 150 seconds, at  which t ime a' l l  four warning l ights should
be OUT. Should a ' l ight  remain 0N, a malfunctfon is indicated in that  c i rcui t .
Readout of  the preset values wi l l  be displayed on the corresponding pr imary
f l ight  instruments.  In addi t ion,  a CADC INOP l ' ight  wi l l  be displayed on the
annunciator panel ,  and both master CAUTION l ights wi l l  i l luminate.

In addi t ion to the test  switches on the CADC, there is a test  switch on each side
console.  These switches have three posi t ions:  SELF TEST, NORMAL and MON TEST.

The test  switch for  No. 1 CADC is on the pi lot 's  s ide console,  and the test
switch for  No. 2 CADC is on the copi lot 's  s ide cqnsole.

The SELF TEST posi t ion is used for normal test ing of  the system, and thjs posi-
t ion corresponds to the push-to-test  switch on the CADC front panel .  When the
switch is held to the SELF TEST posi t ion,  the CADC reacts and dr ives the vert ical
scale f l ight  instrument to preset test  values within 150 seconds. These values
are:

Dur ing the test  cycle,  the vert ical  veloci ty indicator wi l l  indicate a 20,000
foot per minute rate of  c l fmb.

As the Mach indicator passes .3 Mach, the EJECTOR 0N l ight  on the f l ight  engi-
neer 's environmenta' l  pane' l  wi l l  go OUT. An audible aircraf t  overspeed warning
wi l l  be heard in the headsets as Mach 0.825 is reached.

Throughout the entfre test  cyc1e, f lags wi l l  appear on the Mach, on the cal i -
brated airspeed, and on the al t i tude indicators.  The CADC IN0P l ' ights on the
annunciator panel  wi l l  come 0N, and both master CAUTION l ights wi ' l l  j l lumjnate.

The test  cycle is complete when the vert ical  veloci ty indfcator returns to zero.
The switch is then released, and the CADC system wi l l  return to normal mode of
operat i  on.

Holding the switch in MON TEST (Monitor Test)  wi l l  test  the CAOC monftor c i rcui ts.
This is done to assure the monitor c i rcui t  wi l l  operate at  minimum prescrfbed
values. The monitor c i rcui ts normal ly sense mechanical  or  e lectr ical  malfunc-
t fons wi th in the CADC and tr igger warning signals which warn the pi lots of  the
malfunct ions.  Dur ing monitor test ,  f lags should appear in the Mach and cal i -
brated ai  rspeed i  nstruments.  The CADC IN0P I  ight  wi ' l  ' l  i  I  I  umi nate on the annun-
ciator pane' | ,  and the three warning I ights on the front panel  of  the respect ive
CADC wi l l  come 0N (Hp [pressure al t i tude] l ight  wi l l  not  i l luminate).  In addi-
t ion,  the master CAUTION l ights wi l ' l  i ' l luminate.

Releasing the switch wi l l  return the CADC to normal mode of  operat ion.  Al l  CADC
test switches are inter locked through the touchdown re1ays to prevent test ing the
CADCs in f l ight .
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Chapter 8

VERTICAL SCALE FLIGHT INSTRUMENTS (VSFI)

(Figures 3-24 thru 3 '26)

I  ntroduct i  on

The pi lot 's  and copi lot 's  instrument panels are equipped with independent ly oper-
ated electro-mechanical  vert ical  scale f l ight  instruments.  Each panel  has two
group-type indicators.  One indicator wi l l  supply airspeed and Mach informat ion,
and the other wf l l  supply vert ical  veloci ty and al t i tude. Each indicator is
integral ly l ighted and div ided into three display columns. Each column contains
a vert ical ly moving tape moving past a stat ionary hor izontal  reference l ine
across the center of  the indicator.

Each indicator is dr iven by a separate ampl i f ier  mounted on the top shel f  of  the
center equipment rack and receives electr ical  s ignals f rom the central  a i r  data
computers.  The pi lot 's  indicators receive s ignals f rom CADC No. 1,  and the
copi lotrs indicators receive s ignals f rom CADC No. 2.

The indicators are powered by 115-vol t ,  400-hertz s ing' le-phase AC power.  The
pi lot 's  VSFIs are powered by the Emergency AC Bus and the copi lot 's  by the
Navigat ion AC Bus No. 2.  An electr ical  or  mechanical  fa i lure of  one indicator
wi l l  not  af fect  any other VSFI.

Mach-Ai  rspeed

Two Mach-Airspeed Indicators provide the pi lot  and copi lot  wi th indicat ions of
Mach number and cal ibrated airspeed. The Mach number is on the center tape, and
cal ibrated airspeed is on the r ight  tape.

The Mach number js indicated on a vert ical ly moving scale in the middle column.
The Mach tape also moves past a f ixed index l ine and is graduated from 0.2 Mach
through 1.0 Mach in hundredths of  Mach increments.  The tape is numbered at  each
one-tenth Mach increment.  A hashed maximum al lowable MACH marker is painted on
the tape at  0.825 Mach and indicates the maximum al lowable Mach number speed
when the symbol is al igned with the f ixed index l ine.

A command Mach marker is used in conjunctfon with the Mach tape and may be set
to any Mach number between 0.2 and 1.0 Mach. The command marker posi t ion is set
by moving the command Mach slewing switch on the base of  the indicator,  up or
down. The set posi t ion of  the command Mach marker is indicated in the command
Mach readout window, located above the slewing switch.

Releasing the slewjng switch wi l l  lock the command marker at  the set  Mach value.
The command marker remains at  the top or the bottom of the Mach column unt i l  the
set Mach value comes into v iew. Then the command marker wi l l  fo l low the tape at
the set Mach value. When the command marker is al igned wjth the f ixed index
1ine, the aircraf t  is  f ' ly ing at  the command Mach value.

A warning f1ag, that  reads MACH, wi l l  come jnto v iew just  below the f jxed index
l ine to indicate unrel iable Mach informat ion is being displayed or power has
fai  I  ed.
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Calfbrated airspeed fs indicated in the r ight  column on a vert ical ly moving tape,
mov' ing past a f ixed index l ine.  The tape scale ' is  graduated from 50 through 500
knots in 10-knot increments.  Between the 100 through 200 knot sca' le,  each 20-
knot increment is numbered. Above 200 knots,  each 5O-knot increment fs numbered.

A command airspeed marker is used in conjunct ion wi th the tape, the command air-
speed readout window, and the command airspeed slewing switch.  Pre-select ion
and operat ion of  the command airspeed marker is ident ical  to that  of  the command
Mach marker,  wi th one except ion.  The command airspeed slewing switch has a s ide
detent posi t ion,  in which the command airspeed marker wi l l  a l ign i tsel f  wi th the
f ixed index l ine and the cal ibrated airspeed (as read at  the f ixed index l ine)
wi l l  appear in the command airspeed readout window. Any change in airspeed wi ' l l
be indicated immediately in the command readout window.

A warning f1ag, reading IAS, wi ' l l  come into v iew i f  the displayed airspeed' is
unrel  iable or power is ' lost .

Vert ical  Veloci ty -  A' l t i tude Indicators

The pi lot  and copi ' lot  indicators have three columns with a vert ical)y moving
tape. The lef t  column contains the vert ical  veloci ty indicator,  the center
column has the vernier (sensi t ive) al t i tude scale,  and the r ight  column has the
gross al t i tude scale.  Al t i tude and vert ical  veloc' i ty for  the pi lot 's  indicator
comes from CADC No. 1.  The copi lot 's  informat ion comes from CADC No. 2.

Vert ical  veloci ty informat ion is displayed in the lef t  column. I ts operat ion is
somewhat di f ferent than the other f l ight  instruments,  in that  a moving pointer
wi l l  move past a f ixed scale on the face of  the indicator,  when the vert ical
veloci ty is 1,500 feet-per-minute or less.  The f ixed scale is graduated from 0
through 1,500 feet-per-minute c ' l imb or descent,  in 100 feet-per-minute gradua-
t ions.  Each 500 fpm fncrement is numbered.

l , /hen the vert ical  veloci ty increases above 1,500 feet-per-minute,  the pointer wi l l
s top at  the top (or bottom) of  the co' lumn, and a vert ical  tape wi l l  move past i t .
The vert ical  tape is graduated in 1,000 fpm increments f rom 2,000 up to 5,000 fpm,
in 2,000 fpm increments up to 10,000 fpm, and in 5,000 fpm increments up to 20,000
feet-per-minute.  The vert ical  speed of  the aircraf t  is  indicated at  a l l  t imes
by the pointer.  The al t i tude informat ion is indicated in the middle and r ight
columns. The middle column has a vert ical ' ly  moving tape indicat ing vernier
(sensi t ive) al t i tude and the r ight  column has a vert ical  moving tape indicat ing
gross al t i tude. Both tapes move past a f ixed index' l ine and must be used
together to indicate aircraf t  a l t i tude.

