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SUPPLEMENT ONE: A TECHNICAT, SMMARY OF THE TERRIER MISSILE

The tachnical summary given here consists of two partss

. 1 Terrier Missile Functioning; a brief overview
2. Terrier Technical Notes

The firs% part describes the technical features of the Terrier
system in terms that are understandable to individuale with a
minimvem of technical background. The second part, the Terrier
Technical Notes, are a set of notes which present an engineering
analysis of the Terrier missile, These notes presume some teche
nical knowledge on the part of the reader,

It is intended that the first part of this technical summary,
Terrier Missile Functioning, be read by individuals in personnei
agencies who do not require the more detailed information in the
Terrier Technicel Notes, As a secondary function, it is intended
that Terrier Missile Functioning serve as introductory matsrial
which should be read hefore reading the Technical Notes,

neering ccnsultants who participated in the construction of the
Terrier missile proficiency test battery.t The information con-
tained in these notes was obtained from material availszble in the
Terrier miseile file compiled by the American Institute for

Research. A index of these matersals is presented in Section 2
of this report.

|
The Terrier Te:inical Notes were written by a group of engi-

The notes were developed for tae following reasons:

| 1., to facilitate an urderstanding of the operation of
the Terrier missile,

2. to save time in locating technical and descriptive
mmialc

3. to assure complete coverage of the Terrier missile
by the proficiency test items,

The notes are included in the compilatior. of task information |

to serve similar ende for Havy personmel agencies.

1

See Guiled Missile Fersonnel Research: Re rt No, 3,
A groricIenc¥ test Baf‘t'.'e'rz for puided niselle %ecﬁﬁc!ang,
1erlcan u or Avgu o

search,
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For the purpose of this anaiysis, the Terrier missile was
divided intc seven sections or sub-systems. Each section was then
divided irnto a number of stages; a stage is defined as a functional
unit, usually a group of components, which cperates upon, or in
same manner modifies, a signal in a prescribed manner,

Inforrmation for each of the seven seztions and wherever per¥
tinent for each of the stages has been classified into the followe
ing categoriess:

Function: A description of the operation, cr modification

ch the section or stage performs upon the signal(s)
fed into it,

put: A brief description of the signal(s) that are fed
into the section or stage as well as the immediate
sourcs of the signal(s). Static woltagi2 such as
bias and d-c plate supply voltages are not included,

Operation: The method by which the sigrnai is operated
uporni or modified.

Output: A brief description of the signal(s) coming out
of the section or stage, and the name of the missile
section or stage to which the signal(s) is sent.

Tests: A listing, primarily, of the tests that are per=-
formed by special Terrier equipment. For the most
part, shop and bench testing has not been covered,
The word "none" in this category means that the
stage is tested only indirectly or not at a1l with
special Terrier test equimment.

Location: Information about the relative location of +he
gection or stage in the missile,

References: A listing cf the sources of informetion

employed in the writing of a particular part of the
notes,

For each of the stages, the following category of information
is included in addition to the onas listed above:

Frinciples: 4 listing of the basic prii~iples (electronic,
mechanical, or hydraulic-pneumatic) used in the stage.

-207-
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The following should be poin -ed out coneerning the Technical
Notes which follow:

1. The analysis was made whi.e Terrier was still under=
going some development; therefore, some changes will
probably occur in certain sections of the missile,

2. These notes were written by engineers primarily ror
their own use and the use of other engineers,

these notes because manuals for most of the test
equipmsnts were already available which rresented
adequate sources of information for the purpose of

|

|

‘ 3. Special Terrier test equipment is not analyzed in
test construction.,

~ 208 ~
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Terrier Missile Functionigg; a brief overview

The Terrier missile is a rockst-propelled, beam-riding,
surface~to-air missile, ~

Terrier is used in conjunction with a radar beam which auto=-
matically tracks the target, Ths beam, as it leaves the transe
mitting antenna, has been focussd much as a sea. «nlight beam can
ta foensed, As in the case of the searchlight bean, the radar
beam can be said to ceccupy a volume in space, that is, the beam
has thickness., In the searchlight beam there 1s a line of maximm
intensity of illumination which extands througk ithe lsngth of the
beam., Intensity of illumination decreases with incrsasisg radial
disi.ance froem this line. Similarly, in the radar beam thare
exigls an axial line through the beem which is the line of maximum

wer. The signal strength at any given point in the beam is a
tion of radial distance fram the line of maximum power, As
radial distance increases, signal strength decreases.

In addition to the motion of tracking, the beam is routed
about the direct line to the target in such a manner that the line
of maxi:mm power continually traces out a cone with its vertex at
the transmitting antenna, as the target is being tracked., The
rate of rotation is 3C revolutions per second.

Figurs 1 shows the cone generated by the line of maximum
power as it rotated about the line connecting ths antenna and the
target, Note that ths dotted line in Figure 1, connecting the
antenna and the target, is also the center line of this cons,

Path of Rotation
of Line of
Maximum Power

[
A Direction of Rotation
Indicated by Arrowheads

Figure 1

Cone Generated by the
Lins of Maximum Power
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Tre automatic tracking makes it possible to keep the cone
centared about the target, The function of the varicus guidance
circuits in the missile is to keep the missile as near as possible
to the cora center,

As the missile flies toward the target, it picks up signals
from the radar beam. When the missile is exactly in the center of
the cone, the path traced by the line of maximum power is always
equidistant from the missile; and the strength of the signsl
received by the missile, which is a function of missile distance
fram the line of maximum power, does not vary as the beam sweeps
through its path of rotation,

If the missile strays from the cone center, however, it is
at certain points in the beam tycle, clcsar to the path of the
line of maximum power than it is at other points, as shown belcw
in Figure 2,

Direction of

e
Beam Rotation

"
~ *.\

Ve N
d A Path of Line of
\ a 0. [»)
Qp Cona W« Maximm Power
’ Center \
i & |
\ v} y
\ Missile ")~
\ 43
N\ /
~ P
Figure 2

Cross-section of Cone with Observer Looking
up the Cone (from antenna to target)

In the diagram shown, the radar signal received by the missile
has a maximum strength at the instant the line of maximum power is
at point P, and a minimum strength when the line of maximum power
is at point Q. In other words, when the missile is in an off sen-
ter position in the cone, the signal it receives varies in anpli-
tude from a maximun to a minimum for each rotation of the beam,
Thus, when the missile is off center, the signal has "amplitude
modulaticn," As the missile's Jistance fram the cone center

w 2]0 =
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increages (but the missile is still within the cone) the maximum
signal strength increases and the minimum signal strength lecreases.
In other words, the amount of amplitude modulation present is a
function of the distance the missile has departed fram its desired
position in the centser of the cone. Since the beam rctates 30
times a second, the amplituds modulation varies from a maximum to
a minimum and then back to a maximum again at & 30 cps rate,

In ordsr that the missile reiurn to the center of the cone,
it is necessary that it receive "information" not only regarding
its distance fram the center, but also regarding its direction
fram the center,

This is accomplished as follows., A radar beam normally trans-
mits energy in pulses. That is, it normally is "ON" for a brief
iastant and then %OFF" for a much longev period of time. Normally,
the time intervai between pulses is constant, In the Terrier radar
this time interval varies and is a function of beam angle with
reference to an imaginary vertical plane in space. When the beam
is at an angle of 35°, counter-clockwise from vertical (see
Figure 3), the interval betwsen pulses is at a minimum (frequency
of pulces is hignest). As the beam rotates clockwise, the time

Direction of
Decreasing
Pulse Frequency

Direction of
Increasing
Pulss Frequency

NOZE: Ahgles are measured,
as shown, within the plane
of cross=-aection.

Figure 3

Cross-section of Cone with Observer Looking
up the Cone (fram antenna to target)
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interval increases (frequency of pulses decreases) until, when it

has rotated 1809, the interval between pulses is a maximum (fre-

quency of pulses is lowest). As the rotation continues, the
interval decrzases (frequency increases cnce more) until a full
3600 has been covered and the interval is again at its minimum
value.,

Since in this process the frequsncy of the pulse is varied,
this is called *frequency modulation." Since the maximum and
minimm pulse frequencies correspond Lo fixed angles with reference
to the vertical, and since the frequency varies smoothly between
these two points, the missile has available an angular referznce
system, As in the case of the a-m, the f-m completes one cycle
for each resvoluticn of the beam, and thers are tharefore 30 cycles
of f{-i every second.

When the a-m; and the f-m, present in the signal are com=
bined, through suitable electronic circiitry, the missilz has
available position information regarding its distance and direc-
tion fromcone center, This signal can then be used to defiect
the missile wings in such a direction that the missile moves
towards cane center. In the Terrier missile, two independant

aire of wings are used. One pair (the "A" wings) lie in a plane
ES“ to the left of the vertical plane and uhen deflected can
cause the missile to fly either Up Right or Down Left., The other
pair (the "3" wings) are located in a plane L5° to the right of
the vertical and when deflected can cause the missile to flr Up
Left or Down Right.

Tha electronic circuitry is such that the appropriute signals
are always sent to the proper wings to cause the missiie to return
to the center of the cones

The discussion just completed implies that the AN wings
glways lie in a piane LSO to the left of vertical and that the
WER wings alwave lie in o plane 45° to the righi of the vertical,
If this does not occur, then the signals sent to the wings will
not cause the missile to return to center of the cone, It there-
Tore becomes necessary to utilize some means to insure that the
missile maintains its proper orientation in space. This is done
thru the usa of a roll free gyro. The gyro maintains a fixed
reference in space; and when the missile rolls from the desired
orientation,a signal is sent to an amplifying system and eventually
to two fin type control surfaces called rolleronrs, which ceflect
in a direction to cause the missile to roll buck towards its
desired orientation. It should be noted that rcll stabilizaticn
is independent of the emitted radar signal, and in fact is a pre-
requisite to the missile's proper use of information extracted
from the radar beam. '

- 212 «
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In order i¢ obtain the guidance and roll stabilization infor-
mation discussed above, the missile is provided with two nrajor
electronic packages:

1. The Receiver package
2. The Guidance package

A receiving antznna is nounted in one of the missile tails,
This picks up the radar signal, which is then fed to the receiver.
The roceiver amplifies tha radar beam signal and extracts the
amplitude and frequency modulation information contained in the
beam. (In most technical discussions of Terrier operation, the
amplitude modulation information is referred to as the "error'
signal, and the frequency modulation jnfovmation is referred 10 =5
the "reference" signsl.) in addition, the receiver contaiis &
decoding circuit whose function is to cause the rissile to respond
cr'y to a radar beam with a specific coding. The receiver also
containg a circuit which causes the missile %o self-destruct under
certain prescribed conditions,

The guidance package makes use of the reference and error
signals coming from the receiver, The reference signal is split
jnto two signals which have a smecific tine relationship to each
other (90° phase relationship), which ccrresponds to the 90° space
relationship of the two pairs of wings., FEach of these signals is
then combined with the error signal to obtain two voltages, one
for the "A" wing and the other for tle "B" wing, which are func-
tions of the missile's distance and direction from come center.
Each of these signals is then fed to a computer which modifies the
signal so that flight characteristics are improved, From the com=
puters each signal is sent 10 a S€rvo amplifier which translatee
the signal into a directly proporticnal movement of the wings.
This movement is controlled by the electrical signal which con=
trols the position of a hydraulic valve and allows oil prossure
to move an actuator connected to the wings. The oil pressure is
maintained by a hydraulic system discussed below,

The electronic circuitry involved in roll stabilization is
also located in the guidance package. The roll free gyro, located
outside of the guidance package, provides a voltage vwhich is a
function of roll error magnitude and direction. (Roll error
refers Lo the miseile's deviation from the desired roll position.)
This voltage is amplified and modified in certain predetermined
ways so that improved flight characteristics are obtained, The
signal is then sent to a servo amplifier which controls rolleron
movement. The operation is very similar to the eguivalent gystem
used in the "A' and "E" wing channels.

- 213 =
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The electrical er roquired for the operation of the mis-
sile's electronic and alectrical circuitry, and the hydraulic
power to actuate the wings and rollerons come fram a common primary
power source, The power source for these purposes is the missile
air flask. Compressed air is stored in this flask at a pressure
of },,00C psi, This air is reduce? in pressure to 600 psi and used
to operate a hydraulic pump (the autopak), which maintains a pres=-
sure of 1800 psi in the high pressure side of a closed-loop
hydraulic cystem,

The hydraulic pressure is used for the following functions:

1. To actuate the wings and rollerons
When a si§53§ comes from one of the serve

amplifiers, a corresponding hydraulic valve is opened,
This permits hydraulic flow into a chamber, which
causes an actuator connected to the control surface
{wing or rolleron) to move in the desired direction,

2. To drive a hzgﬁaulic motor
e hydraulic pressure is used tc drive a

hydraulic motor, which, in turn, drives an alternaior

that produces 115 volt, 3 phase, LOO cycle alternating
current..

