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INTRODUCTION 

.The All Weather Landing System (AWLS)* installed on the Star Lifter provides 
the capability of safely landing the aircraft under Category II (CAT ll) 
weather conditions (100-foot altitude and 1200-foot visual range). Either 
automatic or manual aircraft control can be used during AWLS landing 
approaches down to a minimum decision altitude of 100 feet. As an added 
capability, if adequate visual contact with ·the runway is established at a 
lOo-foot altitude, the AWLS controlled approach can be continued to run-
way touchdown. Control of the flare maneuver and automatic retarding of 
the throttles are provided. The pilot, however, must decrab the aircraft 
as necessary and must control the roll-out by using visual references • 

.... 
Progress display lights, as shown in Figure 1-1, illuminate as certain 
milestones are reached to inform the pilots of progress of the AWLS 
approach. The lights are labeled LOC, G/S, APPR ARM, LAND .AR!'-1:, 
and FLARE. The localizer (LOC) light illwninates to indicate localizer 
beam engagement. The Glide Slope (G/S) light illuminates to indicate G/S 
beam engagement. An automatic preland test is then initiated. The APPR 
ARM (AA) light illwninates at test completion. '!'he LAJ.\j"]) A.R.\I light 
illuminates to i!ldicate minimum descision altitude of 100 feet. The 
FLARE light illlll:lbates to indicate flare engagement. 

I 
I , 

II 
PUSH TO I II LOC I 1 I PUSE TO ! 

MANUAL i : ·I i AUTO I 

~'' RESET 
; I I! _, ... : ; 

RESET II j I . q 
I ~~ APPR ARM !I' 

II LAND ARM il 
I I GO AROUND I MOA II II FLARE 

FIGURE 1-1. AWLS FLIGHT PROGRESS 
DISPLAY & AWLS CAUTION PANEL 

*A complete list of abbreviations a.nd symbols is shown in the Appendix. 
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In the event an approach abort is necessary, optimum pitch steering commands 
and wings level commands are displayed to the pilots for performing the go­
around maneuver through manual control of the aircraft. 
A GO-AROUND mode light on each panel illuminates 
when go-around fs.selected. 

Automatic failure monitoring of the AWLS is provided 
during the final phases of the AWLS approach (beginning 
at APPR ARM progress). Jf an AWLS failure should 
occur that affects the approach, appropriate failure 
indication lights illuminate to alert the pilots of the 
maLfunction. The fault is announced by the illumination 
of either the MANUAL or the AUTO (or both) caution 
lights on the flight progress display panels as shown 
in Figure 1-1. The pilots' attention should then be 
directed to the AWI..S fault identification panel, 
Figure 1-2, where the appropriate fault light or lights 
further identify the faulted area. 

The AWLS also contains a manually operated, "enroute" 
test capability. It can be run during cruise or at any 
time prior to 1:h.e- beginning of an AWLS approach. If 
a failure is detected during the test, appropriate 
failure lights, as shown in Figure 1-3, illuminate to 
provide the pilot with enough information to make 
the descision to continue to his destination or to proce.ed 
to his alternate. 

I 
I 

.I 

TPLC I 
LOC I 

GlS MAN 1 I 
GlS MAN 2 I 
A£P ROLL 

A/P PITCH 

GYRO 1 

FLARE 
LAND ARM 
ROR ALT I 
THROT I 
.R/GA i 

FLT DIR l I 
FLT OIR 2 I 

SPARE ! 

GYRO 2 I 
GYRO 7 i 

w 

' ~--------------....---....-....-----....---~ FIGURE 1-3. 
A\·ILS AND FLIGHT DIR;::CTOR TEST PANEL 

Director Systems (FDS's) 
are tested during the 
AWLS test, they are 
provided with seJ:arate 
test capabilities. An 

ms test can be rtm at any time. The enroute test and the FDS test c~ also 
be '!.Wed as p-c.flight i';;e.~s <::.!ld as an aid when mai.nten:mce is beil::g ;er.fo!"l:led. 
A second test, the "preland" test, is automatically run during the AWLS approach 
just after G/S interception. This test is a confidence one which checks the 
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failure monitors to assure that failures would not go tmdetected. The flare 
computer is also functionally tested at this time. 

If a failure is announced during test, or occurs during the AWLS :~.pproach that 
·would prohibit or cause tennination of the CAT n approach, a nonnal CAT I 
Instrument Landing System (U.S) approach (200-foot altitude and 2400-foot visual 

.range) can be executed. The CAT n approach cannot be made if any of the 
following is under failure conditions: · 

o Low-Range Rar.ar Altimeter 

o Either Glide Slope Receiver 

o Either Localizer Receiver 

o Two of three Attitude Gyros 

Automatic control of the approach is provided through operation of the Autopilot 
(A/P) system. .Manual control of the approach is provided through guidance 
displays on the FDS's Attitude Director Indicators (ADI's). * The A/P, or 
either of FDS, ca..."l. be used to make the AWLS approach. Normally, the A/P 
is used and the FDS's serve as monitoring and backup systems. 

The FLARE computer provides the flare maneuver commands to the A/P and 
FDS. It also provides 6~1) Alt.\1 (minimum decision altitude of 100 feet), 
FLARE engage (45-foot altitude) and throttle retard (30-foot altitude) signals. 
The Automatic Throttle System (ATS} is used tc automatically mo.intn.in the 
desired Indicated Air Speed (IAS) during the approach and to retard the throttles 
curing ilo.::-e. However, an A ,,,.'LS approo.ch can be accomplished with '=he pilot 
controlii=tg the throttles manually. '!ho ATS c:m also be us.:;d during r.ormal 
c:::-uise f'Jr m:1L"1ta::1!ng :1 des!r:::o:l 2...!.5. 

T~e ~ot!lt:or~'~J-.J- .. -\= .. :·t:....~:.: \:::,,. ~ .. ~~ CC::lFt::c!.· pro~."ides g:.-~:·ot::!C pitcl: co::u:lanc!s. 
Dl!:::-ing go-a.:::-oU!ld, ~t pr-o·:i;2as tile maxin:u."D. .s~fe pitch stee!"ing comm:mds 
(::mgle-of-attaci-:1 for ['.r:-esting the descer.: ~.nd optL."l'lum pitch commands for 

d:..rr~ng takeo.t:. 

'I\vo G/S receivers and t\\·o v:"iF N:l~.:igo.tion (LOC) receivers pro\ide signals for 
making the A~.rLS ILS approach. It is necessary that they be tuned to the s:Jme 
ILS frequency ~~d be functioning no:-mally for the AWLS approach to be 
accomplished. 

The low-range radar altimeter (Chapter 2) provides absolute altitude which is 
displayed on the radar altitude indicator, and on the altitude pointer of each ADI. 

* Shown on Figure 1-~, main instrument panel 
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Radar altitude Is also furnished to the flare computer for developing the LAND 
ARM, FLABE, and throttle retard signals. The low-range radar altitude 

· Indicator furnishes a minimum radar altitude warning signal to the Minimum 
Decision Altitude (MDA) light on each flight progress display panel. 

The Test Programmer and Logic Computer (TPLC) (Chapter 10) is a central 
pomt whiCh Interconnects all other AWLS subsystems. Basically it provides 
monitoring, programmed testing, gyro attitude intermediate signal selection 
(using three vertical gyro inputs), and automatic disengage functions. 

The Vertical Navigation (VER NA V) system (Chapter 3) is a natural supplement 
to AWLS as are lateral navigation systems. Lateral navigation systems provide 
lateral guidance for getting the aircraft within 20 miles of the terminal area, 
and VER NA V provides descending vertical guidance to the A/P and FDS' s for 
getting the aircraft down from cruise altitude to ~erminal area altitude (1500 to 
2500 feet) where the normal lLS or A WI,.S approach begins. VER NA V can also 
be used to.provide ascending vertical guidance to a desired cruise altitude.· 

AIRCRAFT INSTALLATION 

The AWLS consists of multiple equipment, subsystems and associated systems, 
and equipment all integrated to perform as a single functioning unit to safely 
guide the aircraft to the runway. All displays associated with AWLS a.re arl'3llged 
on the main instrument panel, as shown in Figure 1-4, to provide the pilots with 
easily interpreted information pertinent to the A Will approach. All controls, 
with the exception of the A Will AR.i.'\1: switch which is on the A/P control panel, 
are located on the center console, as shown in Figure 1-5, to permit ma.:dmum 
usability with minimum pilot effort and distraction. 

AWI.S EQUIPMENT, SUBSYSTE~IS, &'"ID ASSOCIATED SYSTE:\IS 

·AWLS equipment and subsystems are as follows: 

o AWLS Master Caution S~·stem 

o Flare Computer 

o Rotation/Go-Around Computer 

o Test Programmer and Logic Computer 

AWLS associated systuns are as follows: 

o Autopilot System 

o Two Flight Director Systems 

o Low-Range Radar Altimeter System 

.. 
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ATTITUDE riRECTOR 
INDICATOR 

\.._) RADAR 

INDICATOR 

o '' • • I :'* ~ • ,-\ -

.- :. - •• ..., ' I IJ ~ - 6 ."': ~-

:!RECTOR TE:$7 ;·.·.:. 

I 

AWLS FLIGHT PROGRESS 
DISPLAY & AWLS 
CAUTION PANEL 

A~LS FAULT IDENTIFICATION PANEL 

HiD i CATJR 

, ·--· ~--~ 

FIGuRE 1-4. r:A I;; I i·JSTRW1ENT PANEL 
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AUTO-THROTTLE 
friction 
light 

ATS ENGAGE 
switch 

o Automatic Throttle System 

o Two Glide Slope S~·stems 

o Two VHF Navigation Systems (LOC) 

o Two C-12 Compass Systems 

o Two Central Air Data Computers 

o Vertical Navigation System (not u~ed during 

actual A Wl.S :tpproach) 

HSI #2 // 
slave sw1tch/ 

···---·- ---· ---··-··----
FIGURE 1-5. CENTER CONSOLE 

1-6 

FAIL 
SAFE 
TEST 
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Most of the rack-mounted components of the above systems are looated in the 
avionics equipment racks under the night station floor. 

·-

NOTE 

Refer to specific system chapters 
for a breakdowr. of components and 
'Locations. 

SYSTEM OPERATION 

General operation of each AWLS subsystem and associated system is given first 
and.then followed by an e.-<planation of total AWLS operation. More detailed 
operation of subsystems and associated systems are found in appropriate 
system chapters. A block diagram of the AWLS is shown in Figure 1-6. 

Autopilot System 

The ·Autopilot (A/P) system (Chapter 9) is an associated system of the AWLS. 
It provides automatic control of the aileron and elevator axes and also controls 
the rudder through the yaw damper system (Chapter 8) to provide turn 
coordination. Automatic control oi the AWLS approach is provided by f:1il-safa 
operation of the A/P, i.e. if a failure occurs that affects automatic control, the 
appropriate axes (roll or pitch) automatically disengage. 

Se.ilsor inputs for theA/Pare provided from ~o. 2 syste!':ls w:1en d:Jal syst::;ms 
are on the aircraft. 

The A/? is intercon.'1€~tec · . ..-1~: ~he c~pilot's (Xc. 2} FDS. ~rc~::g::~:c·:~ .::~:: 
inputs and navig-.lt!t:::J. =..;.;.:e s~l0c:ions .1:·-~ :;rJv1:led .:=c:n :.i:.:; : ::;,;:;::~: .:··:-:~'·:.;:~.:.::: 

selector panel. Headi:u~ and c::\.!l"Se seiect si~als are St!:;Jplied ::-o:::::. :b.e ~o;L;~' E 

Horizontal Situation Indicator (HSI;. Autopilot paneLs ar.ci ccr.:r~1s :.re shewn ::1 

The AWLS switch, lccated or. the A/? c~ntrol p:mel, is used to fr:r!!:. :!:e AWLS. 
Its operation does net req•.!!!"e :he A/P to be eng::.ged. 

Built-In Test Equipment (BITE) is impler.1ented in the A/P to serve t\•.-o 
functions; First, it enables fu."lctional testing of the A/P circuits that are used 
for an AWLS approach. Sccor.d. i~ provides monito.:.-.ng o: t..i.e A/? durin; .:.e 
AWLS approach after APPR AR.li progress. If faults are detec:ed during t~st 
or during the AWLS approach, the appropriate failure lights (A/P ROLL or 
A/P PITCH) illuminate. The A/P test is automatically run as part of the AWLS 
"enroute" test. TI1e A/P disengages when the enroute test is initiated. 2\bnu.:J.l 
re-engngement at completion of the test is required if A/P operation is desired. 

.. 
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FIGURE 1-7 I A\·ILS/AFCS CONTROL PANELS 
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Flleht Director System 

The two FDS' s (Chapter 7) are associated systems of the A WI13. FDS No. 1 is 
· the· pilot's system, and FDS No. 2 is the copllot' s system. They provide a 

visual display of guidance commands to the pilots to enable manual control of 
the aijeron, elevator. and rudder axes for flying the desired navigational path. 
During A/P control. the FDS's serve as monitoring or back-up systems. 

Separate sensor inputs for the two systems are provided in all cases where dual 
systems are on the aircraft. For example, the FDS No. 1 receives inputs from 
G/S No. 1, VOR/LOC No. 1, Tacan No .. 1, and C-12 compass No. 1. FDS No. 
2 uses the same sensor's inputs as the A/P. 

Boll and pitch attitude for the pilot's and copilot's ADI attitude display (artificial 
horizon) is supplied directly from gyro No. 1 and gyro No. 2," respectively. 
Boll and pitch attitude used in FDS steering computations is supplied from the 
TPLC attitude intermediate signal selectors. 

Radar altitude is displayed on the ADI altitude pointer. The pointer represents 
a miniature runway. For altitudes above 200 feet, the pointer ie deflected 
down and.out-of-view. At 20o-foot altitude the pointe,r is in view at the bottom 
of the indicator. As altitude decreases, it moves toward the miniature aircraft 
symbol. At zero-foot altitude, it will have moved to the aircr~ symbol. 

Most FDS modes are selected from the No. 1 2nd No. 2 navigation selector 
panels. Norcal FDS modes not new to A WI1i are discussed in the FDS chapter. 

The VER NAV mode is selected when the navigator places the vertical navigation 
system to active op~tion. Selection of this mode is indicated by the illumination 
of the VER NAV mode light on the navigation selector panels. An i!lte::J.sity ccnt::-ol 
for the VE.R NAV mode light is adjacen: to the light. In this mode, the ADI' s 
display displacement a!ld pitch steering from the vertical navigation system. 

The R/GA mode is selected whe:!! the go-arocnd button on either pilot's outar 
co:ctrol wheel grip is pressed. The AD!' s display pitch steering col!l!ll:mds i::-oo 
the R/GA computer and wings level commands from the FDS computer. 

The FLARE mode is automatically selected during an AWLS approach at about 
45 feet, rad3r altitude. The mode select signal comes from the fiare computer 
by wny of the TPLC to the FDS' s. Flare maneuver pitch steering commands 
from the flare computer {Chapter 5) are displayed on the ADI's in this mode. 

The A/P mode is provided in the copilot's FDS only. Switching to this mode is 
automatic and is dollS during an AWLS approach by the TPLC at APPR ARM 
progress. Both the lateral and vertical channels switch to the A/P mode for 

1-10 VOL. IX 



displaying A/P roll and pitch steering commands on the copilot's ADI. The 
copilot's ADI therefore provides A/P steering displays for monitoring purposes. 

The VOR/TAC APPR mode is manually selected on the navigation selector panel 
and is used with VOR or Tacan after on course tracking is established. Its 
purpose is to increase bank steering sensitivity for !,ow-speed, close-in VOR or 
'Tacan appro;iches. 

FDS mode priorities are established as follows from highest to lowest priority: 

LATERAL CHANNEL 

BD~Select 

R/GA 

A/P (FDS No. 2 only) 

VOR/ILS, TAC, ASN-24, 
.ASN-35 (as manually selected) 

VERTICAL CHANNEL 

R/GA 

A/P (FDS No. 2 only) 

ILS (Glide Slope) 

VERNAV 

The TPLC performs the following signal or validity monitoring functions 
associated with the FDS' s: 

AD! Attitude Disulav- '!he TPLC monitors the position of the pilc!'s :md 
copilot's attitude disph:: {artifioial horizon). If either differs appreciably from 
the gyro input, the appropriate GYRO 1 or GYRO 2 fault light illuminates. 

llO':E 

TPI.G Att!tucc- Out7'>ut.:; - T.:e ·:PLC :n-:,ni:ors TPLC attitude outputs signals. !.f 

is pulled out-of-view. 

Localizer 1 and 2. Glide S1one 1 and ~. O.."'lc! Fl::~.re Validities - Ii either of these 
are invalid during the AW~ appro::~.cb. after APPR AR..v!, the appropriate ADI 
steering pointer is pulled out of view and the appropriate AWLS fault light will 
illumiDate. A D.are signal fai!ur~ would have no effect U!ltiL the flare mode 
occurs. 

Flare Svstem 

The fi:1re computer is a subcomponent of the AWLS. During the"AWLS approach, 

., 
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.v It provides flare maneuver commands for display on the FDS' s ADI pitch 
steerblg bars and to the autopilot. In addition, it provides the LAND ARM 
signal (100-foot radar altitude), the F·LARE engage signal (45-foot radar 
altitude) and the throttle retard signal (30-foot radar altitude). The AWLS 
LAND AllM and FLARE progress lights illuminate as a result of the first two. 
The flare engage sigmd is also used for A~ mode switching. The throttle 

. retard si8nalis sent to the ATS to initiate automatic retarding of the throttles. 

The flare computer has BITE capabilities which enable automatic testing and 
AWLS monitoring. Testing is performed during the AWI13 enroute and preland 
test. If a fiare fault occurs during test or during AWLS approach, the FLARE 
fault light illuminates. If the land arm circuits fall,. the LAND ARM fault light 
muminates. 

Rotation/Go-Around (R/GA) 

The B/GA system (Chapter 6) is a subsystem of the AWI.J). It provides optimum 
commands (angle-of-attack) for arresting the descent and making the clJmb-out 
fn case of an approach abort. It also provides optimum pitch rotation angle for 
use ciurUJg take-off and optimum pitch commands for making the climb-out lift­
off. Jn the B/GA mode~ these commands are displayed to both pilots simulta­
neously on their ADI pitch steering bars. 

· V Either pUot selects the rotation or go-around mode by pressing the GO-AROL~D 
select button on his outer wheel grip. Pressing either button a second time 
rem.~es the R/GA mode, 

·.v. ··.·· 

BITE is implemented in the R/GA system to provide continuous seli-tes't and 
for testillg its monitors dur'..ng the AWlS e::1route test. !i ~ sy::;te~ .fail•.u-3 cccU!'s, 
the followillg things happen: 

o The R/GA fault light illuminates. 

o The Instant:meous Vert!cnl Velocity (IVY") to th:: 
Vertical Velocity Indicator (\'"VI) is replaced w;~.::. 
vertical velocity from the central air data computers. 

o The VER NAV system is rendered inoperative. 

Test Prog:·~mer and Logic Computer (TPLCl 

The TPLC (Chapter 10) is a subcomponent of the AWLS. It interconnects all 
AWIJ3 equipment and performs various functions for AWLS and non-AWLS 
operation. Four major functions are performed by the TPLC: 

1. Gvro Attitude Intermediate Signal Selection- The TPLC receives roll and 
pitch from three vertical gyros. These attitude signals are processed through 
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six Intermediate Signal Selector (ISS) circuits. The middle amplitude signals 
are 'selected by each ISS and distributed to all using equipment except the ADI's. 
Roll and pitch attitude for the attitude display (artificial horizon) on the ADI 
No. 1 and No. 2 is supplied directly from gyro No. 1 and No. 2 respectively. 
Bank wrsine is also supplied directly from gyro No. 3 to the A/P elevator 
computer • .. 
2. Maaitormg - The TPLC performs analog signal and binary signal monitoring 
of all critical AWLS functions as well as some non-AWLS functions. 

Analog signal monitoring includes monitoring of the following: 

o ISS Inputs and Outputs 

o Five Accelerometers . 

o '!\vo ADI Roll and Pitch Attitude Displays 

o TPLC Power Supplies 

Binary signal monitoring functions include monitoring of validities from AWLS 
equiriment, as follows: 

o A/P System 

o A/P Coupler (includes localizer, glide slope, and 
radar altitude validities) 

o Flare System 

o Radar Altimeter 

!:.: a f2.ilure is detected during :he AWLS ~pprcac.h, or du.::"ing A:.:;!...S test, b; 
TPLC c:1us~s the associated failure lights to illl.:Ill:"late, AD~ steer!:lg po!r.::c::rs 
·- ~-e -cllnd out oF vie"/ A/-:::> ~-.·o:oc: , .. "'" ~,. :::J:• ... :..• •o !).:. ,..:: ~c_,,....,="r·c ''S ... ~·· ... ~--:~·-. _, ... ~ ~ ...... - ........ __ ......... .&. ...... _ ..... - ... , ... - ~- ··~··=- - ··~:J ... .......... _. 

lppro~..a.te. 

.. 
VGL. IX 

NOTE 

The FDS's aom~uters and ~r.a A:s aor.!=~r. 
self-monitoring. Illumination of their 
failure Zights is not a funation· of 
!lPLC monitoring • 
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3. Programmed Test - Two tests are programmed by the TPLC: the manually 
·......_; initiated enroute test and the automatically initiated preland test. During these 

tests, the TPLC performs the test on some equipment and commands other 
equipment to test itself. Jn either case, the TPLC monitors the test results 
and causes failure lights to illuminate if failures are detected. 

v 

v .. ······ 

To initiate the enroute test, the AWLS arm switch on the A/P control panel must 
be placed to the 11AWLS'' position. At test initiation, which is started when the 
AWLS TEST/RESET button is pressed, the following action occurs: 

o The A/P disengages (if it was engaged). 

o The AWLS TEST (test in progress) light and 
both FDS TEST (test in progress) lights illuminate. 

NOPE 

PDS test is atso initiated with the 
AWLS PEST/RESEP button. (The PDS 
~sst is described futty in Chapter 

·- 7 of this manuat.J 

o All fault lignts except the THROT, FLT. DlR. 1 
and FLT. DIR 2 fault lights illuminate (flashing) 
and go out after 2 seconds. 

o Both caution lights (AUTO and MAI."UAL) illuminate 
and then go out after 2 seconds. 

o The LOC and G/S progress lights illumi.oate and 
:remain on for the c:.u-:ltion of the test. 

After two seconds, the preland test is tb.en run as JXLrt of the enroute test 
program. At completion of the preland test the APPR ARM progress light 
illuminates :md remains on for the rest of t!le test. 

The test program then runs 14 additional test steps to check the functional 
ability of all AWUJ equipment and to check all AWI13 monitoring circuits. 
D!Uing the test steps, various fault lights are turned on and off (either 
individually or in groups). Some come on more than once. The remaining 
progress lights also come on and remain on for the rest of the test •. 

At test completion, the AWLS TEST (test in progress) light goes out. If the test 
is satisfactorily ccmpleted, the following results are obtained: 

o The AWLS TEST/RESET button light illuminates. 

•. 
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o All progress lights are illuminat~d. 

o All fault lights are out. 

If the test is not satisfactorily completed, the following results are obtained: 

o The AWLS TEST/RESET button is not illuminated. 

o All progress lights may not illuminate. 

o Various fault lights with the associated caution 
light is illuminated, depending on type of failure. 

In either case, the test results should be acknowledged by pressing the TEST/ 
RESET button again. This action takes the AWI13 out of the test mode •. All 
lllumiDated lights then go out, and the FDS reverts to its original mode of 
operation. The A/P may now be re-engaged. 

Satisfactory com·pletion of the e.aroute test verifies the operational integrity of 
the following AWI13 equipment: 

o A/P o FLARE. 

o FDS's o R/GA 

o TPLC o AWLS Master Caution System 

4. Automatic Disengage- Disengagement of the A/P, ATS, and AWLS is 
provided when R/GA is selected. A/P disengagement also occurs when the 
AWLS enroute test is initiated. 

AWLS Master Caution Svstem 

TI:e A\V~ n:.:J.ste~ cau!icn system is :1. subsystem of the A"\\"LS which receives 
failure sig!lals fro::n the TPLC, FDS's, and ATS. A failure signal causes a 
.fault light to flash and the appropriate caution light to ilhuninate. 

r·.,·o .ilas.her circuits a::-e used, one each for the manual and au::o fault lights. 
If eitber flasher fails, a fail-safe circuit bypasses the flasher to illwninate the 
fault lights in response to AWLS failure signals. 

All lights on the AWLS progress display panels, fault identification panel, and 
test panel are tested with the AWLS caution lights test switch, as sbown in 
Figure 1-S. It is a three-position switcb spring-loaded to tbe center off 
position. "TEST" and "FAIL SAFE TEST" are the two momentary positions. 
When held in the "TEST" position, all lights come on. The fault lights are 
:r.ashing. Those associated with manual AWLS monitoring and those associated 
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with auto AWLS mcmitoring most probably 
have slightly dlffexent flash rates and 
therefore will not llash together. The 
reset function is checked by pressing the 
MANUAL and AUTO caution lights. As 
each is pressed, it goes out and the 
assoclat_ed fault lights burn steadlly. 
The FAIL SAFE TEST results are the 
same except the fault lights do not 
fiash. 

Low-Range Radar Altimeter 

The low-range radar altimeter (Chapter 
2) is an associated system of the AWLS. 
Its operation is necessary during the 
A WI.S approach. The system proVidea 
a display of absolute altitudes between 
minus 1. 5 and 2500 feet on. the radar 

AWLS CAUTION LIGHTS 
TEST 

e 
FAIL SAFE TEST 

ANNUNCIATOR AND 

e 
CAUTION LIGHT TEST 

'FIGURE 1-8. ANNUNCIATOR 
AND CAUTION LIGHT 

TEST PANEL 
altitude· indicator located on the left side of the center iDstrument panel. 
is displayed by the altitude .pointer and the altitude turns co\Dlter. 

Altitude 

All system controls, which are on the indicator, follow: 

o ON-OFF /TEST Knob 

o Altitude Set Knob 

'When the sys+..e:n is turned OFF and system power Is applied, the bldicator 
c:L-!·res to 2500 feet 211d a mask comes into view which covers the altitude c'splay. 
Any time system power is removed, the mask goes out of view. 

'i'or a.n altitudes a!:ove 2500 feet, the altitude dis:;>lay (pointer) is covered by the 
:nas.'!t. On the ground with normal compression of the landing gear struts, the 
i::".!!cator re2ds O.!;'proximate!y minus 1. 5 feet. With struts fully e}.."tended as an 
initial landing touchdown, the indicator reads approximately zero feet. The 
indicator provides a minimum radar altitude warning signal to the MDA lights on 
the flight progress display panel when the aircraft goes below a desired 
minimum altitude. 

F.adar altitude is sapplled for display on the radar altitude pointer of both flight 
director AD.Ps. 'l"1le range of this display is zero to 200 feet. Ra~r altitude 
.ts also sent to the flare computer and A/P coupler. The minimum radar altitude 
warning signal, in. addition to turning on the MDA light, is sent to the VER NA V 
system. 
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BITE is Implemented in the system to provide monitoring and manually initiated 
system test. A striped fail fiag appears over the altitude turns counter, anc:I the 
ADI altitude pointers deflect out of view if the system fails, is turned OFF, or 
is in self-test. The RDR ALT fault light on the AWLS fault identification panel 
also illuminates if a system failure occurs during the AWLS approach after 
APPR ARM progress. 

The radar altimeter is not tested during the AWLS test. 

AutomaUc 'I'Jarottle System (ATS) 

The ATS (Chapter 4) is an associated system of the AWlS. It provides 
automatic throttle control for maintaining a cf:esired indicated airspeed during 
the AWLS apJ;troach or during normal cruise, and to retard the throttles durin~ 
AWLS flare. The IAS present at ATS engage is maintained. All four throttles 
are controlled together by one ATS servo motor. Slip clutches are provided 
for each throttle ~o permit mmual adjustment by the pilots for power trimming. 
Also, the pilots can manually override all four throttles simultaneously with 
the A TS engaged If the need should arise. ' 

Maximum throttle limits are provided to prevent the ATS from exceeding engine 
parameters. Minimmn throttle limits are provided to prevent throttle travel to 
the idle position. Two throttles must reach the limits before further travel in 
that directiaa is prohibited. Dur:.ng throttle retard during flare, the minimum 
limits are bypassed, which allows the throttles to be retarded to idle. When 
two thro~~es reach idle, the ATS disengages. 

BITE is Implemented in the ATS to provide monitoring and maintenance testing. 
If a failure occurs, the system automatically disengages. This action causes 
the throttle .fault light to illuminate. The AR."'d switch is then turned off and tb.e 
light gees out. 

Test switches and lights are loca.ted on the front of the ATS computer for 
performing system fault isolation test prxedures. The ATS is net 'tested 
during the AWL5 test. 

Vertic:ll Navigation (VER NAY> Svstem 

The VER NA V system (Chapter 3) is an associated systeJ::l of the AWLS. Its 
control panel is located at the navigator's station. The VER NA V system 
provides 'lertical guidrlnce for descencli'!lg or ascending from one a.ltitude to 
another. VER NAV information is displayed on both flight director ADI's for 
manually flying the VER NA V path and is furnished to the A/P for automatic illy 
flying the VER NAV path. 

Two stages of operation are provided and controlled with the STANDBY/STAGE 1/ 
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STAGE 2 selector switch. Various manual inputs must be set in on the VER 
·u NA V control panel to obtain proper operation. 

Manual inputs follows:. 

-. 

o STAGE 1 and STAGE 2 aimpoint altitudes 

o STAGE 1 and STAGE 2 VElt NAV angles 

o STAGE 2 offset (moves ASN-35 or ASN-24 
des~tion point in a straight line toward the 
aircraft) 

o Barometric correction (used with both stages) 

Distance-to-go is supplied from the ASN-35 or the ASN-24. Selection of one or 
the other is made with the AUX/ ASN-35/ ASN-24 switch on the control panel. 
The "AUX'' position is not used. 

A VER NA V ANGLE indicator on the control panel displays the actual angle from 
the ail'craft to the aim.point. During operation (:;TAGE 1 or STAGE 2), the 
system provides VER NA V displacement signals and VER NA v·pitch steering 
commands. Both FDS's are automatically switched to the VER NAV :node when 
STAGE 1 or STAGE 2 is selected. . 

V The A/P must be mnnually switched to the VER NAV mode i! automatic cont::-ol 
of the VER NAV flight is desired. 

u 

If the problem is properly set up, the VER NA V s~·stem is initially in the ~;'"':::P. 

NAV arm submode. As the aircraft progresses along the 'VER NAV path as 
shown in Figure 1-9, submcde switching occurs in sequer.ca a; fol::.cws: 

0 Arl:l 

o Capture 

o Track 

o Altitude hold capture/t::-ack 

The VER NAV displacement signals are displayed on the AD!' s displacement 
pointers during all four submodes. The VER NA V pitch steering c omm:l!lds 
are displayed on the ADI' s pi!ch steering bars and sent to the A/P during the 
capture, t::-ack, and altitude hold ~apture/track submodes. 

BITE is Jmplemented in the VER NA V system to provide monitoring and manually 
Jnltlated system test. The control panel fail light comes on if the VER NAV 
system fails, the R/GA fails, ASN-35 is selected and is not in the DROP mode, 
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or If the system ls bi self-test. The BITE also provides system maintenance 
testi.Dg. A test. meter, test switches, and a FAIL light are located on the front 
of the computer for performing system fault isolation test procedures. 

The VER NAV system is not tested during the AWJ..13 test. 

Total AWLS Ocera.tion 

During an approach.. the AWLS can be operated in two general modes: manual 
md/or automatic. Jn the manual mode, the AWLS provides visual guidance to 
both pllots through FDS ADI displays for manual control of the aircraft. In the 
automatic mode, the AWLS provides guidance commands to the autopilot for 
automatic control of the aircraft. In the automatic mode, visual AWLS.guidance 
continues to be displayed to the pilot. Visual guidance is also displayed to the 
copilot until APPR ARM occurs (about 30 seconds after G/S intercept); then 
autopilot roll :md pitch commands are displayed for the rest of the automatic 
AWLS approach. There. is no manual/automatic mode selection switch as such. 
If manual control is desired, only the FnS' s are set up for making the approach. 
If automatic ccmtrol is desired, the A/P is also engaged and set up for making 
the approach. 

Total AWlS o~ration is presented in the order in which events would occur 
during a normnl fligbt from cruise altitude to landing including a vertical 
navigation let-dov.'ll. 

The AWLS en.route test would be performed while at cruise altitude \vith the 
aircraft fiying essentially straight and level. The A/P and F:CS' s should be 
operating :ln :.!:si!' no:6l:la! cruise :nodes and the radar aiti.:neter oust be tu!'!led 
on. T.le AWI.S is a=ned with the switch on the A/P control oan.el. T'.ne A\VLS 
TZS':'/E1::SET but:.on ~.; press·~d tv s~~!'t the ~est. {The TPLC sect: on cc~~!!ls 
:. -=:es~r!tJ·dctl :f :...ie G::=:luta ~3s-.:.) • .;..: completicn o~ the tes~, t!~£~ • .;. \~l:.S z.r::1. 
switch is .l?iacecl in the cente;:: "OFF" position. Tbe A/? can be ::-e-e.n.gaged, ii 
~ . . .es1!"ec • 

.,.....,:,._., -\:;.:?.. ,- ... -:,· .,,~~..,. ..... J.. "···-·····,•"" -·•y O•"''" ~-.:.~·· ··-.·~•r o-·"' o.,. : •. -, .. t.. c::•a···-.s ''!..o.;.., - """' --· -··· ~;; -~ ""'• _, ·T&.. .......,._ .,~,, - .... 0 ....... __ ....... ., ........ - -.J""'~ -~ -::-- tw "~ 

are n.or:nal!y used £or let-down from high altitudes). ne navigator may have 
a!reaC:.; set t!!,) the v::::t N.-'1.V ;>roblem (o!" prob!CI:::s); if not, he may do so at 
:.iis time. He will use tue ASN-2~ or ASN-35 destination as the termination of 
aimpoint 1 and set in the proper terminal altit'.lde and descent angle. The 
appropriate barometric setting (enroute or destination) should be obtained and 
se~ in. Now tli.~ st:lge swi:~h should be moved from "STA?-."'DBY'' to "S'!'AGE 1." 
The VER NAV S"Jstem is now in the arm submode and the VER NA V mode lights 
on both pUots navigation selector panels illuminate. Both AD!' s displacement 
pointers begia displaying VER NAV deviation and continue to display VER NA V 
deviation for 1lie duration of the STAGE 1 problem. The A/P VER NAV mode 
may also be engaged. If the altitude hold or the mach hold mode is engaged, it 
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remains engaged during the VER NAVarm mode. VER NAV pitch steering 
signals are not sent to either the A/P or FDS' s until VER NA V capture occurs. 

As the VER NAV IXlth is approached, the VER NA V system switches to the 
capture mode far enough in advance of actual intercept to allow a comfortable 
nose over without overshooting. VER NAV pitch steering commands are now 
sent to the A/P and FDS's and continue to be sent for the rest of the STAGE 1 
problem. The ADI1 s pitch steering bars come into view at this time to provide 
VER NAV flight path guidance. The autopilot ALT HOLD or MACH HOLD mode, 
if engaged, automatically disengages, and the A/P provides automatic pitch 
:~tearing for flying the VE R NAV pa~. 

A$ the aimpoint altitude is approached, the VER NAV switches to the altitude 
hold capture mode far enough in advance of actual aititude intercept to allow 
smooth termination of the descent. Subsequent tracking of the aim point altitude 
is provided until commanded to do otherwise, e. g. switching to STAGE 2 or 
turning VER N~ v. to standby. · 

In response to the VER NAV pitch steering commands, the aircraft captures 
and tracks the selected VER NAV path and a.impoint altitude if eitlier the FDS, 
for manual control, or the A/P for automatic control, are used. 

The navigator may now program the second VER NA V stage if he has not already 
done so, including an offset distance if desired. A fL"IC or course ch:mge could 
be made at this time. When STAGE 2 is selected, the second VER !>lAV path 
•.vould be flcwn in the same ma.cner as the first. The aimpoint would prol:.ably 
be in the terminal area (within 20 miles of the runway) with an aimpoint altitude 
of 1500 to 2500 feet. 

~e :!.::.·crai: sh.o~.;!.C. n:·,r: :.:.r; i:J. i.!le ~e.t"O i.:lal area and tile crew \Vocic ;:::-epare for 
the A\V:.s a;proach, as .shmvn in FigtJre ~-10. Both VHF navigation receiver'3 
w~uld be tuned to the s::t.:J:e TI..S !=equency, and both VOR/ILS buttons on the 
:.z.~::;~::on sel~c-:o-:~ p:.r.e!s \\'Ould :~ ;:!.·i:.:::~~. ~is action es!ablisl~;s HSr :\!.) .. :: 

~eading and course set slaving. The pilot would set in the localize::- beam 
.i!ltercept heading and the inbound runway course on his HSL The copilotrs HSI 
would be slaved to j}e pilot's settings. Tnc pilot would select "G/5" on the A/P 
control panel which illuminates the G/S AR.l! light on the A/P servo effort 
indicator panel. 

VOL. IX. ., 

NOTE 

Assume that the ~ada~ aZtimete~ 
is tu~ned on1 and a~m the AYLS. 
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LOC Engage- The aircraft progresses from localizer intercept heading through 
loe&llzer capture to the point of localizer beam intercept at which time the LOC 
progress light illmninates. Tracking of the localizer continues from this point 
on. The ATS system may be engaged for controlling the approach speed._ 

G/S Engage- At glide slope intercept, the G/S progress light illuminates, the 
~p G/S ARM light goes out, the A/P begins tracking the glide slope beam, the 
AWLS preland test is automatically initiated, and the ADI's pitch steering bars 
come into view to display pitch steering. 

APPR AR.!'\f- Upon completion of the pre land test, the APPR ARM progress 
llgbi illuminates, which indicates that full AWLS monitoring and warning is 
thea. in operation. The copilot's FDS ADI begins displaying A/P roll and pitch 
commands for monitoring purposes. 