The vernier tape (middle column) is graduated from zero through 1,000 feet,  in
50-foot increments.  Each 100-foot increment is numbered. The vernier tape wi l l
make one complete revolut ion for  each 1,000 feet indicated on the gross al t i tude
tape. The gross tape is graduated from minus 1,000 feet to plus 50,000 feet in
500-foot increments,  wi th each 1,000-foot increment being numbered.

A command a' l t i tude marker is used in conjunct ion wi th the vert ical  moving tapes,
command al t i tude slewing switch,  and command al t i tude readout window. 0perat ion
of the command marker is ident ical  to that  of  the airspeed indicator.  The slewing
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switch has a s ide detent posi t ion.  Command al t i tude is indicated in the readout
window when the slewing switch is in the CENTER posi t ion.

The command al t i tude marker wi l l  remaln at  the bottom or top of  the column unt i l
the preset command al t i tude appears in the gross al t i tude column. The command
marker wi l l  then posi t ion i tsel f  to the preselected command al t i tude value on
the vert ical ly moving gross al t i tude tape. Command al t i tude is reached when the
command marker is al igned with the f ixed index l ine.

P' lacing the al t i tude slewing switch in the s ide detent posi t ion al lows digi ta l
readout of  a i rcraf t  a l t i tude in the command readout window. I ' lhen sel f - test ing
the CADCs or the VSFIs,  the s lewing switch must be in the s ide detent posi t ion.

0n the lower lef t  port ion of  the instrument case is a BAR0 set knob, which fs
used to make barometr ic pressure (al t imeter set t ings) adjustments to the al t i -
tude indicators.  Digi ta ' l  readout of  the barometr ic set t ing appears in a window
just  above the BAR0 set knob.

Power fa i lure or unrel iable al t i tude informat ion is indicated when a f lag (read-
ing ALT) appears in the gross al t i tude column above the f ixed index l ine.

VSFI Test ing

Two VSFI switching panels are instal led for  the purpose of  test ing the vert ical
scale f l ight  instruments.  The pi lot 's  VSFI switching pane' l  is  on the pi lot 's
s ide console and wi l l  test  the pi lot 's  Mach, IAS and al t i tude indicators.  The
copi lot 's  VSFI switching pane' l  is  on the copi lot 's  s ide console and is used to
test  the copi ' lot 's  Mach, IAS and al t i tude indicators.

Each switching panel  has two test  switches. One switch is labeled " IAS" and wj l l
test  the Mach and IAS indicator.  The other is labeled "ALT" and wi l l  test  the
al t imeter.  Each switch has three posi t ions (N0RM, SELF TEST and MON TEST),  and
is spr ing- loaded to the N0RM pos' i t ion.  Holding ei ther (or both) swftches to the
SELF-TEST posi t ion wi l l  dr ive the indicators to the same preset values. The
warning f lags wi l l  appear in the indicators being tested. To at ta in the correct
al t imeter preset test  value,29.92" Hg must be set into the barometr ic pressure
readout window. Releasing the switches wi l l  a l low the indicators to return to
normal operat ion.

The MON TEST posi t ion of  e i ther switch is used to assure the pi lots that  the
indicator monitor c i rcui ts wi l l  operate at  a minimum prescr ibed va1ue. Holdfng
the switches in the MON TEST posi t ' ion wi l l  t r ip the monitor c i rcui ts wi th in the
indicators and display a warning f lag in the indicator being tested. Releasing
ff imhes wi l l  reset the monitor i i rcui ts and pu' l l  the wirning f lags out of
v iew.

The VSFI test  switches wi l l  operate in f l ight  or  on the ground and are pr imari ly
used to check the accuracy of  the indicators.
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Chapter 9

AUTOP I LOT

I ntroducti on

The autopi lot  provides the means by which the aircraf t  is  control led automat ica' l1y
in f l ight .  The autopi lot  can gufde the aircraf t  to the runway for landings. The
act ion of  the autopi lot  is  smooth s ince autopi lot  s ignals for  correct ive act ion
are direct ly proport iona' l  to the amount of  d isp' lacement.  Coordinated turns are
made in al l  modes of  operat ion.

Any desired pressure al t i tude or Mach can be maintained. Any desired navigat ion
course can also be maintained using VOR No. 2,  ILS No. 2,  TACAN No. 2 or INS
si  gna' l  s.

Power Requirements

The autopi lot  uses 115-vol t ,  400-hertz,  s ing' le-phase AC power f rom AC Nav Bus
No. 1,  and 28-vol t  DC power f rom the Main DC Avionics Bus No. 1.

The autopi lot  warning circuf ts are connected to the Iso' lated DC Bus.

Autopi lot  Controls and Indicators

The Automat ic Fl ight  Control  System (AFCS) panel  is  located on the pi lots '  cen-
ter console.  With th is pane1, the pi ' lot  can control  the desired mode engagement.
In addi t ion,  he can change al t i tude or make coordinated turns wfthout disengaging
the autopi  lot .

Al ' l  of  the switches on the AFCS control  pane' l  wi th the except ion of  the MACH
INC-MACH DEC are held to their  engaged posi t ion by a holding so' lenoid.

An inter lock system prevents engagement or releases the switch i f  an improper
engagement setup is selected by the pi1ot.

An AFCS tr im indicator panel  is  located on the pi lots '  center instrument pane1.
This panel  has four jndicators and four indicator l ights.

AFCS Control  Panel  Procedures

The AUT0PILOT switch on this panel  is  used to engage the autopi lot .  I t  can also
be used to disengage the autopi lot .  I f  the autopi lot  d isconnect switch on ei ther
control  wheel  is  depressed, the autopi lot  wi l l  d isengage and the AUT0PILOT switch
wi l l  return to the OFF posi t ion.  The yaw damper system does not disengage when
the autopi lot  is  d isengaged.

The NAV SEL/LAT OFF switch al lows the navigat ion aid selected on the copi lotrs
Navigat ion Selector Panel  (NSP) to furnfsh s ignals to the autopi lot .  Moving the
switch to NAV SEL engages the navigat ion aid.  Move the switch to neutral  i f  the

3:'28



4E-101

navigat ion aid is to
automat ical ly i f  the
pi lot  is  d isengaged.

Ai leron control  only
OFF. Ai leron control
to neutral .

be dfsengaged. The switch wi l l  be returned to neutral
TURN control ler  knob is moved out of  detent or the auto-

is disengaged by moving the NAV SEL/LAT OFF switch to LAT
by the autopi lot  is  restored when the switch is returned

The ALT HLD/PITCH OFF switch al ' lows the pi lot  to dfsengage pi tch control  only
by placing i t  to PITCH OFF. The ALT HLD posi t ion al lows the autopi lot  to keep
the aircraf t  at  the pressure al t i tude exist ing at  the t ime the switch is engaged
to th is posi t ion.  Al t i tude hold can be disengaged by placing thfs switch to
neutral .

Next to the ALT HLD/PITCH OFF switch is the PITCH control ler .  The PITCH con-
trol ler  can be rotated toward UP or DO|.JN to produce a pi tch change. Maximum
pitch ang' le is 30 degrees. The PITCH control ler  is  inoperat ive under the fo l low-
ing condi t ions:  ALT HOLD engaged, PITCH OFF engaged, G/S (gl ideslope) engaged,
or MACH HLD EL (Mach hold-elevator)  engaged.

The TURN control ler ,  located to the r ight  of  the PITCH control ler ,  is  used to
make coordinated turns wj th the autopi ' lot .  Turn i t  r rLrr  or  "R" as desired.
Maximum bank angle is 38 degrees. Whenever i t  fs used, the compass heading or
navigatfon aid being used is automat ical ly disengaged. When the TURN control ler
is returned to neutral  (detent)  posi t ion,  the compass is automat ical ly reengaged
as the aircraf t  ro l ls  to a wings-1evel  at t i tude. However,  the navigat ion afd
wi l l  be reengaged only i f  the NAV SEL/LAT OFF switch is placed to NAV SEL.

The G/S/VER NAV (gl ideslope/vert ical  navigat ion) switch is used, in the G,/S
posi t ion,  wi th the navigatfonal  a id funct ion of  the autopi lot  in the ILS mode.
An ILS frequency must be selected on VHF,/NAV No. 2,  and VOR/ILS must be selected
on the copi lot 's  NSP before the G,/S switch wi l l  engage. The G/S arm l ight
i l luminates when the G/S switch is set  to 0N. The gl ideslope funct ion engages
automat ical ' ly  as the aircraf t  intercepts the gl ideslope. Al t i tude ho1d, ' i f  on,
wi l l  automat ical ly disengage, the G/S ARM l ight  goes out,  and the aircraf t
t racks the G/5 s ignal .  The VER NAV posi t ion of  the switch a1lows the FSAS
(Fuel  Savings Advisory System) to ut i l ize the old VER NAV channel  of  the auto-
pi1ot,  which had been disconnected, to give the autopi ' lot  c1imb, cruise and
descent informat ion.  This is so that the aircraf t  can maintain those modes of
operat ion inserted in the FSAS.