The voltage fram the alternator is fed to the power supply
package (the third major electronic package} where the voltage is
transformed to the values required for missile circuitry. Some of
these voltages are then rectified and filtered 8o that d-c voltage
is available, Some of these d-c voltages are then fed directly to
the missile circuits requiring thesm; others are "regulated" and
then fed to the rest of the missile,

The power described thus far is uged cnly to energizs and
activate the missile guidance system. The air flask and power
derived from it is not used to propel the missile. All thrust
utilized by the Terrier missile in flight originates from two
solid propellant rocket motors, One, called the booster, provides
the initial thrust to attain operating velocity. After the

booster burns out, it fails away from the rest of tha mi=

-V m ..
WG NIlL0D4LAT &l

in doing so pulls a lanyard which activates a second rocket the

sustal ner, The sustainer provides sufficient thrust so that the

approximate velocity reached at the end of the booster phass 1=
maintained for the duration cf powered flight,

CONFIDENTIAL SECURITY INFORMATION
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Terrier Technical Nctes

TERRIER COMPONENT SYSTEMS

Superheterodyne Receiver
Intelligence Converter

Missile Computer and Servo Amplifier
Roll Stabilization System
Electriesl System

Programmer

Preumatic-Hydraulic System
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SUPERHETERODYNE RECEIVER

1, Supcrhectercdyne Recelver
1.1 R.F. System
1.1.,1 Antenna: Teflon Lens
1.1,2 Waveguide Shuiver
1.1.3 Crystal Mixer
1.1.4 Lccal Osciliator
1,2 I.F, System
1,3 Pulse Detector
1l,; Pulse Shaper and Video Amplifier
1.5 Pulse Decoder
1,6 Pulse Stretcher
1.7 Reference Channsi Blocking Oscillator
1,8 Reference Channel F-M Discriminator
1.9 Negative Boxecar Detector
1.10 Automatic Gain Control
1.11 Automatic Fraguency Control System
1,12 Flight Limiter Circuit

- 216 =
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1. SUPERHETHRODYNE RECEIVER"

Function: To convert coded and moduiated - microsecond
radar pulsas into 39 cps error and reference signals.

;gp%§: The HMark 25 Mod 6 radar set emits microsecond
mc pulses. When received by the missile, the pulses are
frequency modulated at a 30 cps rate and have a deviation of

pps. around a mean of pp8. If the missile is off cone center

-30 ‘ops amplitude modulation is also present.

Operation: The superhet receiver heterodynes the input sig-
nal from the radar set and vhat from the local oscillator. The
difference frequency is then amplified and detecteds The result-
ing pulses are decoded. After being amplified and stretched, the
pulses are processed to obtain the reference and errcr information.
This information appears in the ocutput as two 30 cps sirusoidal
waves} one being the reference signal, and the other being the er-
ror signal.

Qutput: (1) 30 cps reference signal to reference phase
splister in intelligence converter.
(2) 30 cps error signal to fl(t) pot in intel-
ligence converter.
(3) Pulse to destructor in event of weak or off-
frequency signal.

Test: The receiver may be tgsted as a unit or as part of the
Tarrier systeme In both cases, the Beam Simulator provides the
necessary input cignal into the missile waveguide. The Flight
Ready Indicator will give out-of-tcleorance readings if certain
receiver defects exist. The set-up Monitoring Panel will check
the Receiver directly.

# Lot IV Terrier has two types of receivers--a Ground Based
Iecal Oscillator System (GBLO) and & Superhet System (SH).

Ths QGBLO receiver has nc local sscillator but recelves two
simultaneous pulses having a difference in frequency of mc.
The SH receiver has a self-contained local oscillator using a
klystron with automatic frequency control. The radar is alao

chenged accordingly.
#% At certain points in this text it has been necessary to

delete rumerical values or other material whose classifica-
tion is higher than CONFIDENTIAL.

w 21T -
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References:
Beam Characteristicy OP 1956 pP. 1-7
0P 1955 pp. 9-17
Receiver Action 0P 1956 po. T-31
Receiver Location OP 1955 p. 16
Receiver Imput Circuits OP 1956 pp. 11-1L
Receiver Tests
OD 8497 pp. 1-73
OP 1955 pp. 140-LL
OP 1956 ppe 148-53
OP 1956 pp. 121-31
OF 1556 pp. 1LL-U8
Output OP 1956 pp. 17-13
Block Diagram Term ITI Notes'
Receiver Sec. 5.
Circuit Diagram OF 195¢ p. 19
Parts List CP 1956 Pe 20
Superhet, Systen Term IV Notes

heceiver Sec. 142, l.b

GBLO System Tern IV Wotes
Beceiver Sece 1,3

Term III Notes
Receiver Sec., 1

Location OP 1955 p. 16

1.1 R.F. SYSTEM

Function: To receive modulated electromagnetic waves from
Marx 25 Mod 5 radar at a frequency of about me and to convert
without loss of intelligence the above frequency to mc for the
i-f strip.

I ¢ The me frequency is transmitted in microsecond
pulses. Pulse repetition frequency is varied from to pps at
a rats of 30 times per second (f-m), Average FRF is  pps.

# Throughout this analysis Term III Notes, and Term IV Notes,

refer to notes produced by Convair Industrial Relations Dept.,
Customer Training Sec¢tion.

=218 -
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mo signal is transmitted by the Mark 25 Mod 6 Radar, The
center of the lobe is at a small angle with the normal to the
amtenna. The lobe rotates clockwise around the normal 30 times
per second forming a cone, The missile flies in the center of
this cone. When the missile is off center, amplitude modulation
is also present.

Two beams are provided--one is a wide angle, low power beam
for capture; and the other is a narrow, high power beam for guid-

ance,

eration: The R.F, System receives electromagnetic waves

from Tree-space and transmits them as guided waves {0 a crystal
mixer, The waves are heterodyned in the crystal mixer with the
Jocal oscillator signal to provide a difference frequency of° mc

fer the 1-f strip,

Output: me pulsss into the i-f strip of recelver, The
amplitude of this signal is proportional to the distance from the
transmitter and instantaneous distance off center of the cone.

References:

Beam Characteristicuy OP 1956 PP 1-7

1.1.1 ANTENNA: TEFLON LENS

Function: (1) To match waveguide to free space.
(2) To pick up radar signals and reradiate them

into waveguide.
Input: me radar pulses from free space.

Characteristics: Length--L 3/8%; shape-=circular and tapered
towsrd eacn end. Half-power beam width is 40°, Exhibits a unifcrm
pattern for Loth planes of waveguide,

Output: Feeds into a 3* teflon transition plscs {w
to-antenna matching section), The output depends on sigral
strength at antenna; some loss present ir antenna.

'ﬁ”ﬁm“ Aﬂ P
AVORWEWY T

Principles: Antenna characteristics, impedance ma‘cuing.

Tests: None

u219-
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Location: located in fin #. Held ir place by Lens Retain-
ing Mt

References:

Electrical Characteristics Term IV Notes
Rsceivar Sec., 2.1

Physical Charazteristics OP 1956 p. 11
Locsticen CP 1955 Pe 39
Vaveguide Term IV Notes

Raceiver Sec. 2.2
Wavegui._s Term III Notes

Receivar Sec, 2
Waveguide OP 1956 p. 12

1.1.2 WAVEGUIDE SHUTTER

Function: (Flange on booster is nuw being used on newer
modsls instead of waveguide shutter.) To protect the crystal in
the mixer from high level signal while missile is near launcher
(during boost phase).

?er—ation: Guillotine type, spring loaded to hold it in
closed position. It is withdrawn by a Ledex rotary type solenoid
.1 second after booster separation, Solenoid controlled by pro-
grammer,

Principles: Waveguide transmission, mechanics of spring
loaded sh'ﬁ'{gera.

Test: Thecked indirectly with Flight Ready Indicator and also
Monitoring Panel,

Location: On waveguide between receiver package and tail fin,
Aft Guidance Section, Quadrant k.

References: Term III Notes
. Receiver Sec. 2
Description OP 1956 pe 12
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1,1,3 CRYSTAL MIXER (Superhet Receiver)

Function: To convert the me signals into mc pulses
(12 Treouency).

Input: (1) Pulsed waves from the radar, and
(2) CW waves from the klystron loeal cscillator.

|
‘ Operation: The waveguide is terminated %y a crystal (IN 23B).
This crystal, being a non-linear impedarce, conducts better in one
direction than in the other, and therefore produces some degree of
rectificaticn for the incident signals,
(NOTE: In GBLO sets, the crystal is biased to 21 micro-amp
point on characieristic curve (point of greatest efficiency).
The crystal is kept at this operation point by a superimposed
30 cycle component from the error channel, which is always in
phase with the a-m component cof the received sigual.]

Output: Seve . “requencies including fundamentals and sums
and srences / . fundamentals, Only the difference of me is
used,

Principles: Heterodyning, waveguide termination.
Test: Crystal tester,

Location: In waveguide after diractional coupler.

Operation OF 1956 p. 12
Operation Term IV Notes

Receiver Sec., 2.3

1.1,4 LOCAL OSCILIATOR

Function: To provide a low power C.W, R.F. signal to the
heterodyne detector.

Input: A varying d-c signal to the refleator from the AFC
system and a 0,22 v, 40O cps cignal,

%atiom The reflex type ¥lystron local oscillator operates
at a erence of mc with respect to the frequency of the

References:
- 22] =
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recaived radar signal, This difference is held constant by the
AFC circuit., The frequency of operation of the klystron is in the
me tand,

Qutput: A slightly modulated low power microwave signal into
a wav'e‘c—rﬁ, de directionsl coupler. The directional coupler radiates
a part of this signal into the main waveguide and in the direction
of the crystal detector,

Test: Measure for preser~  of crystal current with no signal
intc the external woveguide coupling. :

Principles: Reflex klyet,rbn, directional couplers,

References:
iagram Convair Drawing No. 4388-430017
Operation Term III and IV Notes
Receiver Sec., 11
Test 0D 8497 p. 17
1,2 I-F AMPLIFIER
Function: To amplify the nicrosecond pulses,
Input: microsecond me pulses from crystal mixer.

ration: 90 db gain over a band width of 6.5 me. The
tubes used are 5899 remote cut~off pentodes. AGC bias is used
together with cathode bias. The strip is made up of two groups of
three stages (two sets of staggered triples). In first group the
stages are tuned to 9 , and mc. In second group they
are tuned to ’ » and me. The first two stages of
each group have a quality factor of 15. The mc stage has a
quality factor half as large.

Cutput: A greatly amplified {50db max.) version of input.
Output 1s coupled to an IN23B crystal rectifier.

Principles: ‘Tuned circuits, amplifiers, stagger tuning
remote cut-off tubas, AGC. ’ ’ ’

Test: Banch Tast with Standard Signal Gensrator No, 60,
Hewlett Packard VTVM L10A, and Lambda Power Supply.
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Location: I-f, Video, Flight Limiter Chassis in Radar
Heceiver, ATE Ouidance Section, Quadrant 1.

Receiver Sec, 3.0

References:
‘ General Description OP 1956 p. 12 i
| General Description Term III Notss
Receiver Sec. 3
Operation Detailsd Tarm IV Noteu
Receiver Seo, 3.0 ¢
Alignment Term IV Notes ;

1 S G2 dran.

1,3 PULSE DETECTOR

Fuanction: Tc convert the mc pulses into negative d-c

-223 -
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pulses,
. Input: microsecond mc pulses from last i-f stage.
ation: The IN 23B crystal is used as a rectifier. An RC :
filter is used in the cathode circuit. ;
Outgt: Negative microsecond d-¢ pulses into a pulae
shaping culit and videc amplifier,
i
Principles: Detection, RC filters,
Test: No direct test; correct operation of receiver indicates
correct detector operation.
Location: I-f, Video, Flight Limiter Chassis in Radar
Receiver, Al Guidance Section, Quadrant 1.
References:
Operation and Circuit
Analysis OP 1956 p. 13
General Description Term III Notes
| Receiver Sac, b4
Circuit Arelysis Term IV Notes
|
\

Recsiver Sec., L,0 i!
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1,4 PULSE SHAPER AKD VIDEO AMPLIFIER

Function: (1) Te amplity the d-c pulses, and
(2) To charge these pulses from a negative to a
poaitive pola:ity,
(3) To shape the video pulse in some models.

Input: Negative microsecond unidirectional pulses from
detector., (Frau delay line in some models.)

Operation: RC coupled amplifier and cathode follower,

Output: Positive microsecond unidirectional positive
pulses. tput fed intc dsncder,

Principles: R[ coupled amplifiers, cathode fcllowers.
Test: lNons

Location: I-f, Video, Flight Limiter Chassis, Radar Receiver,
Aft Gufdance Section, Quadrant 1,

Referencas:
Operation OP 1956 p. 13
Operation Term III Notes
Receiver Sec, L
Operation Term IV Notes

Receiver Sec., 4

1.5 PVULSE DECODER

NOTE: Due to security reasons, the decoder will not be
discussed hers,

1,5 PULSE STRETCHER

Function: To stretch the microsecond pulses to 15 microe-
second pulses.

»22) -
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Input: Positive microsecond pulses at an average rate of
per second ( microsecond average s=pacing),

Operaticn: The input pulse charges a condenser through the
relaﬁ%y_ﬁw forward resistance of & diode {triode with grid

and plate connected)., The condenser discharges through a higher
resistance giving a longar pulse duration., The amplitudes of in-
put and output pulses are proportional,

Output: 15 microsecond pulses with amplitudes proportional
to the input pulses,

Principles: Diode rectifiers, RC circuits,
Testa: MNone

Location: Demodulator Chassis, Radar Receiver, Aft Guidance
Section, Quadrant 1.

References: Conveir Drawing No., 4388-430029

1,7 REFERENCE CHANNEL BLOCIING OSCILLATOR

Function: To remove the a=-m from the pulses, leaving the
frequency modulation,

Input: Amplitnde modulated 15 microsecond pulses at an aver=
age rate of pps with + 5% frequency modulation at 30 cps.