LAND ARM- At 100-foot radar altitude, the LAND ARM light illuminates. 
This altit'.Ide is the AWLS approach minimum decision altitude. If visual 
contact with the runway is established, the approach is continued. (If visual 
coDiact is not established, an abort would be initiated when the control wheel 
go-around button is pressed. ) -. 
FLARE- At approximately 45-foot radar altitude, the FLARE progress light 
illmninates, which indicates that the flare mode is engaged. The control 
column moves aft to provide up elevator control. The pilot's AD! pitch steering 
bar displays the flare steering commands while the copilot's ADI pitch steering 
bar continues to display the A/P pitch commands which are now flare maneuvering 

commands. 

At approximately 30-foot altitude, the throttles begin to retard to the idle 
position at which tL"'l~ the ATS automatically disengages. At about 12 feet, the 
pilct should manll!llly decrnb the a!rcr:llt, 3.3 necessary. The touc!lco.wn cc:::~rs 
at about 750 feet beyond r.he glide slope transmitte~ with a sink. rate of .ab~~t 
150 feet-per-minute. As seen as contact is establlshed, the p1lot mus~ ta""e 
ccctrol of the nir-;r:.:: :or the roll-out. 

h P
rocedure utilizes the A/P for an automatic controlled 

The above approac - uld b t 11 ed 
roach. If the A/P ts not used, the aircraft wo e con ro: 

AWLS app 11 d 'tch commands displayed' on the ADI· s. All 
manually in response to ro an P1 

otber funCtions would be the sam e. 
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LOW-RANGE RADAR ALTIMETER 

The radar altimeter, which is interconnected with the All Weather Landing 
System, is shown in Figure 2-1. The altimeter is a low-level altitude 
tracking and indicating radar. It instantaneously senses absolute altitude 
above the terrain within the range of -10 to 2500 feet. Radar altimeter 
operations are not affected by atmospheric or barometric conditions. 
Figure 2-2 shows the relationship between radar and barometric altitude 

J.,600ft 
abov·e 

se:! le1Je1., 
":;~ ······-~·~·~::~.~ .... ). 
•••••• 0 ' 

PU:.S~ ~ .. ': ~ -... .. ... 
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FIGURE 2-2. RADAR ALTITUDE VERSUS BAROMETRIC ALTITUDE 
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indications. 

SYSTEM OPERATION 

All controls necessary for 
operating the altimeter are 
located on the indicator as 
shown in Figure 2-3. 

When the ON-OFF switch @ 
is placed in "OFF," the fail 
flag @ appears, and the 
indicator pointer @ drives to 
2500 feet where a mask@ 
appears and covers the pointer. 
The system is ·deactivated only 
after the mask has appeared. 
The ON-OFF switch is also 
used to self-test the altimeter 
by pressing on the knob. The 
indicator shows a 40-foot 
altitude in self-test. 

The ALT-SET lmob 0, is usad ..._., 
:0 ?.:'a set a .Mi:.bl !Zlll Dec i.;ioi:l 
Altitude (MDA). When the air­
cra...'t cescends below t!le p::eset 
c.!titude, an MDA sign..al ~s 
pr:d::ced :u:d sent to t:le pilct' s 
.::=·: ~;'.?~:o~·s :,I:J . .;. !:~:s t::!C 
:.:, :.::z. ~-z.~:~ .. 'f.~-:.· ;.;;;s ... t:r:.. ·~.: ·; -.\ T ,...., ,...~,.. • • . -\ 

-~ ... -~.:.... .:. !!lc..~=-~ curso:- \..::.,/ , 
located oz:. the cute!" per;.phe.:-:: 

:!500 feet with the ALT-SE':' 
=cb. T'J.le .-\..LT-SET tt.:.~-5 
counter@ is used in 
conjunction With the index 
cu:-sor to indica.te the altitude 
n: ·:i:!.icb. tl:.e :\IDA is set. ~a · 
turns counter @ consists of a 
disk segment carrying digits 2 
and 1 and a blank. When the 
index cursor ® is set below 
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il- \\~ 
\!- 7 \ 
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1000 feet, the turns counter shows the blank. No. 1 is in view when the index 
cursor is set between 1000 and 2000 feet. No. 2 is shown when the index cursor 
ls set above 2000 feet. 

A nag alarm @ provides an indication of altimeter failure. It is also displayed 
during self-test operation. The mask@ on the indicator is spring-loaded to the 
out-of-view position. It is held in view to obscure the pointer and altitude 
window when the system has been turned off and primary power is still available, 

· or when the altimeter is operating above 2500 feet.· The mask is removed from 
yiew and the flag alarm is in view when the system is in self-test operation. 

The indicator displays absolute altitude by using a servo-driven pointer and a 
turns counter. The pointer @ indicates in hundreds of feet and the turns 
counter @ indicates in thousands of feet. The scale of the indicator is graduated 
in 20-foot increments. 

SPECIFICATIONS 
(Minneapolis Honeywell HG9025B-l) 

Power Requirements 

Altitude Range 

Altitude Accuracy 

Tra.,srn itter 

Carrier Frequency 

Pea.k Outpu: P~wer 

Pulse Width 

Zero to 500 feet 

500 to 2500 feet 

Pulse Repetition Frequency 

Continued 

VOL. IX. 

115 volts, ac. 400 hertz, single­
phase 

-10 to 2500 feet 

2 feet or : 2 percent of altit'..:de 

4300 megahertz 

100 wntt.s 

25 nanoseconds :!:: 10 

125 nanoseconds : 25 

10,000 pulses/second 

2-3 
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SPECIFICATIONS (Continued) 

Receiver 

~eiver Frequency 4300 megahertz 

~al Oscillator Frequency 4300 megahertz 

. Bandwidth . 

Zero to 500 feet 30 megahertz 

500 to 2500 feet 10 megahertz 

Track Rate (maximum) 2000 feet/second 

Indicator .· 

Track Rate (maximum) 600 feet/second · 

THEORY OF OPERATION 

The low-range radar altimeter is a high-resolution pulse radar operating at 
4300 megahertz. ns purpose is to automatically locate the closest terrain 
returns. It also has the ability to precisely track the rate of altitude ch2.!1ge 
(terrain irregula:-ities or changes in act'.!al aircraft altitude a~ove grounc}. A 
block diag:::am of the system is sho7r.l m Figure 2-~. 

Operation of the radar altimeter is based on the p!"ecise measurei!lent of the 
ti!!le required for an rf energy pulse to travel from the aircraft to the nearest 
g:-~'.!:ld :md to retu:·:1. .A..r!"ival time cf t.~e rec~1ved pulse is ccm~!"cci w:~ tlle 
transmit+..al time. The time differential is processed in the tracking circuits to 
provide range (altitude) information. The Receiver-Transmitter (RT) unit is 
the main component of the system. All electronic circuits are contained in this 
unit with the exception of the indicator servo system. 

l"he RT unit is divided into three section~: 

o Transmitter 

o Beceiver 

o Tracker 

. ' 
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Transmitter 

The traDsmitter section, as shown in Figure 2-5 consists of a tr~smitter 
osolllator and a modulator (PRF generator). The modulator is a free-rumung 
multivibrator opeJ;"athlg at 10 kilohertz. Each pulse from the mciulator triggers 
the transmitter oscUlator which emits a short rf pulse with a carrier frequency 
of 4SOO megahertz. The rf pulse Is sent to the transmitter antenna. A portion 
of the transmitted pulse is detected and fed to the tracking section to start the 
~~circuits. This signal is called the "time reference .. (To> pulse. 

\7receivfng 
\ antenna 

~--- --.-.-------1 r----- ----~ 

I ... 1 f M-----t gain control 
·l mixer amplifier I I ~ circuits 

I · I I 
_, I I 

1-.......... --- l I local I 
oscillator receiver. 1 1 

I _____ ~e.:_t_!21l_ __ I 1 

\il transmi tt 1 ng 
\V antenna 

,-----~ 
I l • 

I 
I 

video 
r amplifier 

i 
tracking 1 

:;a=t1o~ I 

, ... ., ....... ,.. : 
........ , • •J • 1.' ·tracking ~:;.. 

'-~-------. .. · . . . ,.. -.'- . : i : c t! 1 t 3 ~..r-- . ~ .. ": .... . 

to r/t 
circuits 

i;. 

-----··--' T : 
; I 

' 
·-- -----------

I ' I ' 1 I jl powe~ supj:'ly t ----------;.......-
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t ransm1 tter I 
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FIGURE 2-5. RADAR ALTIMETER -- SIMPLIFIED BLOCK DIAG~~ 
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Receiver 

When the rf pulse emitted by the transmitter anterma reaches the ground, it is 
partially reflected back to the aircraft where it is picked up by the receiving 
antenna and applied to the receiver. The receiver section, shown in Figure 2-5, 

. consists of a balanced mixer, a local oscillator, and an i-f amplifier circuit. 
Tbe'type of receiver used in the altimeter is a "zero 1-f" superhetrodyne 
receiver. In this type system, the receiver's local oscillator is operated at 
approximately the same frequency as the transmitter. Both the transmitter and 
the local oscilliltor are of the same basic design and use planar triodes. They 
inherently have identical frequency tracking characteristics and require no 
Automatic Frequency Control (AFC) circuit. The local oscillator signal is 
mixed with the received rf signal (echo pulse) in the balanced mixer. The out­
put is bipolar {ac) pulses similar to video. The i-f amplifier is then, for all 
practical purposes, a video amplifier. The bipolar pulses are amplified and 
detected to a unipolar (single direction or de) pulse. The detected video pulses 
are then sent to the tracking circuits where they are used to measure altitude. 

Tracker 

The function of the tracker is to produce a current equal to a reference by over­
lapping edges of the transmitted pulse and the echo pulse. The tracker consists 
of a video amplifier, tracking circuits, Automatic Gain Control (AGC) cL:.·cuits, 
and logic cireuits. The tracking circuit is a "leading edge" tracker. The circuit 
is designed so tbat the current (Ie) is propor:icn:J.l to the o•.:er!!lp o: the ec;cE -;f 
::he trn.cking gate tmd the return :1s sho\V!l !n Fi!r.l:"e 2-6. F'.trther, ilie circuit i3 
designee! to sense this current ;.'.c.d use it to position tile tracl:ing g~:e ~.m !he 

,, C ~ • :. - ::. I = ,. ', v ,,.__'::-_ ,-., 

tc a1a::s:d 
i:-.tern~~ y-ar.;e 
~s pro!l~rtionai . ·-,·} _, t :; me \ t 

·-CJ! 
S..i 
s-1 

=I ;,.)I 

! 

I 
I 

t;acking gate 
_.....main bar.g 

L'--~~------------~~~~------~~~~~~~--~------~~-----.> 
~-----------(Ti)----------~ time (T) 

to (E r) 

FIGURE 2-6. TRACKING GATE - SIGNAL RELATIONSHIP 
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leading edge of the ground return pulse as it moves back and forth with changes 
In altitude. Thus. it is the function of the tracking loop to move the track gate 
at whatever rate uecessary to keep it in coincidence with the leading edge of the 
ground retum pulse. The elapsed time (Tl) from the transmission of a pulse 
untU it returns frcm1 the ground is thus measured and presented as an analog 
voltage (Ea). A radar range measurement is sent to the indicator to drive the 
altitude pointer. 

Modes of OperatlOD 

The altimeter has four different modes of operation: 

o Tn.cking Mode 

· o Search Mode 

o Cc:mfidence Check Mode (self-test) 

o Failure Monitor Mode 

The different modes of operation pertain mainly to the tracker circuits. 

'"· 
Tracking Mode - When the altimeter is operating in the tracking mode, its output 
represents the actual distance downward to the near'est object as a function of 
time. Figure 2-7 shows the circuits that are operational .in the tracking mode. 
As stated earlier, each time the transmitter is triggered by the modulator, a 
ti:ine reference pulse (To) is applied to the T0 amplliier. The T0 pulse triggers 
a sawtooth gener:d:cr which supplies a calibrated linear voltage ramp. The 
instantaneous voltage of this precision ramp is directly proportion~! to the 
elapsed time since T0 • The sawtooth voltage is fed to a voltage comparator 
ci.rcuit where it Ls oo!!i.pared to the internal range volt:!.ge {Er). 

i 

At the in~~~ of 'ime when the sawtooth voltage equals Er, the co~~:.tra:c!' 
applies a short pulse to the gate generator circuit. At this time, the tracking 
gate is generated by the tracking gate generator circuit. 

When the rl pulse emitted by the transmit~er at '!'0 :-e::~hes the grour.d, i• is 
partially reflected back to the receiving antenna. Tie antenna feeds t!le echo 
pulse into the receiver whe!'e it is amplified, detected, and presented to the 
Track Gate AmpHiier (TGA) as a video signal. 

The TGA functions as an "and" gate. The time coincidence between the video 
signal and the trae1dng gate allows the video signal to pass as a cur-rent pulse 
to the rate intergr.ator. Since Er determines the sawtooth level at the time of 
comparison, and since the time position of the video signal is a direct function 
of the distance to the ground, coincidence occurs when tha sawtooth reaches 

2-8 VOL. L'X: 
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!l\ 
~ 
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the coincidence volt!lge (Ec) level, as shown in Figure 2-8. 

• 
to range 
computer 

Coii:.cidei:tce of the video and tracking gate at the TGA means that Er is 
proportional to range. It is important to note that since this is a "leading-edge" 
tracker, Er represents the shortest range to ground. The TGA produces a 
cU!':..·ent into the rate integrator proportional to the overlapped area of the video 
pllse and gate. A reference input equal to the average overlap current holds 
the gate positioned on the leading edge of the video pulse. The leading edge is 
composed of the earliest ground return. 
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FIGURE 2-8. TRACKING GATE GENERATION 

.5~::.:-ch )ioc~ - I: the return signal fulls below a minimwn level require.:! tc 
mainta!!l the track point current to the rate integrator, the video pulse and the 
tracking gate separate and the the tracker "loses track. " Tracking can only be 
:"~-es~blish(:d when the ~r~cki!lg ga!e overl:;.ps :1ccept!l.ble video. Therefore, :t 
ls necessary to prm.ide a means to establish this condition, which is the p~pose 
of the search mode. The tracking gate is caused to "sweep'' from rninimw:l to 
!:la."ilin.um ra.'lgc untii it intercepts a video signal. If the video sig:1al is accept:1l:le, 
the tracking gate locks on it; thus tracking is re-established. 

T!le simplified block diagrmn, Figure 2-9, shows the circuits that are operational 
in the search mode. 

The following additional blocks are used in this mode of operation: 

o Tracking AGC (TAGC) Gate Amplifier 

'· 
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o TAGC Integrator 

o o. 2-Second Hold Circuit 

o Search Generator 

'I'he·TAGC gate amplifier is similar to th~ tracking gate amplifier. It is an 
"and" gate for the video signal and the TAGC gate from the gate generator. Its 
output is proportional to the video and gate overlap. An important difference is 
that the TAGC gate is about twice as wide as the tracking gate. The leading 
edge of the two gates are in time coincidence. The output of the TAGC gate 
amplifier is applied to the TAGC intergrator. 

The TAGC Integrator integrates negative pulses fram the TAGC gate amplifier. 
Amplitude of the pulses is equal to the TAGC gate and the video overlap current. 
These pulses· occur at the Pulse-Repetition Frequency (PRF) rate. Pulses are 
integrated in the TAGC ~tegrator to establish a threshold voltage (E0 ). For 
normally good video, about 20 pulses per second maintain E0 at the tracking 
threshold. If a loss of video occurs, the integrator maintains E0 fc:o: approximately 
2 milliseconds (ms). 

The 0. 2-second hold circuit provides an additional delay time of 200 ms to the 
decay time of the TAGC integrator. Together they allow a short-term loss of 
video (200 ms) to pass without losing track. If a signal fade lasts for more than 
200 ms, the 0. 2-second hold trips and turns the search gener:ltor on. A signal 
is also sent to the rate integrator to clamp the output to zero. This action 
prevents Er from changing during the o. 2-second hold period. 

The search generator is a controlled multi vibrator governed by the 0. 2-second 
hold circuit. If the o. 2-second hold tri;~s, tl:!e sea:-c.b. gene:ator suppE2s tlput 
current to the range L'lta~r-ator which causes Er to sweep back a!lC for'± f:-o:= 
minimum range to maximum range. T.lls search cycle continues until it is 
stopped by the o. 2-seconc hold ci:cuit. m addition, the search generator 
provides ~n inhibit s!gna! to the 0. 2-seccn.c hold during :nbound sweeJ:S. The 
c. 2-seccn.d hold can cnl:: ~=o? :!le sea=~il ~:::::e!'3.:~r cc :·.lt::c~ci s·,:;;;::~s. :-::e 
diagram shown in Figure 2-10 clarifies the sequence of events during searcn 
and acquisition of the video target. The horizontal nucbe:s at the top of t!le 
illustration depict the following sequence of events: 

2-12 

o Loss ()f video. The current drive Irom the track gate amplifier to the 
rate integrator vanishes. The TAGC integrator loses its drive and 
discharges. The o. 2-second hold initiates its hold cycle. 

0 After 200 milliseconds, the search generator is activated which drives 
Er to minimum altitude. 

VOL. IX 



£It 
INTEJitaAL 

JIAN8E 

DJIIVl TO 
JtAN8l IMT 
rRON • 
StANCH GEfot 

I 

I 
I 

TRACK 

o~~!~~H~~+rl-+----------~1~----~--~~ 
0.2 SEC II : 
HOLD 
INHIBIT I I I rttow 
StARCH GEN I r--1 