AFSC Tr im Indicator Panel  Procedures

The four t r im indicators,  two for the rudder and one each for the ai leron and
elevator,  a ' l1ow visual  monitor ing of  the AFCS. Anyt ime a correct ion is appl ied
to an autopi lot  control  axis,  the indicator bar def lects f rom the index mark.

The A/P OFF l ight  comes 0N to indicate that  the autopi lot  has been disengaged
by one of  the system safety inter locks.  The l ight  may be turned OUT by depress-
ing ei ther of  the control  wheel  A/P disconnect switches or reengaging the auto-
pi  I  ot .
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Control  Wheel Steer ing

Contro ' l  wheel  steer ing (Cl , lS) is incorporated into the pi lotrs control  wheel  on1y.
I t  a l lows aircraf t  at t i tude control  wi thout disengaging the autopi lot .

Control  Wheel Steer ing Mode is selected by placing the Cl. lS selector switch,  on
the AFCS control  pane' I ,  forward to the CWS posi t ion.

A wheel pressure of  more than 2.5 pounds wi l l  act ivate the system. The bank or
pi tch angle wi l l  change up to the l imi ts of  the engaged operat ing mode.

I f  CWS force is released, and bank angle is greater than three degrees, the air-
craf t  wi l l  s tay at  the exist ing bank ang1e.

I f  CWS force is re ' leased, but bank angle is less than three degrees, the air-
craf  t  wi  I  I  ro l  ' l  I  evel  and hol  d the exi  st i  ng headi  ng.

In pi tch,  i f  the CWS force is released, the aircraf t  wi l l  remain at  the pi tch
ang' le exist jng at  the t ime of  re lease; however,  a CWS force must be sustained
to hold a devfat fon f rom the normal gl fdeslope path dur ing coupled ILS
approaches.

CWS act ion is present i f :  AUTOPILOT switch is 0N, TURN control ler  is  in detent,
and CWS switch is forward.

Rol l  CI.JS is inact ivated when the NAV SEL/LAT OFF switch is in LAT 0FF. NAV SEL
has pr ior i ty over rol l  CWS except when f ' ly ing a coup' led ILS approach. Pi tch
CWS is inact ivated when ALT HLD or PITCH OFF is selected. Al t i tude ho' ld has
pr ior f  ty over pi tch CWS. Pi tch Cf ' /S has pr ior i ty over MACH hold.

Autopi ' l  ot Mode Sel ecti  on

The var ious autopi lot  modes have def in i te pr ior i t ies and compat ib i ' l i t ies.  The
term compat ib i l i ty  is  used to indicate that  two di f ferent modes can be selected
at the same t ime. For example,  a ' l t i tude hold and rol l  CWS can be selected at
the same t ime.

Some modes have pr ior i ty over other modes. I f  a higher pr ior i ty mode is selec-
ted, the lower pr ior i ty mode wi1' l  drop out of  the control  c i rcui t .  The inter-
lock system prevents the pf lot  f rom se' lect ing a low pr ior i ty mode when a higher
pr ior i ty mode has already been selected.

AUTOPILOT OPERATIONAL MODES

Introduct ion

The autopi lot  modes are selected by switches on the AFCS contro ' l  panel .  Selec-
t ion of  navigat ion aids used with the autopi lot  are made on the copi lot 's  navi-
gat ion selector panel .
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Heading Hold Mode

This is a pr imary mode. In th ' is  mode, the autopi lot  uses the exist ing aircraf t
heading at  t ime of  switch engagement as the heading reference. This mode is
selected when the AUT0PIL0T switch (AFCS panel)  is  turned 0N. I t  is  not  in oper-
at ion when CWS or the TURN control ler  is  being used.

Al t i tude Hold Mode

This mode ho' lds the aircraf t  at  the reference al t i tude exist ing at  t ime of
engagement.  Sett jng the ALT HLD/PITCH OFF switch to ALT HLD engages this mode.
The heading hold mode is retained. Al t i tude hold mode drops out i f  MACH HLD EL
is selected, or i f  G/S ARM is selected and the aircraf t  intercepts the ILS gl ide-
s1ope. No pi tch CWS is avai lable when this mode is used.

Mach Hold Mode

This mode maintains the aircraf t  at  the Mach exist ing at  the t ime of  engagement.
The Heading Hold Mode is retained. Other heading modes may be selected. Use
MACH HLD EL switch (AFCS pane' l ) .  The Mach reference can be increased/decreased
up to .05 Mach by use of  MACH INC/MACH DEC switch (AFCS panel) .  This mode drops
out i f  ALT HLD switch is used or i f  G/S ARM is selected and the aircraf t  inter-
cepts the gl ides' lope. CWS pi tch control  has pr ior i ty over th is mode.

Pi tch Off  Mode

Select ing PITCH OFF with the ALT HOLD/PITCH OFF switch turns of f  p i tch control
only.  The rest  of  the autopi lot  is  st i l l  engaged. The pi lot  and/or copi ' lot  has
to f1y the pi tch axis manual ly in th is condi t ion.

Lateral Off Mode

Select ing LAT OFF with the NAV SEL/LAT OFF switch turns of f  lateral  steer ing
on1y. The rest  of  the autopi lot  js  st j l l  engaged. The p' i lot  and/or copi lot
f lys the lateral  axis in th is mode.

Navigat ion Select  Operat ion

Basic autopi lot  funct ions may be supplemented by s igna' ls f rom the navigat ion
systems instal led on the C-141. Select ion of  the desired aid is made on the
copi  l  otr  s navi  gat i  on se' lector panel  .

Heading Select  Mode

In th is mode, the autopi1ot maintains the aircraf t  on the heading set wi th the
heading marker on the copi lot 's  HSI.  Set the HDG SEL/NAV button on the copi lot ts
navigat ion selector panel  to HDG, and the NAV SEL/LAT OFF switch (AFCS pane' l )  to
NAV SEL.
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V0R/ILS Mode

This mode is placed in servfce by depressing the VOR/ILS button on the copi ' lot 's
navigat ion selector panel ,  and p' lacing the HDG SEL/NAV button to NAV. After
these two have been set,  set  the NAV SEL/LAT OFF switch (AFCS panel)  to NAV SEL.
When intercept heading is establ ished, the autopi lot  wi l l  remain responsive to
the heading marker unt i l  the VOR course deviat ion is one dot def lect ion;  then
the navigat ion aid takes over control .

To use ILS, tune a local izer f requency on the VHF NAV No. 2 and proceed as above.
The autopi lot  wi l l  begin to t rack the local izer when course deviat ion is s ' l ight ly
greater than two dots.  Af ter  local izer intercept,  posi t ion the G/S switch to
G/S ARM. The autopi lot  wi l l  maintain level  f l ight  unt i l  intercept ing the G/S;
then i t  wi l l  begin to t rack the G,/S signal .

TACAN Mode

For th is mode, use the TACAN button on the copi lot 's  navigat ion selector pane1.
Next,  set  the HDG SEL/NAV button to NAV. 0n the AFCS panel ,  the NAV SEL/LAT OFF
switch is set  to NAV SEL.

Turn the aircraf t  wi th the copi lot 's  HSI heading marker to intercept the desired
TACAN radial .  The autopi lot  wi l l  receive TACAN course signals when the TACAN
beam coupler is energized at  one dot course deviat ion.

INS Select  Mode

To use INS, select  INS 1 or INS 2 on the copi lot 's  navigat ion selector pane1.
0n the AFCS panel ,  p lace the NAV SEL/LAT OFF switch to NAV SEL. The autopi lot
wi l l  then intercept and track the act ive INS course i f  the copi lot 's  HDG SEL/NAV
button is in NAV.

Fuel  Savings Advisory System Mode (FSAS)

To use the FSAS, select  the mode of  operat ion in the FSAS (refer to the
1C-1418-1 for modes to select  f rom and their  use) press the l ighted engage
button on the FSAS CDU, and then take the G/S/VER NAV switch to the VER NAV
posi t ion.  The aircraf t  wi l l  now maintain on f ' ly  the node selected in the FSAS.
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Chapter 10

YAW DAMPER SYSTEM

(Figure 3-27)

I  ntroduct i  on

The Automat ic Fl ight  Control  System (AFCS) includes a yaw damper system. This
yaw damper system operates independent ly of  the autopi lot  port ion of  the AFCS
and is electr ical ly isolated from the autopi lot .

This yaw damper system controls the rudder in al l  modes of  automat ic operat jon.