%rati_om The 15 microsecond pulses are used to trigger a
bloc o8 tor,

OQutput: Appriximately two cycles of rapidly damped oscilla-
tions about 2 microseconds in duration, All output pulses are of
constant amplitude, One output is fed to the error detector and
used ae a trigger pulse. Another output goes to the discriminator
pulse stretcher where it is stretched to 30 microseconds and then
fed into the discriminator,

Princi%ess Blocking oscillators, vacuum tube amplifiers
and regeneration, ’

Tests: Nons

Location: Demodulator Chassis, Radar Receiver, Aft Guidance
Section, Quadrant 1,

CONFIDENTIAL SECURITY INFORMATION
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References:
Description OP 1955 ppe 1415
Analysis Term III Notes

Raeceiver Sec., 6

Torm IV Notes
Receiver Sec. 6

1.8 REFERENCE CHANNEL F-M DISCRIMINATOR

Function: To demodulate the constant amplitude, frequency
modulated 30 microsecond pulses,

Input: A train of 30 microsecond puises frequency modulated
with 30 cps. Frequency is varied frcm Lo pps with an
average of pps (* 5%).

Operation: Series and parallel tuned circuits are used to
produce an output voltage of about +45 v at pPps, a greater
vaiue above this frequency and a smaller value below this {requency.
The change in voltage is proportional to the change in pps from

the middle frequency. Since the change in pps occurs at the rate
of 30 cps, the output changes at the same rate from approximately
+3C v to +60 v with +45 v as a mean,

Output: A 30 cps wave hsving a 15 v amplitude superimposad
on a *I5 7 d-¢ voltage. This output is filtered by a 30 cps fiiter
and coupled to the intelligence converter by a cathode follower,

Principles: Tuned circuits, frequency discriminators, cathode
follcowers, superposition,

Test: The f-m discriminator is tested as a part of the re-
celver.

Location: Demodulator Chassis, Radar Receiver, Aft Guidance
Section, Quadrant 1.

References:
Description OP 1956 pe Uy
Operation Term IV Notes

Receiver Sec, 7.0

Term III Notes
Receiver Sec., 7
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1,9 NEGATIVE BOXCAR DETECTOR

Function: To detect the 30 cpe a-m envelope, The amplitude
o? this envelope is proportional to the deviation of the missile
from the cone. zaster,

t: Amplitude medulated 15 microcecond pulses at an aver-
age frequency of prs. Also s refsrence pulse from biocking
oscillatar,

ationt (See Convair blusprint [388-430029.) 15 microe
second negatlvs pulses coming from V-12 appes: at the cathode of
V-29, V-29 is normally non-condusting, but conducts during this
15 microsecond period, When V-29 conducts, CelCS charges to ihe
value of the pulse from V-12, When V-2y stops conducting, C-408
remains essentially at the value it was charped to, Since the
grid cf V-1l is tisd to C-h08, a negative voltage proporticnal to
the originai puise from V-12 appears at its cathode,

This condition exists until the next iS5 microsecond pulse from
V-12 appears. This triggers the blocking oscillator, V-20,
(through V-19) which causes a positive pulse of very brief duratioa
to appesr at the grid of V-13, Vel13 ecaducts, and this causes
C-4O8 to discharge. The 15 mierosecond pulse has a much longer
duration than the pulse from the blocking oscillator and persists
after C-4O8 has been discharged, This enables C-408 to ciarge
once more, through the conduction of Ve29, to the amplitude of the
new pulse from V-12,

Outputs A 30 cps wave proportional to the deviation of the
missi om the cone center. The output is filtered, amplified,
and coupled to the intelligence convorter by a cathode follower.
An output is also available for telemetering.

Principles: Detection, pulsing, and RC circuite.

Test: Error channel is tested as a part of the Receivaer
System,

Location: Demodulator Chassis, Radar Receiver, Aft Guidance
Section. Gasdrant, 1, ’ ’

Referencess
Description OP 1956 pp. 1h-15
Analysis Term III and IV Notes

Receiver Sec. 8
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1,10 AUTOMATIC GAIN CONTROL

Punction: To maintain the output of the receiver at a fairly
constant level over its operating range.

Input: A negative signal proportional Lo the average error
:signaIEz;ﬁ 1/6 of the 30 ¢ps error signal, both from the boXcar
dstector,

eration: (See Convair blueprint 4388-430029) The negative
:signag causes the grid of V-17 to be drivey more negative, thereby
allowing the cathode to go mors negative. The cathode of V=17 is
connected to the i-f grids through a low time constant RC network.

Output: (1) A low voltage d-c signal with an amplitude
(negative) proportional to the average error
signal, and )

(2) a smell camponent of the 30 cps error signal
with an amplitude (negative) proportional to
the deviation of the missile from cone center.

Tests: Tested cnly as part of the Receiver System,

Princi;&es: Amplifiers, filters, voltage dividers, remote
cut-o; ubes, ’ ’ ’

Location: Demodulator Chassis, Radar Receiver, Aft Guidance
Section, Quadrant 1l.

References:
Description OP 1956 p- 17
Cparation Term III Notes

Receiver Sec. 9

Term IV Notes
Receiver Sec. 9

1.11 AUTOMATIC FREQUENCY CONTROL SYSTEM

Punction: To maintain the local oscillator signal frequency
at a value mc from the incoming radar signai.

t: Two LOO cps signals, one from the error detector and

one from the 40O cps soursce, (The signal from the error detector
, is 4OO cps only under certain conditions, See below.)
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%‘*ation: The klystron local oscillator is freauency modu=-
lated a 3,22 v, 40O cps signal., This LOO cps signal is also
fed into a phase comparator. Because of the slepe of the i-f
responge curve, the 400 cps f-m is converted into 800 cps a-m when
the i-f frequency is mc and 4OO cps when the i-f frequency
deviates from this value. This a-m is detected, amplified, and
fed into the phase discriminsior., The phase discriminator produces
& d-c signal fram the two signals which adds to or subtracts from
the -200 v supply voltage on the reflactor, This change in re=-
flector voltage changes the local oscillator frequency in a direce
tion that makes the i-f frequency closer to me,

Output: When the i-f frequency is high, the phase camparator
produces a positive voltage that reduces the negative repeller
voltage., The output of the comparator is zero when the i~f fre=-
quency is mec and the modulation frequency is 800 cps. When
the i-f frequercy is low, the comparator produces a voltage that
makes the klystron repeller more negative.

P Princigles: Fhase comparators, filters, amplifiers, cathode
ollowers,

Location: Yot known,

References:
Operation Term III Notes
Receiver Sec. 11
Term IV Notes
Roceiver Sec, 11
Diagram Convair Drawing 4388-430017
Test oD 8497 De 20

1,12 FLIGHT LIMITER

Function: fTo destroy the missile in the event that the signal
level Eops Below a certain level s or the PFRF changes more then

pps iram the normal PPS.
Input: 30 microsecond positive pulses from the discriminator
pulse strotcher at an average rate of Ppe. :
-229 -
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rations (See Convair blueprint 4388-4430029 A tuned cir-
cuit Is used to relatively accentuate frequencies arcund Cp8e
These signals are then coupled to & biasing network for V25 through
a cathode follower and a diecde. V25 is biased with a {ixed voltage
at or near current cut-off and the relay in its plate circuit is
open: An incoming signal bucks out part of this negative Lias and
allows the tube current 4o increase and thie relay closes 0©200 charges
to 200 v with the relay closed. If the signal falilis lLelow & glven
level, the relay opens and C=200 discharges through the firing cir-
cuit, destroying the wissile,

Outpit: 200 v pulse to firing circuit obtained from condenser
discharge.

Principlest Vacuum tubs operation, tuned circuits, RC cire
cults; and volitage dividers.

Teste Destruct circuit is checked with Beam Simulator and
Monitoring Panel. This circuit may also be checked with the Beam
Simulator and the Receiver Test Panel,

Location: Al. parts except relay located in I-f, Video,
FlighT LImiter Chassis, Radar Receiver, ATt Guidance Section,
Quadrant 1,

References:
Description OP 19%6 pe 15
Operation Term III Notes
‘ Receiver Sece. 10
Term IV Notes
Receiver Sec, 10
Diagram Convair Drawing }388-430029
Test @ 8197 p. 22
oD 8495 DPe 38
-230 -

CONFIDENTIAL SECURITY INFORMATICN

v ]




CONFIDENTIAL SECURITY INFORMATION

INTELLIGERCE CONVERTER

2. Intelligence Converte:
2.1 E‘l(t) Potentiometer end Error Amplifier
2.2 Error Signal Driver
2.3 Reference Phase Splitter and Driver ouy.
2.4 Fhase Comparator '
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2. INTELLIGENCE CONVZRTER

Function: (1) Tc combine error and reference signals in such
a way that two d-c error voltages may be ob-
tain:d--one for "A" and cne for "B" channel
correction puirposes.

(2) To compensate for changes in signal level with
distance from transmitter.

Input: (1) A 30 cps error signal with an amplitude propor-
tignal to the distance from the cone cen- .
ter ard s phase angle (with respect to the refer-
ence signsl) proportional to the anguiar d4if-
ference from a reference plane.

(2) A 30 cps reference signal of constant emplitude
Gerived from the f-m signal and used for posi-
<ion reference.

error and reference signals out of the receiver and splits the re-
ference signal into two sine waves having a phase difference of 90 a
Each reference signal is then combined with the error signal in a
separate phase detector to provide "A" charmel and "B" chamnel d-c
voltages proportionsl to error amplitude and phase.

The error gain is increased to compensate for decreased error
magnitude dae to increased distance between transmitter and receiver.

Output: Two d-c error volteges are fed to the missiie com-
puter--one for each channel. Both voltages are zero if the missile
is on cone center.

Tests: The Flight Ready Indicator provides an indirect test.
Proper intelligence converter functioning may be inferred if A and
B meters give in<tolerance readings in switch positions D through G.

A direct test is provided by the phasing adjustments made when |
the MP is used for a missile systems test. Faults in the intelli- !
gence converter will result in incorrect behavior vhen the sdjust-
ments are made. Also, following the adjustment, the intelligence
converter output is checked for several different programmer posi-
tions and radsr beam strengths.

%-ration‘ The Intelligence Converter amplifies the 30 cycle
|

Detailed checks of the circuit functioning may be made with an
oscilloscope and signal generator.

-232 =

CONFIDENTIAL SECURITY INFORVATION

A o




CONFIDENTIAL SECURITY INFORMATION

!' O location: Intelligence Converter Chassis » Guidance Package,
s Forward Guidsnce Section, Quedrant TIT and IV.
) References:
Operation & Description OP 1955 Ps 15
OP 1955 P. 41
OP 1955 Pe 47
OP 1955 Pe 50
OP 1955 p. 62
OP 1956 Fig. 2-4 pp. 21-
to 2-G 29
Fig. 5-19 p. 189
Term IV Notes
Guidance Package
General Sec. l.2.1
2
3
Opeecial Sec, 2
3
i
2
Tests or 1456 Fig. 5-i1 p. 172
Fig. 5-4 Pe 167
oD 8495 rr. 25-
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2.1 fl(t) POTERITOMETFR AND ERROR AMPLIFIER !

sary for driving the error slgnal driver,

Function: (1) To modify the 30 cps output of the receiver to 1
aecount for radar besm divergence, |

ia; To provide a high gain during the capture phase. |

3) Toc amplify the error signal. to the level nenesg- |

1

Input: Error signal from the receiver. Thia is a 30 cps signal
having amplitude date {(distance from cone center) and phase data
(direction off) with respect to the reference sigral.

Cpcration: The error signal is aprlied to a resistor and poten-
tiometer in series. (For details of pctentiometer operation see
programmer position potentiometer,) The potentiometer pickoff is
driven by the programmer motor so as to pick off a larger fraction
of the receiver output sinal as the missile travels up the beam,

The series resistor is shorted by one contact of the capture relay
until it is activated at the end of the capture phase, During the
guidance phase this relay opens, reroving the short, and similtaneocusly
insert’ .g o shunting resistor to crowid so that the gain is sharply
reducr 1.

The error amplifier p-ovides a cte Zn of normal amplification to
bring the signal level back up to the values needed to operate the
error signal driver properly.

Outﬂt: Modified error sigal to the error signal ariver.

Princi’;_.:-les: Pentode amplifiers, potentiometers.,

A 2. s e kAR ot e

Tests: Indirect with Flight Ready Indicator » see Intelligence
Converter. Direct with Monitoring Panel as part or test of intelli-
gence Convertver made after rhasing adjustment. The Computer input
is measured for several positions of the programmer to provide a
rough check of the fl(t) potenticmeter and capture relay operation.

Location: The f (t) potentiometer and capture relay are on the
programmer chessig, ']‘The error amplifier is on the intelligence con-
verter cbassis. Both arc in Guidance Package, Forward Guidance Sec-
tion, Quadrant ITT and TV,

CONFDENTIAL SECURITY INFORMATION
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References:
Operation & Description OF 1956 Fig. 2-l4 p. 22 =
OP 1955 Fig. 2-7 D 25
OP 1956 pe 20
OP 1956 Fig. 2-8 pP. 27
OP 1956 ¥Fig. 2-9 p. 28
OP 1956 p. 3
Term IV Notes
Guidance Package
General Sec. 2.4
Special Sec. 3.1 i‘
Test 0D 895 pp. 35- |

37

2.2 [ERROR SIGNAL DRIVER

FPunction: To amplify the error signal and convert it to a
push-m signal.

Input: Error signal from error amplifier.

reticn: The two tricdes are cethode coupled. The grid of
one tube is driven by the error signal from the error amplifier. The
other tube is driven by the drop across the common cathode resistor.
"he pbase of the two grii signals differs by 180° and the output is
push-pull across the input of a transformner.

Output: An error voliage to the "A" and "B" channel phase
detector networks.

Principles: Paraphase cathode coupled (push-pull) amplifiers.

Test: Indirect with Flight Ready Iandicator and Monitoring
Panel, see Intelligence Converter. Direct with signal generator and

oncillnanme.