o~--~1 --_.--~~s~~--._------------~--_.------------•• I I I 

I I I 
I I 
I 
I 

I I 
VIDEO RETURNS 1 

v1lto 1 ~v~o~o siOHAL ~RF 10 KH: 

~~~--~~~~~~----------~~~m~~~lll~lhi~II!I~HUwllli~UII~IW~Iiii~!I~~~YI~I!::~'Ill~llu~'n~;~ 
I I I 

VIDEO 

i : 
I 
I". UITn• I 

I ! 

0.2 SEC 

HOLD 

::: N-)i ~ 
SEC I 

I 

I 
I 
• 

t 

~; 
I ;·--

i• 
->, ~ 2 ,. st.: 

1 (20 VIDEO 
PUL:SE.S) 

FIGURE 2-10. SEARCH AND ACQUISITION \~AVEFORMS 

VOL. IX· 2-1:3 



v 

o The drive to the range integrator is reversed and Er starts toward 
2500 feet. 

o The upper limit reverses Er and inhibits the o. 2-second hold. 

· o -.Repeat of search cycle. 

o Reversal of Er occurs. VIdeo is regained. The gates overlap but 
because the 0.2-second hold is inhibited, lock-on does not occur. 

o Er reverses again and sweeps outward. 

o Assuming that the actual range remains constant durlng the loss of 
video, the gates overlap again. The TAGC integrator charges which 
resets the o. 2-second hold, thus stopping the search generator. 'The 
tracking loop is now closed and the altimeter is again in the tracking 
mode. The above search cycle occurs at approximately a 3-hertz 
rate. 

Confidence Check (CC) Mode - The CC {self-test) mode is designed and built 
into the system to provide a quick· comprehensive test of system operation. The 
block diagram in Figure 2-11 shows the circuits used in this mode of operation. 
Two additional circuits used are the CC-PRF generator and the CC level set. 

Whe:l the CC comm:md is given the t:ansmitter is disabled, a fiag alar:n signal 
~s given, tlle sawtooth level is set, and the CC-PRF generator is enabled. T.ae 
CC-PRF generator applies the T0 pulse to the TC' acplifier and a confidence 
test pulse to the mixer. The test pulse acts as a gate to open the mL'(er. This 
.:c~ion allc.:.vs a r.;or~~cr. of tbe I...oc:2.l Csci!la!cr (:..01 energy throug!l the i-f 
~?:.:.::=::~ ·.v=.srs :t i:: :.:::l~l~!!ed, d-at.:::tcC, :=.i presen.ted as a s:~:..ie~!c video 
t=.rget to the vic!ec ampii.fier. 

amplifiers and t!:.e leap searches until Zr corresponds to the test altitude. The 
tr:leker then acquires and trto.cks !l:e synthetic \ideo pulse. The amplitude of 
the pulse fed to the mixer is set to a mi:1!mu:n level for reliable track. Thus, 
the CC mode also checks the system sensitivity. 

~'"ailura Mcnitor Mode/Built-In Test Eauimnent (BITE) - The failure monitor 
mode is used to detect failures in ::he track ~d search loops and in the output 
circuits. A simplified block diagram in Figure 2-12 shows the circuits used 
in the failure mode • 

. . 
2-11 VOL. IX 



.... 
X 

receiver 
a-ntenna 

.( c 

(; ~3--· --~{~~-g : t-----t'o)>4 riantte 1-----..,. ..... ~>o~ r a1 nngte 1--.......,. .. _. to . r a~ 9 e 
Er comp~t~r ·-· -~~·- ----~ . 

local 
osc 

cc test !!~1. ~.')-· -·- - .. 

cc t':_~J~.~· ~~e ... [1 ~~r1~-

confidence 
check 
command c c 

prf 
gen 

set ..... 
'-·--till-

tagc 
gate 

search,....-..__ .. 
g_en 1--

r 
tagc 0.20 
int ~ hold 

FIGliiU.:: I· I L. COfiFJ PENCE CIIECI< MODE -SIMPLIFIED BLOCK DIAGRAM 



c: 
rx antenna 

\V -- ...---·- track 
~ mix~ 1 f k video·-~ gate ~ 

ampl 

t 

l.o. age ~ 

ref 

l fnt 
rate.__.,. range range 
fnt ~ fnt Er 

I 
'-----~ -------~--~---' 

amp 1 tooth gen .. 
L- search~ 

gen 
to H saw- ~- l-t.E2ornp ---*[·g'at;· ~ 

-------------------~ 

track 
-trans~ prf L------·--------~ loop· t4--­

monitor 

alarm 

( 

ext • range~~--~~ 
range~~ o.ut 

L.. range _ 
.._ out ~~.-c. 

r a'! g e_ ... ~-..__, 
mon1 tor __ bite .,._ _ _. 

L.--~ ~·~~-------gen 
tx antenna 

alarm 

FIGUJ~E 2-12. f-i\ILURE MONITOR MODE-- SIMPLIFIED BLOCK DIAGRAM 



I 

v 

In the normal track condition, the two range output signals and the internal 
range voltage (Er) are continually compared to verily the accuracy of the output 
circuits. If either of these differs from the other by a voltage equivalent to 15 
feet or more, a signal is sent to the alarm generator and a failure indication is 
provided. The track loop monitor is activated at any time that the tracking loop 
cannot maintain a reliable track condition for more than o. 2 second (time period 
o! the 0. 2-second hold) and above a 2500-foot indicator reading. 

When the o. 2-second hold deenergizes, the system goes into the search mode. 
The track loop monitor decreases the AGC signal to the i-f for approximately 

·0. 5 second. This action allows the rf leakage signal from the transmitting 
ant~a to the receiving antenna to pass through the i-f amplifier. If the track 
loop is functional, this appears as a video signal. The track loop regains a 
track condition ~ no failure alarm is provided. If a fault has occured in the 
track loop or if the transmitter power or receiver sensitivity has reached an 
unsafe level, a track condition is not obtained within the 0. 5 second. During 
this time, an rf leakage signal is provided and a signal is sent from the track 
loop monitor to the alarm generator which provides a failure indication to the 
indicator. If no failure is indicated at the end of this 0. 5-second period, the 
system returns to the search mode and attempts to reacquire the ground return 
for up to 4. 5 seconds. In the absence of a ground return, the failure monitor 
continues to gate-out the AGC signal for 0. 5 second at 5-second intervals, thus 
continuously checking the tracking loop operation. 

Antennas 

Two identicnl antennas are used with the radar altimeter system. Each anter-..na 
consists of a il:tred horn and a co~"<-to-waveguide adapter. The units a:e 
sealed by flush, non-reflecting radomes. They have a db beamwidth of 40 
degrees in the "H" plane and 50 degrees in :b.~ "E" pl~e. Antenru:. loc::-.:ic::.s ::.!'G 

shown h Figure 2-l. 

Indicator 

The !clbwing inputs ::r::~ supplied to t~~ i:.d.ic::uor, show~ i:'. :?ib'.lre ::-:i.J, i:·c::: 
the radio-transmitter unit: 

o DC Altitude 

o Flag Alarm 

o Mask Drive 

o Indicator Reference Voltage 

The mask drh•e voltage is used to operate the mask when the system is turned 
off or when operating above 2500 feet. The de altitude voltage is compared in 
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u 
the servo amplifier with the indicator reference voltage. The resultant de 
voltage polarity determines the phase of the ac used to drive the servo motor. 
As the motor drives the altitude pointer and turns counter, it also positions the 
follow-up potentiometer to null the servo loop. When the servo loop is at a 
null, the proper altitude reading is displayed on the indicator. The flag alarm 
signal activates the indicator failure circuit. Whenever the altimeter is not 
functioning properly for any reason (such as unreliable altitude signal, loss of 
power, etc.), the null monitor (BITE) initiates the flag alarm. 
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VERTICAL NAVIGATION (VER NAY) 

The Vertical Navigation (VER NA V) subsystem is used to command a sink 
or ascent rate and path deviation to arrive at a predetermined position and 
altitude. 

Two separate vertical flight profiles can be established by the VER NA V 
computer. Each path terminates in altitude hold at the predetermined 
aim.point altitude. Two stages are set to determine the flight paths: Stage 
1 may be used for ascent or descent while Stage 2 can be used for descent 
only. 

VER NA V command and deviation signals are transmitted to the autopilot 
coupler, elevator computer. and flight director computers for steering 

. and display. 

SYSTEM OPERATION 

The VER NAV system is remotely controlled from the ru:tvigntcL·'::; 
instrwnent panel as shown in Figure 3-1. The VER NA V system is placed 
in ope!"=ttion when the stage selector switch is placed in "STDBY'' (st:mdby) 
nnd eithel' the ASN-24 o!" ASi.~-35 controls are set for the prope!' ~~:r::,·JL-:: 
data. 

VER NAV Controi Unit Data 

Aim point 1 Altitude zero to 40, 000 feet 

Aimpoint 2 AltitUde zero to 10,000 feet 

Aimpoint 1 Angle 15 to -15 degree::; in 0. 5 degree 
increments 

Aimpoint 2 Angle -o. 1 to -5. o degrees in o. 1 degree 
increments 

' Continued 
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VER NA V Control Unit Data {Continued) 

Barometric Correction 28 to 31 inches mercury 

·- Distance Offset zero to 20 nautical mUes 

Angle Meter - ::1: 15 degrees 
. 

SetuE Procedure 

-
NA V Computer Control Settings 

Stepl -.. 

A. ASN-24 Mode 

... 

B. ASN-35 Mode 

3-2 
., 

I 

For a one-stage letdown, only one. 
D-position need be used, but if the full 
two-stage ~etdown is planned, two 
D-positions should be set up in advance. 
For example, the latitude and longitude or 
Aimpoint 1 :nay be set into Dl, and the 
latitude and longitude of Aimpoint 2 may 
be set i.:lto :C2. \\1::.en Dl is selr::c~ec, ~e 
ASN-24 calculates the dis'bnce frc= ±e 
aircrt .. ft's present :;osition se:; into t!le 
selected D position. This distance-to-go 
calculation is made once per second. n.::d 
t!:.e si~i ls pr.-,\ideci :o ±e \'1::. :-;;.. ;_:­
computer. Seiection of D2 and VER NA V 
Stage 2 causes similar distance-to-go to 
Aimpoint 2 to be provided. 

The airdrop of 100-nautical mile mode of 
the ASN-35 must be selected if the ASN-35 
mode of the VER NAV computer is to be 
used. In this mode, two stages are 
available for separote !=letting of distance 
to go. Only after the first stage has been 
selected as an operating mode can the 

Continued 
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Step 2 

Step 3 

Step 4 

Step 5 

Step 6 

Step7 

Steo 8 

Step 9 

Setup Procedure {Continued) 

second ASN-35 stage be set up for the 
next VER NAV stage. This VER NA V 
stage 2 leg must be set up on the ASN-35's 
control panel just as before. 

Select ASN-24 or ASN-35. 

Set aimpoint altitude. 

Set VER NA V angle. 

Set in barometric correction. 

If·.Stage 2 is to be used, set in offset 
distance from touchdown point to 
Aimpoint2. · 

Press self test. When this test is 
completed {asswning no malfu.'"lction 
indication), the VE R NA V system is now 
ready for operation. (Test switch on the 
computer at normal. ) 

l 
t 

I 

I 
I 

Select Stage 1 or Stage 2. * This action 
automatically plnc es the il.ig!:.t c::rec t::!' i.:1 
the V"ER NAVmode (pitch nx!::' .. ::md ~a 
displacement pointer on the • .!.:D: .:!ispi.a:. s 
deviation. A VER NA V mcde light 0:1 :he j 
na\"ig:ltor' s selector panels :1ls~ ~!hL"::::1!1t~. 

Autopilot may be engaged after Step S. 

* Stage 1 3lld Stage 2 may be set up together or individually and \v.hlle operating 
on the other stage. 
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Figure 3-2 illustrates the data flow from control to computer. 

·· Inputs 

Power 

Distance-To-Go 

Radar Altimeter 

Rotation/ Go-A!"o1.md 

v'"ZE NAV Command 

Malfunction 

Validity 

'/OL. !X 

SPECIFICATIONS 

115-volt ac. 400 hertz, single phase and 
28-volt de. 

ASN-24: Digital Nav computer; updated 
once each second: 360 degrees equals 
100 nautical miles, analog of X coordinate 

ASN.-35: Doppler computer; updated 
every 0.1 nautical mile: 36 degrees equals 
10 nautical miles, analog of X coord.lnate. 

Switch control at preset minimmn altitude. 
When activated, places VER NAV in 
altitude hold. 

Complemented altitude rate liVvl val!di:y, 
28-volts de . 

..... :.::·~~-:£: ~t.;~r~v.- .:;:--.:!1 ~!"::!::~::' 

.3<:.1:~: ~·. lE ::::l!!~:o~.~ ;: J:· : :~:: ~;t:~.1:~-=:: 

zero~= 5.JO i'eei: 
0. 001~ millh·clts ~=- foot L~n·.-~er. 

A.ircraft above path, ze:-o-d~g:-ee ph:ls.e­
(s~e~:- ~:.-.r:l) 

.Aircraft below path, loO-c!eg!'ee ph:ls~ . 
j {steer up) 

Scale: 10 millivolts per foot, altitude error I 
I 

VER NAV mode light 

28-volt de valid; zero volts, non-valid 

Continued 
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VER NAV Capture 

Altttude Hold Capture 

VER NAV Mode Light 

0. 

SPECIFICATIONS (Continued) 

28-volt de, at 150 milliamperes 
initiation of maneuver to the new 
vertical path from level light 

28-volt de, at 150 milliamperes 
initiation of maneuver to horizontal 
·path fram VER NAV angle 

VER NAV provides ground for light 

THEORY OF OPERATION 

The VER NAV system is an electromechanical analog computer that uses ac 
signals. One of the main inputs to the VER NAV is the Distange-To-Go· (DTG) 
signal from an ASN-24 digital navigation computer or the ASN-35 doppler 
navigation unit. 

Difference in position of the navigation computer synchro and a VER NAV se:-vo 
control transformer causes an error voltage to exist at the servo amplifier. 
The signal is amplified and causes the servomotor to turn the cont::ol transfo:t"':ler, 
through a 1200:1 reduction gear, to :lllll. A rate generator and o.atot::ansfo:-:ner 
are also tu.&.-ned by the motor through a 100:1 reduction gear. A portion of t!:!.e 
r:tte generator is fed back to the amplifier inpt:t to prevent hunting, as shown in 
Figure 3-3 

One output o:f the servo system warns of a servo malf.mction. The null detector 
senses absence of a null at the servo summing jU!lction and trips the VER NA V 
malfunction circuit. 

An output from t~e DTG autotransformer is supplied to the VER NA V angle 
seiect autotransformers for summation with corrected barometric altitude. 
This signal <he> is command altitude. Barometric altitude, augmented altitude, 
and aimpoint altitude voltages are summed to provide an altitude of aircraft 
above aimpoint signaL This signal is applied to the VER NA V angle generator, 
X tan transformers, and a demodulator. Aircraft altitude and DTG signals are 
summed in the tan function autotransformers. Excitation of the t3n function 
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autotransformers is proportional to DTG. This excitation is multiplied by the 
tangent of the VER NA V angle ( i\. ) in the autotransformers, and the output is 
tbe DTG (X) times the tangent of i\ plus h0 • The summation result is command 
altitude <he> minus aircraft altitude above aimpoint which is an error signal to 
be zeroed at VER NA V capture (VC). 

The altitude error <he), which is the algebraic summation of ha and hp = hb, is 
coimected, through the stage selector switch, to a buffer amplifier and 
demodulator. This now demodulated signal <he> is amplified and applied to a 
scaling/summing amplifier and a sine func~i~n amplifier. The scaling/summing 
amplifier output goes through contacts of the validity and altitude hold relays to 
the VER NAV deviation driver. From the sine function amplifier, which 
deve~ops a non-linear voltage, the signal (he) is applied to the altitude error 
amplifier along with vertical speed error <he>· This composite signal is then 
applied to the VER NAV capture trip and steering command modulator circuits. 
The non-linear output of the sine function amplifier adjusts the capture maneuver 
signals for VER ~~ V capture anticipation. At high aircraft speed, capture is 
made earlier than at slow speeds. 

Groundspeed from the doppler system is applied with corrective bias to the 
commanded vertical speed potentiometers. Commanded vertical speed, which 
is the speed (V) times the tangent of ?... , goes through switching to a. dem adulator. 
The demodulated signal is mixed with an actual vertical (IVV) signal, which · 
produces vertical speed error. This error goes through a 30-second switched 
washout filter. Thirty seconds after VER NAV capture, the washout filter 
removes the avero.ge value of vertical speed error from the steering signals. 
The altitude rate error signal and altitude error signal are o.dded in a s~-natio~ 
a:nplifier. One of the two outputs of this summation amplifier goes :o V"ER ::-:AV 
trip logic; the other goes to VER NAV steering command modulator throug.!l :he 
v~R ~AV capture logic relay contacts. These two signals produce a new error 
voltage that commands the flig!:t d.o·,•m ilie VER ::-i'AV p~th. The error i.: s::ill a. 
iunc:icn cf :;)TG o.nd altitude rate. 

As t.l}e aircro.ft approaches the aL'"llpoir.t, :l signal composed of Iv-v (frcm ?./G • .:...) 

signal cha.i~~. oy logic, e. g. A..'liC to provide a .smooth flare ::o lc\'~l ili6!l:. Th; 
IVV signal from the R/GA comp'..lter is demodulated and applied to the comco.nded 
vertical speed amplifier and the fl.o.re smoothing amplifier. 

The summation of stage 1 or stage 2 altitude set and barometric altitude 
correctic:1, minus aircraft altitude voltages, provides the altitude of the air­
craft above aimpoint. This sign3! is amplified and demodulated. One output of 
the demodulator goes through AHC relay contacts to the VER ~A V deviation 
driver. Another output goes through a sine amplifier to the altitude rate amplifier. 
The third demodulated voltage goes to clutched altitude trip logic, which operates 
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FIGURE 3-3. VER NAY 
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distance to go,x 

commanded altitude above aimpoint 
generation and subtraction 
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I 
I 

I 

· sh·aft posl analogous 
of I DTG • _____ _J 

*** these transformers are 
._~~--~located in the cont ind 

x- ha 
*the pots are located demodulator 

hc-h=2mv/ft in the control/ind 

reference switched 
for~. p o s i t i v e 

and stage.l o~eration 
vTAN"?..=hc 

...---..~----. I 
----~ ~~~ 

commanded vert 
speed 

alt error 

elayed vernav 
capture signal 

. (he-h)+ 
Kl(hc-h) 

vc I 

iP.I? trips wr:en j t=o i 
,... .~ ...l.L I 

,...------. ,:._ '-: ':' I ·: • 3 , : : 50 t 

... · -:- . -~.,... ..... 
--~:demo d u 1 a to rt--....;.Jo:=--...... -+-JI./\tv-+-V\11..,..__, I ~ c c :-:: "C 

11 I f I .l_s-:eer~n~ 
>tH }---! I ::k : c a n q 1 e c A s i c n a r 

I L-J~ -~-=-T _:_v~r~av . -!- meter ~iation 

vernav 
,------~---------J/ non 1. 1 near · s i 9 n a 1 angle qeneration dr1ver 

for display 1 

SYST81 BLOCK DIAGRAM 
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**the commanded vertical speed signal 
is washed out after capture to pre­
clude standoff errors due to differ­
ences between true airspeed and 
ground speed. 
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when aimpoillt is reached as <he) equals aim point altitude. Clutched altitude, 
through logic, keeps the aircraft on a horizontal tllght path until commanded 
otherwise. · · 

.Another use. of the sumined altitude voltage is in the VER NAV angle generator. 
The summed altitude and dlstance-offset wiper voltages are inputs to the VER 
NAV angle generator. Part of the output is fed back to the input of the generator.; 

· This feedback is controlled by the 1200:1 gear system 1n the DTG servo system. 
The X servo shaft multipUes X in the feedback path. Division of altitude is 
made in the amplifler. (Proper degenerative feedback causes a decrease through 
an amplWer.) The VER NA V capture voltage (VC) is used to bring the horizontal 
pointer on the ADI' s into view through the fiight director and to unlock the auto­
pilot altitude hold. VER NAV deviation is displayed by the ADI' s, and VER NA V 
command signals are routed to the autopilot and fiight directors for vertical 
steering. When the ah'craft has completed a stage 1 maneuver, command 
steering is controlled by the clutched altitude voltage from the CADC until stage 
2 capture. VER NAV ~gle voltage is used to display the aircraft's progress on 
the VER NAV path on the angle meter located on the control unit • 

. 
The followillg relationship applles during stage 2 function: 

"l\ = arctan h/X (zero distance offset), 

where 

n, = VEB !lAV angle, 

h = altitude 

X = D'l'G. 

If D~ is not zero, 

where 

The ampllfler is nulled when, 

X i\=h. 

When D
0 

ls not zero, 

X 7\ -D0 = h. 

The D
0 

lnput ls grounded when the D0 potentiometer is operated to th:e zero 
poaltlcm to prevent lDatablUty. The VER NAV angle generator ac output ls 
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demodulated, filtered, scaled, and then sent to the angle meter on the control 
unit where 0. 5 volt represents 15 degrees. The meter is gro\Ulded by AHC and 
ls kept gro\Ulded after capture. 

SELF TEST (BITE) 

Position 1 on the test selector switch (computer) and the stage to be tested 
(control panel) are selected. Predetermined aimpoint, VER NAVangle, and 
distance offset should be preset. The self-test button (control panel) is pressed 
and released to begin the test. 

A light in the test button illuminates and the computer goes into an automatic test 
sequence. The sequence checks performance of a complete sample problem and 
a time history of response of the VER NAV system to predetennined character­
istics. Any discrepancy in time of computations is sensed by BITE. This 
condition initiates a "no-go" status and illwninates the fail light (control panel), 
which stops the test sequence. The fo.illigh: stays "ON." If there are no 
failures, the test is completed, and the test button light is extinguished. 

Position 1 tests the system computation and logic switching. Positions 2 through 
9 check the functions of the control panel. 

A specific test is run for each stage. To completely test the two stages, :1 dual 
run of the test sequence must be made. BITE consists of the following: 

VOL. IX 

o A refe.!"cnoe scurce for inputs 

o R~lay s·.-titches to er.t~r the si.mul~ted inpc~s in:o !he 
prr)per ccmput:.r.;i::m:li cha.:mel::: 

o } .. cor.:.~·~:·~tJ~ ·.v::ci~ :-:~~pa::."e~ ~!~e ac:u3i ~il~l~'\ ~._ .. -..·:, 
:~·~-rc, ~d /·.:: c.~J.i::::: ·~ ;.:~-c~l:·~~~:ed i:ie::=.! -.-: c .-\...r.~C. 

and AP. tl::r.les. 
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AUTOMATIC THROTTLE SYSTEM (ATS) 

The Automatic Throttle System (ATS) is used to maintain a constant indicated 
airspeed. It also provides an automatic thr~ttle retard rate when the system 
is used in an AWLS approach. The system consists of four major components: 

o Computer/ Amplifier 

o Servomotor 

o Clutch Pack 

o Speed Trim Assembly 

COMPONENTS 

Computer/Amplifier . 

T'.a.e computer/amplifier, shown in Figure 4-1, (s the most complex of the 
four c0r.1ponents. It receives input and validity signals from the CADq No. 
1 and 2, the TPLC, and the flare computer. It also r~cei:ves feedback 
signals from the ATS. An error, representing the algebraic sum of these 
signals, is c!evelc;:ec in the computer and routed to the servomotor assembly 
as a co..--nma.n.d signal. 

A~tomatic dse~~ge logic in ilie computer/amplifier uses validity signals 
thnt are developed by the ATS as well as validity inputs from fr.e CA..DC's, 

li:, duri::1g c~r::am pl:.1.ses ·)fa~.:::~ th.rottie operation, u validlty signa.! gees 
~v:llid, it wJuld. n.o~aliy c:i.:.:.s~ tb.e ATS to d.iseng!lge, thereby assuring 
.s2:e C:)~t!"~: of t!!e :!::·~ ~~::. ~.::ct.'ler fe:lture of trJs unit is that it has its 

means of switches a~:c! li~hts on the front of t!le computer and is used by 
the grot.:.nd c=~w ~5 :m aid in ::-·.):lbl.:shooti!lg. 

Sei"':omot.:~r Assemblv 

The servom.:::t~r ass~bly, shown i.n Figure 4-2, receives its input com.mn.nd 
from the computcr/3mplifier which drives the servomotor to the comm:mded 
position. \\'hen the servomotor drives, it drives the clutch pack assembly 
through a gear train and also produces a feedback signal for the computer/ 
amplifier. 
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Clutch Pack Assembly 

The clutch pack assembly, also shown in Figure 4-2, receives a mechanical 
input command from the servomotor. This action' causes the throttles to be 
repositioned by cable linkage. It also changes the setting of the fuel control 
valves of the engines, thereby correcting for changes in indicated airspeed. 
The.clutch pack assembly also has a position synchro which produces a feedback 
signal for the computer amplifier that represents throttle position. 

Speed Trim Assembly 

The speed trim assembly, also shown in Figure ~-2, allows the pilot to make 
low-authority speed trim corrections, which provides precise control of the 
aircraft's ~lutched airspeed. 

Cabling 

The cabling diagram, Figure 4-3, shows the manner in which all these 
compcments are connected. 

SPECIFICATIONS 

Speed Trim Authority 

Throttle Rates 

Manual/ATS Mods 

#.:!topilot/ ATS moe;: 

At FLARE (30-Ioot altitude) 

Servomotor-to-power gearing ratio 

Power gear-to-clutch pack 

Clutch pack-to-throttle control 
driv.IDg ratio 

Continued 

:t: 5 knots 

1. 7 degrees/second or 
3. 3 degrees/second ii 
airspeed error is 3 knots i 
or more for over 2 seconds 1

1

. 

3, 3 degrees/second 

2. 5 degrees/second= 0. 7 

15:1 

100:1 

1. 8:1 
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Pounds of force required 

to move throttle with A TS 
engaged 

One throttle lever 

SPECIFICATIONS (Continued) 

13 to 16 pounds 

52 to 64 pounds : 

Throttle Handle Position I 
All four throttle levers 

Limit switch actuation 
from rig pi!l position 

Maximum limit 

Minimum limit 

Idle disconnect 

Clutch Pack Quadrant 

52. 4 degrees :!: 1 

3 degrees :!: 1 

- 6.1 degrees :!: 1 

62 degrees :!: 1 

33 degrees :!: 1 

29 degTees = 1 

r 

· -=v···..:.,, s·• ........... 1~' ,...,,·-~·· "': ....... ·"'-"':"'e= I - V't -• -.!,J.:, .-.:' "- •••~ u'- • ..... -= .., 
: 

10 volt.;, de 
- 1 C ".to!ts, ac 

.:: ... · .. -
,J • -···;, .. 

To select the ATS fficde, ~h~ pilct ;os~ti.J!'lS :.::eATS .AR.\I .S\Vitcb. :o t:~e ''.-L":;.:',!" 
position. T!le THROTTLE light on the fault identification p::u"lel ili~inates ::o 
indicste th:!t the ATS mode is :1n:1ed but not engages. If the friction knob sct:i~:r 
is too high, th~ ATS F?JCT li;h~. mounted near tb.e throttle frictior. ~ob, 
illw:::linates. When the fric:lon knob is repositioned to u. lowe!' setting. tte 
system is in the armed position and the THROTTLE light remains illwninated. 
The airplane is then flown to the desired airspeed. The A TS m:~.y then be eng:tged 
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v 
by pressing the switch mounted in either the pilot's No. 1 throt';le lever or the 
copilot's No. 4 throttle lever as shown in Figure 4-4 •. The pulse signal from 
the throttle switch causes the ratchet relay to close its switch contacts and 
energize the engage circuits in the CADC's, throttle clutch pack, speed trim 
unit, and the computer/amplifier • 

... The ATS mode can be disengaged by once more pressing either the pilot's or 
· copilot's throttle lever switch. . This pulse signal causes the ratchet relay to 

open its switch contacts to disconnect the engage circuitry. The THROTTLE 
light illuminates since the ATS mode is still armed by the ATS ARM switch. 

· Be-engagement of the ATS by the throttle lever switches or disengagement of 
the A'IS ARM switch puts the light out. The ATS mode can be directly 
disengaged by positioning the A TS ARM switch to the "OFF" position without 
pressing the throttle lever switch. This circuitry is designed to automatically 
advance the ratchet relay to the proper position so that the next time the arming 
switch is engaged, the ATS mode is armed but not engaged. 

The ATS uses the airspeed hold signal from the CADC as the airspeed error 
source, as shown in Figure 4-5. This signal is generated in the CADC by a 
clutch-operated synchro connected to the indicated airspeed shaft. \Vhen the 
synchro is declutched, a spring-loaded cam maintains the synchro at its 
electrical null position, thus presenting a zero error signal to the ATS computer 
prior to engagement. When the pilot engages the ATS system, a signal is sent 
to the CADC to engage the synchro clutch to the indicated airspeed shaft. 
Thereafter, until disengaged, the synchro output signal is proportional to air­
craft speed changes from the clutched-in speed setting. Within the computer/ 
amplifier, the airspeed error signal from CADC No. 1 is always switched into 
the computer circuitry as long as a validity signal from the CADC No. 1 self­
monitoring circuit is received. Should the CADC No. 1 malfunction, the loss 
of the monitoring sign:tl automatically switches the CADC Xo. 2 airspeed e.:-rcr 
signal into ilie computer circuitry. Should CADC :\.:>, 2 also malfunctioc, :.":.e 
loss of its monitoring signal then automatically disengages the ATS s::sl:cm :md 
illuminates the THROTTLE light on the AWLS display panel. The THROTTLE 
light is always illwninated when the A TS !s armed but not engaged. 

Airspeed error signal from the CADC is sent to the CADC demodulator in the 
computer/amplifier. The demodulator is a phase-ser.sitive, dual-bridge circuit, 
as shown in Figure 4-o. 

This circuit is designed to generate a positive de output voltage when it receives 
an input that is in-plutse with the reference voltage. \Vhen.the input is lSO 
degrees out-of-phase with the reference voltage, a ~egative de output is 
developed. 
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The CADC demodulator ou!put is sent to four places: 

o A summ!ng junction at the input o! ±e integrator. 

o A summing junction at the gust filter and lir" iter 

o A lead ci:cuit. 

o The input of a dual-rate sensing circuit. 

The speed trim signal permits the pilot to command a ch!mge in aircraft speed, 
in 1-lmot increments up to 5 knots of the original engaged speed without 
disconnecting the ATS system. The speed trim control, as shown !..'l Figure 4-7, 
consists of a position transducer controlled by a thumb wheel which is detented 
for each !-knot increment. It is spring-loaded to automatically reset itself to 
the null posltion when the ATS system is disengaged. This 1- to 5-k:not error 
sigaal is then added to the airspeed error signal at two summing junctions: one 
at the input to the electronic integrator, and the other at the input to the gust 
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filter and limiter. Speed trim is also sent to the dual-rate sensing circuit 
where it is summed with airspeed error at the input of the sensing circuit. 

CADC error signal is sent through a lead circuit and then applied to the summing 
junction at the input of the gust filter and limiter. The purpose of this lead 
circuit is to provide optimum anticipation and damping, by proper gain adjust­
ment, for. smooth and rapid correction of airspeed error. 

The limiter limits the signal value leaving it while the gust filter removes 
higher frequency signals that would cause excessive throttle activity. This 
signal is sent to a summing junction on the output of the gust filter and limiter. 

Combined airspeed error and speed trim signal, at the input summing junction 
of the integrator, are applied through the now closed contacts of relay Kl (Kl 
energized when A TS is engaged) to the integrator to increase system accuracy 
by elim~ting small, long-term errors. The output of the integrator is then 
summed with the outpUt .of the vertical gyro demodulator. 

. . 
Pitch attitude signals are provided by the TPLC vertical gyro Intermediate 
Signal Selector (ISS). It is used to achieve a lead signal to move the throttle in 
anticipation of a speed change caused by a change in aircraft pitch attitude. 

The summed outputs of the integrator and vertical gyro demodulator are then 
sent to the summing junction at the output of the gust filter and limiter. 'There, 
they are combined with the summed outputs of the rate generator and throttle 
position demodulators as well as the output of the gust filter and limiter. 

These summed outputs are then sent through the deenergized contacts of the 
:flare engage relay K2 (energized at radar altit:ude of 45 feet) and through the. 
deenergized cont:1cts of the flare relay K3 (energized at radar altitude of 30 
feet) to a pre-amplifier. 

The pre-amplifier has a threshold of: o. 2 knot which reduces throttle activity 
due to the effects of backlash in the system. The combined error signals are 
2lllpli:fied and fed tc the power ampli!ie:- which determines tb.e d!rectic:l of 
servomotor rotation. This error signal is then routed to the servomotor 
generator, which is mounted on the clutch pack assembly, and commands the 
desired throttle movement to correct for the airspeed error. 

A rate feed-back generator, in the servomotor, developes an output that is fed 
to the high-low rate selector portion of the dual rate sensing circuit, When the 
combined error signals of airspeed and speed trim are greater than 3 knots for 
2 seconds or more, the dual rate sensing circuit causes the high-low rate 
selector to switch to a higher rate. This rate is fed to the rate generator 
demodulator and then to a summing point. In manual pilot/ ATS mode, the 
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aormal maximum throttle rate is 1. 7 degrees/second or 3. 3 degrees/second. 
In autopilot/ ATS mode, the normal maximum throttle rate is 3. 3 degrees/ 
second regardless of error signal's magnitude or duration. 

'lhe output of the servomotor generator drives a power gear at a 15:1 ratio, 
and the power gear drives the clutch pack at a 100:1 ratio. This gear arrange-

. ment develops the torque to drive the throttles to the commanded position and 
pnerates a throttle position feedback signal by means of a synchro. This 
position signal is demodulated and summed with demodulated rate. Maximum 
and minimum. limit switches, as shown in Figure 4-8, mounted on the periphery 
af.the clutch pack cable drums, are provided to restrict throttle activity over a 
specified range of travel. These limit switches also function to lockout the air­
speed error integrator when two or more throttles reach their limits. 

Grounding the integrator prevents it from going to a larger value which would 
atherwise delay the throttles from moving out of their limits when commanded 
by a pi~ching maneuver or airspeed error in the opposite direction. This 
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switch arrangement permits the pilot to shut down a malfunctioning engine, 
then to position the dead throttle lever to the maximum forward thrust position 
to get it out of the way, and to continue A TS operation with three throttles even 
though one lever exceeds the limit switiJh settings. Idle disconnect switches 
are provided to automatically disconnect the ATS system when two or more 
throttles are moved to the idle position. .. 
When the ATS is used in an AWLS approach, a 28-volt, de LAND ARM (LA) 
signal is transmitted at a radar altitude of 100 feet by the TPLC. The ATS is 
automatically disconnected at this time if the throttle retard validity signal, 
frotn the flare computer, is not present. This action provides the pilot with an 
early warning that the flare mode is not going to. operate properly. If the flare 
computer is working, then.the LA signal has no effect. At flare engage altitude 
(45 feet), flare engage relay K2 energizes, which switches the input to the pre­
amplifier to the output of the rate generator demodulator only, as shown in 
Figure 4-6. This action has the effect of clamping the throttles at their existing 
position to prevent them from increasing as the aircraft pitches up. At 
approximately 30-!oot altitude, dual throttle retard signals are received. One 
signal (TRl) overrides the minimum throttle limit switch logic and other 
command sfgnals and causes the throttles to drive to the idle position at a rate 
of 2. 5 degrees/second. This action is accomplished by energizing the flare 
relay K3 connecting a portion of -10-volt, de to the .input of the pre-amplifier. 
The second throttle retard signal (TR2) is compared with the rate generator 
output ln a manner that automatically disconnects the ATS if the rate signal is 
not within 2. 5 :1: 0. 7 degrees/second with 1 second. Once the throttle retard 
mode is properly initiated, the logic is locked in to assure that the throttles 
continue to drive to the idle position in the event of loss of any flare computer 
signal output. 

. . 
If conditions warrant and the pilot elects abort the approach. he depresses the 
go-around button on his control wheel. This action produces a continuous 
28-volt, de signal which is transmitted by the TPLC and causes automatic 
disengagement of the ATS by tripping the computer's internal automatic dis­
engage logic. This signal prevents re-engagement of the A TS as long as it is 
present. Actuating the go-around switc~ on the control wheel a second time 
removes the 28-volt, de go-around signal. 

When the ATS computer is functioning properly, the automatic disengage logic 
circuit provides a 28-volt, de validity signal to ATS relay No. 1. When the 
logic is tripped, the validity signal is lost and the servomotor contz:ol phase 
voltage is interrupted. This interrupts power to all ATS clutches and eHminates 
servmnotor backdri:ving resista:lce whould the clutch pack clutch fail to disengage. 
The disengage logic, once tripped, remains tripped until a reset signal· is applied. 
The extemiLl wiring circuit produces an automatic reset signal whenever the 
system is disengaged and the throttles are positioned in the forward thrust 
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regime. U a fault which caused an automatic disconnect still exists, or the 
go-around signal is still present, the reset signal is overriden, thus preventing 
reset of the computer. When the go-around signal is absent or the fault has 
healed itself, re-engagement of the A TS can only be accomplished by actuation 
of the pilot's or c~pilot's throttle lever switches. 

The ATS power supply receives 115-volt, ac input and develops all necessary 
.voltages for the system. 
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.volume IX cha ter 5 

FLARE/LAND COMPUTER 

The flare computer is a single, self-contained unit as shown in Figure 
5-l. It provides an altitude rate error voltage to the automatic flight 
control system and flight director system. This signru is used to 
automatically or manually control the aircraft in the pitch axis on a flight 
path tbat is a function of programmed altitude rate during a landing. It 
provides pitch steering commands to the touchdown point. Absolute 
altitude from a radar altimeter (Chapter 2) and vertical velocity rate from 
a normal accelerometer (Chapter 11) are used in performing the flare 
computation. 

...... 
Altitude circuits trip three detectors: 

o LAND ARM (LA) at 100 feet 

o Flare Engage (FE) at 45 feet 

o Throttle Retard (TR) at 30 feet 

Validity signals go to the TPLC for validity functions. Error voltages and 
switch functions are provided to properly initiate indications and rel:tted 
functions during a flare maneuver. Any unsafe fault in the compute:- is 
detected and the computer outputs are indicated as invalid. The ccr.1puter 
has built-in test circuits that may be initiated by enroute, preland, or 
self-test. Dual channels are continuously compared for validity. 

SYSTEM OPERATION 

The flare computer system is turned on through the A.WLS arm relay which 
is energized by the AWLS switch on the autopilot control panel. A voltage 
of 115 volts, ac, through the arm relay is sent through a 1-ampere fuse to 
the flare computer power supply. All de power uaed by the computer is 
furnished by the computer power supply. The flare computer is connected 
to other AWLS components as shown in Figure 5-2. 

A front panel test button is used with a "no-go" light for self test. Pressing 
the test button starts a programmed test of the computer. The no-go light 
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· .U goes on and in 15 seconds the "test complete11 light in the test switch illuminates. 
If a failure is detected, the no-go light illuminates. Releasing the test button 
extinguishes the test complete light. The no-go light stays illuminated if a fault 
is detected. Enrou~e and preland tests are initiated by the TPLC and cause 
identi~_performance of the self test. Invalid outputs illuminate the master 
caution and FLARE lights, disengage the AFCS and ATS, and bias the ADI pitch 
command pointer. 

115v ac 400Hz main ° flare 
a vi oni cs bus No.1 '>--------AIJ1""""' T computer! 

>--e--..-.c,__ __________ ~: no-go ~~~¥.~~~-:~ 
28vdc.,. AWLS~~~ 11 g h t f;~~·~,J!)~·': 

;(~·::,i- .•.•••• ' autopilot arm-~ felt y l-~.~f_,;,;_~_-br--_.~·--~.~.~.~-f~;,~) __ -,f_;r_,; 

'i_,f_-.• ~.r~_:::'·_:_,·.·_:::),.;.,A,., W .~ .:.::_: Pane 1 ., =- f :::1~~~ 
. . ~ ~ s ~~~~';:::::·::<.::.t4'::~ 

/ s w, t ~h / r~%r~~~i~I~t~ / / I' / 
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FIGURE 5-2. INTERCONNECTED SYSTt"J'iS 
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SPECI::ICA TIONS 

115-volt, ac, 400 hertz avionics ac bus 
No. 1 

Radar altimeter and accelerometer No. 1 
and No. 2 

Fail-safe design3ted, off-line monitored 
Dual vertical velocity error (he) 
Dual Throttle Retard (TR) 

Continued 
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Self Test 

Validity 

SPECIFICATIONS (Continued) 

Dual Flare Engage (FE) 
Dual LAND ARM (LA) 
Validity 
Test complete 
Accelerometer test voltages -

When initiated, programmed testing of 
computer is accomplished by BITE 

he, 2 channels compared automatically, 
LA, FE, TR: Main and model outputs 
compared in reference to time of trip. 

THEORY OF OPERATION 

The computer uses the summation of the altimeter and the accelerometer input 
rates above a biased reference to form the altitude rate error signal (he). This 
error voltage is used in the automatic flight control and flight director systems 
and to automatically control the throttles during the flare maneuver. The 
altitude circuit has three altitude detectors, one each for the 100-foot, 45-foot, 
:md 30-foot levels. ~ormal acceleration channels lL"llits accelerometer mis­
aligmnent and trim changes by a high-pass filter. The filter performs ::;,s ::. de 
washout circuit . 

.,-:orihen the ::;.ircr:lft descends ~elow 200 feet, detectors indicate aircraft c!escent 
through the land arm altitude, the flare engage altitude, anc! the tb.rcttle retard 
altitude. 

Radar altimeter signal is processed through an isolation circuit to provide a 
proper load to the altimeter as shown in Figure 5-3. The output, controlled by 
a logic switch, inhibits altitude voltage during self test. A following limiter 
amplifier functions to limit the altimeter signals to 200 feef and below. The 
limiter output goes to detectors of land arm altitude, flare engage altitude, 
throttle retard, altitude rate filter, and summation amplifiers. These detectors 
pr~de logic signals as the aircraft descends tlU!ough each decision altitude. 
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Normal acceleration voltage goes in and out of a 20-second lag filter and is 
summed with the radar altitude voltage. 

A voltage equivalent to the sink rate of the aircraft is produced in the acceleration 
clumnel by the summing amplifier, filter, and limiter. This voltage is augmented 
altitude rate <he aug). 

SUmmJng amplifiers at the end of the channels control the output drivers. 
Driver outputs are altitude rate error one and two, which go to the automatic 
11Jght controls and throttle control systems. 

. . 
A parallel channel identical to the active channel is used for comparison. A 
siDgle summing amplifier output is compared with No. 1 active channel driver 
output for validity of the computer channels. Level detector outputs are compared 
by their trip times. A long-time difference between main and model LA, FE, or 
TR causes a fault indication. 

SELF TEST -- BUU..T-IN TEST EQUIPMENT (BITE) 

The computer circuitS may be tested without external AGE equipment. A test 
buttOn-on t1ie front panel initiates a 15-second self_:test.program. The proiram 
ls divided into five 3-second program steps. These steps test conditions of 
maximum signal levels, null, state of deliberate faults, and normal operation. 
Program steps Tl and T5 are valid; T2 and T3 are invalid. T4 is a delay period. 
Flare com pater outputs are vallci if the logic counters read "5." BITE does not 
test two radar altitude isolation amplifiers and one buffer amplifier or differentiate 
an accelerometer failure from computer failure. External AGE equipment has 
provisions to test the complete flare system circuits. TPLC initiates the self-
test during enroute and preland tests. 

The flare cca.puter BITE sequence is shown in the following table. 
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Flare Computer DITE Sequence -r Test SteJ:! Test AoU Cul Test Result Funotions Tested 
-·- -~-· - I 

1 a) Inhibit both h RA n) Comparator Safe a) Computation channel agreement 
signals and sub-· :b) All_MDA, FE, TR detectors- b) Amplitude detectors-no trip 
stitute test no trip c) Comparator safe condition ' signals c) All MDA, FE, TR drivers-off d) Drivers off 

b) 1'orquc accelcro- d) MDA, ~'E, TR logic-valid e) Validity and logic 
meters 

2 a) Inhibit the hnA a) Comparator failed a) Computation channel disagreement 
signals and test b) No. 1 MDA, FE, TR b) No. 1 ampli~ude detectors-trip 
signal in channel detectors-trip c) No. 2 amplitude detectors-no trip 
No. 1, malntnin c) No. 2 MDA, FE, TR d) Drivers on 
test signal in detectors- no trip e) Validity and logic i 
channel No. 2 d) MDA, FE, TR drivers-on 

b) Maintain nceolero- e) MDA, FE, TR logic-non 
meter torquing vnlid • 

3 a) Inhibit both hRA a) Comparator failed a) Computation channel disagreement 
signals and sub- b) No. 1 MDA, FE, TR b) No. 1 amplitude detectors-no trip 

I stitute test signal detectors-no trip c) No. 2 amplitude detectors-trip 
I In channel No. 1, c) No. 2 MDA, .FE, TR d) Drivers on ' . 
' remove test signal · detectors-trip e) Validity and logic 

. from channel 2. d) MDA, FE, TR drivers-on ~ I 

Remove torque signal e) MDA, FE, TR logic-non valid 

, 
' 

• 
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Flare Computer BITE Sequence (Continued) 
: .. 

Test Steg Test Action Test Result Flmotlogs Tested 
-

4 a) Inhibit both hRA n) Comparator alann a) Computation channel null 
signals b) MDA, FE, TR detectors-trip agreement 

b) No test sib'lutls c) MDA, FE, TR drivers-on b) Amplitude detectors 
present d) MDA, TR logic-valid c) Drivers on 

(Note-step •l is a 3-sec. c) FE Logic invalid d) Validity and logic 
stabilization period. ) 

5 a) Uemove both hnA a) Comparator safe a) Computation channel normal 
inhibits 

' 
b) MDA. FE, TR-concurrence b) Amplitude detectors 

b) System normal c) MDA, FE, TR-function of b c) Drivers 
d) MDA, FE, TR logic-function d) Validity and logic 

of previous test results 
e) Test complete signal 
f) Go-No/Go light flli!Ctlon of 

test results 
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115v ac 
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bus No.1 

COMPUTER, ROTATIOh/GO•AAOUNC> 

PART NO 3017·1 SER NO .15. 
RATING : 110•130V, 400CPS, 

PHASE A, 0 25 AMP 
PHASE 8, 0.25 Ar,IP 

CONTRACT NO. AF331G571·H•fl 
LOCKHEED PROC CONT NO. 31<91006·101 

rr.:i1 UNmO CONIHDll F'SN ~ ......... __ 
,,. . 

FIGURE 6-1. ROTATION/GO-AROUrm COMP~TER 
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ROTATION GO-AROUND CR/GA) 

A Rotation Go-Around (R/GA) computer, shown in Figure 6-1, is one of the 
associated components of AWLS. The R/GA system provides pitch "steering 
commands to the pilot's.ADI's for use during takeoff or go-around maneuvers. 
In addition the R/GA computer develops a complemented altitude rate (li0 ) 

signal for display on the pilot's Ve~cal Velocity Indicators (VVI) and for 
nse by the VER NAV system (Chapter 3). 

A programiner in the R/GA computer develops an angle-of-attack signal 
which is the proper one for takeoff or go-around maneuvers based on 
aircraft configuration. 

AIRCRAFT INSTALLATION 

The following components are utilized in the R/GA system: 

0 

0 

0 

0 

0 

c 

0 

0 

0 

0 

Rotation/Go-Around Computer 

Test Programmer and Logic Computer 

Angle-of-Attack Transducer, Left and Right 

Autopilot Two-Rate A.xis G.i ro 

~o. l Horizontal Accelerometer 

No. 3 Vertical Accelerometer 

CADC ~c . .: :lnli ::! 

Touchdown Relays ~o. 9 and lO 

F .Jght Directors No. 1 and 2 (Computer :md AD I} 

Pilot and Copilot Altitude VSI 

The VER NAV system utilizes complemented altitude r::tte (IVV) :1nd 
validity from the R/GA computer but is not directly related to the R/GA 
system. 

VOL. IX 6-1 
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The R/GAcomputer and Test Programmer and Logic Computer (TPLC) are 
located in the left underdeck equipment rack. The 115-volt, 400-hertz, ac, 
(phases A and B) required for each system is taken from avionics ac bus No. 1. 
The 5-ampere circuit breakers which protect the systems are located on the 
avionics circuit b;-eaker panel. 

SYSTEM OPERATION 

To engage the R/GA computer, either pilot may operate a GO-AROUND switch 
on his outside yoke handle. The next switch operation disengages the R/GA and 
returns the pitch steering to the previously selected mode. 

When the :R/G mode is initiate~, the ATS is disengaged, wings level is commanded 
by the fligiat director c.omputer, and the pitch steering is switched to the R/GA 
computer output for display on the ADI pitch steering bars. The Go-AROUND 
mode light on. the AWLS progress display panel ~lso illuminates at this time. 

Manual "enroute test" of AWI13 initiate a test command through the TPLC to 
the R/GA computer which tests the fault detector circuit only. This test is 
lJSually cmducted at cruise altitudes. The R/GA mode must be selected or the­
APPROACH ARM point of the app~oach reached, to test the R/GA computer. 

A continwros self-test of the R/GA computer is in progress while power is 
applied. An invalid output goes to the T?LC which, in ether than test mode, 
initiates fault indications on the AWLS fault panel. A fault in R/GA .::1ode 
prevents pitch steering displays on tte ADI's, and the Vv1's c!.ispla;· bar~met:-ic 
al~r.1de in lieu ci complemented ~~itl.:ce rata. 

: .')u~pu.:s: 

i Valid 

Invalid 

S P:: ~I?!C ATIO~S 

Complemented altitude rate (!!0 ) 

Angle-of-attack error 
Validity voltage (28 volts, de) 

Barometric alt!:ude rate (hb) 
Angle-of-attack error (inhibited by 

. logic switching) 
Invalid voltage 

v ..... Continued -. ..... -·~·. 
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Test: 

Inhibit: 

Input (See Figure 6-2): 

Angle-of-Attack V::mes 
No. 1 and 2 

Longitudinal Acceleration 

Ncrm:1l a:~ele~a:lcn 

Flap Pc.si:ion 

Pitch fu:~e 

Pitch Angle 

VOL. rx · 

SPECIFICATIONS (Continued) 

Manual n enroute" 
Built-in self test (BITE) while power 

is on 

Disable bias inhibits programmed 
angle-of-attack by squat relays 
No. 9 and 10 contacts 

AOA vane comparator inhibited unless 
R/GA selected or APPROACH AK\ri 
point reached 

Pitch-up limited to 15 degrees (ma.ximwn) 
steep bank maneuver during R/GA, faults 

the computer but heals toward wings 
level attitude 

3-wire synchro: left synchro for signal. 
right for comparison 

From No. l horizontal accele!"omcte::-: 
de cu!put, S. 0 volts per g, output 
biased for 1. 0 g 

S'ip:!.! prcporti.c~al to flap positi·:-n f!"c::!: 
:~i:.;ht ir.~c:-:.~= positic'n ~=-:-.ns~itt~r 

Frcm No. l :l . .''ld 2 C • .;.DC: ~50 miE:v ... ::.:;­
;~r-thousund-feet-per-mintotc, ::.-pbse ! 
= cli...'llb, out-of-phase = dive I 

Autopilot 2-axis rate gyro: -!C:) hertz, ~00 I 
millivolts-per-degree-per-second. in-

Fr:•::~:c:p,4::~:::.~o=~~::~~.-Jo·.,~ ~~ 
pitch-up, out-of-phase, pitch-down 

Continued 
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Bank~e. 

Squat Belays 

Approach Arm 

·• j 

•• ,·; ' •• t 

;,It •·•t·~· . . J. •• ' ! 
!.f ;t.. ~. ~I 

R/GA Mode Select 

Test Command . 

SPECIFICATIONS (Continued) 

From TPLC ISS: 400 hertz, in-phase, right 
bank; out-of-phase, left bank 

No. 0 and 10 contacts used for disable bias 
in angle-of-attack programmer 

Ground from TPLC 

28-volt de from TPLC -· 
28-volt de from TPLC 

THEORY OF OPERATION 

The R/GA computer generates two outputs: 

o AOA Error 

o Complemented Altitude Rate 

AOA error voltage is a summation cf augmented AOA and programmed AOA 
-..oltages. This summation results in either a negative AOA error voltage 
(producing a pitch-up command) or a positive AOA error voltage (producing a 
pitch-down command) to tl:.e pilot's AD! pitch steering bars. 

Augmented angle-of-attack is the result cf sum.I:J.ations of pitch rnte, pitch 
angle, and AOA and logitudinal acceleration senscr voltages. These voltages 
are a de aDa.log of the sensor outputs as shown in Figure 6-3. Longitudinal 
acceleration voltage is applied through a 1-g bias network to (A4)J5 as shown 
in the illustration. Pitch angle voltage after demodulation is divided into two 
channels in (A7)J5. One channel is used to washout the effect of gravity field 
change on the longitudinal accelerometer. Washout depends on pitch angle 
phase and amplitude. The other pitch ch3Illlel is further divided into two 
identical channels: One channel is the active; the other is for malfunction 
monitor~ Identical channel outputs are in-phase, relative to the inputs. 
Active cb:mnel voltage goes to the smnmation inputs of (A5)J5, while monitor 
voltage goes to the summation inputs of (A6)J5. Active channel (A7) limits 
airCraft pilch-up to 16 degrees maximum. 
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Pitch rate voltage is applied to the summation input of (A2)J5 with vane No. 1 . 
AOA. An AOA voltage is extracted for comparison with vane No. 2 AOA where 
a five degree difference causes a fault condition. The input of (A2)J5 is amplified, 
inverted and then demodulated. This demodulated voltage is summed with pitch 
angle and modified longitudinal acceleration voltages. Smnmation of these 
voltages generates augmented AOA voltage at the input of (A5)J5. Augmented 
AOA and programmed AOA, when sl.nllmed and amplified, is the AOA error 
w1tage. ( oc E) 

Complemented altitude rate is the result of the stimmation of barometric altitude 
rate, normal acceleration, bank angle, and pitch rate. Barometric altitude rate 
and pitch rate voltages are demodulated and applied to the swnming input of 
(A4)J3. Aircraft ascent or descent determines the phase of the altitude rate 
voltage. Normal acceleration voltage is modified by bank angle voltage to wash­
out "g'' forces pr.oduced by bank attitude and is applied to swnming input of 
(A4)J3. This voltage is amplified and inverted. One output of A4 is applied to 
mod~ator (A9)J3 for the vertical velocity amplifiers and VER NAV system; the 
other goes to the angle of attack programmer (A8)J5. 

Complemented altitude rate (lie) is applied to two identical channels in the AOA 
programmer. One is active, the other is for fault monitoring. The progr~'lL"ller 
has a preset AOA (approximately +1. 5 degrees). To prevent over-rotation, 
programmed AOA is limited in the takeoff schedule by a disable bias throu;h the 
squat switches. Complemented altitude rate modiiies the programmed AOA, 
and flap position further modifies the programmed AOA voltage. This modified, 
programmed AOA is applied to the input summing of (A5)J5. Summed, 
augmented, and progr:unmed AOA is the AOA error voltage i:.tc (A5)J3. AOA 
error voltage is amplified, inverted, :me sent to the fl!ght ~b.-ec:or c:r.:~-,u~e:::-s 
and may be switched in by the TP .:.c for displ~y on the A.DP s. 

An exnmple or AO.:.. error c!l:mge i.:; L.> ::tss~e the air:r:::: is :.:! ~::•.> r:. · .:;.-. 
maneu~;er \\·ith lon~itudin!\l G.c-:clc!·aticn :&...~ci inst.ln::a.:l~'--~5 ·;0_· •• ~.::~: • ... : ... ~:~. 

increasing. Since pitch-up comm::t:ld de;;enc.ls on airc!'~ft spt:·::i ::tr::: :1::::~::..: 

rate, the AL m1d !\"V voltage inc::-e:l.s~ '.':,mld pro•:ide cor.'l~n~t:~~:= :.~:· r::•':·:: ~:::::-

senscr input changes t0 tht; cumputc:.·, 
would also alter pitch commands. 

TEST AJ.~D :\IONITOR 

Two modes of test are used in r~latlon to the R/GA co~puter: :-:!:..L"!U:l! A \\'LS 
test by the pilots (·~nroutc) and :m i:1tegr:1tcd scli test. '!1w seli :c-s: :~sts :2;,~ 

R/GA fault monitor only. Integrated self test is always functioning dU!'i.ng the 
time power is applied to the R/GA computer. 
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The R/GA computer is monitored by either an in-line or dual-channel compara­
tor technique as shown in Figure 6-4. The in-line method is accomplished by 
adding a 400-hert~ modulated 47-hertz (dither) signal to the sensor inputs. The 
dither signal is acted upon by the operational circuitry in the same ma.DD.er as 
the sensor inputs. Following this, the ditller signal is removed at a point down­
stream. If the signal chain is intact and functioning properly, the level of the 
dither signal is lmown. The dither signal, along with another signal (47 hertz) 
of proper phase and amplitude are both applied to an ac monitor. The monitor 
does not trip as long as the dither signal characteristics have not been altered 
by the signal chain. If the dither signal has been altered by the signal chain, 
the a<? fault monitor applies a signal to the validity detector. 

Parallel channel monitor v.olf:~ges are summed and applied to the input of (A6)J5, 
de monitor. Part of the active cha.DD.el voltage (AOA error) which has been 
inverted is also applied to the summing input of A6. The two voltages cancel if 
there is no malfunction in any of the active or monitor channels. The de monitor 
applies any fault signal to the validity director. This is shown on Figure 6-5. 

A ground maintenance test of the computer may be initiated after the AWLS is 
on and the R/GA mode is selected. A validity light on the R/GA computer is 
illuminated at this time. Act·.vating the AOA-flap positioner .(angle-of-attack) 
switch located on the ~amputer front panel, shown on Figure 6-1 alternately 
between the two positions causes the light to go out. The switch· should be 
released and the light illuminates. Placing the pitch rate switch to "PITCH 
RATE" has the same effect. 
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FIGURE 7-1. FLIGHT DIRECTOR COi-:PUTER, A[;l, A~D HSI 
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FLIGHT DIRECTOR SYSTEM (FDS) 

Tlle Flight Director System (FDS) provides a pictorial display of the data 
required to perform instrument flight maneuvers. The flight director 
recsives information from various electronic navigation systems and from 
AWLS components located onboard the aircraft. Selected input sigro..als are 
processed and displayed on two multipurpose flight director indicators. 
These signals may be selected both manually by the pilot or copilot or 
automatically by computers within the AWLS. 

This system· provides continuous monitoring of itself and of the subsystems 
supplying data to it. Failures within the flight director or loss of reliability 
siguals from the feeding subsystems cause immediate warnings to the pilots. 

_ This monitoring enables the FDS to supply the pilots with steering commands 
to direct the aircraft to the minimum limits· of an FAA-approved, Category 
II landing. For a Category n landing, the aircraft must have broken · 
through any overcast by 100 feet altitude and must have visibilit-j c: one­
quarter of a mile. These minimums are a significant improvement over 
the previous minimums of 200-foot altitude and half-1nile visibility 
(Category I miilimums). 

The FDS indicators, Horizontal Situation Indicator (HSI) and Attitude 
Director Indicator (ADI), as shcv.;n in Figure 7-1, display bet:. !'aw {n.cn­
computeC.) ;lll.Yi;:l.ti.C'~ iti:Jr!'.l:!tion :lnci computed steering L.iic::~:.:i::.::. ·::.:.::;:.:: 
has been precessed b:;, :!' -:!~velo;Jed withi.."l, t.!le flight 2r~c:vr ::·E· . ..:.~::. 
'The HS! di.s~l:1::s prir.:larily t.!le raw information and the .-ill: ci.i.s~:~:;.::. 
~..!:lari.!:: tb.e compu:ed stee:rir.g: ir.formation. Comb!."ling ;:- :.:lte;:-:.::::.; 
th~ d.:.sp!a~:s d c-::,•er:l! rel!ltec: r::~::.s of !ci·:.r::~:lticn p:.·c•;h:.!s :=.:! ;:::·:·.:; 

ellm.iDates t!:le r..eed to scan nu.'llerou.s instruments. 

AIRCRAFT INSTALLATION 

Two complete and independent FDS's, desigD!lted as the So. 1 (or pilot's) 
ill~t director !llld the No. 2 (or copilot's) flight director, a:e i:l.sc:lcd 1.:: 
the C-14lA. E.1.c.!J. system contains two display indicators: the P'...SI and 
the ADL The t\vo indicators for each system are located on the corre­
spcmding instrument pmels. An elevator position transmitter for each 
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system is located on an elevator quadrant beneath the pilot's and copilot's floor-
boards 1D the flight station. --. 

In the left-hand underdeck avionics rack is a computer for each system. For 
each system there is an attitude gyro, rate switching gyro, and rate transmitter 
gyro located ln the-center underdeck equipment rack. A power adequacy indicator 
(rate off) for each rate transmitter gyro is located on the main instrument panels 
above th8 ADI's. A navigation selector panel is located on the glare shield above 
each pair of indicators. An HSI slaving pu;1el, located on the center pedestal, 
and a test panel, located on the center instrument panel, are all common to both 
flight director systems. 

The Clrcult Breakers (C/B) for the FDS as sbown in .Figure 7..;2 are located on 
the avionics C/B panel. at the navigators station and on the emergency C/B panel 
aft of the pilot's side console. 

SYSTEM OPERATION ..... 
The system has no on-off switch, as such. Anytime aircraft power is supplied 
and the system C/B's are in, the system is energized. There is a one-minute 
time delay fDcorporated to allow time for the gyros to came up·to speed and 
stabillze. After the time delay has elapsed, a voltage is supplied to mask the 
POWER OFF flag on the ADL 

U In order to mderstand the operation of this system, it is first necessary to 
become. famfUar with the indicators and the purpose of each of their indicating 
movements. 

Horizontal Situation Indicator (HSD 

The AQU-4/ A HSI presents a pictorial plan view display of aircr:Lft heading 3lld 
position with respect to a selected course. Heading and course error signa!s 
developed in the indicator are used by the flight director computer and the auto­
pilot system. (No. 2 HSI supplies the A/P 2nd No. 2 flight director.) 

Miniature Aircraft Svmbol 

A miniature aircraft symbol, fixed to the center of the instrument •. represents 
the actual aircraft as viewed from above. The symbol establishes a reference 
for presentation of navigational information. 

Lubber Line 

A lubber Une provides an index for accurate reading of aircraft heading. 
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Compass Card \ ', 
The compass card is driven by signals from the No. 1 and No. 2 C-12 compass 
system. When read apinst the lubber line, the ccmpa.ss card indicates aircraft. 
heading. · 

.... 
Bearing Pointer 

i -
The bearing pointer indicates bearing to a radio navigation station or Track 
Angle Error (TAE) depending on whether a radio mode or a computer mode is · 
selected. When NA V OFF mode is selected, the bearing pointer is automatically 
positioned to the bottom of the lubber line. 

Course Arrow .. 
The course arrow is a movable pointer which is positioned manually to the ·· 
desired course by the CQURSE SET knob. Selected course is reacroi the 
position of the course arrow relative to the compass c~d. When NA V OFF 
mode is selected, the course arrow is ~laved to ~craft heading. 

Course Deviation Bar 

J 

.. 
The course deviation bar indicates deviation to the left or right of the selected 
course. Movement of the bar indicates degrees off course in VOR/TACAN, and 
miles crosstrack in ASN-35, ASN-24 computer modes, relative to the graduated 
course deviatim scale. -
To-From Arrow 

The to-frOI:l arrow functions during Tacan or VOR modes only. The arrow 
~dicates whether the aircr3.i.'t is flying inbound or outbound (toward, or away 
!rem) on radial. -Deviation Bar Fla~ 

The deviation bar flag indicates a maliunction in the system providing course 
C.eviation information to the indicator. The fla.g is masked when the input signal 
iS valid. 

Heading Marker 

The heading marker is a movable marker which is manually positioned by the 
BEADING SET knob to the desired aircraft heading. Once set, the heading 
marker rotates with the com.pass card. 
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Range Indicator 

The range indicator provides slant range distance to a selected Tacan facility or 
distance-to-go along a selected computer course. · 

Range Warning Flag 

The range warning flag masks the range indicator when distance information is 
Ulll'eliable or when a mode other than Tacan, doppler, or navigation computer is 
selected. 

Power Off Flag 

The power off flag, when in view, indicates a malfunction in the compass card 
circuits or in the compass system. 

Course Readout 

The course readout provides a digital readout of the selected course. 

-- Attitude Director Indicator (ADD · 

The ADI presentation is a pictorial display of aircraft attitude and computed 
steering commands by means of a three-dimensional, forward-looking display. 
Glide slope deviation, turn and slip information, and radar altitude are also 
presented on this indicator. 

Miniature Aircraft Svm bol 

The miniature circr:Ut s:n:r.bol, fixed to the center of the indicator, :-e;1·eser.ts 
the actual aircraft as viewed f:-mn the rear. It provides a rcfe:-ence :c::- pitcl~ 

and roll informat~l)n, ~cmpute:.· stec:-ir.; commands, and aircr:l!: ra6:- :.l:i::.:.o.e. 

Attitude Snhere 

The at:itude sphere is positioned in the roll and pitch axis by signals f:.·c:.: :.!le 
attitude gyro. Displacement of the sphere indicates actual aircra.~ attitude 
relative to straight and level flight. 

Pitch Attitude Scale 

The pitch attitude scale consists of specific increments of pitch attitude. Pitch 
displacement of the aircraft is determined by the position of the scale rel.atiye to 
the miniature aircraft. 
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Bank Attitude Scale 

The bank attitude scale consists of graduated marks located around the attitude 
sphere. Bank attitude of the aircraft is read by comparing the position of the 
band index with the fixed bank scale. 

Glide Slope Displacement Pointer .. 
The glide slope displacement pointer is driven vertically along the G/S deviation 
scale by signals from the VER NAV computer or the G/S receiver. The center 
of the G/S beam or the VER NAV flight path is represented by the pointer. -
Graduations on the G/S deviation scale· repres.ent specific increments of deviation 
of displacement. 

Bank Steering Bar -· .• 
The bank steering bar (vertical pointer) is driven laterally across the face of the 
mstrument by signals from the flight director computer. Movement of the bank 
steering bar away from the center of the aircraft symbol represents lateral 
steering commands. The pilot is directed to fly the aircraft toward the deflected 
pointer to satisfy the command. .- ..... """ 

Pitch Steering Bar 

The pitch steering bar (horizontal pointer) is driven vertically up and down the 
face of the illstrument by signals from the flight director computer. Movement 
of the pointer away from the center of the aircraft symbol represe!lts vertical 
steering commands. The pilot is directed to fly the aircraft toward the de.tlected 
pointer to satisfy the command. 

Rate-of-Turn Indicator 

The rate-of-turn indicator is driven against the rate-of-turn scale at the bottom 
of the ADI by signals from the rate transmitter. Displacement of the pointer 
from. cente:.- indicates rate-of-turn in degrees-per-minuta or :..0 :=i.:lutes ~r 
36Q-deg::ee turn. 

Slip Indicator 

The slip indicator consists of a weighted ball contained in a liquid-filled trans­
parent tube. An uncoordinated turn is indicated by lateral displac~ent of the 
ball. 

Pitch Trim Knob 

The pitch trim knob provides a means of adjQSting the pitch reference (miniature 
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aircraft) of the indicator to coincide with the desired flight attitude of the aircraft. 

The vertical pointer fiag (when in view) represents loss of validity from the 
guidance system ·supplying lnforma~ion to the computer or an invalid signal from 
the flight director computer ozo TPLC. 

Displacement Pointer Flag 

The displacement pointer flag indicates loss of G/S reliability. 

Radar Altitude Pointer 

The radar altitude pointer has a 200-foot range. At zero feet (when the aircraft 
wheels touch the .runway), the pointer should touch the wheels of the miniature 
aircraft. This pointer is biased out of view above 200 feet and/or when altimeter 
information becomes unreliable. 

ADI Adiustments 

ADI adjustments include four meter movement zeroing-type adjustment devices 
located on the rear of the indicator. The ADI amplifier must be removed to gain 
access to them. These adjustmeJ:ltS are for the vertical steering pointer, 
horizontal steering pointer, displacement pointer, and rate-of-tum pointer. 
They are used to center the meter movements during power-off condit! ons. 
ADI amplifier adjustments are provided on the side of the amplifier. These 
adjustments vary an input bias to the altitude indicator amplifier and to the roll 
servo amplifier to ensure proper zeroing of the altitude pointer and AD! sphere. 

Enroute Guidance Systems 

Certain of the ~ircraft guidance systems are utilized only during en'!"ou:e ili;;?l: 
and not dt:ring landings. 'These o.re the Tacan, VOR, ASN-24, AS:\-35, co:::;.::.ss, 
V .t.R NAV, and LOC prior to glide slope intercept. 

Th,; basic r:et!!oc! ~i~t with the FDS is ~L:l!lual Heading (:\IH). T'r.i:: ~c(!~ ~:: 

initiated by positioning the i:fi)G SELECT/XAV switch to ":\:1.''~:." In ili.Ls :n~C.::: 
the FDS commands a heading marker on the compass card. When on the desired 
heading, the heading marker is beneath the lubber line and the ADI vertical 
pointer is centered. 

Manun! Heading Presentation (Typical) 

In the example shown in Figure 7-3, the aircraft is heading north and the 
selected heading is 060 degrees, which represents a 60-degree heading error. 
The steering command to correct for this error is shown in position No. 1 
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(ADI pointer to right). In position No. 2, a proper turn of correct magnitude to 
bring the aircraft onto the desired heading has caused the ADI pointer to center. 
The aircraft has rolled out on course in position No. 3. The ADI pointer and 
HSI heading marker are centered on their respective indicators. After rolling 
out on the desired heading, only minor corrections should be necessary to keep 
the aircraft on the desired heading. 

VOR/Tacan Flight 

Since VCR and Tacan flight are identical with the exception of the magnitude of 
radio deviation necessary to initiate capture, only VOR flight is discussed. The 
VOR capture initiation point is a fixed amount of deviation (75 millivolt), while 
Tacan capture point varies inversely with distance to the station (150 millivolts 
at 50 miles or less, to 50 millivolts at 150 miles or more). 

When initiating a VOR course, the desired course (radial) is selected with the 
COURSE SET knob on the HSL The desired heading to intercept this course is 
set with the HEADING SET lmob. The mode (Tacan or VCR) is then selected on 
the navigation selector panel. The HDG SELECT/NAV switch is placed in "NAv.,, 
and the ms logic switches to automatic manual heading mode. The FDS · 
commands flight on the selected heading until the aircraft is within the threshold 
of radio deviation required for capture. The FDS then commands a course cut 
intercept of the desired radial and provides steering for an asymptotic intercept 
and roll-out on the desired radial, as shown in Figure 7-4. In position No. l 
the aircraft is maintaining a heading of 350 degrees. The ADI pointer is centered 
since the steering commands are satisfied. A right steering comma.'ld shown in 
position ~o. 2 is the required capture steering maneuver. In this po~ition, 
radio deviation has dropped to the capture threshold. Position No. 3 shows the 
aircraft b:lnking right satisfying the steering command. Rolled-out :l.Ild on­
course are .st.o· ... ~ i~ position Xo. --1. In thls condition, t!le :!:""DS is t:-ac~ting the 
r:!C:~o b~n..;.~. C:-oss-wi.!ld com;ens:J.:!on is ~ro\ided.. .Any s:.oady st~tc :..:o.u.·sc 
~r:~~;:s are \',·~sh~~-o:.:t a.nC orl~· ~:-.~:c c.!cviaticn er!"crs ~d C-'::..:.·se ~l~ ro:! r::.t~ 
sig"lfll.S cause course corrections. Ir. position No. 5, the aircr:J.it is tur:1ei L"lto 
the wine lc:-:.bbed) to mainta.L'l beam :racking. The course er:-or (de·:iation b.:.1· 

The AD! pobter is centered since n:) e1·.:.·o:.·s :t.:.·e being s~pplied to i: .. i. e. t!le 
r.ircr:lit is on the radio be:un and the course error is \r.,·ashed out. 

VOR/TAC approach mode is initiated by placing the VOR/TACAPPR/NOR.\1 
switch to "APPR." 'This mode is a. tracking mode and can ce switched in only 
after on-course {r.o~ally only within 50 miles of ground station). The displ.:lyed 
in.formation is the same as in VOR/TAC 1:1ode except gains :lre optimized for 
close low-speed tra.c.king of the radio be3lll. 

VOL. L"'<: 7-9 



u 

v 

ADI ADI .CD ® 

\ I • , 

35Q 0 i 1&"" VOR/TAC 
~~o "\®station 

~~ ~ crosswind 

~\ ~0 
I\ ,~! ~ 
I ~~~ NOTE: to-from 
~~~~' arrow would be 