Theory of  Operat ion

Yaw damper engagement means that the rudder contnol  surface is being posi t ioned
by the rudder servos of  the AFCS. This engagement is accompl ished by placing
the yaw damper switch on the yaw damper panel  to 0N. The rudder servos have
automat ical ly assumed the posi t ion of  the aircraf t  pr ior  to th is,  resul t ing' in
ir smooth takeover by the yaw damper.

l :  i f re autopi lot  is  not operat ing,  yaw damper rate gyros No. 1,  No.
sense any deviat ion of  the afrcraf t  in the yaw axis.  Immediately,
genera. ted proport ional  to the yaw, sent to the yaw damper computer,
and then sent to the servos to dampen out the deviat ion.

2,  and No. 3
a signal  is
ampl i  f i  ed ,

I f  the autopi lot  is  operat i rg,  a dynamic vert ical  sensor (pendulum) sends signals
from rol l  crossfeed channel  of  the ai leron computer into the rudder channel  that
is used for tur t t  coordinat ion.  That is,  i f  the turn is not coordinated, th is
device senses this fact  and generates a s ignal .  The magnitude of  the s ignal  is
proport fonal  to the amount of  s l ipping or skidding. The vert ical  sensor 's s ignal
is then summed jn wi th the yaw rate gyro s ignals to obtain the proper rudder
posi t ion for  a coordinated turn.  The YAW damper is also used by the AWLS system
for course correct ions dur ing automat ic landings.

Operat i  on

The yaw damper system uses 115-vo1t,400-hertz,  s ingle-phase AC power f rom the
Emergency AC Bus through three yaw damper c i rcui t  breakers on the emergency
circui t  breaker pane' | .  In addi t ion,  the yaw damper uses 28-vol t  DC power f rom
the Emergency DC Bus. There are two DC yaw damper c i rcui t  breakers on the emer-
gency circui t  breaker panel .

The yaw damper control  panel
on the yaw damper,  p lace the

Warning System

If  one of  the yaw rate gyros
turn on the YAW DAMPER FAULT

is located on the pi lot 's  center console.
0FF-0N switch to 0N.

To turn

or servos malfunct ions,
l ight  located on the pi

the monitor system wi l l
lot 's  annunciator panel .
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If  more than one of  the yaw rate gyros and/or servos malfunct ion,  i t  is  detected
by Fmonitor c i rcui t  which turns on the YAW DAMPER INOPERATIVE l ights located
on the pi lot 's  and copi lot 's  instrument panels and automat ical ly disengages the
YAW DAMPER.

Test i  ng

The yaw damper test  c i rcui t  is  wired through the touchdown relays,  so that i t
is  rendered inoperat ive whenever the aircraf t  is  in f l ight .

Test ing is accompl ished from the yaw damper control  panel  located on the pi lot 's
center console.  Procedures for test ing are located in T0 1C-1418-1.
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Chapter 11

FLIGHT DIRECTOR SYSTEM

The C-141 aircraf t  is  equipped with dual  f l ight  d i rector systems (FDS).  They
are designated the pi lot 's  and copi ' lot 's ,  and are completely independent.  Each
has i ts own compass and navigat ional  a ids inputs.  The pi lot 's  FDS recejves i ts
signals f rom the No. 1 navigat ional  a ids.  The copi lot 's  FDS receives i ts s igna' ls
from the No. 2 navigat ional  a ids.

Att j tude is by a vert ical  gyro s igna' l  f rom INS or AHRS (INS No. 1 or AHRS for
the pi lot 's ,  and INS No. 2 or AHRS for the copi lot 's) .  At t i tude' informat ion for
both Fl ight  D' i rector Computers is suppl ied by the Test Programmer and Logic
Computer.  This s igna' l  is  the median signal  of  the three at t i tude sources in the
c- 141.

Each FDS consists of  s ix major components:  At t i tude Director Indicator (ADI),
Hor jzontal  Si tuat ion Indicator (HSI) ,  Fl ight  Director Computer,  Rol l  and Pi tch
(Att i tude) f rom INS or AHRS, Rate Transmit ter ,  and the Navigat ion Selector Panel .

In addi t ion to the above, there is the RATE OFF warning f ' lag,  Switching Rate
Gyro, AWLS/FI ight  Director Test Panel ,  AWLS Faul t  ldent i f icat ion Panel ,  and AWLS
irrogress Display Pane1. The F' l ight  Director Computers,  INS and AHRS Gyros, and
the Rate Transmit ter  are located in the underdeck equipment racks.

The FDS is s imply a combining of  indicators,  i .e. ,  a br inging together or inte-
grat ion of  many indicators into two. These two instruments are used to portray
the aircraf t 's  hor izontal  and vert ical  at t i tudes. The navigat ion selector panel
is used to select  d i f ferent navigat ional  systems for presentat ion on the f l ight
director instruments.

ADI

Basical ly,  the Att i tude Director Indicator is a rol l  and pi tch indicator.  I t
employs a convent ional  ar t i f ic ja l  hor izon to indicate the aircraf t 's  at t i tude,
relat ive to the earth.  The INS or AHRS gyros and at t i tude sphere are used to
provide this informat ion.

The at t i tude warning f lag comes into v iew when power js lost  to ei ther an at t i -
tude gyro or ADI.

A pi tch t r im knob is on the lower r ight-hand
posi t ion of  the at t i tude sphere in the pi tch

Turn and Bank Indicator

corner of  the ADI to adjust  the
axi  s.

At the bottom of the ADI is a turn and sl ip indicator and a 4 minute rate-of- turn
needle.  These indicators provide regular needle and bal l  operat ion.
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0n the lef t  s ide of  the ADI is the vert ical  deviat ion indicator.  The aircraf t 's
posi t ion is represented by the center l ine,  which is an extension of  the minia-
ture airplane. Vert fcal  deviat fon is presented as a var iable marker.  The VDI
has a warning f lag which wi l l  appear i f  the g ' l ides' lope signal  is  lost  or  unrel i -
able.  However,  unt i l  the VDI is used, both the VDI and warning f lag wi l l  be
biased out of  v iew.

An al t i tude indicator (r is ing runway) moves up into v iew at  180 feet Radar a ' l t i -
tude dur ing approaches. At touchdown, the al t i tude indicator should be touchfng
the wheels of  the miniature afrcraf t .

The ADI has two other i tems of  importance: the bank and pi tch steer ing bars.
These are used to ref lect  computed bank and pi tch steer ing commands and wi l l  be
discussed in a later paragraph. Therefore,  the ADI is pr imari ly an art i f ic ia l
hor izon with a turn and sl ip indicator and the VDI.

HSI

The Horizontal  Si tuat ion Indicator is pr imari ly a master repeater for  the compass
system. Also incorporated into the HSI is a range (DME) indicator and radio mag-
net jc bear ing pointer (RMI needle).

Aircraf t  heading (magnet ic,  t rue or gr id)  is  read under the upper lubber l ine.
The aircraf t  symbol is af f ixed to the face of  the indicator,  wi th the upper and
lower lubber l ines represent ing an extension of  the aircraf t 's  nose and tai l .
The compass card rotates around the aircraf t  symbol and lubber l ines as aircraf t
heading changes.

The heading set knob is used to manual ly
indicated by the posi t ion of  the heading
0nce set,  the heading marker wi l l  rotate
heading changes.

select  d i f ferent heading references as
marker,  re lat ive to the compass card.
wi th the compass card as aircraf t

The bear ing pointer is basical ly an RMI (Radio Magnet ic Indicator)  needle.  How-
ever,  in two cases i t  does not indicate the magnet ic bear ing to the stat ion.
This wi l l  be covered with the di f ferent modes of  operat ion.

The center port ion of  the HSI (except for  the aircraf t  symbol)  is  the course
deviat ion sect ion.

The course deviat ion indicator (CDI) ref lects the actual  deviat ion f rom the
desired course ( t rack or radial) ,  as selected in the course window and indicated
by the head of  the course arrow. The TO-FROM indicator solves ambigui ty,  i .e. ,
j f  the course selected is toward or away from the stat ion.  When the diamond
points toward the course arrow head, the course js T0; when i t  points toward the
course arrow tai l ,  i t  is  FR0M the stat ion.  The desjred course js selected by
rotat ing the course set knob. Any one of  360 di f ferent courses can be selected.
The complete CDI sect ion wi l l  rotate when select ing a new course or changing the
aircraf t  heading. The course warning f lag wi l l  be out of  v iew when signals are
rel ' iable.
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The range indicator (DME) provides a miniatur ized, digi ta l  readout of  the dis-
tance to the selected stat fon,  i f  the mode selected af fords the capabi l i ty .
The range indicator 's maximum reading is 999 naut ical  mf les.