- g -

Location: On Intelligence Converter Chassis, Guidance Pack- '
age, Forward Guidance Section, Quadrant III and IV, .
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References
Operaticn & Descripticz OP 1956 Fig. 2-U P. 22
Fig. 2-7 P. 25
Fig. 2-8 pe 27
Fig. 2-9 p. 28
Term IV Notes
Guidance Package
General Sece 2.5
Special Sec. 3.2
Tests oD 8495 PPe 35-

37

2.3 REFERENCE PHASE SPLITTER AND DRIVERS

Function: To provide two roference signals with 900 phase
difference and a co.rect overall phase angle wiith respect to the
reference signal.

Input: Reference 30 cps constant erplitude signal from the
reference frequency discriminator and cathode follower.

|
Operation: A cathode :oupled parephase amplifier is used to
amplify the reference signel. This amplifier works into two RC net-
|

works. Each network is capable of shifting its output voltage from
0° to about 90° with respect to tne input voltage, or 180° with re-
spect to ground (center tap between the two equivalent generators)
by changing the value of the series resistor. The networks are ad-
Justed to give a phase differcnce between tue two outputs of 9C° each
with the proper phase with respact to the reference input. The "A"
and "B" reference eignals are each amplified to the level necessary
for proper operation of the phase comparators by reference signal
drivers which are similar in operation to the error signal driver.
(See Bec. 2.2.)

Output: (1) A phase ghifted reference signal to the "A" channel
phase comparator.
(2) Another phase shiftcd reference signal (aiz-
fering by 90° from the "A" channel) to the "B"
channel phase corparator.

“w?23 -
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Princigles: Cathode coupled rush-pull paraphase amplifiers,
RC networks, equivalent circuits, and vectors.

Test: Indirect test with Flight Ready Tndicator, see Intclli-

gence Converter. Direct test with Monitoring Penel where phasing
adjustments ere mage. Further direct test possible with signal
generator and oscilloscope,

Location: Intelligence Converter Chassis, Guidance Fackage,
Forward Guidance Section, Quadrant III and IV.

References:
Operation & Description OP 1956 Pe 21
p. 22
P. 25
Pe 27
p. 28
Term IV Notes
Guidance Package
General Sec, 2.1
. 262
Special Sec, b
Tests OP 1956 Paragraph 5-11 P. 172
>-13 p. 173
oD 8L95 Pp. 35-
37
2.4 PHASE COMPARATOR
£Many

\ 4" Channel Discussed, “B" Channel is Identical)

Function: To produce g d.c output voltage proportional to
both the amplitude of the error signal and its phase with resgpect
to the reference signal.

Input: (1) A reference signal from a push-pull paraphase
amplifier which is driven from the output of
one of the phase shift networks.

R A
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(2) An error signal from the error signal driver.
Fuch input signsl appears across tne secondary
of a transformer. Each secondary it center-
tapped.

Operation: The following conventions are used below:

"Outpui" refers to voltage measured from the centertap
of the secondary of the reference transformer to the
centertap of the secondary of the error transformer.
Polarity of output always refers to polarity of the
reference transformer centertap with regpect to the
error transformer centertap.

Upper case "E" represents over-all secondary voltage.
Lower case "e" represents orc-haif of the secondary
voltage.

Subscript "er" indicates error voltage.
Subscrint "ref" indicates reference voltage.

Esth error and refereace transformer secondaries are
coupled through a ring detector system,

The output voltage can be shown to be as follows:

a) If equal, in phase, voltages are applied the instantanecous
cutput voltage is 1/3 of the instartenecus value of E  and
the polarity is positive. The d-c component is, therSfore,
1/3 of H36 E. or ,212 E

max. T rax,

If the ratio B ./F  1s 2/1 or greater the instantaneous

output will be gquai to the instantaneous value of e . The

d-c component is then .636 Cop The polarity is pSEitive.
X

b) If E. . and E_, are 180° out of phase the discussion

ebove still holds but the output polarity is negative.

¢c) IfE,,and E_ have a 90° phase diffesrence the output is
& double frequency sine wave with a d-c conponent of zero.

d) If either signal is zero the output is zero.

e) The d-c component increases with both an increase in orror
signal amplitude and a decrease in phase angle from 90° to O°,
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tput: (1) "A" channel - a d-c voltage which is zero if the
missile deviation is colinear with the "aA"
wings ancé increases in megnitude as the devia-
“ion direction becomes greater along the direc-
tion perpendicular tc the “A" wings (error sig-
nsl phase). This d-c voltage also increases
as the deviation from the center of the cons
increases (error signal magnitude)., The polar~
1ty of this d-c signal (see conventions above)
ie negative if the error is down-left causing
the missile 40 move up-right. The polarity
is positive if the error is up-right causing
the "A" wings to deflect the missile down-left,

(2) "B" channel - a d-c voltage which is zero if the
missile devietion is cclinear with theB" wings
and increases in magnitude as the deviation
direction becomes greater along the direction
perperdicular to the "B" wings (error signal
phase). This d-c voltage also increascs as the
deviation from the center of the cone increases
(error signal magnitude). The polarivy of this
d-c signal (see conventions above) is negative
if the error is down-right causing the missile
to move up-left. The pelarity is posaitive if
the error up-left is causing the "B" wings to
deflect the missile down-right.

Principles: Network theory, superposition, Kirchoff's laws
and rectification.

Test: Indirect with Flight Ready Indicator and Monitoring

Panel, see Intelligence Converter. Direct with oscilloscope and
signal generator.

Location: Intelligence Converter Chassis, Guidance Package,
Forward Guidance Section, Quadrant IIT and Iv,

References

Operation & Description OP 1956 Fig. 2-4 p, 22
OP 1956 Fig. 2-7 p. 25
OP 1956 p. 26
0P 1956 Figs. 2-8 pp. 27-30

to 2-10
(
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Term IV Notes
Guidance Package
General Sec. 2.6
3
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CONFIDENTIAL SECURITY INFORMATION

3. MISSILE COMPUTER AND SERVO AMPLIFIER
("A" Channel, "B" Channel Identical)

Function: The missile computer modifies the output of the in.
telligence converter to supply the servo amplifier with a signal which
insures optimm beam riding characterisgtics, The modifications ccn-

sist of sensitivity, gravity trim and altitude corrections and limit-
ing effects.

Ioput: "A" channel d-c signals from the intelligence converter,
and various gain change signals from the Programmer. The latter will
be discussed under the appropriate subsection of Missile Computer.

Operation: The d-c signal leaving the Intelligence Converter
is applied first to two circuits simultaneously., One is a compen-
sated isolating amplifier of unity gain which provides a signal for
telemetering purposes. The other is an RC correcting network and
filter, which provides signal lead (to correct for normal guidance
system lag). To compensate for the attenuation produced by the cor-
recting network a compensated d-c amplifier of gein 27 follows the

- RC network. The output of the amplifier is fed thru a gain fixing
netvor t0 a gain change network which is operated by the programmer

to vary the gain of the channel. The maximm d-c swing at the input

to the gain change network is fixed at 18.8 volts on either side of
the 2 signal level of -100 volts by the first limiter. The ocut-
put o e gain change network i1s fed to an integrating amplifier
which perfoms the averaging process necessary to det 12 the
average wing signel required from the widely varying radar sigual,
The output of this ampiifier is a function of both the strength of
the error signal and its duration. That is, the longer the missile
flies an error path with respect to the cone center the greater the
missile wing incidence will became to correct for this error. The

- effect of this is to increase missile mancuverability and reduce any
tendency for the missile to oscillate about the cone center. The cuti-
put of the iutegrating amplifier is limited in amplitude by the fixed
limite. and regeneration (which produces the error signal duration
function) is limited by the integral limiter.

The signal goes from the limiting circuits to a cathode fol-
lower vwhich provides impedance transformation to drive a low imped-
ance potentiometer input. The output of the potentiometer is fixed
by & sylphon bellows to provide altitude compensation for a.ir den-
sity. From this potenticmeter the siznals pass to the 2. (t) poten-
timmater of the programmer which provides corpensation rgr changes
in Mach number, center of gravity and weight during the flight.
Following the £, (t) attemuator the signal goes to the servo ampli-
fier which des the power necessary to operate the hydraulic
valves controlling the control surface deflections.
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Output: D-C signal tc the "A" servo-amplifier.

Tests: The Flight Ready Indicator provides an indirect test
of computer operation in switch positions D through G. Tolerance
readings in these positicns implies proper functioning of the entire
guidance system of the missile.

Direct tests of the computer are made with the Monitoring Panel.
The intelligence converter is firat tested using the beam simlator,
as a signal source, then the intelligence converter is fed a signal
from the MP to provide tests of the computer. Tests are mede of the
following: capture sensitivity, floating limiters , (at 10 seconds »
22 seccnds and during intercept phase), sltitude correction, fixed
limiter, dynamic guidance sensitivity, and irtegral response.

Iocation: Computer Chassis, Guidance Package s Forward Guidance
Section, Quadrant III and IV.

References:
Operation & Description OP 1956 Pe 29
Fige 2-10 p. 30
Pp. 36-bk
Fig. 5-18 p. i89
Fig. 5-20 p.
rp. 199-
202
p. 206
Term IV Notes
Guidance Package
General Sec. l.2,1
L
Special Secs.6
7
8
10
11
12
13
Tests OP 1956 P> 150-153
PP. 172-175
oD 8495 Pp. 38-40
Co wveir TEM-10l.D
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3.1 ISOIATING AMPLIFIER

(Computer "A" Channel, "B" Channel is Identical)

Function: Tc provide a signal, at the telemetering output
which is equal to the "A" channel intelligence converter output.
The amplifier (unity gain) assures that the error signal is not
modified by circuit lcading imposed as a result of telemetering or
circuit checks.

Input: D-C from the intelligence coaverter, the amplitude
and polarity of which is determined by the position of ihe missile
in the guidance beam.

Operation: Identical with the compensated d-c amplifier {see
rar. 3.3). The anplifier gain is made unity by selection of re-
sistors in an atterator which serves as the input.

Output: D-C siéna.l of same magnitude (reversed polarity) as
that of the intelligence converter output.

Principles: Compensation of d-c amplifiers.

Tests: Indirect with Monitoring Pasncl, Correct operation is
:I.mplia it intelligence converter test is satisfactory.

Location: Programmer Chassis, Guidance Package, Forward
Guidance Section, Quadrant III and IV.

References:
Operation & Description OP 1955 Fig. 2-5 ©p. 23
p. 37
Fig. 3-20 p. 83
P. 97
Fig. 3-31 p. 98
Tests OP 1956 P. 172
0D 8495 Pe 35
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3.2 CORFECTIVE NETWORK AND FILTER

(Comguter "A" Chemnnel, "3" Chamncl is Jaentical)

Punction: Te provide noise filtering at the output of the phase
comparator and to correct for phase lags in the servo sysiem and time
lage in the miesile airframe response.

I : Pulsating d-c from the "A" phase comparator the polarity
and de of which is determined by the missile position ywith
reference to the cone center.

eration: A 0.5 microfarad condenser from the phase comparator
to gr% supplies the noise filtering. The remeinder of the network
provides the necessary leed 1o correct for the lag intrcduced by this
condenser as well as the other lags in the system.

Output: A filtered ard corrected version of inp't signal.
Feeds to coumpensated d-c amplifier.

Principles: A-C networks.

Tests: Indirect, with the Monitoring Panel, Correct dynamic
guidance sensitivity implies proper functioning of the corrective
network.

location: Computer Chassis, Guidance Package, Forward Guidence
Section, Quadrant III and IV.

References:
Operation & Description OP 1956 Pg. 2-4 p. 22
CP 1956 p. 30
OP 1956 pe 37
Term IV Notes
Guidance Package
General Sec. b
Special Secs.6.3.1
' 7
Tests OP 1956 p. 173
oD 8L95 pe 3%
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2.3 COMPENSATED D-C AMPLIFIER
(Computer "A" Channel, "B" Channel is Identical)

Function: To compensate for the attenuation of the intelli-
gence converter signal which results from the effect of the correc-
tive petwork. The amplifier introduces a nominal gain of 27 which
is then attenuated to fix the over-all gain to 21.h. '

I ¢ D-C voltage from the "A" channel corrective network,
the po. ty and magnitude of which is determined by the missile
position in the guidance bean.

Operation: The amplifier consists of two triodes (in the same
envelope) connected in series, The plate load of one is the cathode
resistance and r_ of the second, which has its plate connected t¢ 3+
§1n this case togrowd). Analysis of this circuit shows that

for the case when both cathode resistors are equal) the output
voltage is

E+ Mule )

0O = == - =

2

e

where E + is the plate supply voltage and the input si to

the amplifier. Thus the gain My/2., A variftion in the f nt volt-
age will produce the equivalent change in the cathode to grid volt-
age for each tube but no change in e _since the change in apparent
grid cathode voltage will be synmetr?cal in the two series tubes.
Slight variations in the emission characteristics of the two cathodes
may be corrected by adjustment of one of the cathcde resistors. This
introduces a slight change in the gsin (it is no longer Mu/2) but the
deviation resulting is usually less than 5%.

The pominal gain of the amplifier is 27, but a gain setting
network haviag an average gain of .795 is used to provide a stand-
ard gain of 21.4 to the imput of the gain change network.

Principles: Compensated d-c amplifier.

Tests: Indirect with Fiight Ready Indicatcr and Monitoring
Panel, GSee computer tests. Correct functioning of comwuter implies
correct f"wnctioning of the coupensated amplifier.