J~ stowed 1 n ASN-
~,t~~~ \ G) 24/ ASN-35 mode · 

.. ~~, \\ 
y l..._ 

·;0 I~® 
I I . \ 

HSI ----~H~s=r--------- AB. 
"on he.a.di ng.~ capture i ni t1 ati on ~CD 

.~ ... 

~;;;§ 
~-------------.: ~~~ -----A~D~I----~::' ------A-D-1----. 

: I @ II ·:ID 
ADI 
.]) 

~ ... ~i\~ I. 

'l!;.~'' .j . i· i~ : i I 

r't• I 

~·e 
HSI HSI Hs· 

asymptot'c "on courseu "crosswind compensation" 
VOR/TAC .ASN-24/ASN-35 

FIGURE 7-4. VOR/TAC ASN-24/35 PRESENTATION 

.I 
7-10 VOL. IX 



u 

Computers: NAV (ASN-24) and DOP (ASN-35) 

Since navigation and doppler computer modes are basically the same, only 
doppler mode will be discussed, with the differences noted. 

The computer modes are similar to the VOR/TAC modes in that the computers 
.simulate a radio beam, i. e. the desired flight path or track is seen by the FDS 
as a "radio signal. The computer mode utilizes automatic manual heading to 
approach the desired track, a capture mode to intercept the desired track, and 
a tracking mode to maintain the desired track. Computer crosstrack (distance 
from the desired track) to the FDS appears the same as radio deviation. The 
capture initiation point is a ~onstant value (150 millivolt). 

ASN-24/ASN-35/VOR/TAC Flight- As shown in Figure 7-4, the desired track is 
along the 30-degree radial. However, the radial has no bearing on the desired 
track. Desired track is determined only by data stored in the computers. In 
position N~. 1, the aircraft is flying the desired intercept heading of 350 degrees. 
At position No. 2 the crosstrack has decreased to capture level, and the FDS 
has commanded a course cut on the ADL At position No. 3 the aircraft is banked 
and is satisfying the command to turn onto the desired track. Position No. 4 
shows the aircraft rolled-out and on course. In position No. s·, the aircrait is 
crabbing in a crosswind. The difference in position No. 5 for VOR/T AC and 
position No. 5 for ASN-24/ ASN-35 should be noted. The deviation .bar is 
deflected in position No. 5 for VOR/TAC indicating a course error. However, 
in position No. 5 for ASN-24/ ASN-35, "the bar (representing crosstrack deviation) 
is centered. 

o Doppler AS~-35 - The doppler ASN-35 computer mode has two additional FDS 
submodes. They are paradrop and high-speed paradrop and should not be used 
until after capb1re. These modes are used when it is desired to mainuL'l tr:lcl~in~ 
much closer to the desired track than is po::;siblc: with normal ASX-35. When 
these submodes are selected, the :lOl'::l:l.l scale factor of deviati.:>n (3 :-:.iles crc.s::­
track = 150 millivolts) is switched to a factor 10 times greater (0. 3 mile cross­
track= 150 millivolts). The only difference in the two modes Loo.ro.drop and 
high-speed paro.drop) is tht: speed of th~ :.:.~rcro.f~. If the uircrdt is flyin; bste:: 
than 190 knots, the FDS is switched into high-s~ed paradrop. This action 
causes gains to be reduce4 within the FDS so that ADI pointer movem~nts are 
not erratic a.nd difficult for the pilots to follo\v. Below 190 knots, the FDS is a 
normal paradrop mode. Paradrop is selected when the ASN-35 is tracking the 
desired course by setting the NAV/Xl.O switch on the doppler a\Lxiliary control 
panel to "XlO." 

The C-141A aircraft is restricted to an airspeed of 190 knots when the flaps are 
not full up. A flap position transmitter senses flap position and this signal is 
used to switch the FDS to high-speed paradrop when pa.radrop mode is selected 
and flaps are up. 
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VER NAV Mode 

The VER NAV computer, which is completely described in Chapter 3, supplies 
the FDS with signals to perform vertical navigation of the aircraft concurrently 
with any lateral radio mode (except normal ASN-35 or heading select). There 
are three sub-fractions in VER NAV mode: VER NA V ARMED, VER NAV 
capture and track, and VER NA V altitude hold. 

·-
When the switch on the VER NAV control panel is turned from 11STBY to "STAGE 
1" or "STAGE n," the VER NAV light on the navigation selector panel illwninates, 
which is the armed phase of VER NAV. 

The VER NAV D.ight path may be thought of as a high altitude G/S since 
esse~tially that is what the FDS sees. 

In the aDned state, the G/S displacement pointer displays VER NAV error or 
deviation from the VER NA V flight path. The horizontal steering pointer is out 
of view until initiation of VER NAV capture. At this point the horizontal pointer 
comes into view and gives a fly-down command to place the aircraft on the VER 
NAV path. After D.ying the path .to the desired altitude, the VER ~A.'V computer 
commands pull-out and goes to altitude hold. These commands are fed to the 
horizontal pointer anci maintain the aircraft at .the altitude commanded by the 
VER NAV computer until capture of the next VER NAV stage O!' G/S intc:rce~:. 

In figure 7-5, position No. 1, the presentation during VER NAV arm i.s shc·.·;n. 
The displacement pointer is on scale and showing dcvi::tion frotn VE?.. ~A\" _t:.:l:~. 
At position No. 2, :1y-down cor.:!':l:md is given to capti.U"e t.hc p:I.L!l. A~ :S .). 2, 
the VER NAV path is being tracked. At ~o. ·1, pull-out altituc!e is re:lche~ ::L."ld 
a command is being given to arrest the descent at the desired alt:t::.:it!. At 
position No. 5, the horizont::l: ~~c!n~:;:- is dis~tl}·in; ,. c.'r..!~la::c!.:; to :: ..... · : .. : :::·~ ~1.i ~·-

craft at L'le cor:L"'!la..~d..;J al:i:t..!.d2. !..:' :.!.:1 !:..5 ==~~:.:cr..~:: !3 ::.;.::·~·.i ~-:.~ -\··.;!":, 
selected ·Jn t.!le navigati~n sc!;.:t~= ::~n::!, ""v·::: ~::. -...- ~: 3\':l~!:L~ .... ~ •• 

Localizer (LOC) 

Prior to G/5 int~1·c~l-it, ~~s~n~i:iz~ti !u...!~.izt.:!." ;ic·li:.l;.:~,r .. .:.'.::··:• .. :: ~::::: .:_, ? .;~ . .:~;~ .. :· 
. t'l' db th FDS '~h·r;..,. -·· ~ ~ .. : · "'t-1-~,.. , ... ,~ ·~··..., •·• t" ... -- ·.- .... : •n-· IS U 1 lZC y ~ e · • • . .l -.• ;)t.::...O .. ~.:. -•~ ... .._.,.::; ~:: •• 0 .... -:.~:, Ll- :··- ·.:.!..~.~. ·--=• 
program should b~ comiJh:ted. At 1.!~;3 poin:, t!:e AA li;!lt un tl:.; ,;::- .. ;r~::::3 
display panel ill~in:ltcs, and :~.n AA .si~ is applbd to tilt: FDS. Thi:: s: 0 7.;ll 

causes the FDS to switch fzom thl! dt.:s~nsit!zed localizer to r:lw iccalizt:r 
directly from the receiver. L:;ca!izcr mode incorporates an o.utum.:Hic 1:1a.'1u:1l 
heo.dingmodc, capture mcJ;.!, :md ~rae!~ moue. Th~ manual h~.?au:.:1g :!l.;.ic fli~s 
the aircr:lft on an intercept heading. \\bt!n radio deviation ciccrc::.1.s~s to 
capture level, the FDS commands a cow·se cut intercept of the localizer beam. 
After capture, the FDS command$ roll-out 3lld on-course tracking. The ADI 
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' and HSI presentations are the same as VOR mode except there is no bearing 
pointer or to-from information in the localizer mode. 

Gllde Slope (G/S) -·· 
The FDS utilizes only desensitized G/S deviation from the A/P coupler to compute 
steering.J,n!ormation. Raw localizer is displayed on the G/S deviation pointer. 
The displacement flag is connected to the G/S reliability flag during G/S mode 
prior to flare engage. 

lLS Guidance Systems ... 
Certain aircraft guidance and control systems are utilized only during landings. 
During an AWLS approach, the following systems may be utilized: n.s system, 
flare computer, R/GA, and A/P. 

During a normal AWJ..1J approach, only the n.s system and R/GA are fully active. 

AWLS Approach 

During a normal AWI13 approach, the AFCS provides steering control for the 
aircraft. The pilot monitors his FDS indicators to assure that the aircraft is 
being maintained on the proper flight path. The copilot monitors his ADI which 
is displaying steeri11..g commands to the A/P. The horizontal steering pointer 
displays A/P pitch channel steering commands :md the vertical steering pointer 
displays A/P lateral channel steering commands. If either A/P a.·ds is dis­
engaged, the steering pointer begins to display whatever mode the FDS wowd 
have been in i! A/P had not been engaged. If theA/Pis not engaged, the 
copilot's presentation is the same mode as the pilot's. 

The !~ prc,1des pi~h ~c! late~a: guiri"nce to =~L"'lta.L~ ~a a!r~=::.:: ~r. :=.e 
desired flight path fo:- a C~tego:-:: .IT approach, i. c. ~~ deli·:e:- !he a!:-cr::.:. to 
100-foot altitude with cne-qua.-rter mile visibility and runway i!l sight. 

localizer intercept course. \Vhc~ r::t::!io deviation decreases to c~pturs level 
(150 millivolts), the FDS com!:lands a course-c'l£-t intercept of the localize:­
beam. The pilot's steer!n; con:.mands roil the ai:-craft out on course and the 
FDS begins tracking localizer. The FDS continues tr:Lckbg localizer while 
G/S deviation is steadily decreasing, and the GiS deviation pointer is movmg 
steadily downward. When G/S deviation h.::ts decreased to the G/S capture 
level, the horizontal steeri.Ilg pointer comes into view and a 1. 7-degree positive 
bias is fed into the pitch channeL This action causes the horizontal steering 
pointer to command a steer down attitude and G/S tracking begins. The A/P 
steering commands are displayed on the copilot's ADI after AA ff the A/P is 
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engaged. If for some reason the A/P is not engaged, both FDS' s operate in the 
same mode and their presentations should be identical. The FDS's continue 
tracking the localizer and G/S signals until flare engage. 

The flare computer provides commands to the A/P and to both FDS's to arrest 
the sink rate of the aircraft to a rate at which the aircraft is not damaged at 

_ touchdown, which is done by commanding an exponential flare maneuver, i. e. 
a nose-up attitude to provide added lift to the aircraft and to allow ballooning to 
occur. This ballooning lets the aircraft settle or touchdown at a sink rate within 
the structural design limits of the aircraft. 

At flare engage, the FDS is switched to ~e mode. The horizontal steering 
poi.D.ter displays flare- error, and the displacement pointer and flag are biased 
out of view. Localizer error continues to be displayed on the vertical steering 
pointer. Flare engage normally occurs at 45-foot radar altitude. 

At 15-foot radar altitude, the pilot must manually decrab (align the aircraft with 
the ruilWay) the aircraft and touchdown. 

A typical AWLS approach is illustrated in Figure 7-6. In position No. 1, the 
aircraft is maintaining an intercept manual heading of 60·degrees. At position 
No. 2. localizer deviation has decreased to a eapture initiation level, and the 
FDS has commanded a course cut intercept. Position No. 3 shows the aircraft 
properly banked to satisfy the steering command. Position No. 4 shows the 
steering command satisfied and the aircraft rolled out on course. Position No. 
5 shows localizer commands satisfied and a fiy-down command to capture the 
G/S beam. The aircraft is pitched down and tracking the G/S beam in position 
No. 6. Flare engage has occurred at position No. 7, and the horizontal steering 
pointer is commanding a pitch up attitude to execute the required exponential 
flare maneuver. Position No. 8 shows the flare command satisfied (!lor~zonu.l 
pointer centered) ancl the ai~crnit in the flared attitude. 

NOTE 

~~spZace~en~ ~oir.~~r ~nd ~:a; ~re o~~sei 
ou~ of vie~ in positior.s No. 7 and B. It 
wouZd be impossibZe to predic~ autopiZo: 
steering commands~ so the indica~ors sho~n 
depict a normal AWLS PDS dispZay ~ith t~e 
A/P engaged. 

~ \WLS Approach 

During a non-AWLS approach, the visibility limits for landing are greater than 
Jn an AWLS approach (Category I instead of Category n). Category I limits are 
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200-foot altitude and one-half mile visibility. A non-AWLS approach or 
conventional approach begins with a· localizer intercept manual heading. When 
radio deviation drops to capture initiation level (150 millivolts), capture is 
accomplished, and tracking begins just as it would in an AWLS approach. There 
are no localizer switching or land arm signals. The computers (FDS) utilize 
desensitized localizer for the entire approach. The pilot must manually :flare 
and manually decrab the aircraft in a non-AWLS approach. 

Figure 7-7 illustrates a typical non-AWLS approach. The indicator displays and 
aircraft positions are identical to those in Figure 7-6 except there is no :flare 
maneuver commanded by the FDS. 

Rotation/Go-Around CR/GA) Mode 

The R/GA compute·r provides pitch steering commands to the flight director 
computer. When the pilot makes the decision to abort the landing, the R/GA 
computer provides optimmn pitch steering commands to arrest the aircraft 
desce~t and climb-out. This steering information is necessary as the aircraft 
altitude could be as low as 100 feet when the abort decision is made. 

Jn R/ GA mode, the horizontal steering pointer displays angle-of-attack error, 
aud tb& vertical steering pointer displays a wings level command. The G/S 
displacement pointer may be in view displaying G/S deviation. 

NOTE 

Seteation of the R/GA mode ove~Pides 
att verticaL modes and aLL LatePat 
modes e:cep; heading seteat. 

When R/GA is selected, the GO-AROUND light on the prCJgress display p:u1el 
illmninates. AD! display, modes, and navigation selector .PJ.nel switch f~.:..~cti•.ms 
would be as shown in Figure 7-8. 

Self Test (ST) 

! 
During self test operation, known signals are injected into the FDS signal pat.~s. 
The computer is forced into n..s mode by logic switching. When the signals have 
washed out in the pitch and lateral channels, the steering pointer driver outputs 
should be at null. These outputs are sensed, and, if not at null, cause the test 
to faiL Any voltage failutes also cause the test to fail. 

When the test button is depressed, the steering pointers initially deflect away 
from center; 4 or 5 seconds later the error signals have washed out, the 
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MODE 

I. Moft.,ol HeCI:I:nt 

2. VOlt 

3. TACAN 

~. VOlt TAC .lpptogch 

s. ASN·2• 

6. ASN•lS (N-oll 

. PAU.OlOP (ASN-3S) .. 
e. HIGH• SPUD 

'AitADIOP (ASN·3S I 

9. ILS ( ~OCAUZER I 

10. ILS APPROACH 

II. AUfOPI~OT 

n. FLAU 

13. ROTATION/00. 
AIOUND 

1 ... VUNAY 

IS. NAV•OFF 

16. SELF· TEST 

17. AV,U TEST 

••• AOIIU I i 

FUNCTION NAV SEL 'AN[L OTHU MOD£ EXCITATION 

S.loct 14eodi"~!. Select "HOG" ~'!!!!!_• 
-""tO"-GhC N1 lftl :.erect "l"al1" S.loctod N"" Modo 

O..ftido lot, a.- S...•• 
Caar.,,. Select "NAV, • VOIVT AC l"o:doVORlot. Seooo !•,.,. 
lr- IN "NOIIM,• "VQ~LS· IN ~~~~-(;ov,.. :MnM 

Coorvow Select "NAV, • VO~/TAC lnoido TACAN lat. 3•- S.ftM 
lnrcoo IN "NOIIM, • "T.AC" IN IAI.AN VI'•I.OV ... ~O"IO 

law-tPftd/1 .... olr. S~lecr "NAV, • VOlVTAC IN VO~ or lACAN 
Clcu•i" Ajlproach • APPR, • "VOR, • or "TAC" IN On.Ca..ne Sonw 
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FIGURE 7-8, FLIGHT DIRECTOR r10DES AND DISPL~YS 
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FIGURE 7-8. FLIGHT DIRECTOR MODES AND DISPLAYS <CO.NTINUED) 
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pointers are centered, and the flags are out of view. The test-in-progress light 
illuminates when the button is depressed. It remains illuminated until the test 
is complete. At the end of 7 seconds, if the test is completed successfully, the 
test-in-progress light goes out, the test complete (reset) light comes on, and no 
fault lights should be illuminated. If the test is not successful, the test complete 
light will not illuminate and the appropriate FDS fault light will illuminate. 

Fault Light 

Fault lights identified as FLT Dm 1 and FLT nm 2 are the lights mentioned 
above. Loss of voltage validities within the computer is the only malfunction · 
which turns on a fault light. 

:rn the ADI repeat mode, it is possible to display No. 2 computer information on 
No. 1 .ADI, and No. 1 computer information on No. 2 ADL The ADI REP butt·ons 
on the navigation selector panels determine the switching. 

. --

NAVOFFMode 

NOTE 

If a FDS test is ~un ~ith ADI REP 
sez;ected~ the opposite ADI ~i"J,Z be 
ea:e~cised. 

The NAV OFF mode, initiated by depressing the NAV OFF button on the 
navigation selector panel, removes navigation information from the ADL Only 
R/GA or heading select mode signals can be applied in NAV OFF mode. In this 
mode, the ADI continues to supply attitude, rate-of-tum, and turn coordir.ation 
information. The bearing pointer on the HSI drives to the bottom of the lubbe:­
l!:lc. The course arrow is slaved to compass heading and remaL"ls ;it the t:pp.;:­
lubber lin~. A digital readout of compass heading is provided. 

HS! Slaving 

L1 order for the pilot to have control oi the A/P preset heading and preset course, 
t.,_e No. 2 HSI heading and course set are slaved to the No. 1 HSI, i. e. when the 
pilot positions his heading marker or course arrow, the copU.ot' s HSI iollows to 
the same position. This capability is provided by switching the HSI No. 2 
HEADING and COURSE switch on the heading and course set panel to the "SLAVE" 
pos;tion. Selecting VOR/ILS on both navigation selector panels and ttming both 
VOR/n.S receivers to localizer frequencies accomplishes slaving automatically. 
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Sam.mary of Modes Operation 

The FDS provides an integrated display of navigation and other flight information 
required for control of the aircraft. Flight information displayed consists of 
aircraft attitude displayed on the attitude sphere of the ADI, rate-of-turn dis­
played on the rate-of-tum pointer of the ADI, turn coordination information 
displayed.on the slip. and skid indicator on the ADL 

The other .fiight inform.ation and the navigation information consists of signals 
developed within the FDS from data furnished by Tacan, VOR/ILS, ASN-34, 
ASN-35 ·systems; compass; R/GA; flilre; VER NAV; and A/P system. The 
above systems data may be summed with, or complimented by, other information: 
pitch rate from the two-axis rate gyros; flap position from the flap position 
transmitters; roll and pitch attitude from the attitude gyros and from the ISS in 
the !!'PLC; vertical acceleration from the normal accelerometers; and elevator 
position b:am the elevator position transmitter. The resultant information may 
then be displayed on the FDS indicators. 

The information displayed is determined by the switching of the navigation 
selector panel accomplished manually by the pilots or by automatic switching 
performed externSny by the TPLC or the appropriate AWLS subsystem. 

Mode Priority 

V A complete tabulation of modes and priorities is provided in Figure 7-9 for 
lateral ch2nnel and Figure 7-10 for vertical channel. 

Headinp- Select- This mode overrides all lateral channel modes and provides the 
vertical steering pointer with commands to maintain a preset heading. It is 
selected by mo,-!ng th~ EDG SELECT/NAY switch to "HDG SELECT." 

7CR. Tac2:1. AS~-24 A....~-35 - 'These modes are all called radio modes. None 
oi ±em, o.r the NAV C.L:F mode, may be selected at the same time since the 
~.1cC:J push-buttons en the navigation selector p:mel a.re mech3.nica!ly interlocked. 
'.V.:.len az.::· one is pashad L'"l and anc~er one is pushed in, the first one pops out. 
In the radio modes, a radio beam (real or artificially produced by the computers) 
ls tracked by the FDS. Each of these modes consists of an automatic manual 
heading, ca.pture, and track mode. VOR and Tacan have a submode (VOR/TAC 
APPROACH) which optimizes gains for close tracking of the beam after capture. 
It is initiated by switching the VOR/T AC APPR/NOIU'4 switch on the navigation 
selector p:mel to "APPP .. 11 The ASN-35 has two submodes which provide close 
tracking of the desired track. These are paradrop and high-speed paradrop. 

.. 
The pri-adrop is initiated by switching the NAV/XlO switch on the doppler 
auxiliary control to "Xl.O. n The system is In paradrop below 19Q knots and 
high-speed r:aradrop·above 190 Imots • 
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COMPUTER LOGIC EQUATIONS 
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The HSI bearing pointer indicates bearing to the station in VOR or Tacan and 
TAE in ASN-24 or ASN-35 "llode. The course deviation bar indicates degrees off 
course in VOR/TAC and miles off the desired track (crosstrack) when in ASN-24 
or ASN-35 modes. 

Rotation/ Go-Arowtd <R/GA) - The R/GA mode is activated by depressing the go­
around button on either the pilot's or copilot's control wheel. This mode over­
rides all vertical modes and all lateral modes except heading select. Angle-of­
attack error and wings level commands are displayed in this mode. 

J!&- The ILS mode is initiated by selecting VOR/ILS on the navigation selector 
panel and tuning the VOR/ILS system to a localizer frequency. Localizer 
utilizes an intercept heading, capture, and track modes similar to other radio . 
modes. G/S utilizes a capture and a track mode. In G/S mode, the vertical 
and horizontal steering pointers provide guidance to the runway. Raw localizer 
is displayed on the G/S displacement pointer. 

Flare - The flare mode is initiated automatically at 45-foot radar altitude in an 
AWLS approach. Flare supplies vertical velocity error to the horizontal steering 
pointer and biases the displacement pointer and flag out of view. Localizer is 
still active in the lateral channel. 

VER NAV - The VER NAV mode is initiated automatically by a VER NA V capture 
signal from the VER NAV computer when the aircraft is sufficiently close to the 
VER NAV path. In this mode, the horizontal steering pointer displays VER NAV 
steering, and the displacement pointer displays VER NAV error. The vertical 
pointer displays whatever lateral channel mode is selected concurrently with 
VER NAV. 

If the A/Pis engaged, the flight director automatically goes into the A/P mode 
at the .·\.:\'point. In t..'li.s mode, the horizontal steering and vertical :tcering 
point2rs mor..ito-r t..'le A/P pitch and roll stc:erir.g comma.'lds, resr...:cti\'el::. The 
G/S deviation pointer anc flag displ.:ly d~viation and reliability !"es:r:-ecc!•;e!y b 
this mode. 

THEORY OF OPERATION 

Although, as previously mentioned, C-141A ai!"cra...l=t contain two complete t1ight 
director systems, only one is discussed here since both systems :u-e the same. 
The following system diagr:llll illustrates the inter-relationship of the various 
flight director components and signal sources. By breaking this diagr:un down 
into its various information loops, the following c::m be noted:· 

o Heading infonnation is supplied from the C-12 compass. The 
signals are amplified nnd used to position the servo-driven 
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compass card. · Heading information is also applied to other circuits 
in the HSI which are covered later in the text. 

Roll and pitch attitude information is supplied to the ADI and to the 
computer frcm two different sources. The ADI is supplied by the 
MOl attitude gyro. The computer is supplied by the ISS circuits in 

·- the TPLC.. The signals furnished to the ADI are amplified and used 
to position the attitude sphere. Bank attitude is used in the computer 
signal mixing network to compute vertical steering pointer information. 
Pitch attitude is utilized in the computer signal mixing network in 
ILS, flare, and VE.R NAV modes to compute horizontal steering 
pointer information. 