Navigat ion Selector Panels

Two NAVIGATION SELECTOR pane' ls (NSP),  located on the pi lot 's  and copi lot 's  g lare
shields,  contain contro ' ls  for  select ing the navigat ion modes for the f l ight  d i rec-
tor systems. The pushbuttons on the pi lot 's  NAVIGATION SELECT0R panel  control
inputs to No. 1 f l ight  d i rector system, and the pushbuttons on the copi lot 's
NAVIGATION SELECTOR panel  control  inputs to No. 2 t l ight  d i rector system and auto-
pi1ot.  Mechanical  inter locks are incorporated in the top row of  pushbuttons to
prevent depressing any two pushbuttons together.  The four pushbuttons on the
bottom row of  each uni t  (GRID HDG is l ight  only)  may be selected independent of
the top row select ion.

INS-1 and INS-2 pushbutton -  appl ies INS navigat ion fnformat ion and true heading
from the selected INS to the associated HSI.

INS-1 and INS-2 ALERT (bottom hal f  of  INS No. 1 and INS No. 2 pushbuttons) i l lum-
inate when the ALERT l ight  on the CDU of the associated INS i l luminates.

TACAN pushbutton -  appl ies TACAN signals to the associated HSI.

VOR/ILS pushbutton -  appl  ies V0R/ILS signals to the associated HSI.

NAV OFF pushbutton -  removes al l  nav receiver and computer inputs to
FDS and HSI.

GRID HEADING - consists of  two independent l ights,  HSI and BDHI.
They i l luminate when GRID heading from INS is dis-
played on the associated HSI or BDHI as fo l lows:

Pi lot 's  NSP - GRID HD (HSI l ight)  wi l l  i l luminate when INS-1 is in Grid and pi lot
has selected MAG HDG (INS) and NSP is not in INS-I  or  INS-2.

Copi lot 's  NSP - GRID HDG (HSI f ight)  wi '11 i l luminate when INS-2 is in Grid and
copi lot  has selected MAG HDG (INS) and NSP is not in INS-I  or  INS-2.

Copi lot 's  NSP GRID HDG (BDHI l ight)  wi l l  i l luminate when INS-1 is in Grid and
pi lot  has selected MAG HDG (INS).

NOTE - These l ights are not af fected by AHRS.

ATT SEL pushbutton -  a l lows select ion of  INS or AHRS as the source of  at t j tude
signals for  the associated ADI.  When INS is selected, the pi lot 's  source is
INS No. 1 and the copi lot 's  source is INS No. 2.  The pi lot 's  ATT SEL switch
receives power f rom the emergency DC bus.

MAG HDG pushbutton -  I f  TACAN, VOR/ILS, or NAV/OFF is selected, MAG HDG push-
button al lows select ion of  e i ther the INS or AHRS as the source of  magnet ic
heading for the associated HSI.
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ADI REP pushbutton -  j f  selected on the pi lot 's  NAVIGATI0N SELECTOR pane1,
pf ' lot 's  FDS repeats indicat ion of  copi lot 's  FDS; i f  selected on copi lot 's  NAVI-
GATION SELECTOR pane1, copi ' lotrs FDS repeats indicat ion of  p i lot 's  FDS.

NAV/HDG pushbutton -  a l lows select ion of  heading mode or nav' igat ion mode.

The ADI REP Funct ion

The ADI REP funct ion is a feature whereby one pi lot  can disp' lay the same steer-
ing and gl ides' lope informat ion on his ADI that  is displayed on the other pi ' lot 's
ADI.  Whenever the ADI REP button is depressed, the associated ADI wi l l  repeat
the same bank and pi tch steer ing commands, f1ags, and g' l ' ideslope deviat ion
informat ion that are being presented on the other FDS ADI.

I t  must be emphasized that at t i tude, at t i tude warning, and turn and bank infor-
mat ion wi l l  not  be repeated. The ADI REP funct ion can be used when an ILS,/
g ' l ideslope receiver or f ' l ight  d i rector computer fa i ls .

HDG SEL/NAV Button

Anyt ime the HDG SEL/NAV button is posi t foned to HDG SEL, the FDS wi l l  d isregard
the NAV signals and use the heading marker 's set t ing to compute the bank angle
necessary for  the new heading. That is,  in the HDG SEL mode of  operat ion,  the
bank steer ing bar wi l l  present steer ing commands to turn to whatever heading is
selected under the heading marker.

A pract ical  use of  th is feature can be seen dur ing a missed approach si tuat ion.
With the FDS in the ILS APPROACH mode, the missed approach heading could be set
under the heading marker.  In the event of  a go-around, moving the HDG SEL/NAV
button to HDG SEL would provide bank steer ing informat ion to the missed approach
headf ng.

The HDG SEL pos' i t ion wi l l  have no ef fect  on the presentat ion of  the HSI.  I t
merely changes the reference used by the FDS Computer to compute bank steer ing
signals f rom the desired course to a desired heading. Maximum bank, as commanded
by the FDS in HDG SELECT, is 30o.

When the HDG SEL/NAV button is in NAV, the FDS is now armed for capture of  the
selected NAV/AID. When the aircraf t  is  wi th in the necessary capture zone, the
FDS wi l l  command intercept and track' ing of  the desired course or t rack.

Maximum bank, as commanded by the FDS in NAV, is 30o in al l  modes except ILS and
INS. At gl ideslope capture,  the bank command is fur ther reduced to 7.5".  For
INS, the bank angles below 10,000 feet -  23o MAXi 10,000 feet to FL 250'15-200'
above FL 250 -  15o MAX.
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NAV-OFF/NAV Mode

HSI

The on' ly usable informat ion displayed on the HSI whi le operat ing in th is mode
wi l ' l  be aircraf t  heading. Aircraf t  heading wf l l  be displayed under the upper
lubber l ine and also as a digi ta l  " readout"  in the course window. (This is the
resul t  of  the course arrow head being slaved to the upper lubber l ine.)  The
bear ing pointer wi l1 be slaved to the lower lubber 1ine, the CDI wi l l  be cen-
tered and the warning f lag in v iew, the distance indicator wi ' l l  be masked, and
the headjng marker wi l l  remain at  whatever posi t ion i t  was set,  i .e. ,  i t  wi l l
rotate wi th the compass card unt i l  i t  is  manual ly changed.

ADI

The ADI wi l l  be in the basic navigat ion mode and af ford only basic f l ight  indi-
cat ions.  The at t i tude sphere (art i f ic ia l  hor izon) and turn and sl ip (need' le
and bal l )  are the only act ive indicat ions.  The VDI,  GSI warning f lag,  bank and
pi tch steer ing bars,  and course warning f lag w' i11 al l  be biased out of  v iew.

Inasmuch as the VDI and bank steer ing bar are ' inact ive and pul led out of  v iew
in th is mode, their  associated warning f lags are also pul led out of  v iew.

VOR-NAV Mode

HSI

With the VOR/ILS-1 button depressed and a VOR stat ion tuned on the VHF-NAV
receiver,  VOR signals wi l l  be avai lable for  use by the HSI.  By select ing the
desired course (ei ther inbound or outbound) in the course window, convent ional
navigat ion informat ion wi l l  be avai lable to the pi ' lot .  Aircraf t  heading wi l l
be presented under the upper lubber l ine.  Course deviat ion ( lef t  or  r ight)  wi ' l ' l
be ref lected by the CDI.  In th is mode, each dot of  deviat ion represents 50 of f
course. TO-FR0M informat ion wi l l  be determined and presented by the posi t ion of
the T0-FROM indicator.  Signal  re l iabi l i ty  is  ascertained from the course devia-
t ion and warning f ' lag.  Magnet ic bear ing to the stat ion is read direct ly f rom
the compass card,  under the bear ing pointer 's head. The reciprocal  is  read at
the bear ing pointerrs ta i l .  The range indicator is inact ive and i t  wi l l  be
mas ked.

ADI

In addi t ion to basic f l ight  indicat ions,  computed bank informat ion to the
selected course (radial)  wi l l  be ref lected on the bank steer ing bar.  The bank
steer ing bar is direct ional  ( f ly- to- indicat ion) dur ing normal intercepts and wi l l
be centered i f  one of  two condi t ions exists:  the aircraf t  is  on course, or the
aircraf t  has been banked suff ic ient ly for  a proper intercept angle to the desired
course. Bank angle s igna' ls,  a long with course error and course deviat ion s igna' ls,
are sent to the FDS, where the necessary bank ang' le is resolved and the necessary
amount of  bank angle is def lected on the bank steer ing bar.  The maxfmum bank,
as commanded from the computer for  a l l  NAV modes, wi l l  be 30o.
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Bank steer ing bar rel iabf l i ty  can be ascertained by the course warning f)ag.
When the f lag is in v iew, i t  indicates ei ther lost  or  unrel iable course or
steer ing informat ion.  Fai lure of  the FDS Computer wi l l  af fect  only the bank
steer ing bar,  as i t  does not have inputs to the HSI.  In the above condi t ion,
the bank steer ing bar wi l l  a lso be retracted from view as an added precaut ion.