Location: Computer Chassis, Guilunce Package, Forward Guidance
Section, Quadrant III and IV,

- 206 =
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References:
Operation & Descripticn  OP 1956 Fig. 2-4 p. 22
Fig. 2-1C p. 30
p. 37
Term IV Notes
Guidance Package
General Sec. L
Special Secs. 6.3.2
7.3
Tests OP 1956 p. 173
oD 8495 . 38

3.4 FIRST LIMITER
(Computer "A" Channel, "B" Channel is Identical)

Function: To limit the voltage swing of the compensated ampli-
fier output to 18.8 volts either side of the zero signal d-c level
of approximately -105 volts. This limiting is necessary tc prevent

maneuvering drag and high acceleration which would result from radar
beam jitter.

Input: D-C from the output of the compensated amplifier gain
setting network. The amplitude of the d-c on either side of a ~105
volt cero signal level being dztermined by the amplitude and polarity
of the "A" channel error signal.

ration: A relatively low impedance voltage divider network
is used to set the d-c conduction level of a pair of diodes. Onme
diode has its plate commnected to the output point of the gain set-
ting network, the other hae the cathode connected to this point.
The cathode of the first tube is connected to a point on the volt-
age divider string vwhich is +18.8 volts with respect to the -105
volt reference level, Thus if the signal at the output of the gain
setting network becomes greater than -86.2 volts the Giode will con-
duct and, in effect, tie the amplifier output to the -36.2 volt
point of the voltage divider. The low impedance divider will main-
tain this voltage for any poasible siznal output level which the
ampiifier is capable of,

« 247 =
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Identical limiting takes place at -123.8 volts thru the action
of the cther dicde, Symmetry of limiting and constancy of level is
assured by using precision resistors for the larger velues in the
divider string.

Output: Varying d-c signal limited to swing between -86.2 and
-123.0 volts., Within these linits amplitude and variation fram -105
volt zero level determined by missile position in guidance beam.

Princiglm' Diode limiter actiom.

Tests: Indirect with Flight Ready Indicator and with Monitoring
Panel. 1n the computer test the floating limits are checked at timer
positions of 10 and 22 seconds and after intercept time. Correct
values of wing deflection imply proper functioning of floating limits
and the succesding circuitry.

Locastion: Computer Chasis, Guidance Package, Forward Guidance
Section, Quadrant III aad IV.

References:
Operation & Description OP 1956 Fig. 2-4 p. 22
2-10 p. 30
p. 38
Term IV Notes

Guidance Package

General Sec. b

Special Sec. 8
Tests OP 19%6 p. 173
0D 6495 p. 38
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3.5 GAIN CHANGE NETWORK

(Computer "A" Chennel, "B" Chamnel is Identicsl)

Function: To provide a means of changing the voltage division
ratio and thus the voltage applied to the input of the integrating
amplifier. This is necessary ‘o partially compensate for the cap-
ture-guidance beam modulation ratio, to modify the limiter to prevent
overcontrol during the first stages of flight, and to provide an
increase in missile mapcuverability prior to target interception.

Ioput: Output of the compensated d-c amplifier as modified
by the first limdter. .

eration: The entire operation of this network is switch and

relay controlled. The switches and relays actuate shmnts which change
the attemuation of the signal fed to the input of the integrating
amplifier. The initial gain of the network is .564. This is changed
at +6 seconds (by the actuator of the capture relay) to .121. The

remains at .121 for 18 seconds at which time the progremmer
by means of switch H) charnges the gain to .181. The network gain
remains constant at this value until the time to intercept relsy
closes, The closing of this relay changes the gain to .240, Ta=
time to intercept relay is operated by a tube which is biased beyond
cutoft by a negative voltage applied to a condenser. The voltage is
obiained from the radar range computer and is applied through the
backscratcher. When this voltsge is removed the condenser dis-
charges (RC = 66 sec,) until the tube conducts, cloeing the relay.
The relay also actuates the warhead fuze.

Output: A d-c signal, whose masmitude of variation from the
zerc signei level is determined by the missile error and by the
modificatione introduced by the network itself.

Principles: Voltage dividers.

Tests: Indirect with Flight Ready Indicator and Moritoring
Panel. See tests of camputer and floating limits.

Iccation: Programmer Chassis, Guidance Package, Forward
Guidsnce Section, Quadrant III and IV.

-2 -
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References:
Cperation & Description OP 1956 Fig. 2-5 p. 23
Fig. 2-10 p. 30
r. 38
Fig. 2-13 p. 43
Term IV Notes
Guidance Package
General Sec., 1.3
Special Secs. 6.3.4
8
10
Tests OP 1955 Pe 173
0D 8495 pP. 38

3.6 INTEGRATING AMPLIFIER
(Computer "A" Channel, "B" Channel is Identical)

Function: To average the widely varying radar signal in order

to determine the broper average wing signal and to modify this aver-

age in order to reduce tendency of the missile to ogcillate about
the cone center,

Input: D-C signal output from the gain change network.

Operation: The integrating amplifrier consists of two sections
in a regenerative feedback circuit. The first section is a voltage
emplifier with a gain of 2.5, The second is a cathode follower feed-

back network which feecs & portion of the output signal of the first
section back to the input so that it effectively adds to the input
signal. The effect of the feedback section is to increase the over-
all gain of the amplifier at a rate which is a linear function of
both the amplitude of the impressed error signal and .ts duration.

The relationship between output voltage, input voltege erd time is

Emt -2,5 E’in + 687 Ema'
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The output is grounded until 0.5 seconds after separation, at which
time switch F is opened by the programmer, ungrounding the integrator.

Output: D-C vcltage with zerc signal reference level at ground,

the swing to zither side of ground is determined by the error of the
missile from ccie center.

Principles: D-C amplification » regenerative feedback, cathode
followers.

Tests: Direct with Monitoring Panel. Reference and error
signals are applied to the intelligence converter ; the integrator is
ungrounded and the wing rates measured. Since all the other compo-
nents of the corputer, and the wing servos, have been previously
checked this provides a direct test of the integrating amplifier,

Location: Computer Chassis, Guidance Packege, Forward Guidance
Section, Ouadrant ITI and IV.

References:
Operation & Description OP 1956 Fig. 2-4 p. 22
2-10 p. 30
P- 39
Terw: IV Notes
Guidance Package
General Sec. 4
Special Sec. 11
Tests OoP 1956 Paragraph 5-14 p. 17k
0D 3495 Ps 39-UC
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3.7 FIXED LIMITER

(Computer "A" Cheanel, "B" Choanel is Identicul)

Function: To limit the output of the integrating amplifier to
% 13,77 volts.

Toput: The output of the integrating amplifier drivee a volit-
age Jor networke One point of this voitage divider string is
attached to a set of limiting diodes which are designed to limit
this point to a 13.7 volt swing on either side of ground., For the
case of a large, rapid increase in missile error this fixed limit
will clip the swing of the amplifier first.  (For smaller, continued
e rore the integral limiter will limit first, see par. 3.0). The
operation of the limiter is similar to that discussed for the first
limiter. Somewhat farther down on this voltage divider gtring is
the connection to the cathode follower which provides the output to
the next stage.

Output: D-C output of the integrating amplifier limited to +
13.7 voit swing.

Principles: Dicde limiter action.

Maate: Direct with Mopitoring Panel. Wing angles a : read
with Integrator ungrounded and a steady error signal. Correct value
of wing angle indicates correct [ixed limiter performance.

Location: Computer Chassis, Guidance Package, Forverd Guidance

Section, Quadrant III and IV.
References:
Operation & Description OP 1956 Fig. 2-4 p. 22
2-10 p. 30
p. 41
Term IV Notes
CGuidance Package
General Sec. U
Special Sec. 12.2
Tests OP 1956 Paragraph 5-13 p. 173
oD 8495 p. 39
- 252 =
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3.3 INTEGRAL LIMITER
(Computer "A" Channcl, "B" Chennel iz Idenitical)

Functiont To limit regenerationp in the integrating amplifier.

mégf}_: The integrated signal applied to the grid of ihe first
cathode

ollower in the integrating amplifier feedback locp.

%ﬁm: The maximim voltage across the integratiig condenmser
of the integrating amplifier feedback loop is limited to + 13.7 volts
by a palr of limiting diodes. These dicdes act in a manper identical
©0 the fixed limit and floating limit diodes and in fact use the

same voltage divider as the fixed limit diodes.

Output: None to the succeeding stages. However, the effect of
the limiter is to limit the output of the integrating amplifier to
+ 13.7 velts for those sigrals which are so smsll and of such dure-
tion as to result in o la.rge regenerative signal and little directly

Princizless Diode limiter action.

Tests: Direct with Monitoring Panel. The integral reaponse

checks provide direct evidence of proper integral limiting.

Location: Coamputer Chassis, Guidance Package, Forward uuidance

amplified output,.

Section, Quadrant IIT and IV.
References:
Operation & Description OP 1956 Fig. 2-4 p.
2-10 p.
Pe
Term IV Notes
Guidance Package
General Sec. L
Speciel Sec. 12.1
Tests OP 1956 Pe
OD 8Lgs PPe
‘ - 253 -
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2.9 CATHODE FOLLOWER OUTPUT
(Computer "A" Channel, "B" Charpel ie Identical)
Function: To provide a power source of low output impedance
to the inverse rressure potentiometer.

Input: D-C output of the integrating emplifier as modified

by the fixed and iutegral limiters.

ration: A low impedance output is desirable since it not
only Ps reduce stray inductive and cepactive pickup in the rela-
tively long line from the computer to the warhead (where the inverse
pPressure pickoff is housed) but also allows the inverse pressure
pickoff potentiometer to be so chosen as to allow it to present a
low output impedance to the following £ (t) pickoff.

The operation of the cathode follower is standaxd in all re-
spects. An adjust potentiometer is included in the cathode resistor
to allow setting of the d-c zero signal level.

Quiput: D-C output of the integrating amplifier as modified
by ters, Output goes to inverse pressure pickoff in warhead.

Princinles: Cathode followers.
Tests: Indirect with Flight Ready Indicator and Monitoring
Panel. Froper functioning of computer section implies correct opera-
ion of cathode fcllower.

Iocation: Computer Chassis, Guidance Package, Forward Guidance

Section, Quadrant III and IV

References:
Cperation & Description OP 1956 Mg. 2-4 p. 22
2-10 p. 30
Pe k2
Term IV Notes
Guidance Package

Ceneral Sec. 4

Special Sec. 13
Tests OP 1956 p. 173
oD 8495 p. 38
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3.10 INVERSE PRESSURE (1/Ps) POTENTIOMETER
f,(t) POTENTIOMETER

(Computer "A" Channel, "B" Channel is Identical)

Function: (1) To provide an increase of gain with increasing
altitude in order to compensate for loss in
wing effectiveness as the air densiiy decreases.

(2) To provide gain changes which compensate for
chenges in Mach mumber, center of gravity and
weight during the missile flight.

Input: D-C from the cathode follower output stage of the ine
tegrating amplifier and accompanying limiters. The polarity and
magmitude of the signal is determined by the direction and distance
of the missile from the center of the cone. .

ration: The signal from the cathode follower is applied o
a potentiometer placed in the missile nose assembly. The wiper of
the potenticmeter is connected to an aneroid bellows which increases
the pickoff voltage as the pressure decreases. The gain of this
circuit is 0.45 at sea level, 0.66 at 10,000 feet and 1.0 at 20,000
feet. The pickoff signal is then returned <o the computer and ap-
plied to the fa(t) potentiometer the wiper of which is driven by
the programmer. The operation is similar to that of the programmer

prosition potentiometer. (See par. 6.1 and 5.3.)

Output: D-C of polarity and magnitude determined by missile

position relative to cone center and of proper magritude to drive -
the servo amplifier. -~

Principles: Potentiometers (cylindrical type), operation of
aneroid 5eﬁows.

Test: Altitude correction is not tested with Flight Ready
Indicator or Moniivoring Panel. Continuity of altitude potentiometer
may be inferred if computer checks are satisfactory on these instru-
ments. Simulated altitude ~hecks are madc with the Monitoring Panecl
‘out these are not made by actual variation o the altitude poten-
tiometer wiper position. Indirect tests of the f.(t) correction
are made as part of the computer tests by both th# Flight Ready
Indicator and Monitoring Panel,

Location: Inverse pressure potentiometer in nose assembly;

Z,(t) potentiometer on programmer chassis in guidance pack. ‘e;
Forverd Guidance Section, Quadrant ITI and IV.

- 255 =
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- References
Operation & Description

Tests

OP 1956 Fig. 2-4 p. 22
2-10 p. 30
P 31
Fig. 2-1
2-12, p. 35
p. 36
Term IV Notes |

Guidance Packege
General Secs. 1.3

4
Special Secs. 9.1
%.2.1

13
0P 1956 P. 129
P. 173
ap 8495 PP. 10,
39

3.11 SERVO AMPLIFIER

("A" Channel, "B" Channel is Identical)

Function:

To convert the d-c output of the computer to a

precise'l'i proportional control surface deflection.

t
position

ration:
the

¢ D-C of polarity and magnitude determined by the missile
the cone and the operations performed by the computer.

The servo system consiste of the servo smplifiers,
¢ valve operated by a differential solenoid and a feed-

back potentiometer with the wiper attached to the control surface.
The servo amplifier las two stages, a difference amplifier first,

followed by a direct coupled power amplifier stage,

One gide of the

difference amplifier is driven by the d-c signal from the computer,
the other side by & signal frcm the feedback potentiometer attached
to the wing. This potentiometer is placed across the +200 to -200 v

- 256 =

CONFIDENTIAL SECURITY INFORMATION

SpR————




CONFIDENTIAL SECURITY INFORMATION

lines in such e manner that the center is approximetely ground (which

‘ ic the zero error signal level of the computer output). A trim ad-

| Justment permits exact balance of this voltage to ground for zero

‘ wing angle when no error signal ic present. If an error is present
the difference amplifier will produce an unbalanced condition in the

two power amplifiers; this will produce an unbalanced current in the
differential solenoid. The solenoid will open the hydraulic valve

| driving the wing actuator until the feedbeck voltage (proportional
to wing position) matches the input from the computer. When this
point is reached the power amplifiers will again receive balanced
drive voltages and thus the differential solencid will return the
valve to the closed position.