Course deviation signals are sent to the computer. The deviation 
signal is also sent to the HSI course d~viation indicator. The 
computer mixes the deviation signal with other signals to provide 
_computer guidance information to the ADL 

o Distance information is supplied to the HSI window. This indicator 
is made up of three synchro movements and de mete:J;s. The synchro 
movements position the units, tens, and hundreds cotmters. The de 
meter movement positions the thousands digit. Only two indications 
can appear on the shutter and thousands digit: the figure 11111 or a 
blank.. Since this digit is not used in C-141A aircraft, it is always 
blank. The shutter appears if signals are \!lll"eliable or not available. 

o To-from ~"lformation is supplied to the to-from arrow on the HSI in 
VCR and Taca.n. 

'' :9e::t~ing signals a.re SU;Jplied to the !::~aring indicator on the liSl 
T~!i.s l:love!:lent is a .3e::-:o-J.riyen pointer. 

o Course c<m.J.mand sig>1als (supplied only when the system is in :.he 
NA~l Ol:"F ~c--:!e) are us<:>d tn posit!c-:1 ~e ser-.·c-driven course arro·.:.:, 
':..:.: cot:rse 2=~::.·.v i.: .:.~~:.:.:!.1.:.~· p~si::cnt:ci t:; :.:.~ cot::sc:: se; !;:)c~ in 
all other modes of opention except sfu.ve mode. 

o The course error signal sent to the computer is derived in the HSI 
course datum sy:1chro' s stator; its rotor is positioned by the course 
set knob. The signal developed across the rotor is the difference 
tetween aircraft heading and selected course and is called· course 
error. When the c-ourse arrow is under the lubber line, the selected 
course is the same as aircraft heading, and the course datum 
synchro is nulled with zero course error output. 
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o Beading error signals sent to the computer are derived in the HSI 
heading datum synchro. This is done in the same manner as the 
course drror signal except that its rotor is positioned by the heading 
set knob. 

o Erection cutout to the attitude gyro to prevent erection during tums 
is supplied by the rate switching gyro. 

o Rate-of-tum is sensed by the rate transmitter and sent to the rate­
of-turn indicator on the ADL 

o Navigation systems, such as VOR/ll.S, Tacan, ASN-24 ANS-35, are 
selected by the navigation selector panel whi<?h connects these inputs 
to the HSI and computer. 

o Nor.r£.al acceleration is supplied to the computer and is used in 
comput~ng pitch steering during U.S or flare modes. No. 1 FDS is 
supplied by the No. 4 vertical accelerometer, and No. 2 FDS is 
supplied by the No. 3 vertical accelerometer. 

· o Pitch rate is supplied to the computer by a two-axis rate gyro. . No. 
1 two-axis rate gyro supplies No. 1 FDS, and No. 2 gyro supplies 
FDS No. 2. This information is used in the same manner as 
normal acceleration. 

:> Elevator position is furnished to the computer for pitch steering 
compt:tation during f!:Lre mode only. 

o AWLS computer signals supply the FDS computer with sign3.ls 
commanding- cptim'.!In ::t.!l~le of attJ.ck (R/GA), vertical velocity 
e:-!:O!" (fl~!·cj, :~.ri ·\~=:?. ~.-\.·: ~~ ... ·:ation a:.J !!e~:-i."l~. R,·.~ . .;, i.s 
s·;vi~!:ed !:1 :nJ.nu~:.:l~· :Jy :.:.!r: ·;~-~1·o'..ll~d Out:or. ::n. ~i~!c!· c.:·ntro~ 
wheel. '\SR ~;.-\Vis =:.nned ~am:ally •.•.-hen the '."":::\ XA '\" :or.~ro: 
!s :no·,~d from "STDn"..~' tJ ''57 . .l&~E 1" or ··sT . .! ... G!:: 2'' ~::<..! S\\'iU.:hes 

a.utoma:ic.::.l~y :..s a i:·!lct!;...l .Ji .:1l:!::.~:ic. All conaectin;; syste:r.s 
"""" :::l--,0\\·.., ; .. j:'1"mn•e 7-iJ." -:- ., -·· ... ~. - b ~ - • 

Heading Looo and Slaving Ooeration 

Compass heading information is supplied at all tL"lles to the a~imuth ring control 
t:'ansformcr sy::chrc i:1 the HSI. Any c:rror voltlge is :unpliflcd by :.he comp:lss 
servo amplifier which drives the servo motor turning the compass card, CT 
rotor, and rate generator as shown in Figure 7-12. 
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FIGURE 7-12, HSI HEADING.LOOP 

The rate generator feedback is used to stabilize operation and pre.vent over­
shooting or oscillation. Whenever the system is in the NA V OFF mode, power 
is supplied to the course command servo amplifier. 

The course loop is similar to the heading loop and is used to drive the course 
arrow and course digital readout to the aircraft heading. In both loops, the 
motor nulls out error signals by repositioning the CT rotor as well as the 
various indicators. 

The HSI course and r.eading slaving circuits :t.re sho'Wn in Figure 7-l~. ..;,lt.l'~,::,u,;l 

feeaback from the motor to the amplifier is used, it is not shown her~ for 
clarity. 

, ...... -­.. :..· .. .:. 

There ~re ;uo ro:o~c ~n ea~h of the 
CT'c· of the rJilo; 's r.s:. (The::oe a:oe 
two in. ~hG copiZo~'~ a!so bu: ~he~ 
are net shown here since they are 
not connected.) 

During normal operation of the heading set marker, the only way vf moving the 
marker is by manually turning the HEADING SET knob. Neither of the motors 
can be driven since there is no power input to the pilot's heading amplifier, 
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u 
and the switch in the copilot's heading amplifier power line is open. Thus, during 
normal operation, each of the heading markers 1s independent of the other. How­
ever, when the HSI No. 2 HEADING and COURSE switch is placed to "SLAVE," 
amplifier power is applied to the copilot's amplifier, and synchro excitation is 
applied to CT rotor R2. This CT then becomes a synchro transmitter feeding 
the No. 2 HSI CT. If both heading markers are not positioned to the same point 

· on the compass card, the difference in position, or error, is felt on the copilot's 
CT rotor. Since there is no power to the pilot's amplifier, it does not matter if 
some error is felt across R1• Th~ No. 2 heading set amplifier, however, senses 
the error and drives the motor turning the shaft until the error is cancelled. 
When the error is nulled, the No. 1 and 2 heading markers are at the same point 
on their respective compass cards. Then, anytime the No. 1 marker is moved, 
an error is developed in No. 21s CT, which is nulled only when its marker is 
coincident with the No. 1 marker. 

The functioning of the course arrow during slave mode is identical to that of the 
heading marker. In Figure 7-13, it is seen that synchro excitation is supplied 
to~ of No. 1 HSI's course CT. Amplifier power is also applied to llie ~o. 2 
course amplifier through slave switch contacts, and No. 1 amplifier power supply 
is ope~ in slave. 

In slave, the switches disconnect compass information from the CT's anc! 
connect the CT's together, which gives identically the same operation as t!le 
heading marker. Normal operation is without synchro excitation or a.:npli:i.er 
power. With. these conditions, the course arrow can only be moved m:lr.ual!y. 

Although compass information is being fed in, lack of amplifier dri0..n::; po· .... e:::­
prevents the motor from driving. If NAV OFF is selected, ::ur..pli.::.e:::- r-owe~: i.s 
fed to the amplifiers n.nd the motors slave the course arrows to cor:;.pa53 heJ.:::.:!:.;. 
This action occurs since the output of tae CT rotors is the difference o:- crrcr 
bct\vcc!l course !l.rr:>·.!,· ::o..::~i-~r. ~~ r'..~t~~ co:~~s~ hc~:,:;r..,g. T::i~ -=~:·:: ,a!::·:;.;~ 

~e m~tor untii the t::rror !z auEcc •::hicb. oocu::-::; :m.:..r ween -:c-:....::-5(' ::..::.·-::· .. 
coincident with comp::1s.s heacbg. 

The artificial horizc:1 scc:ion of t.1'1c £lig!1! di.rector c<Jnsists ·;f t".':o conn:·n:ion~:l 

servo loops. The e:::-ror-sunsing 3)ncb.ros (roll and pitch) :1re at~J.cl:·.:d t./ ~::::: 

gymbals of the attitude gyre. The synchro st:ltors are connected b the 5:.1-tors 
of their respective control tr:msformer synchros in the ADI. Error s!gnal.s 
are amplified to drive a servo motor \Vhich positions the sphe~e. p·c·\·ides !\ 

stabilizing feedback signal, and nulls out the rotors of the contrc! tr:l!'lsfc-r:~: ~:.· 
synchros as shown in Figure 7-14. 

The CT1s have two rotors fL'Ced 90 degrees apart. One of these rotors senses 
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FIGURE 7-14. ARTIFICIAL HORIZON LOOP 

sphere position error. The second rotor is referred to as the "high winding." 
S!r.cc the er:-or sensing :-otJ:' should be helc! ner null anc! :=.e~hig=. w!n&g is 
fixed 9G dagrees away, the l:igh wL-:d.:.ngs "' n: ha. ve a r.~12.r 1.:; c onst:.nt c '-~!='..:.:. 
Al~o, driving voltage to the amplifiers are monitored. If the loop rem:lin.s 
nulled (and it should), the output should be very soall. Both the null and the 

l'l.Ull deviate irc::J. tteir nor2:1al V-:llues, the 7?LC .senses this a:J.c! t-:.:...-::.s .;:n t::e 
appropriate gyro fault light on the fault identification pailel. 

The pitch knob varies a bias voltage to the pitch servo amplifier, \vhich varies 
the position of the sphere in the pitch axis to correspond to actual flight pitch 
attitude. The ADI amplifier cor.tains a potentiometer to adjust the roll a.'Cis of 
the attitude sphere for ar.y inherent synchro unbalance in the roll loop. This 
adjustment is not needed in the pitch axis since this a."<is is varied by the pitch 
knob. 

ISS circuits in the TPLC select the intermediate signals from the two FDS 
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v 
attitude gyros and the A/P displacement gyro. The ISS. circuits have 6 outputs 
(3 roll and 3 pitch). The No. 1 FDS uses ISS output No. 1, and No. 2 FDS uses 
ISS output No. 2, as shown in Figure 1-15. 

·- ro 
roll __. No.1 _ .. flight 

No.1 MDI ISS pitch director 
attitude pitch No.1 computer 

gyro _ .. . . No. l 

ISS 11 

TPLC 
ISS roll 

roll No.2 flight 
No.2 MDI director 
attitude pitch computer 

gyro . No.2 ISS pitch 
No.2 

roll . 
autopilot ... 

displacement 
pitch gyro 

FIGURE 7-15. COf1PUTER ROLL AND PITCH ItlPUT 

Attitude Gvro Lo"p 

The attitude gyro loop employs n. t:rt:e l\ID-1 attitude gyro ior verticn.l !"eie!"e~ce 
to t.'le artificial horizon. An !\lC-1 rate gyro is used to C'.lt out the roil erection 
torque motor during turns when the gyro might be erected to a false vertical. 
!':1.e motors us~d in t:r.as<: ~·:-os for :irive and torque ::u-e ~\\")-phase ~::.:.·•.::;. 

A typical phase-sensitive motor, used to run the gyros, is shown in Figure 7-1 c, 
In a motor of this type, it is necessary 
for the currents through the two windings 
to have some finite phase difference · 
(other t.lnn zero and lSO degrees) before 
the motor will run. Normally, the wind­
ings are connected to a single-phase power 
source with a capacitor in series with one 
winding. The insertion of the capacitor in 
series with one winding causes sufficient 
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phase shift in winding current to enable the motor to run, As shown here, the 
:\.....) motor runs anytime power is applied but always in the same direction. 

u ···-. 

ln some applications i~ is desirable for the motor to be capable of operating in 
either direction. Such is the case of the torque motors used to keep the MD-1 
attitude gyro erect: In this application, two capacitors and some type of 
switching-device are used to insert the capacitance in series with one winding 
and connect the other winding directly to the power source. A typical method 

motor 

to power 
source~----4-~~----

liquid level 
switch 

FIGURE 7-17. LIQUID LEVEL 
SWITCHING 

of switching used in gyro erection 
systems employs a liquid-level switch. 
When the gyro is level, the liquid switch, 

·as shown in Figure 7-17, bypasses both 
capacitors so that no' phase difference 
exists between the currents through the 
two windings. In this case, the motor 
would not operate. If the gyro drifts 
off level, the electrolyte in tile level 
switch would be displaced. If the elec­
trolyte varies the resistance to either of 
the two top contacts, the appropriate 
capacitor becomes effective as it is no 
longer bypassed, which gives the 
necessary phase difference and the 
motor would operate. If the gyro tilted 

the other way, the same action would occur on the other side, and the motor 
would operate in the opposite direction. 

The erection system in the MD-1 gyro uses a similar arrangement. The 
switches are electrolytic types whose action is to change resistance. In 
essence, the operation is as described in the preceding paragraph. Operatior. 
of either torque motor cause a a force to be exerted on the gyro gir.l bal which, 
in turn, causes the gyro to precess in the proper direction to ret'Jrn to a 
vertical position. Thl.::i vertical position is relative to the earth1s surface. 
During turns of the aircraft, it is likely that the liquid levels would sense a 
false vertical c!ue to centrifugal iorce anc! cause the ~:ro to erect :o :2 fu!se 
vertical. For this reason, an MC-1 rate gyro is used to disable the erection 
during turns that exceed a predetermined rate. 

Figure 7-18 shows the connection between the MD-1 attitude and .MC-1 rate 
gyros. If the turn rate is high enough to close the switch in the rate gyro, the 
amplifier signal closes relay K-101. When K-101 closes, both winding of the 
roll torquer are connected together to A<;J-bus 26-volt ac power. The essential 
action is both roll torque windings tied together and no phase difference can 
exist. With zero phase difference, the motor does not operate. After rolllng 
out of the turn, the rate gyro switch opens to deenergize K-101 and allow the 
roll erection system to operate. 
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Tbe gyro in the r~te tr::L.'"lsmittc:;r, as shown in Figure 7-19, positlo:.s :.he .::.:.·:-.. ~r: 

a potentiometer. Thi~ potentiometer is in a typi::::ll wh~ats:one b!"idge .::i!·:::..;,i~. 

The rate-of-turn indicator is a de :neter movement, which measw-!:s :.ha rela:i\'0! 
unt;ll::-:..!1~(; of the b!"idge. I~ !s calibrated i.!1 minutes (nwnber cf :-::i."1u~es :-: 
~o.r:;plcte a ~GO .:!(-g'l·ec tt;.!·:i-1• 

Slic Indicator 

The slip indic!l.tor is a method of indicating the direction of the vector sum of 
gravitational/centrifugal forces which act on the aircr3.ft as sho\\11 in Figure 
7-20. In straight and level flight, there is no centrifugal force ::md gravity 
centers the inclinometer ball. 

During a turn, centrifugal force acts at right angles with gravity, and the ball 
is positioned as the vector smn of the forces. A coordiru:Lted turn is one during 
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FIGURE 7-19. RATE-OF-TURN DISPLAY 

which the direction of the net force is at right angles (perpendicular) with 
respect to the cargo floor. As long as this force is perpendicular, the ball 
remains centered. With inadequate bank, the centrifugal force is graatar ~ 
gravity. The net result is an aircrnft skid toward the out3ide of !he ti.L"":l, a~C:. 

the ball is displaced in a direction toward the outside of the turn (high '"'i.ng). 

With too much bank, the effect is just the opposite. The cen!rifugal force is 
less than the gravity force, and the net force is not perpendicular to the wings~ 
The aircraft would then slip downward toward the inside of the turn, and the ball 
would be displaced in the same direction (low wing). 
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Navigational Information Loop 

Course deviation signals are sent to the FDS computer. The deviation signal is 
also sent to the HSI course deviation indicator as shown in Figure 7-21 which is 
a simple de meter movement. The computer mixes the deviation signal with 
other signals to supply computed guidance information to the ADI bank steering 
bar. The course warning flag signal is monitored in the computer, which provides 
an output tt> the course warning flag de meter movement. To-from signals are 
also applied to the HSL The signals position a to-from de meter movement. 

to-from~ 
signal ....._j-

....... 

·.: ... •· 

Distance Information 

FIGURE 7-21. HSI .. 

~course · 
~eviation' 

signal 

Distance information is supplied to the HSI 1'3llge indicator as shown in Figure 
7-22. This indicator is made up of three synchro movements and a de meter 

26v ac excitation 

FIGURE 7-22. DISTANCE DISPLAY 
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movement. The three synchro movements position the "units," "tens," and 
"hundreds" counter dials. The de meter movement positions a shutter over the 
thousands digit. The shutter is not connected since the thousands indicator is 
not used. A second de meter positions the distance warning flag shutter. 

Distance information displayed is either Tacan distance from a Tacan ground 
station or distance remaining on a selected doppler or navigation computer 
course. 

Bearing Indication Loop 

The bearing pointer, as shown in Figure 7-23, displays either VOR or Tacan 
station bearing or track angle error during doppler or ASN-24 guidance. The 
loop is a typical servo loop using a control transformer synchro, amplifier, and 
motor the same as the heading loop, previously discussed. 

bearing control 
transformer 

synchro ,-----. 
\ 

\ 

FIGURE 7-23. BEARING DISPL~Y 

CO:M:PlJTER- THEORY OF OPERATIO:~ 

:·.!~ ... v.~.::.s .::-=s .:·~l:l?ui.cr utilizes 19 clisti~ct !:lodes. These !~.x:::.:, a.!·.>.::;; ;·:i~~ 
the ADI presentations for each, are shown in Figure 7-S. The manua.l switching, 
with two exceptions, is accomplished from the pilot's or copilot's na\'ig:ltion 
selector panel. These exceptions are R/GA and VER NAV. 

Lateral Channel ~todes 

Heading Select 

The basic mode of the FDS is manual heading mode, selected by positioning the 
HDG SELECT/NAV switch to "HDG SELECT." In this mode, the signal supplied 
to the vertical steering pointer is a composite signal of bank angle from the ISS 
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v 
circuits and HSI heading error, as shown in Figure '1-24. Logic switching 
prevents any other lateral mode from being displayed when the FDS is in 11HDG 
SELECT." A bank command limiter prevents command exceeding 23 degrees. 
A bank rate command limiter limits the rate at which bank commands are given 
(10 degrees/second). The automatic manual heading mode is initiated whenever 
a radio track mode is selected and lateral beam sense is not satisfied. Lateral 
beam se~se is a signal term used in the FDS to initiate capture. When radio 
deviation drops to the capture initiation point, Lateral Beam Sense (LBS) is 
satisfied, and the computer switches to capture mode. The bank command 
limits follow: 

Automatic Heading Radio Radio LOC Approach 
Manual Heading Select Capture Track Track Arm 

30 degrees 23 degrees 30 degrees 15 degrees 15 degrees '1. 5 degrees 

•. 

Automatic Manual Heading (MH) is very sllimar to heading select except for bank 
limits. Automatic MH is switched in whenever a radio track mode is selected 
with the HDG SELECT/NAV switch to "NAV'' and the aircraft outside LBS. 

Radio Track Mode 

The radio track :code is initiated by selecting a radio mode on the navigation 
selector panel (VOR, Tacan, ASN-35, and ASN-24). In radio track, there are 
three submodes: Automatic ME, Radio Track Capture (RTC), and Radio Track 
·:rrack (TRK). R7C occurs at LBS. In RTC mode, radio deviation is filtered 
ar.d summed with b!l.Dk angle and course error; it is then sent to the course cut 
limiter which limits course cut commands to a maximum of 45 degrees. (The 
cou:-se inputs to t!le signal mixing networks are applied through resistive net­
works whcse gains are changed by logic switching to make them compatible 
with the appropriate mode.) The signal is then fed through the energized 
contacts of the l\IH switch. (At this point it should be noted that a logic term 
identified with a bar over it is the negation or inversion of the term itself. Also, 
the logic terms shown with each switch is the logic required to energize that 
particular switch. ) 

From this point, the signal is fed through the limiters to the meter driver to 
the vertical steering pointer. The VP logic would be energized and off-scale 
bias removed from the pointer. At this time, if the si~ is reliable, the 
vertical pointer is in view, and the vertical flag is out of view. Later, the 
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speclflc logic to bias the pointer and flag off scale ls discussed. After capture 
is complete and requirements for TRK are complete, the. TRK switch energizes, 
which allows only course rate information to be summed with bank angle and 
radio deviation. Si.Dce only rate information (rate-of-change) is passed by the 
rate filter, long-term course errors such as those existing due to cross wind 
effects would be washed out, and only radio deviation-and bank angle could 
commancJ changes in aircraft heading. In ~. the gains are changed to optimize 
tracldng. In this mode, as well as all radio modes, the pointer output signal is 
the difference between the bank command signal and bank angle. 

VOR/ILS Mode 

NOTE 

Gain changes a~s mads by togia 
switching dependent upon ths 
modB BBt.sctsd. 

Whenever VOR/ILS is selected, the ADI is supplied a lateral steering_ si~ 
composed of the difference between the bank angle and bank command signals. 
The radio deviation is provided by the VOR receiver. 

Tacan Mode 

Tacan mode is identical to VOR mode with two exceptions: Tacan LBS varies 
with distance to the station and th3 Tacan slant range distance is displayed on 
the HSL 

.... t.• ... 
ASN-24 or ASN-35 

ASN-24 or ASN-35 mode signal process is similar to VOR or Tacan modes. The 
computer modes, however, utilize crosstrack error rather than radio deViation 
although the computer treats this signal e:cctly ns it would a radio deviatio:l 
sigaal. Also, T AE is displayed on the HSI rather than bearing to a grotmd 
station. 

Paradrop mode is initiated concurrently with normal ASN-35 track mode by 
positioning the NAV/XI.O switches on the doppler auxiliary control panel to "Xl.O. n 

Circuits for signal processing are the same as in normal ASN-35; however, 
gain changes are optimized to more fully utilize the XlO scale factor switched 
in by the paradrop mode logic switching. ~ 

mghspeed paradrop mode is a submode of normal ASN-35. In order to keep the 
steering commands within controlling limits of the pilot and the aircraft, 
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highspeed paradrop mode is switched in whenever the aircraft is above 190 lmots 
or when flaps are fully up. Since the aircraft is limited by the flight manual to 
speeds of 190 knots or less unless flaps are up, a switch in the flap position 
transmitter closes whenever the flaps are lowered greater than 3 degrees. This 
switch is, in effect, an airspeed detector. In highspeed paradrop mode, gains 
a.re reduced further to keep pointer commands with the rEsponse ranges of the 
pilot and the aircraft. 

In Figure 7-25, it can be seen that 28-volt, de is fed to the NAV computer logic 
input whenever either computer is selected. If ASN-35 is selected and the NAV I 
Xl.O switch on the ASN-35 auxiliary control panel is in the "XlO" position, the 
FD computer switches to paradrop mode. If the flaps are up, 28-volt, de is fed 
from the ASN-35, NA.V computer input through the deenergized contacts of the 
relay to the FD computer highs peed paradrop input. This is highspeed paracirop 
mode. If however, the flaps are lowered (and if they are, it will be 3 degrees 
or more) the relay energizes removing the 28-volt, de signal from the High­
Speed Paradrop (HSPD) input. This action causes the FD computer to revert to 
normal paradrop mode. 

VOR/TAC Aporoach Mode 

VOR/TAC approach mode is a submode of both· VOR and Tacan. The approach 
mode is for use within 50 miles of the ground station to provide optimum tracking 
by altering computer gains. The VOR/TAC approach mode is selected from t.~e 
navigation selector panel by placing the VOR T AC APPR/NOR~I s· ... ·itch t.:> 
"APPR." 

?../GA Lateral ?.rode 

The R/GA lateral mode consists of bank angle information fed to the steeri..'l; 
~<>inter for a •,vi:l~s level command, wh.ich is to a·:oid alt:tudc loss sir.::c ::.:: i.::· 
::~u:ilnu.':l wb:~!l ::!tc: wings ;1,:-e lcve:l •• ~ .s!1own i!:. Fig"..tr!:l 7-:2..:. wh;;:1 ~=' ~!'.J:..:..-._ 

::; selected. the .r../GA .switch energizes, leaving- only bank angle to be f0d ::1:.::. 
~e meter dri\•er through the dcenergized contacts of the APL (A/P l..:!.ter:lli 
::·.v!:.~h. If t:;·J :.t!top:lot is E!lg~;~r: :liter !Lpproacl~ arm. t...~'-! ~ut.Jpil~t s:·::eri:l; 
commands are pa.;sec.! !hrough the energized APL switch, through the 
deenergized R/GA switch, and the meter driver to the ADI pointer. Bank angle 
is not mL"teci with APL steering since the energized APL switch disconn.::c:2 
bank angle from the meter driver input. 

Localizer Mod~ 

Lccalizer mode is discussed here only through its progress to approach arm 
and picked up again in the discussion of ILS approach mode. Except for gain 
changes and the lack of a bearing pointer signal, LOC mode is much like any 
other lateral radio mode. Desensitized localizer is supplied to the FDS from 
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the A/P coupler. 

Desensitization of G/S and LOC begins at G/S engage. Prior to G/S engage, the 
LOC and G/S signal gains from the coupler are unity (1). During an AWLS 
approach, however, the FDS switches from A/P LOC information to raw LOC 
from the LOC receiver, at AA. As shown in Figure 7-26, desensitized LOC is 
fed through the deenergized contacts of relay K6. K6 is held deenergized in 
LOC mode by removal of a grotmd when K4 energizes; K4 is energized when a 

·localizer frequency is selected. K6 has 28-volt, de when any radio mode is · 
selected. When any radio mode other than LOC is selected, K6 is energized by 
the 28-volt, de RT signal, and the ground is provided through the deenergized 
contacts of K4. When a localizer frequency is tuned, with VOR/ILS selected 
frOm the navigation selector panel, and the VHF navigation receiver turned on, 
the VHF navigation relay energi::es, which provides 28-volt, de to energize K4 
which removes the gro!md from K6 switching the lateral channel input to local­
izer from the A/P coupler. 

VOL. IX 

AP desensitized 
coupler localizerr- ---

1....._, radio dev 1 1 
or ra'll . A 1 t 1 t 1 

I 
I 

nav localizer I select 
panel 

(from nav 
1 rec> 
I 

o. a era 

~ 
A I 

I 

I 
I 

RT 23vdc JK6 I 
TPL~ ~~~~.~~~-0~.------4e-----<c~s~:~~l ~ 

-fro:7~ TPLC) i I 
V:: F n a·: I~' 0 R '~ ~ L 2 o d c ! I i 
1"t:... I'·: ...... ' '" , ... ,~~ ... ~ k ... j 
'0:~ 1 .cca.l"'-r :u.·· , 
· i · ~ ~n1y ~ 
~ .. _, "-- - - - I r---
-;: -:- · , .J - • -. ~ 'I s .::. : I 
_ ..... , .... _ ,t • ~~~~·~· I 

'· 

-·-:: :e, 

:r---~ 
I I -:: , 
I - I 

~I 
I o I 

··-----' ! 
_L 

I ~n d ~=LIGHT DI o.s~:-C:: 
I /o ;;; ., , i '1 H F • r. a v 

•. ! '1 - retav CM!PU7£~ 
·I~ 01 1 ~ 

·~~· 
L

\3 ., 
0 ~co!'!';rol oanel 

_ _J VHF 

FIGURE 7-26. LOCALIZER SHITCHir:G 

7-45 



.··u 

v 

At AA, the TPLC provides a grolDld through CR-1 allowing K6 to energize which 
switches the lateral channel input from desensitized localizer to raw localizer 
from the receiver. Thus, in a non-AWLS approach, desensitized localizer would 
be used exclusively since there would be no AA signal to accomplish the switching • .... 
A/P Lateral Mode· 

A/P lateral mode is initiated if the autopilot is engaged after AA. In this mode, 
autopilot lateral or aileron commands from the aileron computer are displayed 
on the vertical steering pointer as shown in Figure 7-24. 

.... 
... 

- NOTE 

This mode is avaitabts onty to 
No. 2 system • .._,., 

When the APL mode becomes activated, two APL switches close, which allow 
only APL steering to be passed to the meter driver. The upper APL switch 
passes· APL steering and opens the signal path for other lateral channel informa­
tion, while the lower APL switch removes bank angle_ from the meter driver in­
put. This mode provides an expanded scale display of the aileron servo effort 
indicator. -=&. ...... . ... ·r·~· ·. •.· ..... .-.a. .... :---. : ·- :· ,;;· .... - ·--- ... .,...,... 

NAVOFF --
NAV OFF mode is selected with the NA V OFF button on the navigation selector 
panel. In this mode, all NA V inpu!s normally fed through the navigation selector ·· 
panel are removed from the FD computer through logic switching; all pointer 
and flags are biased out of view. Only a~itude information a.'ld aircra..~ control 
in.f~rr.:1a.tion, s~c!l as rate-of-t"J!":l a:.c! s:!p anc! skid are displayed i::. t!!e m ~d~. 

Lateral Bean:. Sensing 

There are i.wo beam-sensing ci.:cuits used in the i::.teral char..nel. These are the 
lateral beam sensor and the track sensor. 

Lateral Beam Sensor - '!'he ::?.ca.ral !leam sensor consists of a voltage level 
monitor which has two outputs. The outputs are either + 6 volts, cc or grounds 
(1 or 0). OUtput is a logic 0 until LBS occurs and a logic 1 after LBS. LBS 
occurs at different threshold: for different modes of operation, i. e. LBS occurs 
in VOR mode at 75 millivolts deviation; in NA V computer or ILS at 150 milli­
volt, and in the case of Tacan, LBS occurs at a threshold which varies inversely 
with the distance from the Tacan ground station. At 150 miles or more from 
the Tacan ground station, LBS occurs at 50 millivolts deviation. At 100 miles 

range, LBS occurs at 100 millivolts. At 125 miles, LBS occurs at 75 millivolts 
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and at 75 miles, LBS occurs at 125 millivolts deviation. This sensor output, 
when combined with RT or ILS logic, initiates capture mode. Inputs to the LB 
sensor are radio deviation, Tacan range information, and logic switching to vary 
LBS levels as a function of mode. 

Track Sensor- To switch into track mode requires two logic outputs from the 
track sensor as well as other logic inputs. The track sensor is composed of 
two individual sensors, each of which is similar in operation to the LBS. Each 
of.the TRK sensors has two functions: one in normal operation, and one in self­
test. rn normal operation, the A track sensor monitors the radio deviation 
level and supplies a logic 1 output when deviation has decreased to the level 
required to switch into track mode (25 millivolts). In self-test operation, the A 
track sensor monitors the output of the horizontal steering pointer meter driver 
and supplies a logic 1 output when the pointer is driven to a null position. The 
B track sensor monitors course error during normal operation and provides a 
logic 1 output when course error decreases to 15 degrees. The B track sensor 
functions identically to the A sensor excep~ it monitors the vertical steering 
pointer meter driver. 

Vertical Channel Modes 

There are five modes in the vertical or pitch channel. 'fhese are ILS approach, 
flare, R/GA, VER NAV, and APV. ILS approach mode begins when the computer 
satisfil•s its logic requirements for VBS. These are G/S valid, LOC valid, !LS 
selected, LBS, and Glide Slope Window (GS\V). VBS is responsible fcl' bring:!n; 
the horizontal pointer into view. GS\V is a term used when :.he aircr:1ft is ·.rithin 
a pred~;termi!ted proximity of the G/S beam. (45 millivolts to l •• :ch cs·.v in Ol' 

150 millivvlts to Wllalch GSW). Once \135 has occurred, loss vi ~my o:1e c£ .,;1e 
requirements for initialing VBS may not bias the Horizontd Steering Poim ~EP) 
off scale. Unlatching VBS requires loss of LBS, switching out of ILS mode, or 
going to Headii!g Select (HS). 

/ 

T,, ".,/~ m0'1"" th •r' "f''• ('_,, l' 'n•l·•~ •o •!,,, '' 'I [Ut·'r '··· Sh •\'"'' :~ ~=·•• .. ,-, --··-.a... w, ........ \..4 ... , •• ct .. ··-- --·~>·• 1 1;.~;, ............ ,.,..,.;.n ...... ~ <.. '·· ••• "'·o::-'L ..... -·· 

The~' a!'c desei!siti z.ed G,.'S, ao:..·mal u.cce!urati:.:n, pit.c!~ angl~, and pi~.:::~ 1·:uc:. 
Desensitized G/S ir'>m the A/P couple:- p.1.sscs throu£;h dccnc:rgiz:;d cvi.::.J.Ct.5 c: 
~~ ~l:t!·~ El!!:rt.!ri~ ~FI:) ~.·,-i:c~1 to th\! pirch C~ll'lJll~nd lir:!itt!!'. f!~rc, plt~;l 

ccnur.~c:s :1rc limited to::: 6 d~~ces. .F.::om tb; cur.'lm!l!H.! lir:utl!!', :he: ::!~:::.:!.: 

is passed to the commar.d rate limiter, which limits the rate of chan;;e which 
c:ln be ft)l~ at the .sum:ninf; junction. This action ke1..:ps pointe!' mo\'e~~!1t wi:.l...!:1 
the respon.:Se capabilities of the pilot ::t.."ld the aircraft. At VBS (or I!.S approach -
both terms mean the same within the computer), a 1. 7-deg::-ec positive bias is 
fed !nto the signal chain. Pitch angle, pitch rate, and norm.al accel~ratio.:J. are 
also icd into the sigr.!li chain. It is at this point in the approach th~: rhc HP 
comes into view. Tbt} + 1. 7-d~grce bi:?.s causes the pointer to dl!.!lect do\mv:a.rd, 
which commands cnpturc of tlte G/S beam. As the bias w:uhcs out in the \Vash­
out filter and G/S deviation dec 1·eases, the aircraft approaches the G/S bemn. 
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Normal acceleration is fed into the signal chain to anticipate changes ln aircraft 
attitude. This is to say, if there is a change in acceleration, ·a corresponding 
deviation from the G/S be"m might be expected. The same is true for pitch rate 
information. Pitch angle, however, is the signal swnmcd with G/S deviation to 
aid steering command changes only. All of this supplementary or anticipatory 
information is applied to wash-out filters, which allows signals to be applied 
for a given length of time only. This allows steady state signals to build up with-

. out commanding steering to cancel them, while rate signals are passed directly 
to the signal chain. The smnmation of these signals occurs at a summing 
junction downstream of the pitch rate limiter. The composite signal is then fed 
through the deenergized contacts of the APV and R/GA switches to the meter 
dri-ver and onto the horizontal steering pointer. 

VER NA V mode provides steering information to capture, to track a VER N.~ V 
,~Dth, and to maintain altitude as commanded by VER NAV settings. VER NAV 

· and ILS modes are not compatible;. if both are selected simultaneously, the FDS 
switches out VER NAV and presents ILS information, as shewn in Fig-..tre 7-27. 
In VER NAV mode, the VER NA V steering signal passes through the VN n.s 
switch to the summing junction at the pitch rate limiter output. No other signals 
except pitch angle are present at this jWlction. 'Wben VER NAV steering con.T.:tr.ds 
a pitch change, pitch a.l'!gle informution in opposition to the com1nand is fed :.:.~:> 

the junction as the aircraft pitches to satisfy the command; Then, as the air-
craft comes closer to the VER NAV path, the pitch signal com.-nands the FDS to 
reduce the pitch command, thus enabling a smooth intercept of the VER NAV 
path and also Sinoother tr:tcki.-·lg when on the path. From t=.e su..~ming junctic::., 
t!le VER NAV composite sig::la.l. follows the same path as the G/S ccmposite ~ig""...:ll. 

APVMode 

In this mode, steering con:..'n&."les from the elevator computer a!'!:: ::.;plied to tho; 
meter dri":rer a.'1.c1 on to t..~e !~I ~!-:-:>ug-h t!:·:! ene:-;!zed .. J..PV s;vit~h e,~:hlc!1 ::.!3·7: 
u: . .::::'J::.~c:t3 cth..:~ ~~~~.3 ~:'J::: :.::.c s:;-:-l.li ~~·~:2:.: ~~:.: :.!:!·::~;;-. :..: ... .: .. ~·;,. .: .. ~- .:·.:.!··:.: 

:9./~.:l. m.oc!e ove:.-:atde.s all ctll~r mo=es in t!:~ r:itch c!l~lel. :f :l:e !-:. ·v.l.. s;:::..::: 
ene!"gizes, the paths iror.! ~11 other soU!·ces ~xc~pt R/GA are ~;:e::cd. The 
RIGA signa! in the pitch cila."l.'lel is a.n;le-of-:~.tt.:.ck crrcr. Ttis ~g!~-cf-a:t.lc!-: 
err.:>r means th;:.: the ui::::-cr:lft is cot a~ tllc o_~;timum angle-of-:tttack !cr ~~.;i::1~ 
lift in i:s present con:'igu::::-ation. The comp:.xte= anglc-cf-a~.:.c!~ c::::.·c= is :cd 
throu;h the ener;;:zed P../GA s·witch to the mete!" driver and t!le .-\Dr st~cring 
pointer. TheFDS makes no changes to the R/GA signals; it merely clispbys 
them. 
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Flare Mode 

Flare mode is energized at 45 feet radar attitude in an AWLS appl_"oach. Jn this 
mode, vertical velocity error is fed into the FDS to provide commands for 
reducing the sink rate to a value within the structural limits of the aircraft. As 
shown in Figure '1-27, flare error is applied to the flare SYJJChronizer, which 
keeps the- input to the signal chain from cammandJng a very abrupt fly up signal 
at FE. 

The synchronizer feedback path (within the synchronizer) is broken at FE, and 
the synChronizer begins to washout its built-up error to allow the complete signal 
to pass. This action is necessary since the FE at 45 feet is so great it would 
command nose-up of the aircraft into a stall attitude. The flare signal passed 
by the integrator is limited in the pitch command limiter to+ 6 degrees and- 1 
degree and to a rate of change within response times of the pilots and of the air­
craft. The signal is then applied to the summing junction along with the same 
signals present in G/S mode (except the+ 1. '1-degree bias which is washed out) 
plus elevator position feedback. Elevator position is used to prevent over­
commanding in. flare mode. 