ILS-NAV Mode

HSI

When a local izer f requency is selected on the VHF-NAV control ,  the VOR/ILS-1
button depressed, and suff ic ient  local izer s ignals received, the system is in
the ILS-NAV mode. Set the local izer course in the course window. The CDI wi l l
d isplay the relat ive posi t ion of  the center ' l ine.  Each dot of  deviat ion in the
ILS mode represents a deviat ion of f  the center l ine.  The TO-FR0M indicator wf l l
be out of  v iew, s ince solv ing for ambigui ty js not a funct ion of  the local izer
system. The bear ing pointer wi l l  f reeze at  i ts  last  posi t ion.  The range indi-
cator wi  I  I  be masked.

As long as the f ront course approach heading is selected in the course window,
the CDI wi  11 .{$[  be di  rect iona].

ADI

Al l  of  the features discussed w' i th V0R-NAV operat ions wi l l  be act ive on the ADI
(at t i tude sphere,  turn and bank, and bank steer ing bar) .  The bank steer ing bar
wi l l  command intercept and tracking of  the local jzer when the aircraf t  is  wi th in
sl ight ly less than 2 dots of  CDI.  As the aircraf t  intercepts the g ' l ideslope,
the VDI wi l l  appear f rom the top of  the scale and move downward as the aircraf t
approaches the center of  the gl ideslope. f , lhenever the aircraf t ' is  wi th in 1/4 of
a dot f rom the gl ideslope center l ine,  the pi tch steer ing bar wi '11 be def lected
into v iew close to the center of  the ADI.  The FDS Computer is now in the ILS-
APPR0ACH mode, and closer lateral  guidance is of fered. In th is mode, the maxi-
mum bank angle that  the bank steer ing bar wi l l  command is 15o. As long as the
aircraf t  stays wi th in two dots of  deviat ion,  e i ther CDI or GSI,  the FDS wi l l
remain in the ILS-APPR0ACH mode.

N0TE: Steer ing informat ion cannot be used for f ly ing inbound on the
back course or outbound on the front course of  a local izer.

TAC-NAV Mode

TACAN

l,r i th TACAN pushbutton depressed and the TACAN receiver tuned, the HSI wi l l  d is-
play bear ing,  course deviat ion,  d istance, and to-from informat ion relat ive to
the TACAN stat ion.  Each dot disp' lacement on CDI is 5".  The course capture zone
is a funct ion of  d istance. The intercept threshold decreases with distance from
the ground stat ion.  The intercept starts at  approximately 2 dots at  50 mi les
and is 2/3 dot at  150 mi les.
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HSI

Select ion of  INS-I  or  INS-2 wi l l  d isplay somewhat di f ferent indicat ions than VgR
or TACAN on the HSI.  The CDI wi l l  ref lect  mi les of f  desired track instead of
degrees. Each dot of  deviat ion is 1.5 NM. The desired course wi l l  be automat i -
ca1ly displayed. The bear ing pointer wi l l  indicate t rue t rack.

The range indicator wi l l  be act ive,  and the maximum readout fs 999 NM. But,wl t91 gnerat ing in the INS mode, the actual  readout on the distance indicator
wi l l  be the DME for TACAN No. 1 on the pf lot 's  HSI and the DME for TACAN No. 2on the copi lot 's  HSI.

ADI

The FDS wi l l  command a maximum intercept angle of  45o, regardless of  cross-trackdistance. The ADI indicat ions wi l l  remain [n" same as VOR-NAV, wi th the under-standing that bank steer ing informat ion wf l l  be computed to the desired INScourse, as displayed in the course window. The VOI,  g l ideslope warning f lag,and pi tch steer ing bar wi l l  a l l  be biased out of  v iew.

FDS Mal funct ions

Malfunct ions af fect ing the val id operat ion of  the pi lot ,s and copi lot ,s at t i tudesource, the ADI at t i tude spheres,  and the command steer ing bars are indicatedby the i l luminat ion of  caut ion l ights on the progress display panels and uy oneor more l ights on the faul t  ident i f icat ion pane1.
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INS-NAV Mode

Att i tude Gyro Mal funct ion

As previously ment ioned, furnishes pi tch and rol l  d isplacement s ignalsto the ADIs.

These dfsplacement s ignals are also furnished to the TPLC, where theseare compared. The median signal  is  then selected and seni  to both FDSand the AFCS.

The TPLC also monitors the ADI sphere relat ionship to the s ignal .

N0TE: For thfs discussion, the pirot ,s system wi i l  be used.
Refer to Faurt  and caut ion panels ior  indicat ions.

1.  Probl  em

Pi lot 's  gyro exceeds 50 of

Display

The AUTO CAUTION, INS/ATT,

deviat ion,  e i ther pi tch or rol l .

and TPLC faul t  l ights wi l l  i i luminate.

di  rect ly

signals
computers
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2. Problem

Pi lot 's  ADI sphere fa i ls to dr ive wi th i r  5o,  p i tch or rol l ,  of  the gyro
displacement s ignals.

Di spl ay

The AUT0 CAUTI0N and INS/ATT faul t  l ights wi l l  i l luminate.

I f  the above deviat ions were caused by a low vol tage condi t ion af fect ing
the GYRO or ADI Ampl i f ier ,  the ATTITUDE WARNING f lag would also be displayed.

FDS Mal funct ions

Any malfunct ion of  the Fl ight  Director Computer should be indicated by the
i l luminat ion of  the appropr iate FLT DIR faul t  l ight  and the MAN caut ion' l ight .
I f  the malfunct ion af fects the bank channel ,  the ADI Course Warning Flag wi l l
a lso be in v iew.

FDS Self-Test

The FDSs have the capabi l i ty  of  sel f - test .

The test  is  s imple and short ,  taking a maximum of 6.5 seconds to complete.
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Chapter 12

STALL PREVENTION SYSTEMS

There are two independent stal l  prevent ion systems. Each system is independent
of  the other and is composed of  a control  panel ,  an e ' lectr ical ly heated angle
of at tack sensing vane, a computer channel ,  an overhead panel  switch,  and a
control  column shaker.  The systems are ident i f ied as No. 1 and No. 2.  No. 1
system acts on the pi lot 's  control  column, and No. 2 acts on the copi lot 's
control  column. Separate electr ical  power sources and emergency shutof f
switches are provided for each system. Dur ing an approaching stal l  condi t ion,
the control  shakers are energized. This imparts v ibrat ion to the control  columns,
suff ic ient ly v io lent as to be immedjately ident j f iable by the p ' i1ots.  Power is
removed from the pi tch t r im noseup mode. Placing one switch "0FF" does not
af fect  operat ion of  the other system.

The stal l  computer receives input s ' ignals f rom the angle-of-at tack vanes, the
CADC's,  and f lap and gear posi t ion.  The stal l  computer has two alarm schedules
predicated on the posi t ' ion of  the f laps and gear.  In the dir ty conf igurat ion
(gear down and f laps extended beyond 60% plus or minus 8%), shaker onset is
in i t iated as a funct ion of  angle of  at tack.  In the c lean conf igurat ion (gear
up or f laps NOT extended beyond 60% p' lus or minus B%), mach number is also
introduced into the stal l  warning schedule.

The shakers cont inue to operate unt i l  the aircraf t  has responded and the angle
of at tack has been reduced below the level  at  which the shakers were actuated.
When this point  is  reached, the copi ' lot 's  shaker funct ion is immedfately removed.
Approximately three seconds later,  in the c lean conf igurat ion only,  the pi lot 's
shaker funct ion is removed. In the event recovery is not in i t iated at  the
shaker warning, an audible warning of  a stal l  condi t ion occurs at  a computed
point  that  is  a funct ion pr imari ' ly  of  angle of  at tack and MACH number.

Stal l  Prevent ion System Panel

A STALL PREVENTION SYS panel  is  provided on the pi lots '  overhead pane1. The
panel  contajns two toggle switches, one for the No. 1 system (PILOT) and one
for the No. 2 system (COPIL0T).  Each switch has two posi t ions:  (1)  Norm,
(2) 0f f .  In the "NORM'|  pos' i t ion,  the appl icable system is armed to provide
stal l  warning by control  column shaker operat ion.  l , /hen ef ther the PILOT or
the C0PILOT switch on the overhead control  panel  is  p ' laced at  "0FF," the corre-
sponding system is deact ivated and does not provide stal l  warning. The "OFF"
posi t fon is used as a system emergency shutof f ,  or  is  used i f  a system malfunc-
t ion is suspected. Placing one switch rr0FFrr does not af fect  operat ion of  the
other system.