Output: Push-pull d-c drive to the differential solenoid of
the control surface actuator.

Principles: Difference amplifiers, power amplifiers, dif-
ferential solenoids, feedback.

Test: Indirect with the Flight Ready Indicator, az part of
the over-all missile test. Direct with the Monitoring Panel, as
d-c step signal iz applied to the difference amplifier input (after
the trim adjustment is made) and both the wing deflection rate and
sense are checked.

Location: Servo Amplifier Chassis, Guidance Package, Forward
Guidance Section, Quadrant III and IV,

References:
Operation & Description OP 1955 Fig. 2-14 p. 43
De U4
Fig. 2-15 p. 46
p. 48
Term IV Notes
~ Guidance Package
General Secs. 1l.2.1
Special Sec. 18
Tests OP 1956 p. 173
oD 8495 p. 37
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ROLL STABILIZATION SYSTEM

L.l Free Gyro and Synchro System
4.2 Missile Roll Corrector

4.3 Altitude Cor: ensating Circuit
k.4 Gain Change Amplifier

k.5 Phase Detector

4.6 Derivative (Rate) Network
k.7 Compensated D-C Ampiifier

4.8 Roll Servo Arplifier

- 258 -
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4. ROLL STABILIZATION SYSTEM

Function: To bring the missile to the Proper roll attitude
immedIately after launching and to maintein that position by moving
the rollerons in a manner to oppose the rolling moments applied by

the wings.

ut: 400 cps signal amplitude modula‘ed by crosslevel angle
information from shipboard computer {prior %o launching).

ration: A free gyro on the missile maintains & horizontal
reference in space. An associsted synchro system changes relative
roll position iut» sn electrical signai which after being amplified,
compensaied for altitude, rate, and distance from launcher, is de-
modulated and introduced to the roll servo system as & d-c signal
whose amplitude is proportional to roll error. A solenoid operated
Talve in the servo cystem controls movement of the rollerons.,

Outzx_t_: Roll control motion of rollerons.
Tests: Monitoring Panel Checks:

Roll sensitivity, balance and trip check

Servo amp. dynamic test

Wing speed check

Roll rate test

Roli corrector test

Roll input signal monitored by recorder and VIVM
Gyro output monitored by VIVM

Flight Ready Indicator Checks:

Rolleron trims

Demodulator talance

Roll gain during boast
Roll guidance signal sense

location: Free gyro and pick off synchro: forward guidance
section, Quadrast ITI; Servo circuits: servo chessis, guidance
package, forward guidance section, Quadrant ITT and IV; Rol) enpli-
fiers, demodulator, gain change, rate network, conpensated d-c
amplifier: programser chassis, guidance package, forward guidance
section, Quadrant III and IV; Inverse pr:-ssure potentiometer: nose
assembly, Hydraulic valve » YOll actuator, feedback potentiometer;
aft guidance section, Quadrant III and IV,

- 269 -
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References:
Block Diagram OP 1956 PPe 58<3
Operation & Deéseription Term IV Rotes
Cuidamee Sec. 6 & 7
oP 195 Pe 49459
Pests oP 1956 PPe 152 &
176

o 8595 e 95 17,
19, 20,
21, 3,
35

4.1 FREE CYRO AND SYRCHRO SYSTEM

Function! To transform deck cross level informetion (before
launching miseile) and roll attitude information (after fiight hes

begiin ) into an slectrical signal,

_ %: 400 cps signal, amplitude modulated by deck oross level
information from shipboard computer (prier to launching).

&_e_%aﬁom The rotor of & synchro transformer 1s mechanically
coupled to a free gyro which maintains a vertical reference in space .
The stator 1s cormected to the missile frame. The synchro transformer
18 associated with a synchro generator whose rotor is exeited by &

86 v, 400 cps, m-c power supply. The rissile 18 launched in & roil
position 67 1/2° away from normal roll atiitude for reasons com-
nected with the leuncher's mechanical design, 7o correct for this,
the gyro is caged in a position 67 1/2° avay from normal roll attie
tude, This causes & 67 1/20 error signal to aypear across the rotor
of the synchro traansformer, which feeds into the roil comuter, Dee
fore launching; the synchro genarator acts as & nytor and receives
deck cross ievel information from a mynchro generator in the Shiyp.
board Holl Corrector. As the missile is lsunched the retor of the
az:c‘hrd mersator i locked, thereby capturing the last erder from

the Bhiipbosrd Koll Uorrector, amd this or@er is transmitted to the
contbrol transformer. Ab the same time, the gyro 16 uncaged and the
instanbancous relative positions of the control traneformer rotor
wvith respsct to the %&nem‘bar rotor cause an error signal to appear
ab the dontral srensfornmer rotor serminels. At the inetant of launch.
ing this #ignal represeuts &n error of 67 1/8° # the error angle
stored in the generator,
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Output: LOO cps a-¢ whose rms value is proportional to roll
error’%bose phase is either OC or 18C° from exciting voltage,
depending upon direction of roll error. The output is fed through
the altitude compensating petwork to the roll amplifiers.

Princi%s: With normel coanections between stators, the out-
pat of a control transformer is proportional in megnitude to the rela-
tive angular position of its rotor with respect to the rotor of an
associated synchro generator. When the angular difference is 90°, the
rigoal is sero.

Tests: Output signal monitored by Monitoring Panel VIVM. In-
directly tesed by Monitoring Panel Roll sensitivity and Balance
checks, and Roll Corrector test and Flight Ready Indicator check.

location: Forward Guidance Section, Quadrant III and IV.

References
Description Term IV Notes pe 6
Guidance Sec.

OP 1956 pr. 49-52
Picture oP 1956 . 191
Test OP 1956 p. 152

aD 8’%95 PPe 10, 19,

34

4.3 ALTITUDE COMPENSATING CIRCUIT

Function: To vary the amplitude of the roll position esignal
directly with missile altitude.

%g_x_t_: 40O cps modulated signal from the free gyrc control
tranaformer

ration: The wiper of a potentiometer is connected to a sylphon
bellows. gher altitudes are attained the pressure on the bellows
drops and the wiper of the potentiometer moves in a direction to in-
crease the output of the potentiometer.

Output: Same as input but voltage atienuated. Feeds into gain
change amplifier.
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Principles: Atmospheric pressure varies with altitude. Dis-
tance between end plates of a sylphen bellows varies with ambient
Pressure. Therefore changes in aititude ccuse relative motion of

the bellows end plates, i.e., a mechanical signal proportional to
altitude,

Tests: No direct test for this component. Indirectly checked
by F1ight Ready Indicator.

Location: Nose assembly

References:
Description OP 1956 PP. 52»
5
Test OP 1956 r. 125

4.2 MISSILE ROLL CORRECTOR

Function: To introduce to the missile roll stabilization sys-

tem information concerning the cross level angle of the ship's deck
at the instant of launching.

Input: A mechanical rotatiorn of the ships roll corrector syn-

chro generator which is proportionsl to changes in the ship's deck
cross level angle.

Operation: The ship board free gyro transmits the cross level
angle to the shipboard computer. This angle is here multiplied by
the secant of the angle between the launcher and the horizon, and is
introduced to the shipboard roll corrector as an angular position of
its synchro generator rotor. The stator windings are parallel con-
nected to the stator terminals of the missile's synchros, while the
rotor is excited by 26 v 400 cps e-c and connected in series with
the miseile's synchro gemerator rotor. Prior to launching the latter
synchre ects as & motor and its rotor follows exactly the motion of
ine rotor in the shipboard synchro. .t the time of launching, the
(electrical) connections between the missile and the ship are broken
and a solenoid locks the rotor of the missile's synchrc gemerator.
Thus the order from the Ship's Roll Corrector at the exact time of
launching is captured and held.

Ou ¢ An angular rotor position proportional to a function

of the ship's deck cross level angle. This rotor position induces

an error voltage in the gyro pickoff synchro (control transformer
see sec. L,1).
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Principles: The rotor of a synchro gemeratcr induces a volt- i
age in the stator windings which i3 proportional in magnitude to _ ‘1

the angular position of the rotor.

Indirect check by Flight Ready Indicator.
Location: Forward Guidance Section, Quadrant III and IV,
keferences:

Tests: Directly by Monitoring Parel Roll Corrector test, '
Description OP 1956 . 50 ;

Test OP 1956 P. 125

oD 8!495 PPe. 10, 19,
21, 3&,

35
1

b4 GAIN CHANGE AMPLIFIER &
Function: To reduce tue amplitude of the roll error signal imme-
diatsly after booster separation and for the period necessary for the -
missile to x0ll to its zero reference position. This damps out roll
overshoot. ’

Input: L4OO cps modulated signal from altitude compensating net-
vork, Impulse to relay from programmer 0.5 seconds after booster
separation.

%mtion: At the time of booster separation the input resist-
ance work to the amplifier grid is shunted by a condenser in series
with the vacuum tube gain changer. With the gain changer tube con-
ducting, the impedance of this circuit is low and shunts a portion of
the error esignal to ground. After a period of .5 seconds the programe-
mer opens a switch in the grid circuit of the gain chauger and a con-
denger 1g cherged, ceusing the grid tc go more ncgative aad finally
to cut-off. With the tube cut-off (one second after booster separa-
tion), the impedance of the tube and series capacitor is high and
negligible signal is shunted away from the amplifier grid. The error

signal after amplification is introduced to the input transformer of
the vhase comparator.

Output: 400 cps modulated with roll error signal to the phase
cmraﬁ.
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Principles: The plate impedance of a triode vacuum tube varies
inversely with grid bfas voltiage.

Test: No direct test. Indirectly checked by following Monitor-
ing Panel tests: Roll system sensitivity check, Roll rate change
test. Indirectly checked by Flight Ready Indicator.

Location: Programmer Chassis, Guidance Package, Forward Guidance
Bection, Quadrent III and IV.

References:
Description CP 1956 p. 56
Test OP 1956 P. 125
oD 8495 Pr. 9, 10,
3L, 35

4,5 PHASE DETECTOR

Function: To demodulate the roll error signal since a d-c gervo
system 1s used to actuate the rollerons. The detector not only rec-

tifies the signal but changes the polarity of its output to correspond
te the direction.of roll error.

¢ UCO cps amplitude modulated with the roll error signal.
The p of “he carrier wave is either 0° or 180° fraom the synchro
generator exciting voltage. \

eration: The error signal is fed through a transiormer to the
input te s of a ring demodular consisting of four diodes. The
remaining two terminals of the demodulator are ted (from a transformer)
a 400 cps comstant amplitude reference voltage which is in pnase wvith
the synchro generator's exciting voltage and of ampiitude about twice
maximm error signal. The demodulated signal is taken from the center
taps of the two input transformers. (See section 2.4 for further
discussion of the operation of this circuit.)

Output: D-C signal whose magnitude varies with angle of roll
er ‘'or se polarity changes with direction of roll error. Output
fed to rate network.

Principles: Network theory, superposition, Kirchoff's laws
and rectIFiCation,
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Tests: NO direct tests. Indirect tests same as gain changs
amplifier,

Iocation: Programmer Chassis, Guidance Package, Forward
Guidance Eection, Quadrent III and IV.

References:
Description OP 1956 P. 57
Test OP 1956 p. 125

0D 8495 rP. 9, 10,
3&) ‘35

4.5 DERIVATIVE (KATE) NETWORK

Function: To introduce a rate correction when the input is
varying.

Input: Varying d-c signal from the phase detector.

ration: This resistor-condenser n.twork introduces a damping
effect on signal to prevent oscillation of the migsile around its
roll zero attitude. Rate correction lecads the steady state signal
and opposes the direction of missile roll. The frequency response
curve of this network peake at 50 cps and has a leading angle on the
low frequency side. This phase angle is a maximm of about 50° at
15 cpe falling off on both sides of this frequency.

Output: A corrected, varying d-c¢ sigmal into a compensated d-¢
amplifier,

Principles: RC networks.

Tests: No direct test. Correct operation of roll system indi-
cates that corrective network is operating satisfactcrily.

location: Programmer Chassis, Ouidence Package, Forward
Guidance Fe'c’Eion, Quadrant III and IV,

References:
Description Term IV Notes
Guidancz Package
Sec. T
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4.7 COMPENSATED D-C AMPLIFIER

Function: To amplify the roll error signal which has been
attepuated by the derivitive retwork.

Input: Varying amplitude d-c error signal from derivitive
network.

Operation: See sec. 3.3 which describes an identical amplifier.
Output: Amplified d-c error signal to inpat roll servo amplifier.
Principles: Compensated d-c amplifier theory.

Test: No direct tests. Indirect tests same as gain change
amplifier,

Location: Programmer Chassis, Guidance Package, Forward Guidance
Section, Quadrant III and IV. | 1

References:
Sec sec. 3.3.

4,8 ROLL SERVO AMPLIFIER

Function: To increase the roll error signal to a power level
sufficlent To operate the solenoid ectuated transfer valve.