Since elevator position changes almost immediately in resix>nse to a command, 
the elevator position feedback cancels the pointer command immediately to 
prevent further response. The signal (elevator position) is washed out after a 
fixed time delay so that the final command or the horizontal steering pointer is 
a. result of error only. The signal path from the summing junction is through 
deenergized contacts of the APV and R/GA switches and through the meter 
driver to the ADI pointer. 

NOTE 

=4 ~he a~!o~~:c~ ~8 ~nc~ged. ~:ar~ 4 • • , • 

~~~l oe dia~~a~ed ~r. No. 1 ?~E onZ~ 
and A?V s~ee~i~g ~i:~ ~~ dispZa~ed 
o:-1 l1 a • : :..? : S. 

Vertic~! Beam Sensing 

Vertical channel beam sensing consists of a G/S level detector called the GSW. 
This detector senses proximity to the G/5 beam and its output (logic 1 if within 
the threshold level and a logic 0 if outside) is utilized to develop vertical be:u:n 
sense logic which brings the pointer into view to initiate capture and perform 
other logic switching. G5W latches in when beam error becoms less than 15 
millivolts and unlatches if beam error exce.eds 150 mlllivolts. The inputs to 
the GSW detector are G/S deviation and VBS logic. Before VBS becomes valid, 
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GSW initiation level is less th.:m 15 millivolts. After VBS becomes valid, GSW 
initiation level becomes 150 millivolts; therefore, to unlatch GSW requires 
deviation of more than 150 millivolts. 

Vertical Pointer and Flag Logic 

Previously, it was said that if the system supplying lateral steering information 
to the FDS was valid, the VP would be in view displaying steering commands and 
the. Vertical Flag (VF) would be out of view indicating reliability. While this 
statement is sufficient for data flow explanation purposes, the actual monitoring 
of validities is somewhat more complicated than this implies. As shown in 
Figure 7-28, the VP output is connected through a logic switch to a minus 12-volt, 
de off-scale bias source. This logic switch is gated open which biases the VP 
out of view or off-scale on the ADI. 

-This switch opens when VP logic is applied. Figure 7-27 shows the equation 
for VP logic. Two terms of the VP logic have not been previously discussed; 
they are System Validity (SV) and Lateral Manual Warning (LMW). The term 
SV represents an FDS validity composed of FDV and ISS. The FDV term is an 
internal voltage monitor, and ISS is a validity monitor of the attitude signals 
from TPLC. The remainder of the logic terms in the vertical pointer channel 
are primarily mode selection/validity and level switching. 

~ . 
Horizontal Pointer and Flag Logic 

The HP logic is similar to VP logic, i. e. if the system supplying pitch steering 
information is reliable, the HP is in view at the appropriate time. The cq~ation 
for HP logic is also shown in Figure 7-28. The only new term is Pitch ~lantl2.! 
Warning {PMW), which is an::Uogous to L.'\1W as used in the vertical pointe:- logic. 

Displacement Pointer and F1ag; 

·r.ae DF. 3.S shc·.v:1 in Fi01rc i -:2!>, is co!l.'lected to G/S r~i:.:.i::!!it·: 3!::::1:lls •: ·:1<.!:1 - . -
~(; cor..~uter is i~ ST +AT, ILS !:!ode, :me! no~ in flare mode. C.:-n...-~rs~l::, d!e 
fhg is biased ofi scale in FL mode, ST +AT modes, and :lll other modes ex~~~t 

T'.o.e DP is in view in VER NAV and ILS modes until FE. The logic equation 
shown in Figure i-30 means that the DP is biased out of view during fla.:-e r.1ode, 
ST + AT. and 3.11 ether modes except VER NAV and n..s. 
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YAW DAMPER (Y/D) SYSTEM 

The Yaw Damper (Y/D) system is considered part of the Automatic Flight 
Control System (AFCS). It is a full-time system which supplies yaw stability 
augmentation as a function of yaw rate. The system also provides turn 
coordination. 

COMPONENTS 

The yaw damper system consists of the following seven units: 

o Yaw Damper Computer (Figure 8-1) 

o Yaw Damper Control. Panel 

o Three Single-Axis Rate Gyros 

o Two Yaw Damper Servos 

The manner in which these components are connected is shown in Figure 
8-2. 

SYSTEM OPERATION 

The yaw damper control panel, also shown in Figure 8-2, contains an 
OFF-ON toggle switch, a TEST pushbutton, and two lights: one marked 
MONITOR and the other CHECK/RESET. 

To energize the system, the ON-OFF switch is placed in the "01-.'"'! 
position, which applies necessary power and relay switching to fully 
energize the system. 

When the TEST pushbutton on the right side of the panel is depressed, 
which allows a complete functional test of the system as shown in Figure 
8-3, a holding coil is energized which holds the test button down. Then, 
for 10 seconds, the single-axis rate sensors are torqued off null, thus 
simulating a yaw condition. After the 10 seconds, the system is 
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automatically faulted, which is done to determine if the system detects the fault. 
If such a fault exists, the following lights illuminate: 

o MONITOR light on the yaw damper control panel 

o YAW DAMPER INOPERATIVE lights on the pilot and 
copilot's instrument panel (outboard side) 

o YAW DAMPER FAULT light on the master caution 
&mlunclator panel. 

Then, after 10 more seconds, the CHECK/RESET light on the yaw damper 
control panel illuminates, signifying the successful completion of the test. The 
system must be turned "OFF" and then back to "ON'' in order to have it 
Qperational' again. 

The three single-axis rate sensors (gyros) measure the angular velocity of the 
aircraft in the yaw. axis. These gyros are the only sensors used in the yaw 
damper mode. AIJ.y change of the yaw rate is sensed by the gyros and results 
in output voltage signals whose phase represent the direction of yaw and whose 
magnitude .represent the yaw rate. These three signals are f~d to the yaw 
damper computer. The two gyro inputs are used by the active channels of the 
computer while the third gyro input is used for the model channel (cmnparison 
channel within the computer) as shown in Figure 8-4. 

U. The yaw damper computer receives the three gyro inputs, and, after processing 
them, sends command signals to the servomotors. 

v .. 

The servomotor, upon receiving the command signals frcm the yaw damper 
computer, cause the rudder to deflect, through electromagnetic clutches, in 
the proper dlrection to stabilize the aircraft and thus null the yaw rate signals. 
This action is accomplished through the rudder power package by means of 
mechanical linkage and hydraulic valves. 

THEORY OF OPERATION 

A block diagram of the yaw damper system is sho\Vn in Figure 8-5 which 
illustrates the essentially triple system configuration that provides adequc;e 
information to achieve a "fail operative11 system, i.e. no single failure.£!!.! 
disable J!!! svstem. In the event of multiple failures that would disable the 
system, it will "fail-safe" by means of automatic disen~gem.ent. 

Each of the three, single-axis rate gyro outputs are sent to a summing point 
at the input of three iden~ical yaw rate filters. This yaw rate is then summed 
with a roll crossfeed. signal (if the roll axis of the autopilot is engaged) to 
assist in turn coordination and aircraft control by means of rudder operation. 

. •. 
8-4 •• VOL. IX 



u 
*parameter adjusting . 

yaw 
damper 
con t.ro 1 

panel 

. ~ yaw servo 
.,, effort 1 & 2 .. servo effort in 

..... CADC No.2 
• r 

validity:..TPLC 

ail • cmptr roll v a 1 i d i ty.. y 0 1 i g h ts - • 
ssfeed.l & ~ 

.... 

servo drive .. yaw 
cro 

.... damper 
yaw feedback servo 

:.. No. 1 
damper 

s 1 ng l e 
·axis _. computer 

.. rate .. 

sensors 

single 
axis ~ .. 
rate ! sensors servo drive ya vi -, 

ca~perj I 

sinqle I feedback s e r·;o l 
aX1S f-ill .. . ~' .... ., 

I 
rate .... I 0 • ..J • I 

I senso-rs 

FIGURE S-4, SYSTEi·1 DATA FLOH 

This summed signal is then fed to the yaw rate filters (filter and washout 
circuit). Each filter :10d washout circuit converts the ac input signal to a de 
signal that can be shaped by the filter. After this shaping, a modul:ltor ch=-.:.ges 
the modified de signal back to an ac signal. The filter adjusts the yaw da.:nper 
gnln (degrees of rudder command per degree of yaw rate) as required. At 

I 
I 

d 

lower airspeeds, when dutch roll frequencies are low, the !!iter supplies ~ high 
gain. At normal cruise and high speeds, when dutch roll frequencies are hi:;her, 
the filter provides low gain. 
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The output of the filters is then sent to each of the three Intermediate Signal 
Selectors (ISS) and also to the "A" comparators. The comparators cross­
compare the outputs of the three' filters such that if these outputs differ by a 
fixed amount the comparator alarms, thus turning on the YAW DA.l.'\iPER FAULT 
light. If the fault is in one of the active channels, it causes that channel to 
disengage. If no fault is detected, the comparators remain in a safe condition. 

The ISS receives inputs from each of the yaw rate filters where· the ISS then 
se.~ects the intermediate signal of the three inputs; therefore, the outputs of 
all three ISS's are essentially equal. These outputs are then routed to a summing 
point where again, if the autopilot r.oll axis is engaged, the signal is summed 
with roll crossfeed. This summed signal is then fed to a servoamplifier where 
it is amplified and drives the servomotor. Another output of the servoamplifier 
is also a low-level de signal that is sent to the servo ~ffort indicator on the 
pilot's instrument panel. This de sigDS.l represents the amount of servo effort 
but does not represent rudder displacement. 

The servomotor input signal causes the motor to turn in the proper direction to 
compe:nsate for the yaw condition. When the servomotor turns, it also turns a 
rate generator whose output is fed back to the servoamplifier for damping. 
Servoamplifier nulling is accomplished by a position transmitter which is 
driven by the servomotor. This signal is also routed to the "B" comparators 
which -perfonn .the same function as the "A" comparators. The output of each 
servomotor is connected to the rudder power pack through an electromagnetic 
clutch and an intennediate spring. 

Roll crossfeed is developed in the aileron computer, when the roll axis of the 
autopilot is engaged, :md sent to the yaw damper computer after first being 
gain-:ldjusted as a f~ction of Mach in the No. 2 CADC. The signal is then 
passed through an "easy-on, easy-off" (engage softener) circuit and then is 
applied to the input of the yaw rate filters and the servoamplifier. E!lg:lge 
softening is necessary since the roll axis may be engaged or disengaged ·.\·~ile 
the ~ircrcl't is in a bank. 

This circuit prevents sudden rudder commands from being introduced which 
wodd cause undesirnble aircraft maneuv~rs. DJe to circui~ dt:sig::. the out;~t 
of t.1e er.~age soften.::r tMt is fed to the ya·;~· rate filters is 10 ti.:lH:S ;re:1ter 
than the output that is fed to the servoamplifier. This large command sig:1al is 
introduced at the filter to give an initial rudder command. After t!le filter hJ.s 
washed out the initial large command 3ignal (bank angle established), the sms.ll 
command signal that is applied at the servoamplifier is enough to ho:.:i the 
rudder at the desired position. 

In LOC mode (autopilot engage), the roll crossfeed signal bypasses the ~I~cb 
gain adjust. A signal representing LOC track is fed to the yaw clarn.per computer 
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as a strong crossfeed signal to the input of the servoamplifiers. This is done to 
give the autopilot tighter control over the aircraft and also to produ~e near flat 
turns for better beam tracking. 

The comparators within the yaw damper computer have associated fault lights 
on the computer's front panel. These lights come on if the comparators alarm. 
The follOwing table lists these lights and comparators along with cause of the 
fault: 

8-8 

Yaw Damper System 

Comparator No. lA, No. 3A 

Comparator No. 2A, No. lA 

Comparator No. 3A, No. 2A 

Comparator No. lA, No. 2A, 
No. 3A 

Co:nparato:: !'l'c • .lB, !-:o. 3B 

Compar~.tcr ~'.). 2B, No. 3B 

Comparator Nc. 2B, No. lB 

Comparator No. lB, No. 2B, 
No. 3B 

"YAW DAMPER INOPERATIVE" 
light 

Has 7 comparators: "A" comparator 
will alarm if difference is greater 
than a signal proportional to approxi­
mately 1 degree/ second yaw rate. 

Failute of Rate Gyro or Yaw Rate 
Filter No. 1 

Failure of Rate Gyro or Yaw Rate 
Filter No. 2 

Failure of Rate Gyro of Yaw Rate 
Filter No. 3 

I! any one alal"'IlS, causes Y/D FAULT 
light to come "ON." If all 3 alarm 
causes total system disengagement. 

ISS1, Amp 1, or Servo l; Fault and 
disengage 

ISS2, Amp 2, or Servo 2; Fault a!ld 
disengage 

ISS3 or Servo model; Fault 

If any one alarms, causes Y/D FAt.i"LT 
light to come "ON. 11 If all 3 alarm, 
will cause both servos to diseng::~.ge. 

Will come on if current in both servo 
clutches is stopped by an automatic 
disconnect- manually turnin'g the 

Continued 
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system off- or any other cause. The 
Y/D INOP light will not light in the 
event of disengagement of a single 
servo. 

Fault Lights on front of Computer are "ON." 

DSlA - Comparator lA alarmed. 
DS2A - Comparator 2A alarmed. 
DS3A - Comparator 3A alarmed. 
DSlB 0- Comparator lB alarmed. 
DS2B - Comparator 2B alarmed. 
DS3B - Comparator 3B alarmed. 
DS4 - Roll crossfeed comparator alarmed. 

.u 
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FIGURE 9-1. AUTOPILOT 
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AUTOPILOT !NP 

The primary function of the Autopilot (A/P), shown in Figure 9-1, is to 
provide basic aircraft stability in the selected flight attitude. It also 
controls the aircraft to fly and maintain a selected navigation mode and, 
in AWLS approach, to touchdown. 

VOL. iX 

SYSTEM OPERATION 

The following components make up the 
A/P system: 

o Control Panel 

o Trim Indicator 

o Two Dual-A.xis Rate Gyros 

o Vertical Gyro 

o Coupler 

o Aileron Compute::.· 

o Elevator Computer 

o Control \V"neel (pilot1.s) H!.:!J ~:1d 
S• .. mso:.· 

AIL::ROi. 
C u i·i P u T E i{ 

FIGURE 9-1. AUTOPILOT <CONTINUED) 
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o Aileron Servo 

o Elevator Servo 

A description of each of these components is given in the following paragraphs • 
. 

Control Panel 

The control panel, shown in Figure 9-2, contains the following items, each of 
which is discussed separately: 

·- FIGURE 9-2. AFCS/AWLS CONTROL PANEl 

Autopilot Engage Switch 

U The self-holding autopilot engage switch is used to engage or disengage the auto­
pilot. When engaged and when no other mode is selected, this switch provides 
basic autopilot functions, i.e. pitch and roll stability. 1f the autopilot is engaged 
when the aircraft is flying at a bank angle of less than si.."{ degrees, the aircraft 
rolls down to wings level. If, however, the autopilot is engaged when the air­
craft is flying at a bank angle of greater than six degrees, the aircraft maintains 
that bank angle. Returning the autopilot engage s\vitch to the center position 
disengages the autopilot. 

.-
~. 

~AV SELI:.AT OFF Switch 

The self-holding NAV SEL/LAT OFF switch has three positions: 

o nNAV SEL" (forward) 

o Off (center) 

o "LAT OFF'' (aft) 

In the "NA V SEL" position and with the autopilot engaged, the autopilot flies the 
navigation mode that was selected by the copilot (VOR, TACAN, DOPPLER, 

._./.·-2 ...... 
VOL. IX 

) 

-



v 
slope function. Selection of "VER NA V'' position allows the autopilot to fly the 
vertical navigation flight path in much the same manner as glide slope. Selection 
of "VER NAV'' while in altitude hold function does not cause the ALT HLD/PITCH 
OFF switch to drop out until VER NAV intercept is reached. Then selecting 
"ALT HLD" again causes the VER NAV switch to drop out. Returning the VER 
NAV switch to the off position disengages the VER NAV function. 

·-
MACH HLD EL/AWLS Switch 

This switch has three positions: 

o "MACH HLD EL" {forward)_ 

o Off (center) 

o "AWLS" (aft) 

Selection of "MACH m.D EL" (autopilot engaged) causes the autopilot to maintain 
the selected Mach number by means of a clutched mach synchro in the CADC No. 
2. Engagement of "MACH HLD EL" when in altitude hold causes the ALT HLD 
switch to drop out and vice versa. Returning the MACH HLD EL switch to off 
(center position) disengages the mach hold function. Selection 'of the "AWLS" 
position may be made with or without the autopilot engaged since an AWLS 
approach may be made manually (Flight Director System) or automatically 
{l11ight Director and Autopilot). This position arms the Test ~ogrammer and 

V Logic Computer to perform the necessary monitoring for an .AWLS approach. 

MACH INC/MACH DEC Switch 

This switch, which is spring-loaded to off, has three positions: 

o "MACH I~C" (!o::-ward} 

o Off (center) 

o 11MACH DEC" (aft) 

This switch is used to give small mach correct10n (:!: o. 05 mach) to the .scl~cted 
mach number when in MACH HOLD ELEVATOR function. 

11CWS'' (Control Wheel Steerin!!) Switch 

This is a two positi-on toggle switch with off being aft, and "CWS" forward. 
selection of the "CWS" position allows small forces, (2. 5 pounds) applied to the 
pilot1s control wheel to command changes of pitch or roll attitude of the aircraft. 
Returning the CWS switch to the off position disengages the control wheel steering 
mode. 
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Pitch Knob 

As shown in Figure 9-2, the control panel also contains a pitch knob to command 
pitch attitude changes when in the basic autopilot mode: The adjustment is made 
by rotating the thumbwheel either fore or aft. This knob has no authority when 
any pitch mode of the autopilot is selected. 

TURN Knob 

The TURN lmob provides turn (roll) commands when the autopilot is engaged. 
The lmob rotates left or right and at its limits commands a bank angle of 38 
degrees. This control bas authority· over any lateral mode selected. 

Servo Effort Indicator 

This panel contains YAW, aileron (AIL), and 
elevator (EL) servo effort indicators plus four 
autopilot system indicators as shown in Figure 
9-3: A/P OFF, NAV OFF, G/S ARM, and 
G/S OFF warning lights. 

Yaw Trim Indicator 

This unit indicates the amount of servo effort 
being applied to the rudder powsr pack when the 
J.l.W damper system is eng3.ged. !tis a dual 
indicator since there are two separate and 
independent yaw d!l---nper servos. Deflection of 
the indicators is left or right (about a center 
reference point) depending upon magnitude a.'ld 
di!'ection of servo moYement. 

YAW EL AIL 

~~~G 
j.A£P OFf]! G/S AR~~ I 
I NAV OFFII G/S o~F 1 

FI GUR,... Q 3 ~ r-r" <::-R' tr t ... - , .'1r~::, .... t:~ ,. u 
EFFORT 

T ND 1 CAT0° 01' "II:"' • I 'I\ 1 f",; ._J.. 

~2-.i.s ·.!."lit ineicates n.:'!lo\:.t o! seryo eff:)rt being applied to the aileron servo ·.v-ll~n 

clockwise (center pivot point) depending on magnitude and ciirecticn oi servo 
:novernent. P.gferer.ce points (n .. ·o) cf the i!ldica.tor are on t.~e outside edge of the 
horizont:ll sileron b:l:o. I: the autopilot is enga.g-ed, "LAT OFF" selected, and ~t! 
aileron clutch has been diseng::Lged, tile aileron trim lndic:Ltor docs not norm:l!ly 
move since that a:.:is has been disenga.ged; however, since the servo motor may 
st!l! ·>e displ:lced, some mo•tern.e:lt of the indicator may be noticed. 

Elevator Trim Indicator 

This unit indicates the amount of servo effort being applled to the elevntor servo 
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when the· autopilot is engaged. Deflection of the indicator is up or down from a 
horizontal reference mark on the right side of the indicator depending on 
magnitude and direction of servo movement. U the autopilot is engaged' and 
"PITCH OFF'' selected, the elevator trim indicator may be displaced as 
described in the previous pu-agraph. 

A/P OFF Light 

This amber light comes on when the autopilot is disengaged by any means other 
than the control wheel disconnect switches, which are the normal means of 
disengaging. When the light comes on, if either disconnect button is depressed, 
the light goes out. 

G/S OFF Light 

This amber light comes on should the glide slope mode be selected, and a mode 
switching malftmction occurs such that the G/S switch on the autopilot control 
panel does not return to off. . . 

NAV OFF Light 

This amber Ugbt comes on if the NAV SEL/LAT OFF switch on the autopilot 
control panel is in the "NAV SEL" position and switchlng is not completed to 
engage a navigation mode. 

V. GIS ARM Light 

,•· 

" ./. 
~-·· 

This green light comes on when proper mode switching has occured to engage the 
glide slope beam for an automatic fly-down by the autopilot. The light goes out 
upon engagement of the .fllde slope beam. 

Two Axis Rate Gvros 

There are two gyros installed in each aircraft to meet AWLS requirements. They 
provide roll rate to the aile:on computer. pitch rate to the elevator compute!'. 
and roll and pitch rate to the R/GA computer. 

Vertical Gvro 

Although this gyro is called the autopilot vertical ~rro, in the AWLS it is known 
as Vertical Gyro (VG) No. 3. It is self-contained having its own power supply, 
interlock, and provisions for roll and pitch erection cutout. Outputs· of the gyro 
are roll angle and pitch angle which are supplied to the ISS input of the TPLC. 
This input, along with the two inputs from two flight director MD-1 vertical gyros, 
is supplied to the lSS circuit of the TPLC where the ISS selects the intermediate 
signal of the three roll and pitch attitudes. The TPLC then routes this signal to 
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all using systems. Roll attitude is sent to the aileron computer, and pitch 
attitude is sent to the. elevator computer. Another output of VG No. 3 is roll 
angle versine (1-consine of roll angle) which is sent directly to the elevator 
computer. 

Pilot's Control Wheel Hub and Sensor 

These units provide roll and pitch commands to the autopilot by means of an 
electromagnetic transducer within the pilots (L-H only) control wheel. The CWS 
mode is selected on the autopilot control panel. 

Aileron and Elevator Servos 

These units are ac split-phase motors having reduction gearing, ·a tachometer 
generator_, a synchro position transmitter, and an electromechanical clutch. 
Positioning the servo motor causes appropriate deflection of the respective 
control surfaces. 

Coupler 

The autopilot coupler, shown in Figure 9-1, contains separate pitch and roll 
channels. 

Roll channel input signals follow: 

o No. 2 C-12 Gyro Heading 

o Preset Course and Heading from ~o. 2 HSI 

o No. 2 VOR and No. 2 T A CA..~ 

o ASN-35, ASN-2-:i: Deviation 

o No. 1 and 2 LOC Deviation 

o Radar Altitude No. 1 and 2 from TPLC 

o Rol~ Attitude from TPLC (ISS 2 and 3) 

These input signals are processed by the coupler (depending upon NAV mode 
selected) to develop a steering command signal for the aileron computer, 

Pitch channel input signals follow: 

VOL. IX 

o No. 2 CADC Altitude Rate, Clutched Altitude and Clutch 
MACH 

o VER NAV Command 

o Flare Error from Flare Computer 
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o No. 1 and 2 Glide Slope Deviation 

o Vertical Acceleration (AN) 

o MACH BEEPER from A/P Control Panel 

These input signals are processed by the coupler (depending upon mode selection) . 
to develop a pitch command signal for the elevator computer • 

.. 
Both channels of the coupler provide dual output signals to the respective com­
puters. Each computer then contains two channels: one active and one modeL 
During an AWLS approach, the active and model channels are monitored for 
system faults by comparators. The coupler contains eight comparators and two 
associated fault lights. The fault lights on the front panel of the coupler are 
labeled ROLL and PITCH. These lights illuminate if any of the associated 
comparators detect a fault and switch to an alarm state. The comparator fault 
logic also goes to the TPLC. 

Aileron Computer 

An aileron computer, shown in Figure 9-1, processes roll signals from the 
coupler. Input signals to the aileron computer follow: 

•. 

0 Roll Rate from No. 1 and 2 Rate Gyros 

0 Roll Attitude from TPLC (ISS 2 and 3) 

0 Roll CWS Sensor 

0 Active and Model Commands from Coupler 

0 Turn Knob Signal 

Depending on mode of autopilot operation, these signals are processed by the 
computer which, in turn, produces four outputs as well as driving the control 
surfaces. The four outputs are as follow: 

o Roll crossfeed (active and model) to the yaw damper computer for 
turn coordin:l.tion when the yaw da.cper systei:l is enb-J.ged. 

o Localizer track crossfeed to the yaw damper computer when the 
autopilot is tracking the localizer beam (for flat turn control). 

o ~oll Command to the tlight director No. 2 for display and AWLS 
approach monitoring. 

o Servo effort to the trim indicator. 

There are two AWLS comparators in this computeri if either of these comparators 
alarms it causes a fault light on the front of the computer to come on as well as 
sending this fault logic to the TPLC. 
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Elevator Computer 

An elevator computer, shown in Figure 9-1, processes pitch signals from the 
coupler. Input signals to the elevator computer follow: 

0 Horizontal Stabilizer Position 

0 Pitch Rate from No. 1 and 2 Rate Gyros 

0 Pitch Attitude from TPLC (ISS 2 and 3) 

0 Band Versine from VG No. 3 

0 Pitch CWS Sensor 

0 Active and Model Commands from Coupler 

0 Pitch Knob Signal 

0 Flap Position 

Depending on the mode of autopilot operation, the elevator computer processes 
these signals to produce four output command signals as well as driving the 
elevator control surfaces. These four outputs follow: 

o Up and down stabilizer trim to the horizontal stabiliz~r actuator. 

o Up and down stabilizer trim cut-out to the horizontal st.:li.J1lizer 
actuator. 

o Pitch com!:la.::d to :he flight d.i:::-ector No, :::! for ciEpl::~.y a..~d • .:~ V'LS 
approach rnonitorin;. 

o Servo effort to tbe tri..":l ir.:!icator. 

There is :m active and model ch:lllllel in the elevator cc::npt:te!.' to pro•:ide pror-er 
!"'.1o~tori~; in a.~ Ai.VLS ~.~;:-:::.c;:. :-a:·:;:-~~: .. ~ ~.':C· A\1t"LS c'::':~::::!:·:::.:·: _~· :~ tr~~ 

The overall tie-ln of yurious r.i!"~r::l.ft .sys!e:ms O.l"ld comrx>ncnts :::; ::hown in 
Figure 9-~. A det:lile:d c.!~scri~::cn Jf u~tcpilot c,r::eratica o:: :~o~:.:, :"cl:ow.:: 

!toll A.-tis 

Basic roll stabil!zat!0n c:f the autcpiio: system is sho;•;r. L'l Fi;-..:.:·~ ::l-5 :'.~d i.:: 
accomplished in the aileron computer. Thu e!ectromecb.:mical S)11Chrcnizc!· \Ul!t 
does not contain 3.11y internal position fct!dback for its synchro output. PositionL"!g 
of this unit and amplitude of its output are determined by external feedback loops. 
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Prior to engaging the system, the roll synchronizer, operating through the 
normally closed contacts of the roll engage relay, keeps the roll attitude input 
to the preamplifier at a null (junction "A"). It does this since its input signal is 
a sum of commands, roll attitude, and the synchronizer output. The synchronizer 
then drives until the input to the synchronizer is nulled. The preamplifier in the 
servo system (both aileron and elevator) is used for isolation and its output is 
rQuted to the servo amplifier which then drives the ac servo motor. The servo 
motor arives a rate generator t whose output is fed back to the servo amplifier 
input to properly damp the motor operation. It also drives a Follow-Up 
transmitter whose output is added to the other sigu.ls at the servo preamplifier 
input .so tbat a command results in a predetermined servo rotation and surface 
deflection. In the disengaged condition, the servo is riot clutched to the surface, 
and the output of the aileron position transmitter, which is coupled to the servo 
mount drum, is summed with the servo position follow-up (junction ''Dn). Prior 
to engagement, both inputs to the preamplifier (junction "A" and ''D") are at a 
null; The system 1s therefore. completely synchronized. 

When the roll axis of the autopilot is engaged at bank angles of less than six 
degrees (as sensed by the roll signal switch), the synchronizer is allowed to 
follow up on its own output through the energized roll engage relay and the 
deenergized roll CWS relay. This synchronizer roll-down action, which is 
softened by the Full-Time Command Modifier (FTCM), results in the aircraft's 
assuming a wings level attitude, since the roll attitude signal is now unopposed 
(except by steering commands), and the aircraft is commanded to null the 
signals.· If the system is engaged at a bank angle greater than six degrees, the 
synchronizer is locked, and the bank angle at the ·time of engagement is held 
1Dltil commanded otherwise • 

• o\11 roll angle commands are softened by the FTCM introducing them as a 
slightly time-delayed ramp. This action eliminates abrupt command inputs and 
lirn.its roll rates to 20 degrees per second (maxhnum) in control wheel steering 
mode and 4. S degrees per second at all other times. All bank a."l.gle_ comman~ 
are also magnitude limited by the bank limiter which varies the maximum. ba.Ilk 
aJlgle according to the autcpilot mode in use. 

Basic :Aileron Control 

Moving the turn knob on the autopilot control panel causes the roll synchronizer 
to roll down through the action of switching interlocks if it has not done so 
already. It also intruduces a bank command signal into the FTCM: I resulting in 
servo commands 1 until the _oil attitude signal and the turn lmob signal are at 
equilibrium. At which tir.:.e, the airplane is flying at a steady bank angle 
proportional to the versine of turn lmob rotation. 
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Roll CWS - Cruise 

When CWS is selected on the autopilot control panel, the force sensor output 
drives the synchronizer at a speed proportional to the force ·applied to the pilot's 
wheeL Bank angle commands are then generated by the synchronizer which feeds 
them to the FTCM and limiter. A small part of the sensor output is applied 
di~tly to the servo amplifier input as an anticipation signal to improve the 
response and feel of the system. When a desired bank angle is reached and the 
force is removed from the control wheel, the synchronizer locks if the bank 
angle is over three degrees. This action causes the aircraft to remain at that 
ba"nk angle until opposite force is applied or the turn knob is moved out of detent 
(turn Im.ob having more authority than CWS). If control wheel force is removed 
at a bank angle of less than three degrees, the synchronizer rolls do·wn, leveling 
the airplane, and the heading hold mode automatically engages. 

Steering Inputs 

All steering inputs to the aileron computer from the coupler are added to the signal 
chain. These inputs command aileron deflection to roll the aircraft in the 
approp:iate direction until the steering input is nulled by the other signals i!! the 
signal chain, which, on a steady state basis, consists of roll angle signals only 
(with the exception of CWS in the LOC mode). Thus, the airplane assumes a 
bank angle that is proportional to the steering command up to the applicable 
bank limit. It assumes this bank angle at a r:1.te not exceeding the allowable 
ramp rate from the FTC::'.I. 

Lateral Axis ~Iodei 

All significant portions of the latel·al ruds used in A\VLS arc duplic:J.ted by 
functionally identicr~: parallel circuits. These circuits utilize inC.epender!t 
se::s·:>rs, and t!!e outp~:; c: the r:1cd~l c~n .. .'1.el is mcnitored :.::::. c .::-:1::::.:-a::-!· • 
.?i:;ure 9-5 s!low.s t.~·.; roll :r.odd clunne! w!th all necoss:J.r:· inp:.::.s. :·:.:!.3 ::::r·:o 
moeel is an electromechanical device simulating the dyna.-nic .:":.:lc~ static 
:.~:J.!'ac:2!'ist!cs cf ~!e aE :::.·o:-~ scr:o. A pcs!tion ass• .. :me:i o:; t.:.l'=: ~·::!'\'O m:x>:l 
i.Jllow-up closely co!.·r;.;spc:l.ds to :!.:::.t of~~ J.Ca::l! ~;le:-c:! :lw:·•;_. :-:.= ~~·:::·.;:l­

rator (C2) monitors the two signals and t.vill alann if they do not agree within 
re::tsonab!e tolerances. Rc.ll CWS is r.1onitored by compar::ttor C3, ·.•::!:ich :J.!::..r::-r..s 
ii the sig!Ul.! le·;el exceeds U1e m:l.'{L'nwn sensor output of 0. 50 volt pbs tolc:.":l..'1Ce. 
No attempt is ~:lee to provide periormance monitoring of t.!:le C'WS, since 
significant degracb.tion of performance is apparent to the use:-. These compa­
rators cpente full time. However, the logic, which interprets th;; cc·:!lpar:J.~o-:s 
output and the automatic diseng:1ge of functions, is contained in the TPLC, :J.r.d 
is not armed W1.til APPR AR..\L Thus, prior to APPR ARM, the autopilot is not 
inherently,f:l.il-safe, and the normal servo torque limiting is the only absolute 
protection provided. This comparator operation is true for all the comparators 
iD the autopilot system. 

I 
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Coupler Steering Inputs 

steering signals are computed in the coupler and sent to the aileron computer 
through a mach gain adjustment in the No. 2 CADC. As shown in Figure 9-6, 
this gain adjustment is arranged to provide low gain at low speed and high gain 
at high speed, which causes the turn rate to be proportional to the error signal 
over the entire aircraft speed range. When LOC mode is engaged, the mach 
gain adjustment is bypassed. 

Heading Hold. Mode 

Heading hold mode is the primary directional mode of the autopilot. However, 
NAY SEL, CWS, and tum knob controls are provided. Prior to engagine, the 
A/P DET MAl.~ relay is deenergized (heading hold disengaged), and the compass 
synchronizer is operating as shown in Figure 9-6. When HEADING HOLD is 
engaged, the DET IviA.I.'i relay energizes. The compass synchronizer output is 
phase-shifted, amplified, and routed through No. 2 CADC mach gain adjust to the 
aileron computer. 

NAY SEL Modes 

The p1.1shbuttons on the 
copilot's navigation 
selector panel, as 
shewn in Figure 9-7, 
perform A/P mode 
.:;vritci:Ulg \\'he~ t!!c 
F..DG SELECT/~AV 
switch 1s in the .. l\/'1. V'' 
posi:icn or wh~n thu 
l-7A"~ .. • SE!../LAT OFF 

NAVIGATION SELECTOR I 0" · VERNAV Q I 
COMPUTERS ~ DIM 

rNAV DOPl APPR r.DG SELECT 

o om~ ~ 
ASN- 24 ASN- 35 NORM iiM V 
TAC-2 VOR/ILS-2 NAV-GFF ~~I ~~? 

00\Q·.Q 
c·"UR~ 9-7 roo!·LOT't:. ~1"'.\' ~r-.· = .... -.~.·='. I !l:J t 1 \.. , .;) I >, I v C.,__ .., 1 ..., , 

""\. 0:-, 
:""'~a\:.&... 

... .. ·. ... -·· ~ ... -

..•• ~-.... . : ..•. ~ r,. ":) i." ; .i n1- n ,.._.,:;t) ....... :~o~ 
4.&- -· • .....,. -~ .... - .·- - w,t~Y- y...,.,. ••• 

, ... ,.~1C::l ~:o ::...=.G SE~Z:T/:·:.-\.'l s· .. vit.:Ll i;i i:: t!:c Hf!DG SELE::-·· ;::-;;.:.~ic;l, :!:.J ~C·G 
sz::.. =cl:l~· in .Fi~,-~!.-c t:-ti is ene!'gizcd, \Vl:ic!l ~!lo~\'S .:1. rr!:!.;;=et~c r.:.:~-..:::!; ~o be 
presel~cteci on the copilot's HSI. Heading signals fror.1 ;l. c!iif~·!"en:l.:t~ :::.nc!::v in 
the H3I produce an ~!'!'or signal that is proportional to the c:i~er~:!c~ !:octwc~n 
sulcc::c~ h~ailin; :. •. nd :1ctu:...l heading. Tnis i::> used as a ht.a.!in; h ... ,l~ .:;i~-r.:l: ::;::: 
cor.:.rr.!lllds the :1ircr:llt to turn to, and hold, the prcselc..!ct~d llt:~'!.C....::~;. TI!~ 1'!'(·­

Sclect Heading (PSH) may be changed by moving the HE.-\DL'lG SET k:lou on th= 
HSL 
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NAVOFF 

When the "NAVOFF" button on the navigati.on selector panel is pushed, the NAV 
SEL/LAT OFF switch on the autopilot control panel returns to the center 
position if lt is in the "NA V SELu position. . If this switch ls moved to the "NA V 
SELn position when the "NAV OFF" button is pushed, the NAV OFF light on the 
autopilot trim indicator .panel illuminates. 

VOR-Tacan .. . . 
Although selected separately and utilizing separate beam displacement inputs 
VOR and Tacan modes are identical within the autopilot. To engage either mode, 
the appropriate receiver tuning must be accomplished,· the- desired radial selected. 
(C OUBSE SET knob on the HSl), and either the VOR or· Tacan button on the 
copilot's navigation selector panel must be pushed. A de signal proportional to 
the beam. error is the output of the selected receiver and is measured as the 
difference between aircraft bearing to the station and the desired track bearing. 
This beam error signal i3 ·introduced, as shown in Figure 9-6, through a 
desensitizer, which has a gain of one at this time, to the modulator limiter. 
Here, it is ~-adjusted and smoothed by the data. filter (lag filter with a 15-
second time cOn.stant) and is ·added to the PRE-SET course signal in the modulator. 

The track mode is established when beam displacement error is less than 12 
millivolts, and the course error is less than 17. 5 degrees. When the beam 
displacement error is greater than 12 millivolts and the course error is greater 
than 17.5 degrees, the PRE-SET course washout circuit is not a washout. 
When the two requirements are met, as sensed by the PRE-SET COu"RSE signal 
switch and the beam signal switch, the 90-second washout is activated. Steady­
state course errors are reduced to zero by the washout which allows the aircraft 
to assume whatever heading is necessary (crab) to hold beam center. \Vhen the 
aircraft is fl.y:ng a course to intercept the beam, initial engagement oc:urs 2t 
75 millivolts (1 dot on HSI) displacement. 