Stal l  Prevent ion Panels

Two STALL PREVENTI0N panels are provided, one on the pi lot 's  s ide console
and the other on the copi lot 's  s ide console.  Each panel  contains a three-
posi t ion ("TEST," "N0RM," "MACH TESTTT) toggle switch and a sta ' l l  warning 1ight.
The panel  on the pi lot 's  s ide console provides test  and visual  stal l  warning
capabi l i t ies for  the No. 1 system, whi le the panel  on the copi lot 's  s ide console
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provides the same capabi l i t ies for  the No. 2 system. The switch on each STALL
PREVENTI0N panel  ,  when p' laced in the "TEST" posi t ion wi th the a ' i rcraf t  on the
ground, actuates touchdown relays to place the corresponding system in the
airborne condi t ion.  Shaker operat ion may then be checked by sui table posi t ioning
of the angle-of-at tack vane of  the system. When the switch is placed in the
"MACH TESTi l  posi t ion,  the system is s imi ' lar ly placed in the airborne condi t ion,
and may be tested for shaker operation at the conrect Mach numbers by operating
the test  switches on the corresponding CADC test  panel-

N0TE: Do not place the stal l  prevent ion test  switch to the "MACH TEST" posi t ion
i f  the aircraf t  is  f ly ing at  M 0.365 or greater.

The STALL warning l ight  f l luminates when the correspondfng system has sensed an
approaching stal l  condi t ion and the related computer has transmit ted the stal l
s ignal  to the shaker c i rcui ts of  that  system. The l ight  remains i l luminated
unt i l  the stal l  condi t ion has been corrected and shaker operat ion has ceased.
The l ight  is  included in the instrument dimmfng circui t ,  and is dimmed when the
instrument ' l ights are dimmed.

System brlarning Lights

Indiv idual  warning l ights are provided on the annunciator panel  for  each of  the
stal l  prevent ion systems. These consist  of  a STALL PREV N0. 1 l ight  and a STALL
PREV N0. 2 1ight.  The STALL PREV N0. 1 or STALL PREV N0. 2 l ight  is  i l luminated
i f  a fa i lure occurs in the computer c i rcui ts or the vane heat ing c i rcui t  of  the
corresponding system, or i f  the corresponding switch on the overhead control
panel  is  of f  .  Placing the appl f  cab' le switch on the overhead control  pane' l  in
the "0FFi l  posi t ion deactfvates that system and i l luminates the annuncfator
I  i  ght .

Stal  ' l  Prevent i  on Computer

The stal ' l  prevent ion computer,  on the lef t  s ide of  the center avionics rack,
contains two comp' letely independent channels.  The No. 1 channel  receives inputs
from the lef t  angle-of-at tack vane transducer,  the lef t  outboard f lap posi t ion
switch,  nose gear posi t ion switch,  the No. 1 CADC, and from a yaw rate gyro.
The No. 2 channel  s imi lar ly receives inputs f rom the r ight  angle-of-at tack vane
transducer,  the r ight  outboard f lap posi t ion switch,  nose gear posi t ion switch,
the No. 2 CADC, and from a yaw rate gyro.

The computer outputs operate the stal l  prevent ion systems and also provide
visual  and audible warnfng i f  the spoi ler  lever is armed dur inE an approach to
a stal l  condi t ion and the aircraf t  is  a i rborne.

Angl  e of  At tack Vanes

An angle-of-at tack vane is mounted on each side of  the forward fuselage. The
lef t  vane provides angle of  at tack s igna' ls f rom the No. 1 stal ' l  prevent ion
system, and the r ight  vane performs the same funct ion for  the No. 2 stal l  pre-
vent ion system. The vanes are electr ical ly heated for protect ion f rom ic ing.
The vanes are posi t ioned by air f low over them dur ing f l ight .  Yane movement
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rotates a shaft  in each vane assembly to which a t ransducer is coupled. The
transducer t ransmits cont inuous local  angle-of-at tack s ignals to the related
channel  of  the stal l  prevent ion computer so long as the appl icable system is
energi  zed.

Stal l  Prevent ion System 0perat ion

When ei ther computer channel  t ransmits a sta ' |1 s ignal  to the corresponding
system, the shaker motor of  that  system is energized. When the stal l  condj t ion
has been corrected, the stal l  prevent ion computer removes the shaker s ignal  and
the shaker motor of  that  system is deenergized.

Audible Stal l  Warning

0n aircraf t  modif ied by T.0.  503, an audible stal l  warning is provided to indi-
cate that  immediate act ion should be taken to restore the airp ' lane to a safe
angle of  at tack.  The audible warning is provided through the intercom system
and the overhead warning horn and loudspeaker.  The audible stal l  warning does
not occur unless the shaker has already energized. The audible warning can be
energized by ei ther or both of  the stal l  prevent ion computer channels whenever
one of  the fo l lowing condi t ions is reached:

1.  Af ter 5.0 seconds of  shaker operat ion (gear or f laps or both are up) or at
a computed point  which is a funct ion of  MACH number and ang' le of  at tack.

2.  With the f laps extended beyond 25 degrees and the gear down, stal ' l  event
audible warning is a funct ' ion of  angle of  at tack.

In both the above modes, the computer act ivat ion points are adjusted by angle
of at tack rate and yaw rate,  which serve to ant ic ipate a stal l  condi t ion.  A
higher rate of  change in ang' le of  at tack resul ts in act ivat ion of  the stal l
event warning at  a lower angle of  at tack,  as does an increase in yaw rate.

An audible stal l  warning is also provided i f  the spoi ler  lever is armed dur ing
an approach to a stal l  condi t ion.

Any t ime the audible stal l  warning act ivates,  the stal l  warning l ights,  located
on the pi lot 's  and copi lot 's  s ide console panels,  a lso i l luminate.
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Chapter 13

FUEL SAVINGS ADVISoRY SYSTEM (FSAS)

(F' igures 3-28 thru 3-33)

With the addi t ion of  TCT0 502 to the C-141 f leet ,  fuel  savings of  approximately
2.5 percent can be achieved in most C-141 operat ions.  Over a per iod of  t ime,
this wi l l  reduce the overal l  fuel  usage. The FSAS system, in performing i ts
funct ion,  a ' lso wi l l  a id the aircrew in a] ' l  phases of  f l ight .

FSAS - INS Navigat ion Aiding

The FSAS system wi l l  make inert ia l  navigat ion less of  a work load requirement
on the aircrew by' increasing the number of  waypoints that  can be programmed
before and af ter  takeoff .  The FSAS has a total  memory capabi ' l i ty  of  40 way-
points.  As the INS system uses a waypoint ,  the FSAS system wi l l  program' into
the INS the next waypoint  automat ical ly.  The programming of  waypoints is also
reduced by al lowing the afrcrew to select  waypoints f rom one of  a possible 200
TACAN stations that can be stored in the memory of the FSAS computer. The TACAN
stat ions in the FSAS computer are of  two types. The f i rst  group of  160 TACAN
stat ions are preprogrammed and cannot be changed. The second group of  40 TACAN
stat ions can be entered and changed at  the operator 's convenience. Each TACAN
stat ion can be cal led up for display by s imply enter ing the three- or four- let ter
ICA0 ident i f ier  for  that  stat ion.

FSAS TOLD Card Information

The FSAS wi l ' l  complete a takeoff  and landing data (T0LD) card for  the aircrew
when the condi t ions af fect ing the takeoff  and type of  takeoff  desired are
selected and inserted into the system. The TOLD card can be based on a reduced
EPR or TRT takeoff  wi th or wi thout bleed air  penal t ies.  When performance para-
meters are exceeded, the system wi1' l  warn the aircrew to that  ef fect .  For
example,  "Gross weight is l imi ted by cr i t ical  f ie ld 1ength."  I f  the takeoff  is
st i l l  required with the condi t jons present,  the system wi l l  compute a new take-
of f  (STRT) based on sett ing TRT pr ior  to break release. I f  parameters for  take-
of f  are exceeded, the system wi l l  warn the crew and disp' lay the gross wefght
required to meet al1 parameters.  The FSAS wi l l  a lso compute emergency return
and landing data based on real- ' l i fe condi t ions of  f lap set t ings,  ant i -skid on
or of f ,  and others.

FI ight  Planning

The FSAS system wi1' l  he' lp the pi lots compute the exact fuel  required to f1y
ei ther an ent i re mission or a leg segment.  lhe winds and temperatures between
waypoints,  desired f l ight  a l t i tude, c l imb, cruise and descent prof i les to be
f lown can be entered to determine the fuel  requirements for  an ent i re f ' l ight .