Input: Roll error, a varying d-c signal from the rate network,

ration: The servo system consiests of the servo amplifiers,
the h ¢ valve operated by a differential solenoid and a feed-
back potentiometer with the wiper attached to the control surface.
The servo amplifier has two stages, a difference amplifier first, ,
followed by a direct coupled power amplifier stage. One side of the i
difference ampiifier is driven by the d-c signal from the computer,
the other side by a signal from the feedback pctentiometer attached
to the wing. This potentiometer is pleced across the +200 to -200 v
lines in such a manner that the center is approximetely ground. A
trim adjustment permits exact balance of this voltage to ground for
zero wing angle vhen no error signal is present. If an ~rror is
present the difference amplifier will produce an unbalanced condition
in the two power amplifiers, this will prod-'ce anm unbalanced current
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in the differential solencid. The soler ~id will open the hydrsulic
vaive driving the wing actuator until the feedback voltage matches
the input from the computer. When this point is reached the powver
amplifiers will again receive balanced drive voltages and thus the
differentinl solenoid will return the valve to the closed positida.

Output: Push-pull d-c drive to the differential solenoid of
the roil control surface actuator.

Principles: Difference amplifier, power amplifier, differential
solenolds ’ gm\nck

Test: Indirect with Flight Ready Indicator. Direct with the
Monitoring Panel.

Location: Programmer Chassis, Cuidance Package, Forward Cuidance
Section, ouadrent III and IV.

References:
Operation CP 1956 Pe 59
Term IV Notes
Guidance Package
Sec. 1&18
Test oD 8435 p. 37
« 267 -
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ELECTRICAL SYSTEM

5.1 Power Supply
5.1.1 Alternator
5.1.2 <200 Volt Regulated Supply
5.1.3 +200 Volt Regulated Supply
S.1.4L Local Oscillator Regulated Supply
5.1.5 Low Voltage Supply
5.2 Power Changeover System
5.3 Booster Firing System
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2.1 POWER SUPPLY

Function: To suppiy all necessary a-c and d-c voltages for
operetion of the missile guidance components.

Input: Mechanical power from a hydraulic turbine tc drive the
alter'na'%r at a constant speed of 12,136 RPM,

Operation: A hydraulic turbine drives a 3 phuse a-c induction
alternator which delivers 115 v at a frequency of LOO cps. This volt-
age is transformed to appropriate magnitudes to drive a single phase
-200 v, regulated, d-c power supply, a double winding 3 phase +200 v
regulated, d-c power supply, and a 3 phase low voltage d-c and a-c
supply. The high voltage supplies consist of vacuum tube rectifiers
delivering filtered cutputs to series type vacuum tube voltage regu-
latcrs. The iow voltage d-c supply consists of an unreguiated 2

rphese full-wave dry-disc rectifier unit.

Qutput: -200 v d-c + 2 v at 75 ma to missile -200 v Bus.
4200 v d-c + 2 vat 320 ma to miesile +200 v Bus.

+280 v d-c + 2 vat 30 ma ror local oscillator power
supply.

+370 v d-c unregulated at 500 ma to servc amplifiers.

+30 v d-c at 3 amps for relay operation.

2k v 3 phase e-c LOO cpe for operation of gyro motors.

Principles: The series type voltage regulators operate on the

principie & three element vacuum tudbe has a plate impedance which
varies with impressed grid voltage. As the voltage output of the
suprly changes with respect to a reference voltage » the difference
voltage is amplified and applied tu the grids of the series regulator

tubes. The plate impedance of these tubes is changed in the direc-

tion required to cause a change in the series voltage 4drop wh’ch re-
duces the difference voltsge,

Teste: Monitoring Panel Checks
(1) Aiternator Output Voltage {indicaifon and racor P
(2) Alternator Phase Sequence
(3) Alternator Frequency
(4} +200 v Bus

(5) -200 v Bus
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(6) Difference Voltage
(7) 26 v a-c Output

(8) +30 \ d-c Output

(9) Filament Transfcrmer

Flight Ready Indicator gives iudirect indication oz
regulated voltages.

Locaticu: Power Supply Package, Forward Guidsnce Section,

Quadrant I,
References:
Block Diagrem OP 1956 P. 17
Circuit Diagram OP 1956 Pp. 80,
1‘32 ?
183

Schematic {Air and

Hydraulie Components) OP 1955 e 20
Photograph of Power

Supply Components

(Non-electronic) OP 1955 p. 21
Pictures P. 194
Block Diagram . Term IV Notes

Electrical

Systexm Sec. 1
Parts List Term IV Notes

Electricel

System Sec. 3
Test OP 1956 pp. 126,

130
(4))) 8""95 P 32"33
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S¢1l.1 ALTFRNATOR

Function: Primary electric power generatcr. Provides 115 v
to neutral, 3 phase at 400 cps.

_{%t: Mechanical power from hydraulic turbine at constant
speed of 12,136 FPM,

%ration: The rotor which is mechanically driven, is s con-
veuti uction squirrel cage with laminated sicel spiders and
aluminum bars representing four field Poles. The stator coils are

&rranged 3 phase wye connected supplying four output terminals. An
excitation capacitor is shunted across each phage so thet rated cur

rent may be drawn. Voltage regulation is accomplished by regulating
turbine speed since the magnetic circuit is designed to operate in
the saturated portion of its B-H curve.

Output: 3 phase, 115 v to neutr:l, 400 cps; rated at 770
watts, to missile transformer bank, Voltage regulation b.5%,

Application: i

Note: The induction generator is used very rarely as a power
source since its efficiency and power factor are always
poor while at the same {ime it is difficult to control %
frequency with variasble load. In this application the ,
severe space limitations dictate an extremely high speed
of operation and the sguirrel cage comstruction is the
ocly one prasently rugged endugh to suit the purpose.

Principles: Residual magnetic flux is cut by the rotor tars

building up a revolving magnetic field. This field cutting the stator
conductors induces the output voltage,

Tests: Mcnitoring panel checks alternator output voltages
(indication and recording), phase sequence and frequency, Operetion
tested indirectly by Flight Ready Indicator.

Location: Forward Guidance Section, Quadrant IT.

References:
Description OP 1956 p. 76-78
Operation Term IV Notes
Electrical
System Sec. 3
Test oD 8495 P. 32-33
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2+i¢2 -200 VOLT REGULATEN SUFELY

Function: To supply a regulated -200 volts to components re-
quiring it for their operation,

Input: 115 v, 1 phase, 40O cps a-c.

Operation: The input voltage 13 transformed to approximately
400 v, rectified, filtered ana applied to the plates of a pair of
parallel connected, triode, series regulators. The negative side of
the rectifier circuit is connected to a regulated +170 v from the
+200 volt supply throush a resistance network. A tap from this nei-
work piases the grid of the first of a pair of cascaded triode ampli-
fiers whose output controle the grid of the series voltage regulators.
If the output voltage varies from -200 Vv, the difference vcltage is
ampiified and applied to +ha grids of the series regulators. The
Plate impedance of thuge tutes is changed in a menner which brings
the output voltage to ite rated value.

, Outggt: =200 v d-c regulated to 2 v, to missile -20C v Bus.

Princigles: The plate impedance of a triode varies inversely
as the impressed gria voltage.

Tests: Monitoring Panel checks, output voltage and difference
voltage,

Location: Power Supply Package, Forward Guidance Section,
Quadrant I.

References:
Description OP 1956 P. T9
Operation Term IV Notes
Electrical
System Sec, 3.2
Block Diagram Terr. IV Notes

aad o9

Blectrical

Sy stem Sec., 3 . 6
Term IV Notes

Electrical

System Sec, 3.6

Test OD &hgs

Circuit Diagram

po 32'33
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.5.1.3 +200 VOLT REGULATED SUPPLY

Function: To supply a regulated +200 vclts tc components
requiring it for their overstion.

Input: 115 v, 3 phase 4LOO cps a-c.

%\eration: The input voltage is transformed to approximately
40O volte. It is rectified, filtered, and aspplied to the plates of

three parallel connected triodes acting as series regulating imped-
ances. The +200 v output is connected to the -200 v output {wi.ch
is also regulated) through a resistance network. The voltage from
& tap on this string is amplified in three stages and applied to the
gride of the regulating ‘ubes, Should the 4200 v output vary with
respect to the -20C v supply, the impedance of the series regulating
tubes will chunge to bring the outpui voltage back to rated value.

Output: +200 v d-c regulated to + 2 v and following -200 v
supply within 0.2 v, to missile +200 v Bus.

Principles: Plate impedance of triode vacuum tube varies in-

versely with impressed grid voltagc.

Tests: Monitoring Panel checks output voltage and differepce
vcltage.

Location: Power Supply Package, Forward Guiclance Section,
(uadrant I,

References:
Description OP 1956 r. 79
Operation Term IV Notes
Eilectrical
System Sec. 3.2.4
Test oD 8495 PP. 32-33
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Scil.l LOCAL OSCILIATOR REGULATED SUPPLY

Function: To supply plste bias to the local oscillator.
Input: +370 v dec.

eration: The input is applied to the plate of a triode con-
rected seriec voltage regulator tube. The output is connected to
the -200 v Guiput through a resistor network. a tep from the network
applies bias to the grid of a tetrode amplifier whose output coatrols
the grid of the series regulator tube. If the output voltage varies
from +280 v tbe errvor voltage is amplified and epplied to the grid
of tbe regulator tube whosge plate impedance is chaenged in a direction
to change the output voltage to its rated value,

Cutput: +280 v to klystron IO accelerstor and -200 v to AFC
Phase Comparator.

Principles: The plate izpedance of a triode varies inversely as
tha :meresﬁ& grid voltage.

Tests: No panel test noted as yet. Indirect test by proper
receiver operation.

Location: Regulator Chassis » Power Supply Package, Forward
Guidance Section, Quadrant I.

References:
Operation Term IV Notes

Circuit Electrical
J System Sec. 4

-27 -

CONFIDENTIAL SECURITY INFORMATION




s g oy -l -

CONFDENTIAL SECURITY INFORMATICN

5¢1.5 LOW VOLTAGE SUPPLY

Functicn: To supply 30 v d-c¢ for oferation of all relays, and
solenoids used in missile guidance and 26 v 3 phase 40O cps for opera-
tion of the gyro motors.

Input: 115 v, 3 phase, 400 cps a-c.

ration: The imput is transformed to approximately 26 v and
is rec ed in & three phase full wave rectifier circuit using se~
lenium dry disc rectifiers. No filtering or regulation is provided.

Output: 2¢ v 3 phase 400 cps a-c to releys and solenocids H
3C v pulsating d-c with ripple frequency of 2400 cps unregulated and
mfiltered to roll free gyro motor.

Principles: Transformer action, rectification.

Tests: Monitoring Panel provides check for 26 v a-c and 30 v
d-c.

Location: Low Voltage Supply Chassis » Porer Supply Paclage,
Forward Guidance Section, Quadrant I.

References:
Description OP 1956 r- 719
Operation Term IV Notes
Blectrical
System Sec. 3.L
Circuit Term IV Notes
Electrical
System Sec. 4.3
Test D 8405 rp. 32-33
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5.2 POWER CHANGEOVER SYSTEM

Function: 7o chauge the electricel supply of the missile from
the external supply used during warm up to the internal supyply prior
to launching and to activate certain guidance components necessary
fcr launching.

Input: 115 v, 3 phase, 400 ¢ps a-c; 115 v
26 v, cps a-c; +30 v d-c.

%ration: Prior to launching, the 3 phase input is epplied

thr a power changeover relay to the pcwer supply transformer

bank. After a two minute period has passed an interlock switch may

be closed energizing a reiay which causes alr to be applied to the
autopak and the alternator starts. Alternator output voltage ener-
gizes the changeover relay removing the external supply and energizing
the missile cperate relay. The closing of the latter relay causes tie
solenoid drake of the roll corrector synchro to lock its rotor, un-
cages the roll free gyro, and removes the voltage from the gyro caged
indicator light on the launcher.

1. phase, 60 cpe a-c;

e

Principles: Relay and switching operation.

Tests: Monitoring Panel recorder provides information on the
operation of this circuit.

Location: Pcwer Supply Packags, Forwvard Guidance Section,

References:

Operation Term IV Notes
Electrical
System Sec, 6

Circuit Term IV Rotes
Electrical
Systam Sec. 6

Test oD 8495 TD. 21-22
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2.3 BOOSTER FIRING SYSTEM

Function: To effect normal launching of the missile and to
provide means for Jetticoning missile when required,

Input: 115 v, 1 phase, 60 cps.

Operation: As the last firing interlock switch is closed, the
uncaging solenoid of the roil free gyro is energized. If all three
interlock switches have bveen thrown correctly, the uncaging solenoid
contacts cause a relay to be energized which completes a circuit to
the backscratcher laich solenoid, Unlatching the backscratcher latch
permits ths buckscratcher to be separated from the missile by a spring
which in turn closes a switch energizing the booster latch solenoid.
Thiz releases the booster latch which holds the booster locked to the
launching rails. The booster is now free to move on the launching
rails. As the bocater latch releases it closes & switch which
energizes a relay whose contacts apply power to the booster squib
through the safety switch and the emergency fire switch. This launches
the missile., Mo switches are available which rermit jettisoning the
missile in case normal firing is impossible., The contactor Release
Over-ride Switch will energize the backscratcher latch solenoid while
the Emergency Fire Switch w. 2 apply power tD the booster squibd,

Princigle ! Relay and switching operation.

Tests: Monitoring Panel provides check. Firing irterlock
checked By Flight Ready Indicator (loss of power from Pos. A to Pos.
B if gyro does not uncage),

&cation: This circuit is distributed over several sections
of the missile.