Over-st:ltion beam sensing is pro"lided to prevent erratic maneuvers when the 
aircraft is in the cone of confusion. Ii, when in the track mode, bea:n c!is~l.:..ce­
ment is in excess of 65 millivolts, (less than one dot displacement on HSI), logic 
changes the g:tin of the amplifier from 1. 17 to 0.164. The aircraft now follows 
the erratic beam very slowly due to the data smoother and the very low gain with 
a small bank in one direction and a small bank in the opposite direction. Thus 
the aircr::rlt leaves the cone of confusion reasonable close to the beam center. 
When the displacement is less than 65 milli•:olts for 15 seconds, th~ amplifier 
gain returns to normal and station xassage is considered completed. 

ASN-24 and ASN-35 

Both of these modes are identical within the autopilot system. They are similar 

" I 
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to the VOR/Tt~.can modes in operation except for the following differences: 

o Initial engagement occurs at 2. 3 miles crosstrack (1 1/3 dots 
on the HSI). 

o Course washout criteria are 2. 5 miles crosstrack and 17. 5 
degrees pre-set course error. 

o There is no over-station sensing in the ASN-24 or ASN-35 modes. 

HSI and NAV SEL Slaving 

Since the autopilot signals are from the copilot's sensors, the copilot's navigation 
selector panel normally conh·ols autopilot switching. However, for the conve­
nience of pilot operation, a No. 2 HSI heading and course set switch has been 
installed. When this switch is in the "SLAVE" position, the HEADING SET ant;l 
COtJRSE SET fu.'lctions of the copilot's HSI are slaved to the pilot's HSI. Thus 
t~e pilot may select course or heading inputs to the autopilot by means of his HSI. 
This action ch·ives the copilot's HSI and changes the signal inputs to the autopilot • 

. As a further co!lvenience to the pilot, when the HSI No. 2 HEADL~G and COL"RSE 
SET switch is in ''SLAVE,'' the HDGSELECT/NAVswitch on the pilot1s 
navigation selector panel operates the autopi!ot switching~ Pushbutton selection 
of the autopilot NAV modes remains on the copilot's navigation selector panel at 
3.11 times. '.Vhen both VHF NAV receivers are tuned to a LOC frequency and the 
-.;;OP../ILS but:on is pu:;;hed on both navigation selector panels, the HSI SLAVE 
f:.t::ction is :l:.::.:·:~atic:ll!~.· :~.ccomplished. 

~oc ~!ode 

':'hi::: mccc !3 i:1iti:l.~(;;c! oy selecting the proper LOC frequency, s~lect:n;; :he 
:r.~~~~d !'t:..'!·:·::.:· ;;o;-.1-(!i..:lg en t.~e HSI, pressing the VOR/ILS butt:)n on the r.::.vig::ttion 
:. ·i2·~,·~·!· :···1:.·~:. >:·.'-~·~:::.~ ~.~~~~ !-f'~·3 s:LECT,l!':.-\v· s\\·itcl! t,~ t!:t.;.' .. ~~ • .l..'t,:-1• ;--..:3::i: ... :. ~l~ 
· ~~.::··:.:.~ ~~>~ . .:.: .... :.:;:_· .&. • .:;v·it~h 011 t~e ~Ul:..>pi!v~ centro~ pa..~e:. .!.t.:t.)~il·: .. :; i .. JL :::c..'dt:: 
~~:··· ..::~;:!;c.s ,.::~:.:.:~ ~!~e: ~ea!-:1 errol~ is less t.~at1 1·75 !llillivolt.s (sl!g;ht:y c;\·e!~ ~ L:c•ts 
~: ~~- ~:;:n. .:.3 .::• .. :-:-:: ')!1 rig;,m~ 9-.J, t."l~ LOC input sigr.a.l is rout~d to the 

.:. ::.: ~.)n~' iee~ to a g<lin oi 0. ~5 at o. 0 feet. Desensitized LOC beam dis:;.bcex:lcn: 

.:::;:~: :.: ~!-:..~:: :!.;.:~~:.:ci L~ t~-:.~ modulator lim!to!.· circuit, after which it is g:1in 
:..:..:·~s~-:.:(:, ~w::~::-;.;~;;.: ~':~ :unplW.cr :l!ld lag circuit (da~a smoother), :md sm-:1:-.Jcd 
~·:i:~ i.:t' :::!"~:::~~ c~,L:..:·::e ;3igna.l i:l the modulate!'. Washout o.f the preset C':'u=se 
:;ip.! d::es nc: :):::cu.:.· until t.i.e 7j-millivolt and 17. 5-degrec cours~ :;i~,'11!l~ sc1:.sors 
:-..rc .::~t~.:.:i..:~. '::::('!1 the preset course is allowed to washout, th~ :~.ircr:lit assumes 
::.~:; ~':lt~!'S·: :~~q· .. :=·.:~! ~o ~r:~.ck the lY~:mt center. At thirty seconds af~llr glit!c slope 
~n~pbc (or ~t C.1Jp.roach arm when the monitor system is used), the washout pre­
set course sigml is greatly reduced in gain, and bank angle signals are routed to 
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the data smoother resulting in a lagged roll signal output which is used for 
primary beam damping. Using very low gain in the washed out preset course 
signal greatly enhances the system1s capability of handling changing atmospheric 
conditions with minimum beam displacements and adequate lateral dumping is 
provided by the lagged roll. 

A relatively low speed, low authority integration is also used to provide control 
of system nulls and offset errors that might arise as a result of roll error 
inaccuracies, which are magnified by the lagged roll circuit. This integrator is 
a purely electronic device and keeps itself synchronized when not in use. It 
provides the final degree of control required to assure that consistent perfor­
mance to touchdown, close to beam center, can be achieved. 

Roll CWS Approach 

Roll CWS is operative in the LOC mode when the CWS switch is on. When a 
force over 2. 0 pounds is applied to the pilot1s control wheel, a roll command is 
generated by the synchronizer proportional to the applied force. The rate of 
CWS command available in the LOC mode is somewhat faster than in cruise 
since the fulJ rotation of the synchronizer is 60 degrees in the LOC mode and 
scaled down to 38 degrees in the cruise mode. Jn cruise, the commanded bank 
angle is held (if greater than 3 degrees) until comma.IJ,ded otherwise, but in the 
LOC mode the synchronizer no longer holds command inputs indefinitely but 
synchronizes itself through the LOC COUP contacts on release of applied force. 
Bank angle comm2llds resulting from control wheel force are not linea.r due to 
the non-linear roll CWS 3lllplifier. A 3-pound force results in a 12-degree bank 
command where as a 10-pound force would require a 120-degree command out­
put from the synchronizer, which is in excess of the synchronizer capability. 
However, the result is that small bank commands can easily and effectively be 
!leld, ~d y::t rate commands are avaib.ble with the application ot very little 
:r..::.·e f::.·::o. B~k :~Hs in the LOC mode are 30 degrees in capture :md 7. 5 
:.ag:-ees iL tr'lck. However, when a roll force over 2. 0 pounds is a~;liea, the 
limit reverts to 30 degrees until the force is removed. This gives roil CWS 
~c=?iete a:.:t~orit-; i.!l !'oll throughout the coupled approach. 

Roll Couoler 

!:.puts ar~ proviC.ed to the roll coupler from both LOC receivers as shown in 
F!g-..!re 9-6. These inpt.'ts are compared by comparator C-14 to ensure that they 
agree. Beth LOC inputs are desensitized in the coupler. These desensitizers 
are normally driven by a ra.da.r altitude signal; however, if the r:ui;lr altimeter 
outp1:1t goes invalid, the desensitizers are switched to a time function. Glide 
slope gain would then be reduced from 1 at G/S engage to 0. 25 a.fter 120 seconds. 
LOC gain is reduced from 1 to o. 45 after 120 seconds. After 120 seconds both 
signals remain constant. Outputs of the desensitizers are moD.itored by C-13 
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whose validity output is interpreted in the TPLC, and appropriate action is 
taken. 

V The monitored output of one desensitizer is used as an input to two modulator 
limiters: one provides signals to the operating channel, the other to the model 
channel. A roll input {SS 2) which is lagged and added to the beam error signal 
is also contained in the model channel. This channel does not include the pre-

- set-Gourse signal, since the gain of this signal is very low during the final 
approach phase and does not contribute voltage in excess of the threshold of 
comparator C-9. Summation of the localizer integrator output is done in both 
the active ana model signal chains in order to prevent an unbalance between the 
two. Integrator monitoring is provided by the swnmed lead and lag circuits. 
The integrator drives at a rate which is proportional to the input signal, and the 
lead-lag circuits are used to check this characteristic. The lag circuit, whose 
input is common to the integrator, provides an output after the lag time constant 
has elapsed that is proportional to the integrator input. This lag is to compensate 
for the rise time of the integrator. The lead circuit supplies a derived rate 
signal. These monitoring circuits are of relatively high gain so that by inverting 
the polarity of the lead circuits and summing the output of the two, a voltage 
offering a sensitive measure of integrator per~ormances is introduced to the 
signal chain comparator. This arrangement can detect b<?th a runaway integrator, 
resulting in a large lead and a small lag ou·i:put, or in the event that the integrator 
is required to perform its function in the circuit, a passive failure, in which case 
the lag output is large and the lead output small. 

V Pitch Axis 

The pitch axis provides basic longitudinal stability. augmentation and pitct 
command control in both manual and automatic modes. 

Pit~h Attitude Stabilization 

• .!...s shmvn in Figure 9-S, the basic pitch attitude stabilization is very .::: :.."'!1il,:;.!" t::. 
-:be roll a.xis. Prior to engaging, pitch attitude (ISS 2) drives the pitch sy:7.chro­
::l!.:::zo in ord•.:r t" ket:p the in.J=ut to the sc!"vo system at null. Ir.cluded i:1 r~~e 
elevator servo .system i.s the stabilizer trim sign:ll from the e!ev:ltor servo 
amplifier to the auto trim drive unit. When the output of the amplifier exceeds 
a predetermined level (o. o volts nom .in=' 1), the ai::.-cra.ft stabilizer trim sy .s:::m is 
~ommanded to drive in a direction to relieve servo effort. 

There is an interlock in aircraft wiring with the stall prevention system which 
interrupts tlle autopilot nose-up trim command in the event th:1t the angle of at:~ck 
exceeds the "pre-shaker warnin;" value, which is two de0rccs of angle of a:tack 
less than the point at which the stick shaker operates. There are internal inter­
locks with the autopilot automatic trim which are operated as a function of the 
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force applied to the control wheel sensor. This action prevents automatic trim 
in a direction opposite to applied force over seven pounds. Upon engagement of 
the pitch axis, the pitch synchronizer is locked. It does not follow-up to null as 
does the roll synchronizer, but rather the aircraft holds the pitch attitude· at the 
time of engagement, utilizing error signals of pitch attitude minus synchronizer 
output and pitch rate signals from the rate gyro for damping. Roll versine (1-
cosine) up attitude signal 1rom the vertical gyro is added to the synchronizer 
output to command nose-up as a function of bank angle in order .to increase lift 

·in turns to prevent altitude loss. The versine signal is gain adjusted as a 
function of flap position, since the aircraft lift characheristics vary with flap. 

Flap Position Signal 

Lowering of the flaps increases the 11ft of the airplane such that it tends to rise 
or "balloon" until the pitch attitude is adjusted to reduce the required amount. 
Use of the flap position signal, which commands a change in pitch attitude, 
eliminates this ballooning. 

stabilizer Position · 

A signal proportional to stabilizer position is added to the signal chain to provide 
compensation for automatic trim changes at high speeds. At. low speed, this 
signal is not required, and at flap extension the signal fs.removed slowly by 
means of the easy-off circuit. 

Cruise Pitch· CWS 

When a force is applied fore or aft on the pilot's control wheel (CWS switch on), 
the pitch force sensor develops a signal and, if the force is in excess of 2. 5 
pounds, pitch CWS is switched in which drives the pitch synchronizer through 
the CWS amplifier. 'W'hen the force is released, the synchronizer n:.otor 
excitation is removed, thereby stopping it at that position. Since the controJ 
\'."hcc: scr.SOl" input to the synchronizer is uot opposed by any position inputs in 
w:is .c.Jd.:!, the synchronizer continues to run at a speed proportic:1:.ti to the 
2pp!ied force as long as the force is applied and the commanded a~itude wl:en the 
b:.·c-; :s released is tho pitch attitude which the system holds. 

Pitch A'ds .Model 

As shown in Figure 9-8, the pitch model channel uses separ:~.te sensor inputs as 
well as a separate integrator which, due to the differences in the two sign.:ll 
chains and the difficulty in achieving identical integration characteristics from 
two separate integrators, has a rather involved implemenbtion·. Inputs to ~be 
model integrator are detennined by the state of the G/S switch input. Prior to 
glide slope engage, the input to the integrator is a smnmation of point A in the 
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active signal chain, and point B in the model signal chain, with the integrator 
output used as a negative feedback. 'When glide slope is not engaged, the 
integrator speed is increased so that it functions as a synchronizer. Point A 
in the active signal chain consists of all signals except pitch angle and pitch rate; 
the same is true of point Bin the model sfgnal chain. These two signals should 
be identical. However, if the follow-up signal of the elevator servo is not at 
null_when the elevator 1s in the detent position, the active chain is required to 
provide ali error signal to drive the elevator servo follow-up to a position 
corresponding to the detent position of the surface. (Stabilizer position signal 
may be ignored since only a flap-down condition is under consideration.) 
Although subtracting signal A from B should result in zero, in practice it may 
not, and the model integrator then supplies an error signal (identical to that 
present in the active signal chain) to null the input to the integrator. This 
action drives the servo model output to a signal corresponding to the active 
servo position signal. When the glide slope mode actually engages, the input to 
the model integrator is routed to the equalizer limiter ci:.:cuit, which limits the 
signal to the equivalent of 0. 25 degrees of pitch. Thus the synchronization 
process continues after the glide slope mode is engaged, but the synchronizing 
input voltage to the integrator is limited and integrator speed is reduced as well. 

Thus any large signal cbange at point A results in a comparator- alarm, but small 
differences betWeen points A and B cause the model integrator to make up the 
difference in the model signal chain. In the event of a "slow over11 in the active 
integrator or any other point in the ac~i.ve signal chain, the aircraft is driven 
ofi beam center and the er~or input fro:o the coupler exceeds the equalizer 
limiter output, thus it prevents the synchronization process, anc results ill an 
eventual disagreement between the active and model signal chains md subsequent 
comparator alarm. 

Altit';lde Hold 

A::itude hold:.~ saiected o:: pla.=i.ng 6.e ALT ELD/P:'!':E ":):FF s·,s.'i:~!l cu the 
a~ropilot control panel to :he !I.ALT HLD" posi:ion. L"l this I::lode the pitch kllob 
is ':!eclutcheC. from the potentiometer so that it can be turned freel:t without 

Figure 9-9, is now clutched-in, and deviations from that altitude result in signal 
cu~u:. T'Jl.is output is adju.sted as a. function of True Airspeed (TAS) and then 
·.1sed to change the pitch a.ttitude to rcttlr:l the aircrn:t to tlle ref~rence 3ltit-.:de. 
~crer the T.AS gain adjustment of the altit'J.de signal, the altitude rate signal 
provides dampL."lg, allowi."lg high g::Lin to be used without inducing oscillation. 
'.~en ALT E!.D (a.s well as other pitch modes) is eng:1ged, the pitch integrator, 
as shown in Figure 9-8, comes into operation. It is an electromecb.3:lica.l device, 
without position feed1}ack, which drives at a rate proportional to the applied input 
signal until the sigD!ll is removed. This signal, being the coupler altitude error, 
is the input to the integrator. In modes that do not use the integrator, the fixed 
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phase is removed from the motor thus preventing it from driving. When the 
pitch axis is disengaged, a centering clutch restores the integrator to its null 
position. 

Pitch CWS is locked out in the AL T HLD mode, while roll CWS may be used. 
Engaging the MACH HLD EL mode causes AL T HLD to disengage. 

Mach Hold 

Moving the MACH HLD EL/AWLS switch on the autopiiot control panel to the 
''MACJI HLD EL" position engages the mach hold mode of the autopilot. In this 
mode, the pitch lmob is declutched and the clutched mach synchro in No. 2 
CADC is clutched in, which supplies a signal proportional to changes in mach 
number from that at which the mode was engaged. It is not necessary to adjust 
the mach signal as a function of an air data parameters since its use is intended 
for cruise only. The pitch integrator is utilized in the same manner as in ALT 
HLD mode. Control wheel pitch forces in excess of 2. 5 pounds causes the mach 
mode to disengage. Engaging ALT HLD causes MACH HLD EL to disengage. 

VER NAVMode 

The VER NAV mode couples the autopilot to fly the VER NAV path computed by 
the VER NAV system. This mode is 11armed" when the G/S/VER NAV switch is 
placed to "VER NAV," and the computer (located at the navigator's station) is on, 
but the point at which the maneuver to intercept tht! selected path is initiated has 
not been reached. During the armed phase, the autopilot system (pitch) remains 
in the mode selected prior to VER NA V. If AL T HLD or MACH HLD is engaged, 
it remains engaged until the VER NAV maneuver is initiated, at which time the 
conflicting sw:tches return to the off position. The VER NAV signal is switched 
into the signal chain in the autopilot coupler and commands appropriate pitch 
attitude changes to acquire and fly the selected angle, as well as flare to and 
hold the terminal altitude. When the tenninal altitude is reached, tl:.e autopilot 
VER NAV AL T HOLD switches are energized, which bypasses the normal auto­
pilot ALT HOLD mode switches to provide altitude error and altitude rate signals 
to ~e autopilot. In the elewtor computtr, the pitch integrator is in oper:ltion in 
the VER NA V mode to provide the large steady-state pitch changes required to 
accomplish the necessary maneuvers. Since different gains and integrator rates 
are required in various phases of VER NAV operation, switching functior.s are 
provided to change the gain as a function of VER NA V track and VER NAV altitude 
capture. There are no interlocks between the VER NAV mode and the lateral 
axis, which allows the pilot to :·tilize any lateral control, including roll CWS, 
even though it is intended that the VER NAV flight is accomplished ·essentially 
at wings level. Pitch CWS is locked out when the VER NA V mode is engaged. 
If ALT HOLD or MACH HOLD are selected, while tracking aVER NAV flight 
path, the VER NA V mode disengages. 
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Automatic Glide Slope 

To arm the autopilot system to fly the glide slope, an ILS frequency must be 
selected on the receiver 1 the VOR/ILS button on the navigation selector panel 
must be pushed, and the G/S/VER NAV switch on the autopilot control panel 
must be in "G/S" before mode switching can be completed. This action is 
ordinarily accomplished while flying at a constant altitude under the glide slope 
be~. At this time, the green G/S ARM light on the autopilot trim indicator is 
on indic'D.ting completion of cockpit switching and a reminder that the aircraft 
automatically D.ies down the glide slope when beam center is intercepted. Upon 
engagement of the beam, the fly-down command is initially softened to smooth 
the ch;mge in pitch attitude and the G/S .A.RI'tt light goes out. Desensitizing the 
glide slope signal is accomplished in the same manner as the LOC signals I with 
changes from a gain ofl.at 1000 feet too. 25 at 75 feet, to 0. 0 at 50 feet. ;rn the 
elevator _computer, the pitch integrator is in operation the same as in previous 
modes. 

Additional damping in the glide slope mode is provided by normal acceleration 
(AN) signals. A 1-g (normal gravity) output of the acceleronieter equals 8-volts. 
A bias is provided ~uch that the summation of the accelerometer signal and the 
bias varie::; about zero volts. This signal goes through a long time-consta...1t 
washout to-eliminate any steady-:Statc error, is lagged in a 5·second lag circuit, 
and summed with the glide slope signal. Engagement of the glide slope beam is 
subject to the following requirements: 

o An n.s frequency must be selected on the copilot's navigation 
receiver. 

o On the copilot's navigation selector panel, the VOR/ll..S button 
must be depressed and the HDG SELECT/NAV switch m,_.st be in 
the NA V position. 

o Glide slope r!cviation ~c:ater thn.n 30 millivolt in eit.'1er ~:i:·~c·::cn 
must be cncocntcred, !'allowed by t:cvi:.Ltion less :l!..i.n ~·j ~~r:::v:;.lt 
fly-up or ~omc deviation fly-down. Pitch C\VS may be used !n 
the glide slope mode. 

Pitch CWS - Glide Slope 

W:1en the CWS switch ·is turned on, the glide slope mode is eng:~.gcc!, and pitch 
G\VS may be used to altc!" the commanded pitch attitude. Pitch attitl!dc ch:mgcs 
proportional to applied force up to approximately 12 degrees at 10 pounds m:ty 
be made, but the pitch synchronizer, which is used in the cruise pitch C\\"S, is 
not m;ed in the glide slope CWS. An electronic lag circuit with :1ppropri:.1te g':lin 
and 3. 5-second time-constant is used instead, as shown in Figw.·e 9-S. An 
attitude change remains only so long as a force is applied to the wheel, and the 
aut~Uot commanded attitude is assumed upon remov-..U of the force. Pitch CWS, 
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as used in the glide slope mode, is to assist in smoothing beam irregularities . 
or to reduce the effects of a noisy beam. 

Flare Mode 

Jn an AWLS configuration, the autopilot flare mode may be used. One flare 
co~puter provides dual flar.e signal inputs to the coupler. Figure 9-9 shows the 
altitude-rate error signal from the flare computer as the input to the flare 
synchronizer integr.ator. Prior to fla.re engage, the device is operating as a 
synchronizer and keeps the input to the unsymmetrieal limiter at a null. At 
flare engage, the synchronizer is converted to an integrator, and the input is 
the flare error signal. This error signal is routed to the elevator signal chain 
(the pitch integrator is locked during flare). Thus a combination of flare altitude 
rate and integrated flare altitude rate command inputs to the elevator. These 
signals are routed through the unsymmetrical limiter, which allows nose up 
commands only, to be applied to the elevator axis. Normal acceleration signals 
remain in the system during flare, and glide slope CWS may be used. 

Pitch Coupler 

In Figure 9-9, the pitch coupler receives glide slope signals in a manner similar 
to LOC in the roll coupler; however, the pitch coupler contains three desensi­
tizers. Desensitizers No. 2 and 3 both receive No. 2 G/S signal. Desensitizer 
No. 2 drives No. 2 flight director, and No. 3 desensitizer output is used by the 
active and model channe!s. Desensitizer No. 1 receives No. 1 G/S signal, which 
is used by No. 1 flight director. 

The outputs of all three desensitizers are cross-compared by comparators C-15, 
C-16, and C-17 which provide adequate information to the TPLC to id.;ntiiy a 
faulty desensitizer. There is a normal acceleration signal input to both the 
active and model signal chains that is sur.uned with the glide slope signals, and 
flare outputs are ccir.;;ared at C-19 aft:e:- which the active signal ch:lir. is !'Outed 
to the elevator computer. 

Engage Interlocks 

Requirements for initially engaging the autopilot follow: 

a. All autopilot circuit breakers must be closed. 

b. Autopilot computers must be installed. 

c. Disconnect switches on the control wheels must not be depressed. 

d. The go-around switch on the control wheel must not be depressed. 

e. No. 2 CADC must be installed. 

9-26" I •• VOL. IX 



\.._) 

v 

f. 

g. 

h. 

i. 

j. 
. . 

k. 

1. 

m. 

n. 

Aircraft de power must be available. 

Turn lmob in detent. 

NAV/SEL/LAT OFF switch centered. 

Aileron computer B + supply adequate. 

Automatic trim not calling for up-trim and down-trim at the 
same time • 

TPLC must be installed and ISS attitude output valid. 

Power available to electric pitch trim system. 

Elevator computer B +power available. 

Autopilot engage switch to "AUTOPILOT. " 

Whe'n the NAV SEL/LAT OFF switch is in "LAT OFF," requirements g, h, and 
i do not apply. The autopilot can also be- initially engaged with one or ~:ore of 
these requirements missing if the switch is held to "LAT OFF" while engaging. 
When the ALT HLD/PITCH OFF switch is in "PITCH OFF," requirements j, k, 
:md 1 do not apply. Holding the switch in "PITCH OFF'' while engaging the auto­
pilot eliminates these requirements en initial engagement. -. . 

Mode Switchinsr and Compatibilitv 

Some, but by no means all, mode switching and compatibility has been previously 
mentioned. Figure 9-10 shows a more cor.1prehensive pictu=e, 

Disccrmect Log:ic 

The serve clutch wires ura routed throu;;h the TPLC. Prior to· APP:?.. .l.-q:,r, :he 
cbt.::h pot.ve!" cannot be L~:cr!'U;:>ted in the TPLC and the ;lUtopilot ::.r-c'!':-.t:;.s 
::c-rmally, even thc!.tg-h CO!~;:~!·~tc:·3 Q.l.~~·~:, wbch they de, bec:.::.:e :!:., 1::c:.;;l 
c!r~uits ~..re i!l tj1e LCC ccnii·~!.::·:tt!:..;r. ru1d th~ ~~est of !~le SJ"Et~:~·~ ~~ ~l~:. "":"•w ... 

activation of the APFi-'> AP...:.r ~u."lctior. in the TPLC, appropriate a.:-.c.3 -.:: ~= :.lu:~-

me roll and pitch :~..~cs of ttc autopi!:Jt :::.!'-= ...;,~:om;.l:icul:y discag::Lg~d, ::!t.: :!1.0:.::­
F-ilot eng::Lge logic is interrupted, ar.d the A~TOPP.o~..oOT engage switch falls tc ~e 
of! position. 
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TPLC MASTER 

• • ..-----AUTO PILOT-----­
YAW 

AILERON DAMP COU?LE~ ELE:VAi:>R 

•••• .------,ACC!'I .. £ROt.4ETER-----.. 
NO.I N0.2 N0.3 N0.4 

FIGURE 10-1. TEST PROGRAMMER AND LOGIC COMPUTER 
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volume IX chapter 10 

TEST PROGRAl\11\IER AND LOGIC COMPUTER (TPLC) 
AND MASTER CAUTION SYSTEM 

TEST PROGRA!'til\IER AND LOGIC COMPUTER (TPLC) 

The Test Programme1· and Logic Computer (TPLC) integrates the AWLS 
components into a useable coherent system by providing failure monitoring 
and ensuring additional reliubllity of the aircraft attitude signals. In 
addition, the test programmer guarantees internal and AWLS subsystems 
functional integrity. 

Aircraft Installation 

The T:PLC is located in the left-baud avionics underdeck rack a5 shown in 
-.Figu1•e 10-1. Power is supplied by avionics bus No. 1 through two 5-3.mpere 
ci1-cuit breakers. Interface with other AWLS components is provided by 
fom· re::tangulnr plugs at the rear of the shock mount. Two plugs on the 
front of the TPLC fu1nish external connections for line test equipment. 

Srstem Operation 

'111c TPLC is operabh! upon application of aircro.ft power ami a~tuation of 
the AWLS arm switch on the AFCS control panel. Gyro proce.:;sing and 
some fault monitoring functions nre available if these condition:; nre met. 
Full-time fault monitoring !J~comes active once the approazh J.l';~~ milest.:r:c 
cf :m AWLS approach is m~t. Dw.·ing eitl1cr a mu.r.~:.:.l o!· .:tt.;:um:.;.;ic ~pp!·c .... :O::, 
the TPLC guards against an lUlddect(:d failure by identiiying th~ di.Scrcp~:;.;; 
condition on the fault identification panel. At the snme time, ca..!h t:vent 
o~ t.'l-te :1ppro~ch apr:l:ars on t!;.~ flight p1·o~rcs.; dispby ,E):' •. nc!. 

In order to ensure fault-free operation, an enroute test is performed 
during the preflight checkout and prior to descent to ::Lpproach cl:;ituc!e. 
Command for the enroute test originates at the AWLS t~st panel on the 
center instrwn ent panel. 

Pressing the AWLS test command pushbutton switch sets the cnroute test 
sequence in progress and also illwninates the AWLS, Flight Director 1, 
and Flight Director 2 TEST in-progress lamps. During the enroute test, 
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the navigation and attitude signal paths are checked by injecting test signals 
generated by the TPLC and verifying a proper response. At the same tbne, 
approach events are simulated and the associated lamp on the fiight p.':"ogress 
dlspl&¥ panel aDDO~es the test progression. Upon successful completion of 
an enroute test, all flight progress display, AWLS, Flight Director 1, and 
Flight Director 2 TEST in-progress lights go out, and the test RESET light 
comes o~ If the RESET light falls to come on at this time and one or more of 
the fault lights mummate' the aircraft is incapable of accomplishing a category 
II automatic approach. 

Specifications 

The TPLC contains low-power, highly reliable diode-transistor micro logic 
integrated circuits. These circuits are moulded into s~aled modules which 
provide normal performance under varying environmental conditions. The 
NAND gate is most frequently used in the TPLC because of its high power out­
put characteristics. The logic circuitry in Figure 10-2(A) shows two NAND 
gates and the equivalent "AND" gate • 

. ._ 

equivalent gates expander gates 

±D D e f 

e=ab 

__ : _______ ~~---e ________ _ f=a b c d ,: 

A B 

FIGURE 10-2. LOGIC SYi·iBOLS 

Figure 10-2(B) illustrates an e."<pander gate frequently employed to b.ancila 
multiple logic inputs. A logic "0" represents a voltage level near zero while 
a logic 1 represents a voltage near positive 5 volts. A driver is often used in 
the output of a. gate to increase the level of logic 1 from zero through 5 volts to 
zero through 28 volts • 

•• 
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TPLC Abbreviations* 

The following symbols and abbreviations are peculiar to the TPLC and are 
listed for reference. 

AA Approach Arm 

CLK Clock 

DGF Double Gyro Failure 

FIP Fault Identification Panel 

FLAG Fail-Safe Latch and Ga.te 

FPD Flight Progress Display 

ISS Intermediate Signal Selection 

LA Land Arm 

LVFF Latch Verify Flip Flop 

MCS Master Caution System 

PM. Power Monitor 

STA Strobe A 

STB strobe B 

(*A complete list of all abbreviations anJ symbols is shc•"rn a.t ~o e::.j ci 
this volume. ) 

ValiditY SvmboJs 

The foilowin.; symbols represent logic b;t:t.s !rem A \\-:..S s~:.~sys:a=.s ~::.:; 
.,,i~ the "!'?!.:! s ow~ m.;::r.ito.rbg logio. 

a.. Validity 1 is fra.-n comparator C-1. in the yaw da.I:l.~::- ~;:.!::._;:~:.::::-. -::£:...~ 

cc:::npara.tor senses the two (2) r~:J.-c:-ossfeed i!lp,~ts f:.-o:::J. ti:.(! ~~/? 
aileron comp:.1ter. 

b. Validity 2 is from compar::ttor C-2 in the aileron computer. This 
comp3l'ator senses the active and model aileron servo positions. 

Continued 
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c. Validity 3 is from comparator C-3 in the aileron computer. This 
comparator compares the roll CWS sensor input to the A/P aileron 
computer against a fixed voltage. 

d. Validity 4 is from comparator C-4 in the elevator computer. This 
comparator senses the active and model elevator servo positions • .. 

e. Validity 13 is from comparator C-13 in the autopilot coupler. This 
comparator senses the outputs from the active and model A/P 

.localizer desensitizers which are in the A/P coupler. 

f. Validity 14 is from qomparator C-14 i:D: the A/P coupler. This 
comparator senses the outputs from the No. 1 localizer radio and 
No. ·2 loc&llzer radio amplifiers which are in the A/P coupler. 

g. Validity 15 is from comparator C-15 in the A/P coupler. This 
comparator senses the outputs from the pilot (No. 1) and copilot (No. 2) 
glide slope desensitizers which are in the autopilot coupler. 

h. Validity 16 is from comparator C-16 in the A/P coupler. This 
comparator senses the outputs from the copilpt (No. 2) and A/P (No. 3) 
glide slope desensitizers which are in the A/P coupler. 

V 1. Validity 17 is from comparator C-17 in the A/P coupler. This 
comparator senses the outputs from the pilot (No. 1) and A/P (No. 3) 
glide slope desensitizers in the A/P coupler. 

j. Validity 31 is !rom the R/GA computer. 

k. ·;atidity 18 is from comparator C-18 in the A/P coupler~ This 
comparator senses the uutputs from the No. 1 glide slope .radio and 
No. 2 glide slope radio amplifiers, which are in the autopilot coupler. 

1. Validity 22 is f:'om t!::.e com~ator C-22 i!l the aileron computer. 'nls 
comparator senses the torque capability of the aileron servo. 

m. Validity 19 is from comparator C-19 in the A/P coupler. This 
comparator senses the active and model pitch coupler output signals. 

n. Validity 20 is the fiare computation, flare engage and land arm validity 
which is produced in the flare computer. 

Continued 
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o. Validity 23 is from comparator C-23 in the elevator computer. This 
detector senses the torque capability of the elevator servo. 

p. Validity 5 is from comparator C-5 in the elevator computer. This 
comparator compares the pitch CWS sensor· input to the A/P elevator 
computer against a fixed voltage. 

q. Validity 10 is from comparator C-10 in the A/P coupler. This 
comparator senses the two altitude inputs from the radar altimeter • 

. r. Validity 24 is the radar altimeter validity from the· radar altimeter's 
R/T unit. . 

. 
s. Validity 9 is fran comparator C~9 in the A/P coupler. This 

comparator senses the active and model roll coupler output signals • 

. SVP (Super Validity Pitch) is a redundant ·pitch validity for the autopilot 
pitch channel. -

SVR (Super Validity Roll) is a redundant roll validity for the autopilot roll 
channeL 

SVF (Super Validity Flare) is a redundant flare validity for the autopilot 
flare channel. 

RI12 validity is from comparator RI12 in the TPLC. Comparator RI12 
senses roll signal inputs fron the No. 1 and 2 gyros. 

RJ23 validit-; is from comparator RI23 in the TPLC. Comparator RI23 
senses roll signal inputs from the No. 2 and 3 gyros. 

:::!, ')' v::.licilty i3 !:-c=1 compa.rator RI13 in the TPLC. Comparator RI13 
~cnses :-oil signal inputs from the No. 1 and 3 gyros. 

_.. . . ...,, .;:-. '- :_,_......., ... -- r" .. o~ P!· :.., the "'PLC C .... !1 ... at·- t:>r •. ~ ·.:~: ·------·~ .... ~ ·- .. - wC ..... ,r~a ~;.. ... · .. 2 ·•• :.. • o.......,p..._ ""• - -1~ 
3enses pitch signal inputs from the No. .i and 2 g)'TOS. 

·:•.; ... 

'P!.~ 3 validity is !:-om ~ompar:l.tor PI23 in the TPLC. Comparator PI23 
senses pitch signal inputs i:am. the No. 2 and 3 gyros. 

PI13 val!dity is from comparator PI13 in the TPLC. Comparator PI13 
se::1ses pitch sigml inputs from the No. 1 and 3 gyros. · 

Contfllued 
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Ro12 validity is from comparator R012 in the TPLC. Comparator R~2 
senses ISS roll signal outputs from the No. 1 and 2 ISS circuits. 

Ro23 validity is from comparator R~3 in the TPLC. Comparator Ro23 
senses ISS roll signal outputs from the No. 2 and 3 ISS circuits. 

-
Ro13 ·Validity is from comparator R013 in the TPLC. Comparator Ro13 
senses ISS roll signal outputs from the No. 1 and 3 ISS circuits. 

P012 validity is from comparator POJ,2 in the TPLC. Comparator POJ.2 
senses ISS pitch signal outputs from the No. 1 and 2 ISS circuits. 

P023 validity is from comparator ~3 in the TPLC. Comparator ~3 
senses ISS pitch signal outputs from the No. 2 and 3 ISS circuits. 

P013 validity is from comparato~ POJ.a in the TPLC. Comparator POJ.a 
senses ISS pitch signal outputs from the No. l and 3 ISS circui'.:s. 

ADI1It is the validity output from the No. 1 ADI roll attitude monitor in 
the TPLC. 

ADI1P is the validity output from the No. 1 ADI pitch attitude monitor in 
the TPLC. 

AD~R is the validity output from the No. 2 ADI roll attitude monitor in 
the TPLC. 

AD~P is the validity output from the No. 2 ADI pitch attitude monitor in 
the TPLC. 

?.•.;r Mc:J.., is t!le power ::J.onitor in the TPLC • .. 
Z is the validity output (power monitor) fror the No. 3 gyro (A/P gyro). 

Theor:y of Operation 

Basic Functions 

The TPLC can be broken down into four basic elements as shown in Figure 10-3: 

o The vertical gyro signal processing section 

o Monitoring logic section 
o Flight progress and AWLB switching sec~ion 

o Test programming section 
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FIGURE 10-3. TPLC BASIC FUNCTIONS ,. 
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The vertical gyro signal processing section consists of two channels: roll and 
pitch, which receive signals from three separate vertical gyros. An ISS circuit 
selects the intermediate or median of the three input signals and provides this 
intermediate signal to AWLS using components. Monitoring logic prevents an 
undet~~ed failure from jeopardizing a successful AWLS approach. The ADI 
attitude and·accelerometer analog monitors compare the input voltage level 
against. an established leveL AIJ.y extreme. deviation yields an alarm logic signal 
output. Each component necessary for either manual or automatic AWLS 
approach is monitored by the TPLC. The warning logic receives validity infor­
mation fi.om the AWLS components in the ~orm of binary signals. Voting logic 
interprets these signals in tez:ms of AWLS operability and presents this infor­
mation to the master caution system. · 

A fault prohibiting an automatiQ approach disengages the appropriate control 
surface axis. In addition to the warning lights on the fault identification panel, 
the indicator panel, located on the front of the TPLC, allows maintenance 
persODDel tO locate a failed AWLS unit quickly. 

The switching section at the TPLC performs the necessary operations to 
coordinate an AWLS approach. These operations include localizer antenna 
switching,--radar altimeter self-test inhibit, flight progress cllsplay switching, 
R/GA switching, and A/P mode switching. 

Aircrew confidence 'in AWIS componeJJts necessitates verification of f11I:ctioru::.l 
V.· integrity by enroute testing. Also, a preland test is initiated a.utamaticaliy a.f"er 

glide slope beam engagement. The programmers consist of shared binary 
counters, decode matrix, :md progr.un controllers. Progr::unmers generate t!:le 
test and heal steps used to fault logic chains, disturb navigation and ~titude 
signal paths, and check the TPLC's internal warning logic. 