The system wi l l  a lso display fuel ,  t ime and range remaining based upon present
condi t ions or c l imbing to opt imum al t i tudes.
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Fl ight  Prof i  les

Once the aircraf t  is  1,500'above ground level ,  the fu l1 capabi l i t ies of  the FSAS
can be taken advantage of .  I f  the autopi lot  and auto throt t le systems are
turned on and engaged with the FSAS, the aircraf t  can automat ical ly c l imb in
one of  four modes up to a selected al t i tude. The modes wi l l  a l low for c l imb
prof i ' les based on 100 percent maximum speci f ic  range (economy).  In addi t ion to
maximum rate of  c l imb, maximum angle of  c l imb, and a manual c l imb mode, the
operator selects the airspeed or mach desired and the aircraf t  wi l l  maintajn i t .
0nce the aircraf t  is  wi th in 1,000'  of  the selected level-of f  a l t i tude, the air-
crew selects one of  three cruise modes avai lable,  engages the mode selected,
and the aircraf t  wi l l  then level  of f  and smoothly t ransi t ion into that  cruise
mode. The types of  cruises avai lable are:  an economy cruise (100 percent maxi-
mum speci f ic  range),  a long range cruise (99 percent maximum speci f ic  range),
and a manual cruise mode. f ' /hen i t  comes t ime to descend, one of  four descend
modes is selected and engaged. The auto throt t les are disconnected and the
throt t les retarded manua11y, then the aircraf t  can f1y a descend in ei ther an
economy descend, enroute descend, manual descend or rapid descend.

FSAS - INS Radar Displays

The FSAS system wi l l  a l low for the display of  informat ion on the AN/APS-133
radar scope. Some of the informat ion that can be displayed, i f  the operator
desires,  is :  reference ground speed, actual  ground speed, opt imum al t i tude,
airspeed or mach, INS true heading, engine pressure rat io,  and var iable $/ay-
point  lat i tude and longi tude. As an aid to the aircrew, the FSAS wi l l  a lso
display on the radar scope a scale disp' lay of  the aircraf t 's  posi t ion wi th
course l ines and waypoint /TACAN symbo' ls --  th is is to show the aircraf t 's
present posi t ion and the present posi t ion of  re lat ive points of  interest .  The
aircrew can then evaluate graphica' l ' ly  the aircraf t 's  course and posi t ion and
insert  changes as needed. A trend vector can be displayed that wi l l  show, based
on present condi t ions,  where the aircraf t  wi l l  be in 30-,  60-,  and 90-second
intervals.  An air  refue' l ing t rack can be displayed as we' l ' l  as the airdrop
ini t ia l  point ,  point  of  impact,  and trai l ing edge posi tons.  I f  desired, a run-
way marker for  the dest inat ion runway can be displayed to aid in the locat ion
of the runway.

Malfunct ion Analysis and Data

The FSAS wi l l  determine faul ts in related aircraf t  systems and advise the air-
crew of  the problem areas. Example:  "A/P Pi tch and Rol '1" (Autopi lot  p i tch and
rol l  malfunct ion),  "ATS-INOP" ( the auto throt t le system is ' inop),  etc.  The dis-
play of  engine-out performance data can be evaluated at  any t ime. I f  an actual
engi  ne I  oss i  s exper i  enced, the FSAS wi I  ' l  d i  sp' l  ay actual  a ' l  t i  tude ,  a i  rspeed ,
and EPR for three-engine operat ion.  I f  the loss of  another engine is exper i -
enced, the system wi l l  now give the aircrew 2 ENG VMCA.

FSAS Components

The four major components of  the FSAS are the FSAS computer,  the FSAS disp' lay
interface uni t ,  the display interface control  uni t ,  and the FSAS/INS control
display uni t .
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FSAS Computer

The FSAS computer,  on the upper r ight  s ide of  the forward equipment rack in the
lef t  hand underdeck area, handles al l  calculat ions and displays of  the FSAS.

FSAS Display Interface Unft

The FSAS display interface uni t  (DIU),  on the' lef t  sfde of  the center avionics
rack in the lef t  hand underdeck area, converts and then disp' lays fnformat ion
from the FSAS computer to the AN/APS-133 radar scope. The system is designed
so that even with the radar of f ,  the DIU wi l ' l  d isplay informat ion on the scope
to be viewed by the afrcrew.

FSAS Display Interface Control  Uni t

The display interface control  uni t  (DICU),  in the center row of  the pi lot 's
center console just  af t  of  the autopi lot  control  pane1, controls the FSAS
system's operat ion,  on or of f ,  and al lows the select ion of  the di f ferent dis-
plays and informat ion to be presented on the AN,/APS-133 radar scope. The DICU
controls the select ion of  an al t i tude for an a ' l t i tude alert ing feature.  This
feature wi l l  warn the aircrew both v isual ly and oral ly i f  the aircraf t  reaches
or departs a selected al t i tude. The DICU also contains a al t i tude alert  inhibi t
switch,  which wi l l  momentar i ly  inhibi t  the oral  a l t i tude alert ing feature.  A
slewing switch,  which is used to move a var iable marker on the radar screen for
posi t ion select ions,  is  a lso on the DICU. The DICU also has three l ights
advis ing the crew of  the f l ight  prof i le being f1own, c l imb, cruise,  and descent,
and a battery l ight .  The battery l ight  advises that the INS selected is oper-
ating off of INS battery power.

Just  af t  of  the DICU is the FSAS/INS control  d isplay uni t  (CDU), which controls
and disp' lays al l  informat ion provided by the FSAS to the aircrew. This CDU is
also the pi ' lot 's  on' ly direct  l ink wi th the INS system, as i t  replaces the INS
CDU No. 1.  The CDU contains INS mode/funct ion keys, FSAS mode keys and miscel-
laneous al fa numeric keys for enter ing data into the FSAS/INS systems. I t  a lso
contains a sma' l l  cathode ray tube (CRT) disp' lay screen, a br ightness control ,
and a green engage key. The engage key is used to couple the FSAS with the
autopi  1ot  system.
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Ft ight  Data Recording Parameters

Parameter Signal Origin FDAU Signal  Pickup Point

Al t i tude Stat ic pressure system Central  a i r  data
Computer No. 2 wir ing

Airspeed Pi tot  pressure system Central  a i r  data
Computer No. 2 wir ing

Heading Inert ia l  navigat ion Navigat ion J-box
system or at t i tude heading (TB8BP)
referenee system

Aecelerat ion -  Tl iaxial  accelerometer Tr ia, t ia l  aecelerometer
Vert ieal ,  Lateral ,  '
and Longi tudinal

Pi tch Att i tude Inert ia l  navigat idn uni t  Interphone junct ion box
No. 1 No. 1

Rol l  At t i tude Inert ia l  navigat ion uni t  lnterphone junct ion box
No. 1 No. 1

Rudder Posi t ion Rudder posi t ion synehro Rudder posi t ion synchro

Piteh rr im Pi tch t r im posi t ion Autopi lot  J-box (Az1)
transmi t  ter

Engine Pressure Rat io Engine mounted pressure Instrument wir ing spl iee
rat io t ransmit ter  at  FS 400

Flap Posi t ion Flap posi t ion synchro AWLS junet ion box

Spoi ler  Posi t ion LH spoi ler  posi t ion Terminal  board ( tgZ4gg)
transmit  ter

Thrust  Reversers -  Thrust  reverser status Terminal  board assemblv
En tended eireui t  (A69)

Thrust  Reversers -  Thrust  reverser not Thrust  reverser not loeked
Loeked locked relay relay

Landing Gear Posi ton Landing gear l imi t  Instrument wlr ing
switches

Radio Keying HF, vHF, and UHF radio Interphone J-box (Azz)
systems

Aireraf t  Diserete input rogie Terminar board jumpers
Ident i f ioat ion state

Figure 3-13
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Figure 3-20
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MACH
WARNING FLAG

MAX ALLOWABLE
MACH MARKER

COMD MACH
READOUT WINDOW

AIRSPEED INDICATOR
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coMMAr{0
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AIRSPEED WARNING FLAG

FIXED INDEX LINES
COMD
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MAX ALLOWABLE
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MACH-AIRSPEED, SAFE SPEED INDICATOR

Figure 3-24
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VERNIER ALTITUDE INDICATOR

VERTICAL VELOCITY INDICATOR

VERT VELOCITY
MOVING SCALE
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FIXED SCALE
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Figure 3-25
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AIRCBAFT MODIFIED BY TO 5IT.

56

F

LI
I. EATTER,Y TAI.IT NO. 3
2. TATTERY IJT.{IT NO. 2
3. FLIGHT DInECIOR CO/WUIEn NO. 2
,.. FLtcHI RECORDET(TYPE FA-512)
5. Fr,tcltl pRoFtLE coMpARArot (TypE fpc-75)
6. CENIRAI AtR DATA COMpUItt NO. 2 (IypE CPU-13K)
z ; srGNAr. DAIA CONVERTEi IIyp€ CV-3i2./ApN-t691
8. Hf NO. I TRANSCEIVER (IypE 6tSr-2)
e. IFF RCVR.XMTR (TYPE RT-73t/APx-61)

10. HF NO. 2 TRANSCETVER (Type 6t8I-2)

Figure 3-28
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