Vertical Gv!'o Signal Processing - ':'!lis section of the T::?LC prcvi~es ac:.ii:io:.:l~ 
reliability by precluding total loss of Categcry rr ca~!lilities ::eca!!se of a sb;la 
gyro fuilure. Loss of one gy:oo sign:ll does net affect the v:ilid!ty of t..'le three 
ISS output signals. 

Gyro's No. 1 and 2 are the flight director MD-1 displacement gyros, while gj'TO 

No. 3 is commonly referred to as the A/P ve:.-tical gyro. As shown in Figure 
10-4, two of the three gyro input signals are fed into a delt:!.-connected load of 
which one element is a transformer primary. Gyro No. 3 feeds a two-wire 
signal directly into the properly loaded transformer primary. Signal isolation 
and impedance matching are provided by the coupling tr:lllsforcer ·:md unity gain 
amplifiers. The output of each amplifier is coupled into two of tlu·ee gyro input 
comparators. Comparator alarm occurs if signal differential is greater than 
five degrees. Six comparators are used .to detect gyro input deviation since 
three comparators are required in both the pitch and the roll channel. Compa­
rator alarm outputs are fed into a binary micrologic circuit which identifies the 
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gyro causing comparator alarm. The three gyro signals are coupled to 
intermediate signal selections where the intermediate amplitude signal is 
selected. Each intermediate signal is again compared in case the interm'ediate 
signal selection has blocked or distorted the displacement voltage, or if the 
output is overloaded. A deviation of more than 1. 5 degrees causes a comparator 
alarm and a resultant trip of the TPLC voting logic. Components using the 
200-millivolt/degree ISS outputs are shown in Figure 10-4. 

The self-test modules are norm.ally off and perform no function except during a 
program_ test. During the programmed test, each of the input lines undergo an 
insertion of 400 hertz deviation signals through the self-test modules. A 
separate set of testing modules disturb the output comparator signals. This 
disturbance causes the appropriate gyro or ISS validity in the warning logic to 
fault. If a warning indication falls to appear during test, a memory latch is set 
indicating that the comparators are unreliable. 

o 1§§.- Figure 10-5 illustrates one of six identical intermediate signal selectors 
used in the TPLC. The phase relationship of the three, 400-hertz signals remains 
constant; however, the amplitude may vary according to gyro performance. Each 
of the three input diode pairs select the minimmn voltage while the three output 
diodes select the maximum signal. !n Figure 10-5, ISS No. 2 is selected as the 
intermediate signal and 
appears at the output. 

Logic .Mcr..itori:1;; 
{Analog} - ADI re­
solvers are monitored 
continuously for a null 
{LO) on one winding 
a.I!d :l high {E) SiW-lai. 
.:-::1 t:le ot!:.e!.' ·.\·ir.::!i:t;. 
:-:--'!·.::::. _, .. •• ., ••• =~~cu:~;-,.,. 
--- "-........ .. '" .1.- ,, 

...-olt3.ge ::n1:st al·,~;ays 

·;ol'i:s, and t:le high 
wi.ndil~::t m :~st alwa;.'s 
==e ;rca tor :l:.:m :6 volts. 
T\\'O circuits =.re usee 
ior each .~..DI 3.:\:is as 
shown in Figure 10-6 
to p:-o·nc!e the moni­
toring capability. 

A voltage divider in 

FIGURE 10-5. INTERMEDIATE SIGNAL SELECTOR 

the ADI power HI monitor estlblishes a de trip level. Displ:lccment variations 
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are coupled into the monitor, rectified, and compared with the set level. A 
voltage less than 16 volts at the input causes a diode to change state. The end 
result is a binary 1 output when the comparator alarms. Monitor test is 
accomplished by a logic 1 from program control which trips the comparator. 

Acf:?elerometer and .ADI LO monitoring is provided by similar ac comparators, 
the only·uception being the trip level. Test signals to the ADI LO monitors are 
similar to those used ln the vertical gyro section, i. e. a preset voltage is 
inserted into the lnput line. AD alarm appears as a binary 1 output after passing 
througp a driver stage. 

Accelerometer monitors are set at 3. 0 ·volts except during test when the 
accelerometers are torqued to less than a'oo millivolts and then alloWed to return 
to greater than 3 volts. U an accelerometer fails to heal, the comparator trips 
and a logic 1 is sent to the TPLC warning logic. Gain c~ge commands are 
hl.itiated in ~e TPLC program control for the 300-millivolts monitoring period. 

o Warning Logic - Each component necessary for either manual or automatic 
AWLS approach is monitored by the TPLC. Warning logic interprets validity 
inputs and u,mslates them into binary "go," "no-go" i.nforma?on. 

The monitor logic breaks down into sublogic in accordance with the indicator or 
group of indicators that are controlled by the logic, as follows: (Underlined 

V indicatoTs are located on the fault iden~ification panel. ) 

I 
1. Gyro logic QYro 1. ~. 3 

ISS Validities 1, 2. 3 

" Manuallong!tudinallogic G/S MAN 1 and 2 ... 
Pi~h rr1:::.ual war...ing 1, ::! 

3. ManU!ll lateral logic l&Q. 
Roll manual warning 1, 2 

4. Auto logic A/P ROLL, A/P PITCH 

5. Land arm logic LAND AR.'I 

6. Flare logic FT..ARE 

Continued 
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7. Radar altimeter logic RDRALT 

a. A 'WUi disengage Aileron, elevator, autopilot ells engage 

9. R/GA logic R/GA 
R/GA mode signal 
R/GA mode select 

10. TPLC indicator logic TPLC 
A/P command roll, pitch unit fault 

·indicators 

Sublogl.cs are interdependent in that they have many input signals in common, 
and they generate logic functions for each other. Most of these logic functions 
are not·active wttil after AA, which means that there has to be an AWLS armed, 
and glide slope beam engage condition present, and that the TPLC has completed 
a preland test sequence. These conditions are necessary to produce the AA 
signal, which is generated within the TPLC. Exceptions to the AA condition are 
the gyro. logic, R/GA logic, and AWLS disengage logic which have full-time 
monitoring capabilities. Both flight directors ~d the A TS actuate warning 
indications on the fault identification panel independent of the TPLC. 

. . . 
V The following logic equations show the conditions necessary for a fault warning. 

u · ..... 

Lower case alphabetical validity symbols are from AWLS subsystems and are a 
logic "0" when a fault exists. Comparator alarms within the TPLC, such as 
P012 , RI23, etc. are logic 1 upon alarm. In the case of the logic equations, a 
WL"''ling logic is true when the term on the right equals one. 

o TPLC Logic Eguatior.;; -

co Prc;r.-ess Disolay Li!zhts -

!..OC = A.'"lten::~ Switc::: in ::'JJ(: posi:l.o!'l = AV·.'LS AID·I 
(FDl LOC bea.'ll engage + FD2 .i.OC beam engage) 

2. G/S: (Pilots) = AWLS AR~ • FDl G/S beam engage 
(Copilots)= AWLS AR..'\I • FD2 G/S beam engage 

3. APPR ARM (AA) = preland test complete 

4. LAND AR.l.'\1: (LA) = AA • LAND AR.i\I trip (100ft) • u 
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5. FLARE (FE) = AA • flare engage 

oo Fault Lights -

1. TPLC ~ (PI].2 + PI23 + RI12 + RI13 + RI23 + P012 + PO].a + PQaa + R012 + 
RO].a + R023 + DGF2 + DGF3) .. 

2. LOC = AA • (h + latch) 

3 •. q/S MAN 1 ~ .AA. I (i. k) + (1ii • FE)~ latch 1 

4. G/s MAN 2 = ItA • r <i • f> + <m • · fi> + latch 1 

5. A/P ROLL = AA • (b + v + ii + g + c + n + a + latch) 

s. A/P PITcH = AA .- r a + c; + <f· i> + (1]1 • fi> + ; + i + :LA + <ii • r . il . 
ffi> + latch 1 

7. GYRO 1 = <Ri12 • iha> + (PI12 • PI13) + (ADI1R + ADI1 P) + latch 

a. 

9. 

10. 

11. 

12. 

..,_ 

'FLARE = AA • <P + u + t .+ latch) Flare Self Test Compl~te 

LAND ARM = AA • {i) + u + t latch) 

RDR ALT = AA • (u + latch) 

THROT = A TS ARM • ATs engage 

R/GA = (R/GA select • e) + latch 

13. FLT Dnt! = FDl Valid 

14. FLT Dm 2 = FD2 Valia 

15. Sp~e 

16. GYRO 2 = (m12 • RI23) + (PI l2 • Pl23) + (.-\.DI2R + ADI2 P} + latch 

17. GYRO 3 = (M'13 • iU23) + (P!l3 • PI23) + Z + latch 

A simpltned diagram of one type of waming logic used in the TPLC is· illustrated 
in Figure 10-7. 

It should be noted that all validity inputs from the autopilot and the flare computer are 
associated with an automatic AWLS approach. If validity 4, 5, 19, or 23 go to a 

. t 
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logic "0," the expander gate formed by AM. 12 and AM ~4 produce a logic "0" 
U output to the fault warning system, providing that the AA signal is present. 

u· ·- .. 

Should the autopilot desensitizer channel (No. 3) fail within the A/P coupler, 
both C-17 and C-16 would go invalid ultimately causing an A/P PITCH warning. 
Validity 18 has no effect on the output of AM 14 if the aircraft has reached the 
:flar~ engage (FLARE) step of the approach simply because glide slope signals 
are no longer used at this point. Likewise, validities P, U, and Tare blocked 
out until LA. 

ValidiU~s 1, 2, 3, 9, 13, 14, and 22 may cause A/P ROLL warning. Here again 
the warning logic is inhibited until AA. 

Power Monitor - The TPLc· power supply system contains two redundant trans­
-former-rectifier units with multiple regulators and protector circuits, two 
redundant 115-volt rf filters, and two power voltage monitor circuits. Full 
TPLC functional capability is maintained with either of the power supplies 
operational or with either one of the two ac-input power lines energized. 

Each of the de voltage sources in both supplies is monitored for validity through 
two non-redundant monitor circuits. One monitor circuit checks all power unit 
voltages with the exception of those voltages used in the vertic!U gyro section. 
The other circuit monitors the vertical gyro voltages. A failure within either 
power unit produces an alarm in tile common monitor which causes a TPLC 
indicate!' n=d fault light inc!ication. A total loss of vertical gyro voltage must 
occur befo!'e the gyro mon:.tor ci!'cuit is tripped. Therefore, si~ce the ;;:r!:o 
section is fully ope!':!.ble en one supply, a gyro alarm is not proeucec! un.i.ess the 
gyro power voltage is inoperable. 

Both monitor circuits consist of integrated operational amplifiers which drive 
Schmidt trigger ci!'C:.:its. A de•Tia:io~ o!:: 30 percent from any s:ng!e sou..""Ce 
causes m al:.!:"!:l. 

o Fault Ind:c:.ticns - F:.ul~ indicate!' buttons, locat:Gd en the front panel of ti:e 

ccmpon.e!lts. 

0 TP:.C 

0 Autopilot coupler 

0 Vertical Accelerometer No. 1 

0 Vertical Accelercmeter No. ,., 
~ 

0 Vertical Accelerometer No. 3 

0 Vertical Accelerometer No. 4 
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o Horizontal Accelerometer No. 1 

o Aileron Comp~r 

o Elevator Computer 

o Yaw Damper Computer 

o Master (Operated any time one of the above indicators trip. ) 

These indicators simply aid n1aintenance personnel in locating a faulty component; 
no circuit is opened or closed because of a popped indicator. An accelerometer 
alarm (logic 1) from the monitoring circuits trips their respective accelerometer 
indicator buttons during a programmed test only. Any gyr:o failure or any ISS 
comparator alann pops the TPLC button. Validity 22 (aileron torque monitor) 
and validity 23 (elevator torque monitor) control the aileron and elevator indica­
tors respectively. Roll crossfeed validity 1 sets the yaw damper button. All 
nine validity inputs from the A/P coupler are instrumental in controlling the A/P 
coupler indicator. 

All indicators are operable during the enroute test; therefore, if one of the listed 
units should fail to test properly, the indicator for that unit is tripped. During 
an AWLS approach, all indicators, with the exception of the accelerometer 
monitoring, are operable. 

o AWLS Disengage- To ensure against an A/P commanded hard-over control 
signal during a critical portion of an approach, disengage. relays are provided to 
remove A/P control should a fault occur. Redundant disengage relays h.o.ve been 
used to assure that an axis will be disengaged should a failure occur in that 
channel. 

Figure 10-8 illustrates a simplified relay logic diagram.. As an example, an 
invalid condition, which causes the auto roll logic to alarm, is assu:r.eci. Re!.ay 
K6 would e~ergize opening the loop to the ailercn servo clutch. In case the reby 
c::-z:t!lc::S fulled tc open, the Super Validity Roll (SVR) signal free the A/P ·.v~uid 
cause K5 to energize. Tl.1e end result would be aileron servo clutch discngage­
::~e:lt. Pitch disengagement is si.!r.ilar except th!lt in addition to auto pitch a!ld 
~.··:- ,. ::::··-,,,.. V·•ll'.-!1'~· 1:"1~,.0 (C:H!;"\ :.: il•'"''' ..... -, .... ·lo~ \ /P r--- .... ,..,, • ., ...... ,: ,....,, . . ~ .. :: 
~ ' - ' . ....,""-::"'""'- M - ..... : J; _...,._.. .... ~..;I .L-· """'-- ·- ..,_ •• --- • .,, ........ _ • .,; ... --·-· v ··-·- ..... -

interrJption of elevator servo clutch, ATS, and horizontal stabilize:- trL":l 
interlock. 

When both roll a.nd pitch cba.nnels become unreliable, the holding volt:L~e to the 
A/P engage solenoid is removed, which causes complete A/P disengagement. 
In addition, the solenoid drops out when R/GA is selected or when DGF., occurs. 

v 

The disengage relays are tested for proper operation during the preland test. 
Since an AWLS diseng:1geoent is undersirable during that portion of the approach, 
relays K1 and K2 are energized to provide an altemate path for current. If the 
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disengage relays fail to respond properly to test commands, the AA signal is 
iJJhibited to the flight progress display panel and a Category n approach is not 
possible. 

AWLS Switching- The TPLC provides the external switching necessary for an 
AWLS approach and the progress information to the pilot and copilot. 

o Localizer Antenna Switch - Upon reception of the localizer beam engagement 
signal from either flight director, the TPLC switches the localizer receivers 
from the tail to the nose antenna. Reception at the nose antenna provides more 
accurate lateral guidance. When the switching is completed, the LOC lights on 
the progress display panel are illuminated. 

o Radar Altimeter Self-Test Inhibit- When the localizer beam engage signal is 
received, the self-test feature of the radar altimeter is switched out of the 
circuit by the TPLC. 

o Flight Progress Display Switching- In addition to the LOC light, the TPLC 
controls the illumination of G/S, APPR ARM, LAND AR.!VI, and FLARE lights 
on the flight progress display panel. G/S annunciation occurs when the glide 
slope beam eng:tge signal is received from the :flight directors. . APPR All.:,! is 
annom1ced after a successful preland test. LAND ARM is a function of radar 
altitude and occurs at 100 feet. Ulumination of the FLARE light occurs when 
the flare compute1· begins providing guidance commands to the A/? and the AD!'s. 

o RIGA Switchi.."lg- Upon reception of a g:rotl!ld signal from either the pile·~':; or 
the copilot's R/GA engage switch, the TPLC disengages the: A/P and swi:=l:le.3 ::he 
:f!ight directors into t!le R/GA mode. 

c AlP Mode Switching- At AA, the copilot's flight director is switc!:.~~ ~y: ~e 
'I'PLC into the A/P mode, In this mode, the copilot's ADI displays the A/P 
ser•:o er!'C!'. If a.."l A/P :J..x.is is cli.senga.gec, the assccil.l.ted s~e~!·il:; ~:u· '~:~~ .:.!· 
[.i:.-::l c~pc~~!ng vr:. whi~h a:ds i,; d.iSC~:'.."l'.:!Ct.:::d) !'E-Ve!'tS :O:l .f'li;;::t C:.i!':;-:!;: :· . ~-:. :c :. 

T.-;~~ ?r0~:ur.!'!'!illg - 1'1 order to verify the functional integrit:; of the A\\':!..,;~ 

Initiation o£ a prelan::! te~,t occurs automa:~cal:..:: :::.: g!ide s.i.v:::.: '!.Jt:::U!- ~:!._;:.!_.:..:.: . .:::::. 
·wb.ile an e:trou"te test is i..~!ti.:l~ed ::n:mually prio!' to descen: to approach :::::::.:::!-e. 
In fact, t.'le enroute test encompasses the: prel:l.'ld test si=.cc the iirs~ st.:;; .:: t!:.~ 
enroute test is the preli.Uld test. 

The norma! programmer, used for both the pre land test and the enroutF.' test, 
consists of 5 flip-D.ops (divide by two networks) a..'ld a decode man·i.~ u.s .::!l·,:~·.-.~ 
in Figur~ 10-9. 
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A redundant counter is used to check the program ·to assure that the proper 
sequence has occured. 

\_1 During the preland test, the program clock generates a pulse each second. The 
binary counter and the decode network combine to produce 15 test-heal steps, 
each step having a duration of 2 seconds. Therefore, the preland test requires 
30 seconds to complete. Twelve clock pluses to the redundant counter are 
inhibited so that the binary output from this counter at the end of the preland 
test should be 10010 or 18. 

If the counter is not at 10010, the preland test is ruled unsuccessful and a fault 
exist~ in the system. When the preland test is being run as part of the enroute 
test, the normal program counter is reset, and the program clock again produces 
counting pulses. The clock, however, now produces a pulse every 1. 5 seconds 
except for three test steps where 12 seccnds are required to complete a test­
heal sequence. The test steps are fed to program distribution where test com­
mands are generated. 

o Preland Test- The preland programmer performs a test of the internal TPLC 
warning logic, md lateral and longitudinal comparators. It a:so initiates an 
integrity test oi the flare computer. Prior ~o exer~ising any external validity, 
the TPLC- performs a pre land progrrur..mer yerification test to assure that no 
fault exists in the programmer itself. This takes about 12 seconds to complete. 
After the programmer validity has been verified, a step-by-step test of each 
validity is i."lltiated. If a v-alidity fails to test or heal prope:::-ly during the 
e:-.."ternal test, a failure warning lUtCh !.; set. At APPR AR:-.I th~ applicable 
wa::n!ng light ill;:mi!U.tes. 

Fol!owi-::l~ is n brief desc!"iption of t!J.e preia:Jd :as:. 
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TS Preland test command 2 trips desensitizers 
comparators C-13, C-15, C-16, and C-17 
in the A/P coupler; validity 18 simulated 
invalid; ~re engage internal signal is 
simulated. 

.T9 Preland test command 1 trips radio Input 
comparators C-14 and C-18 in the A/P 
coupler; simulated flare engage signal is 
removed. 

TlO Prelan~· test command 4 tests A/P CWS 
comparators C-3 and C-5. 

Tl1 Preland test command 5 trips A/P servo 
follow-up comparators C-2 and C-4 

T12 No test performed. 

Tl3·· The two high torque validity blhibits removed; 
flare test command removed. 

Tl4 Preland test command 6 tests the A/P 
coupler radar input comparator C-10; 
roll crossfeed comparator C-1 tested; 
accelermneters are tested. 

Tl5 Test complete. 

o Enroute Test - The tests performed in the enroute test follow: 

TO 

n 

. , 
!• 

10-22 

Preland test. 

Radar altimeter trips to the copilot's and 
A/Ps glide slope desensitizers are removed; 
radar altimeter altitude inputs to the A/P 
coupler are simulated at 40 feet by the 
TPLC's analog simulation circuits; naviga­
tion signals generated by the TPLC cause 

Continued 
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T3 

T4 

TS 

T6 

T7 

v · .... VOL. U: · 

comparators C-13, C-15, and C-17 in the 
A/P coupler to trip; No. 1 roll and No. 2 
pitch ISS outputs and No. 3 roll and pitch 
ISS inputs .are tripped. 

Radar altimeter trips to A/P glide slope 
and localizer desensitizers causing C-16, 
C-17, and C-13 to alarm; test signals in­
jected into No. 3 roll and No. 1 pitch ISS 
inputs, TPLC power monitors tripped. 

Copilot, pilot, and A/P G/S desensitizers 
trip; signals injected into all three pitch ISS 
inputs and all three pitch ISS C?utputs. 

Error signals injected into aileron and 
elevator servo models; signals injected into 
No. 2 roll and No. 3 pitch ISS inputs; TPLC 
power monitors are tripped. 

Gain of deviation signals to the pitch and roll 
models in A/P coupler is lowered causing 
pitch and roll output comparators C-9 and 
C-19 to trip; ADI roll HI monitor trips. 

CWS comparators tripped; ADI pitch HI 
monitors are tripped. 

Roll crossfeed comparator is tripped by 
decreasing level of crossfeed signal from 
aileron computer to the Y/D computer. 
Test sig--....:::.: i.!ljecte.:! int.:> AD: :-;o • .:. ...:.i So. 
2 roll LO monitors. 

P!~c:s r~·y. Li E!.:'!l:!l.:l!ed :·~\·!~l:i~"~ d:.)'"'~.:::c .: 
Sign.:l.!S ::.:e =~::10\'C:<i i::.il~:~; \:...; U:~ l:: .!._:::: 
No. 1 and 2 pitch LO monitors trip. 

Auxiliary radar alti!neter input returned to 
control of radar altimeter, A/P r:1dar 
altitude input is simulated at 1000 feet; 
signals injected into ISS !'oro. 2 roll, and No. 
3 pitch outpt.'ts. 

Continued 
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T10 Test command sent to R/ GA tripping AOA 
comparator; signals injected into ISS No. 1 
pitch and No. 3 roll outputs. 

T11 FE1 and FE2 signals sbnulated by TPLC, 
fntegraters in flare computers allowed to 
function 12 seconds; tes~ commands to No. 1 
ADI pitch and roll LO monitors; gyro 3 
power monitor is simulated invalid.· 

T12 No. 1 FE .signal is removed, No. 1 flare 
channel switches to synchronizer mode, with 
the simulated flare signal present, the No. 1 
flare integrator drives to zero tripping the 
pitch output comparator failing validity V-19; 
sigaals sent to ADI No. 2 pitch and roll LO 
monitors. 

T13 Radar altimeter placed in self-test mode, .. -
V-24 falls and FSV fails; sigDils sent to ISS 
tripping RI 12, RI 13, PI 12, PI 23. 

T14 All FIP lights which have been latched are 
illuminated and the test in progress light 
extinguishes. If the enroute test was 
successful no fault lights illuminate. and 
the AWLS reset comes on. 

MASTER CAiJTION SYSTEM (MCS) 

::-:..3 : !CS cc.::trols t~e illumination of the 17 lamps on the fault identii!c~:ion 
;a.n.sl and tile master caution lights on the two .!li;ht prog!"ess display :t=o:.:.:els. 
Beth flight directors. the TPLC, and the ATS supply fault logic to the MCS. If 
m A\\'"LS fault occurs, the MCS causes the appropriate lamp on the fault identi­
fication panel to flash and either the auto or manual caution lamp on the flight 
progress display to illuminate. 

Either the pilot or the copilot may aclmowledge the fault by actuating tb.e reset 
push button switch on the fiight progress display. After reset. the fault light is 
on steady, and the manual or auto master caution light goes out. 

The major system component is the master caution controller located in the left 
band under deck rack. Contained within this unit are 11 manual fault light 

•• 
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drivexs. 6 auto fault light drivers, manual and auto flashers. plus auto and 
manual fa!l-safe circuits. Twenty-eight volt de power is supplied to the con­
troller from the main de avionics bus No. 1 through two 5-ampere circuit 
breakers on the avionic circuit breaker panel. 

System Operation 

Seyenteen light drivers located in the master caution controller cause illumiDa­
tion of an associated fault light, as·.shown in Figure 10-10. Eleven channels are 
supplied manual logic while six channels receive logic from subsystems ·whose 
.fur.ctional integrity is required to perform an automatic AWLS approach. A 
logic "0" on any input causes an associated fault light and a master caution lamp 
to llluminate. 

The master caution controller contains a manual flasher and an automatic flasher 
as shown in Figure 10-10. A fault logic "0" on any input causes a relaxation 
oscillator to begin operation. The oscillator output biases the light driver on 
and off at a rate of 75 to 135 hertz. 

Once the fault is acknowledged by either the pilot and copilot, depression of the 
master caution reset switch applies 28-volt de to a Silicon Controlled Rectifier 
(SCR) "in the light driver circuit. The S;RC fires to apply a steady-on-bias to t.':e 
light driver. At the same time, it interrupts the current flow through the master 
caution lamp. The fault light stays on as long as the logic input indicates an 
undesirable condition. 

Two fail-safe circuits are employed to ensure a fault light illumination should 
the flasher fail to operate. One second afrer a fault is detected, a fail safe 
circuit assumes bias control over the light driver. If the flasher begins to 
operate normally at a later time, the fail safe circuits are deactivated, a:1d 
driver bias control depends on the flasher • 

.. ·ne th=ee-position A\VI.S annunciator tes~ switch applies a groun.c! t,) t~e light 
c!!'ivers in ''TEST" (simulating a fault lcgic "0'') and .25-volt c!c :o the faE :::tie 
cir~uits L-; "F .AIL SAFE TEST" (si..'"D.ul.ating a ilas!:ler uult). 
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HORIZONTAL AND VERTICAL ACCELEROMETERS 

An accelerometer is a self-contained unit and consists of a floating vane, 
an acceleration sensing mechanism, and solid state circuits. Electronic · 
circuits perform the generating, sensing, and modifying functions 
necessary to produce ac and de outputs that. are directly proportional to 
acceleration applied in the sensitive axis. The sensing mechanism and 
electronic circuits form a closed-loop system. Output signals produced 
by the mechanism in response to acceleration are amplified and fed back 
to a torque coil in the mechanism to return the vane to the neutral 
position. Torque current required to null the loop is directly proportional 

--to the acceleration force and is, therefore, a measure of that force. This 
current is used to produce the output voltages. Built-In Test Equipment 
(BITE) protection is incorporated in the unit. There are four vertical ru1d 
two horizontal units installed in the aircraft. · 

Accelerometers are located in the center wing above the cargo co~partmen: 
:1s shewn i~ Figure 11-1. 

SYSTEM OPERATION 

The accele:-o::netcrs are autcmatically operated by usiLg syst.::m pcwr~:­
=nd :.::~raf: acc~!eration. '!:'.b.cir ~mtp~ts a:-e mon~tor.;C. :o:: prc..~c::." 
C!'eration. Self-test by e}.1:erruJ.l comm:md checks the accurac~· oi the 
:tecelcrorneter operatic!l anr.! clso checks !he fault logic ~ircui:. 

Modules 

Voltage Input 

VOL. IX 

Servoamplifier, active filter 
400-hertz modulator, power supply 
Fault logic sensing mec:!l::t.'!ism 

26-volt ac, 400-hertz 

Continued 
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·Outputs 

Test 

SPECIFICATIONS (Continued) 

Acceleration ac 
Acceleration de 
DC dummy load 

By test command, accelerometer 
torqued by a fixed voltage 

Current test provisions 

THEORY OF OPERATION 

The sensing mechanism provides an output that is proportional to tLe 
acceleration acting oil the sensitive axis. 

The servoam.Plifier consists of a 4-megahertz oscillator, a cur~ent doubling 
detector, an amplifier, and a feedback network as shown iD Figure 11-2. The 
vane reduces the oscillator's Q, thus reducing the rf output. Oscillator output 
is rectified, doubled, filtered, and then amplified in three stages. This voltage 
is applied to the torque coil in the proper phase to null the vane change. Torque 
voltage is sent to the de output terminal Xld the modulator board. Negative 
feedback through a thermistor compensates for coil damping and temperature 
changes. 

The pickoff coil is mounted near one end of the vane and is positioned so that 
:!novement cf the ·1ane varies the dist:..~ca from the v~c to the coil. A tcrque 
c:.:-:: L:; mounted!.:! :1 recess in the ot.:!!;!" ,.:~d of the v.::le ::nd is in ti:e fi~id o! :1 

pe!"nlanent magnet as shown in Figure 11-3. The coil is oriented so an electric 
cu:rex:.t through it tends to move the coil and thus the vane. Vane movement· 
::i.~."":;-uc!.s en •.b.e direct! en ::: cu:::.-~nt :J. :.:·.v. ·.•.·t:ch, 1.!1 tu..."':!:., c~::.·Jses :1 ~orque to 
~ ........ ~·~-·· .... ~ ....... ,... ~ -- -· . .., .,...\.or ....... "'..:. 
,..r.i' 
~---· 

.. :ertic:ll 011d horizontal accelerometer utits axe similar except that the 
.horizont:ll. unit requires a correction to add a fixed 1-g output. A fixed bias 
from a voltage divider is used. The vertical accelerometer derives 1 g irom 
the earths gro vity. 

An active filter is connected across the de output to determine the frequency 
response and to limit transient and vibration responses. 
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fiGURE ll-3. SENSING CIRCuiT 

feedback network as sh:>\Vn in Figure 11--!. 

Ac input is ~plified and applied to an output transformer. One cut:;::.:: goes tc· 
the fault logic ~d accelerometer putput; the other is rectified ar.d ::.ppii-2d •.) 
an integrated circuit differential amplifier with torque de output. Torque d::: 
a:1d power de di!ferencc is applied to a Fie!d Effect Tr.msistor (FE'f). 

The FET output is coupled back to the power input amplifier. The FET ac~.s a.s 
a variable resistor in the emitter circuit which varies the gain in the ac power 
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a.c. 
ac amplifiers 

19.6vdc 

,...------.. fault logic 

r/ga, flare 
comptr,tplc 

· br1 dge 

rectifier 

torque 
de 

FIGURE 11-4. MODULATOR UNIT <TYPICAL) BLOCK DIAG~1 
circuit. Gain variations keeps the ac RMS value the same as the torque de 
voltage. 

Fault detection logic detects any condition that results in positive saturation of 
!he torque se:-vo system for more than 1. 5 seconds. Self-test circuits provide 
dyruunic testin~ oi the torque servo circt.a::.S. If t.he I:lc~ula:=r ac t::x:~e!!;$ .!.3.1 
volts, RMS in the logic circuit, power is removed from the modulator. Any 
fault is indicated at remote points (TPLC). If the voltage regulator allows the 
output to exceed a zener voltage, the fault relay energizes, which removes 
power from the modulator and changes the de output to ground. 

The power supply receives 26-volt ac through an rf filter and an isolation 
transformer to the bridge rectifier. Rectified ac is applied through a regulator 
circuit set at 19. 6-volt de. Fixed, selected bleeder resistors set the output 
voltage. Regulated de output goes through the fault relay contacts to other 
circuits as shown in Figure 11-5. 
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Self-test provisions are made to test the accelerometer by means of BITE. A 
28-volt de through the test command x:elay causes 19. 6 volts, de to be applied 
to the torque coil and to a large capacitor as shown in Figure 1-2. This 
voltage to the torque coil causes an over-torque condition. The fault logic will 
trip causing a fault indication at the TPLC which indicates correct fault logic 
functioning. With the test off, the fault relay deenergizes. removing the test 
voltage from the torque coil. The charged capacitor, when returned to a 
transistor base, provides a large overrange current in the torque coil to return 
it to normal faster. A current test (in shop) injects a !-milliampere current 
into- the torque coil. The current causes the amplifier to change to maintain 

·the correct torque coil current. A de change caused by the test current is 
equivalent to an acceleration of 0. 5 g. 

Systems using the accelerometers are the R/GA, Flare Computer, and TPLC. 
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AA 

ADI 

AFC 

AOO 

AGE 

AH 

AHC 

AIL 

AL 

AN 

AOA 

v A/P 

APL 

APPR Afu\t! 

APV 

AT 

ATS 

AUTO 

A\VLS 

BITE 

BSS 

CADC 

CAT! 

CATn 

C/B 
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APPENDIX 

ABBREVIATIONS AND SYMBOLS 

aimpoint No. 1 

abnpoint No. 2 

Approach Arm 

Atitude Director Indicator 

Automatic Frequency Control 

Automatic Gain Control 

Aerospace Ground Equipment 

Altitude Hold 

Altitude Hold Capture 

aileron 

!ongitudinal {horizontal) acceleratioJl 

vertical acceleration 

Angle of Attack 

Autopilot 

Autopilot Lateral 

Approach Arm (AA) 

Autopilot Vertical 

AWLS Test 

Automatic Throttle System 

Automatic 

_.;.:!- \1/eather ~:lcii::g Sj· stem 

Built-In Test Equip::1ent 

Beam Signal Switch 

Central Air Data Computer 

Category I 

Category n 
Circuit Breaker 
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ABBREVIATIONS AND SYMBOLS Continued 

v 
cc Confidence Check 

CLK Clock 

.Coup ·- Coupler 

CR Crystal Diode 

CT Control Transformer 

ows Control Wheel Steering 

db decibel 

DESENS desensitizer 

DET turn control in detent 

DF D~placement Flag 

DGF Double Gyro Failure 

Do ·-- distance from ~ to target (offset) 
·. 

DOP(P) doppler computer (ASN-35) 

DP Displacement Pointer 

DTG Distance-To-Go (X) 

Ea analog voltage 

Ec coincidence voltage 

EFDC Elevator Filter de (28 volts) 

EI Engage Interlcck 

EIAP Engage Interlock Autopilot 

EL elevator 

Eo fr..reshold volbge 

Er r:mge voltage 

ERT En-Route Test 

ET test voltage 

f flap position 

FD Flight Director 

FDS Flight Director System 

FDV Flight Director Validity 

v~ 
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ABBREVIATIONS AND SYMBOLS Continued 

u FE Flare Engage 

FET Field Effect Transistor 

Fll Filter 

J'lP Fault Identification Panel 

FLAG Fail-Safe Latch And Ga.tb 

FPD Flight Progress Display 

FTCM Full-Time Command Modifier 

FU ·Follow-Up 

grnd ground 

G/S Glide Slope 

GSHC Glide Slope Holding Coil 

GSSS Glide/Slope Signal Switch 

GSW Glide Slope Window 

H Altitude from sea. level 

ba altitude of a!mpoint 

v hi> ba.romet:ic correction 

lie command altitude 

h c complemented altitude rate (IVV) 

HDG heading 

:: A.!~ R.:lte 

~ o:J11C' --o aug:nentec a!tit:1de rate 

'1- a:titl:dc er::-':>!' (ac:\!:l.l~ -e 

~e :... .. ::~ucie ~:lta \V£r:!c!!: s;x;ec.i errc:-

c-. 
"•r :~o:-izcm.tal .?omte::-

~ CADC altitude 

hRA l'3dar altitude 

HS !-!c:lding Sek::::t 

HSI Horizontal Situation Indicator 
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ABBREVIATIONS AND SYMBOLS Continued 

u 
BSPD mgh-Speed Paradrop 

Hz Hertz (cycles) 

"IAS ·- Indicated Air Speed 

1-f 1nte:m1ed1ate frequency 

ILS Instrument LandJng System 

ISS Intermediate Signal Selector 

rvv Jnstantaneous Vertical Velocity (altitude rate) 

LA LAND ARM 

LBS · Lateral Beam Sense 

LF LOC Frequency 

LMW Lateral Manual Warning 

LO ·~-T Lateral Off 

LO Local Oscillator 

LOC localizer 

v LVFF Latch Verify Flip Flo~ •, 

MCS Master Caution System 

MDA Minimum. Decision Altitude 

MH Mach Hold 

MH Manu:U. Heading 

ms milliseconds 

NAV (ASN-24) 

NSN Navigation Select ~avifP,Z:icn 

PCPD Pilot/Co-Pilot Disconnect 

PCWS Pitch Control Wheel Steering 

PIT Pitch Integrator Test 

PM Power Monitor 

PMW Pitch Manual Warning 

PO Pitch Off 

v . ..... · • I 
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TGA 

To 

-TPLC 

TB 

TRK 

v 
Vl3S 

VERNAV 

VF 

VG 

VI 

VN 

VNC 

VP 

W• 
VVI 

WL 

X 

Xc 
*Z/D 

ccE 

Oh 
oF 

--

ABBREVIATIONS AND S'YMBOLS Cont1nued 

Track Gate Amplifier 

Time Reference (zero time) 

Test Programmer and Logic Computer 

Throttle Retard 

radio track track 

speed 

Vertical :Beam Sense 

Vertical Navigation 

Vertical Flag 

Vertical Gyro 

Variable Intercept 

VERNAV 

VER NAV Capture voltage 

Vertical Pointer 

Negated VP 

Vertical Velocity Indicator 

Warning Light 

Distance To Go (DTG) 

capture maneuver pointer 

Yaw Damper 

S"O!BOLS 

actual AOA signal 

AOAerror 

altitude error (calculated) 

Flap Position 

* overl.i.ning of letters indicates negative 
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ABBREVIATIONS AND SYMBOLS Continued 

'V PRF Pulse-Repetition Frequency 

PSC Pre-Select Course 

PT Preland Test 

.?TT Press-To-Test 

Q Transistor 

RCWS Roll Control Wheel Steering 

RE Roll Engage 

rf radio fr_equency 

R/GA Rotation Go-Around 

RLY relay 

RMS Root Mean Square 

RT Receiver-Transmitter 

RTC Radio Track Capture 

SCR Silicon Controlled Rectifier 

SEL select 

·V ss Signal Switch 

ST Sel£ Test 

STA Strobe A 

STB Strobe B 

s-:t System Validity 

SVF Super Validity Flare 

s":'·p S' .. u::e:- Validity Pitch 

~-~ - ..... S';.lp:;r Validity F.o!i 

sw s-.vitch 
., elapsed time .. 1 

TAE Track Angle Error 

TAC~ Tracking Automatic Gain Control 

TC Turn Control 
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ABBREVIATIONS AND SYMBOLS Continued) 

pitch angle signal 

pitch rate signal 

VER NAV angle 

programmed angle of attack 

bank angle signal 

bank rate 

signal summation points 
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