References:
Operation Term IV Notee
Electrical
System Sec, 6
Cirountt Term IV Notes
Electrical
System Sec. 6
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PROGRAMMER

6. Programmer
6.1 Position Potentiometer
6.2 fl(t) Potentiometer

6.3 fa(t) Potentiometer

6.4 Switch A

6.5 Switch B and Bl

6.6 8witch C
6.7 Switch D and F
6.8 Switch E
6.9 Switch &
6.10 Switch H and I
6.11 Switch J
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6.. PROGRAMYER

Function: To energize =nd vary in a predeterrined manner
circults which help to determine the characteristic operational
pattern of the missile during fiight.

ut: Power from 115 volt, 40O cycle alternator supplied
thro spring-loaded switch closed ai separation ty lanyard
attached to booster.

ation: Operation of the programme: is initiated by a
lanyard attac to the booster. Upon separation, this lanyard
withdraws allowing the spring=loaded power switch to close, Clos-
ing the switch applies power to a 115 volt, LOO cycle, 11,000 rpm
miniature type induction motor., Thia motor operates thru a gesr
train to turn a shaft at 1 revolutica in L5 seconda., Attached to
the shaft are the brushes of 4 cylinder type potentiometers ana
11 cams, each of which actuates a singls pole double throw switoh.
One of the switches opens the motor power line at the end of LO
seconds, stopping the programmer shaft at this time, This switch
also campletes a portion of the re-set circuit, whioch permits the
programmer to be re-set by application of power from an external
source,

Output: Discussed below under sections clevoted  individual
potentIometers and switches.

Test: Indirect with Flight HReady Indicator and Monitoring
Panel, Proper timer action is necessary if the missile psrformance
in either of these tests is to be satisfactory., Direct test of
programmar is also made with Monitoring Panel.

wocation: CProgrammer Chassis, Cuidance Package, Forward
Guidance Section, Quadrant III and iV,

References:
Operation and Deseription OGP 1956 p. 31
Fi‘. 2"11, )
2-12 | L) 35
Fig, 2-13 p. L3
Term IV Notes

Guidance Puckags

8pecial Sec. 9
Tests OP 1956 p. 179
oD 495 ., 33
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6.1 POSITION POTENTIOMETER (Programmer)

(NOTE: Features and references commcn to all four programmer
potentiometers are listed here.)

Function: Provides an indication of the position of the program-
mer for telemetering purposes.

Inpui: Connected to +200 voltsx thru 950 K resistor, Since poten-
tiometer 1s 10 K, this means input is +2.03 volts.

jv?ration: Thac coastart velue d-¢ input is applied to a resist-
ance element held in a plastic holder. A retaining spring pushes the
element and holder against a plastic cylinder. A groove in the plastic
cylinder carries a wire which makes contact with the resistence ele-
ment at only one point at any particular rotational position of the
plastic cylinder. The plastic cylinder is turned by the programmer
shaft. By properly inscribing the groove on the drum, the output
vcltage from the potentiometer may be rade any desired fraction of

the cylinder position (and thus of time).

Output: A linear function of the shaft position varying from
0 to 2.& velts with timer shaft position.

Principles: Cylindrieal type potentiometers.

Tests: Direct with Monitoring Panel. The cutput voltage is
used to drive the programmer position meter which is checked against
& clock.

Iocation: Programmer Chassis, OGuidance Package, Forward Guidance
Section, Quadrant III and IV.

References:
Operation and Description OP 1956 p. 31
Fig. 2-11,
2-12 p. 35
p. 36
p. 222
Fig. A-2 p. 224
Term IV Notes
Guidance Package
Special Sec. 9
Tests OP 1956 p. 174
oD 6495 p. 33
- 280 =

CONFIDENTIAL SECURITY INFORMATION




o

A T BRI 9 - i s RS iefommamarereme . . 3 s T o Al A

CONFDENTIAL SECURITY INFORMATION

6.2 fl(t) POTENTIOMETER

Functior: Compensates for radar beam pattern divergence with
Tange.

% ! ILrror signal from radar receiver, modified by capture
reisy effect. {See tl(t) discussion in Computer sect:lrm.g

9%3: Attenuated error sigpal to error amplifier, amount of
attenuation decreusing with time to correct for angular divergence of
radar beam,

Tests: Indirect with Flight Ready Indicator and Monitoring
Panel. [See £,{t) discussion in computer section.)

Principles )

< A R

)
; See Programmer Position Potentiometer.
)

Refercnces:

6.2 fa(t) POTENTIOMETER
(Programmer, Two Identical Potentiometers - One In Each Wing Channel)

Function: Compensates for changes in the aerodynamic character-
istics cf the miseile during flight.

Input: Integrating amplifier output as modified by l/p_ poten-
tim% Fs

Output: Attemuated d-c signal of polarity aod magnitude deter-
mined ssile position in guidance beam. Attenuation values given
in discusaion in Comm:ter section.

-« - 2 - .

Teats;: Sse Computer and f,(t) discussion.

location: Sce Programmer Position Potentiometer.

Refererces:
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6.4 SWITCH A (Programmer)

(NOTE: Featuree and references common to all programmer switches
will be discussed here.

Function: To determine the length of the complete programmer
timing cycle; stops the programmer mctor LO seconds after separation.

¢ Mechanical indicaticn of shaft position by means of cams
locked to programmer shaft which is turned by an a-c motor. Power
chtsined from missile alternator.

ration: The cam 18 cut and position=d on the shaft so as to
have the switch pole comnected to the alternator maian at the initiation
of the programmer cycle und keep it closed for L0 seconds at which time
a cut-away action allows the switch to throw the pole to the second
contact. The second contact is brought out to the Monitoring Panel
where external power may be applied to reset the programmer. Actually
each cam is composed of two sections which may be individually rotated
with respect to the shaft. Thus both ewitch actuation time and switch
dvell time may be adjusted.

mg_u_t&t: Power (LOO cycle 115 volt) to programmer motor for 40
s2conds after separation. Connection to Monitoring Panel thereafter
until programmer is reset.

Princigles: Microswitches and cams,

Tests: Indirect with Flight Ready Indicator and Monitoring Panel.
Proper missile performence with Flight Ready Indicator test indicates
each section of programmer is functioning properly. Direct test of
programmer is made with Monitoriug Panel. This test covers sustainer
firing guidance actuation, intercept actuation and prograrmer speed.

location: Programmer Chassis, Guidance Package, Forward Guidance
Section, Quadrant III and IV.

References:
Operation and Description OP 1956 De 31
Fig. 2-11 p. 35
Fig. 2-13 p. 43
Term IV Notes

Guidance Package

Special Sec. 9
Tests OP 1956 . 17k
oD 8495 p. 33
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6.5 SWITCH B AND B, (Programmer

Function: To prevent miggije launching until the Erogrammer

is in the correct starting Position. Algo to operate waveguide shut.

ter (now obselete) 0.1 second after separation, protecting mixer
crystal from tarnout during the boost phase,

Ioput: Conmcction into firing circuitry to prevent missile firing

unless switch 1s closed.,

Outggt: Connection with firing cirsuit closed so that firing
¢al occur when programmer is at zero time only,

Princtqlggzz

Tests:

- See Switch A
Iccation:

Referencee:
\

€.6 SWITCH ¢ (Programmer)

Inpgt: Sustainer firing voltage,

Ougsgt: Sustainer firing voltage, applied to sustainer 2
8eco: ter missile separation from booster.

Princigles:g

Tests:

See Switch A
Location:

References:
M
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6.7 SWITCA D AND F (Prograumer)

Function: To short computer to ground during free flight slage
tc prevent wing movement due to noise gensrated by the receiver (thermal,
shot, etc.).

Input: Output of integrating amplifier.
Qutput: Shorts output of integrating amplifier to ground during

booster phuse. Opens at 0.5 seconds after separation. Shorting to
ground results in zero computer output. e

Principles: ;

Tests:

See switch A
Location:

References:

6.3 SWITCH E (Programmer)

Function: To modifj gein of computer to provide necessary cspture
to guidance phase sensitivity ratic. Also changes receiver coding from
rapture to guidance beam at required time.

Input: Signals from various parts of computer gain change net-
works A and B and from error signal amplifier input. (ee capture
relay and fl(t).)

Output: Shorts or opens across proper resistors at 6 seconds
after separation to provide necessary gain changes.

Principles: ;

Tests?
See switch A
Locations

References:)
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6.9 SWIICH G (Prorrarmer)

Function: To increase the gain of the roll system starting at
0.5 seconds after separation in order “o cosmpensate for the larger
rolling mcvements produced as the result of wing movement during the
beam controlled phase of flight.

Input: D-C from B- supply.

Ouﬁt: Connects B- to grid of gain change amplifier through
RC ne at 0.5 second after separation. Gain change tube is biased
off in C.5 second a”ter connection.

Tests: Direct test of roll gain change is made with MP.
Principles:)
Location: See switch A

References:

6.10 SWITCH R AFD I (Programmer)

Function: To increase wing limits and guidance systea gain 18
second after separation in order to increase missile maneuverability.
(See Computer.)

Input: BSignals from voltage divider string of gain change network.

Output: Shorts and opcns across proper resistors to provide neces-
sary ga rease.,

Principles:

Tests:
ilocation:
References: ;

8ee switch A

6.11 SWITCH J (Programmer)
Function: 8pare
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PNEUMATIC-HYDRAULIC SYSTEM

7. Pneumatic-Hydraulic Systen

7.1
7.2
7.3
[
7.5
7.6
1.7
7.8
1.9

Alir Storage Bottle

Air Shut-off Valve

Air Filler Port and Check Valve

Air Prassure Regulator

Autopak

Sump and Manifold -

Hydraulic Motor and Hydraulic Motor Flow Regulator

Wing Hydraulic Actuators and Flow Regulators
Rolleron Hydraulic Actuator
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e T©NEUMATICHYDRAULIC SYSTEM

Function: (a) To provide primary source of power for missile

Operation:
pressed air into the energy of fluid {oil) flow,
is made through an air operated hydrauvlic pump (autopak),
hydraulic system in turn
wing and roll actuators,
for the electrical system,

the wings and rolleron fins

Inpu
ps§ Tor actuation during testing,

operation during flight,

provide hydraulic (oil) pressure for actu-

ating control surfaces during flight or

tests,

{c) To provide hydraulic (oil) pressure for driving

alternstor during flight and during some
tests,

(b) To

: Air (dry) LOO psi to charge storage bottle, Air (dry)

The pneumatic system converts the energy of com-
This conversion
The
drives a LOO cps alternator and also the
The alternator suppiies electrical power
The wing and rolleron actuators move
when required.

Drives alternator (electrical energy); positions

Output:
control surfaces in response to servo anplifiers,

Test: Flight Ready Indicator and BOFTE give indirect checks
from confrol surface motion, Also a direct test is made on some
components, (See Component discussion, )

References:

Discussion of system OP 1955 pP. 19
Pictures of components OP 1955 PP. 20-23

N L i i e T

5

ST

Drawing of servo-valve
actuator Term III Notes
Applicable Hydraulic

Principles, Ssc, 3

Term III and IV Note=
Applicable Hydraulic
Principles (all sections)

Tern IV Notes
Alr and Hydraulic System
(all sections)

OP 1956

Naem e . N
JOi. al

General

General pp., 66=76
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Ted AIR STORAGE BOTTLE

Function: Stores air initially at L,000 pei which provides
prime energy source for actuating hyd-aulic system during flight,

Input: Norns
Qutput: Campressed a'r controlled by air ghut-off valve,
Principles: Air compression,

Tests: None

Locaticn: Ferward Guidance Section, Quadrant II.

Referesrcas:
Description OP 1956 p. 66

OP 1955 PP. 19 and 21

Term III and IV Notes
Air sad Hydraulic System
Sec, 1

7.2 AIR SEUT-OFF VALVE

Function: This valve controls air flow into and out of air
storage bottle, It also controls air flow to air pressure regula-
tor during £1ight or testing operations,

Input: (a) Normal (flight) 4OOO psi air from air storage
bottle after air shute-off valve solenoid actu-
ation. This pressure decreases as air is used
fram the storage bottle,

(b) Air at 750 psi during test cperations.

%ratiom The air shut-off valve seals the air flask until
it is des to supply air to the air-hydraulic system, The valve
is of the normally closed type and is opensd by means cf a solenoid.

Outmt: See Function,
Principles: Solenoids, valves,
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Teat: Nons

Location: On air line next to air storage bottle, Forward
Guidance Sectiorn, Quadrant II,
References:
Description oP 1956 p. 66
Fig. 3-8 p. 69

Term III and IV Notes
Air and Hydraulic System
Sec. 1

7.3 AIR FILLER PORT AND CHECK VALVE

Function: Preventa air loss through external air connection
and fIller port,

Input: External air supply,

%ation: One way self actuating switch permits air flow in
thro air connection to air shui-off valve when external

pressure exceeds internal pressure. Internal pressure will be 4000
psi when air snmut-off valve is set for charging of air supply
bottle. Internal air pressure will be about 600 psi during period
betweer closure of last firing interlock switch and depletion of
air supply in air storage bottle,

Output: To eide port on air shut-off valve,
Prindglea: Check valves,

Location: Filler line runs from wing support to shut-off
valve,

References:

Term 1II and IV Notes
Alr ard Hydraulic System
Sec, 1
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7.4 AIR PRESSURE REGULATOR

Function: Regulates air pressure to autopak.
Input: High pressure sir from air shut off valve.

Operation: Variable ares, spring loaded orifice maiitains 600
psi down eam pressure at flow rates between 35 and 80 cfm.

Qutput: High pressure air (600 psi) to autopak.

Princigle ¢ Pressure regulators.

Tests: Normsl testing proéedmes do not reveal ability to handie
very high preasure air. Using test air {at 750 psi) and checking

bydraulic pressure when using MP checks air pressure regulator by
inferences.

Location: On air storage bottle, Forward Guidance Section,
Quadrant 11.

References OP 1956 p. 68

Fig. 3-9 p. 69

Term III and IV Notes
Air end Hydraulic System
Sec. 1

NOTE: Pressure relief disk between air pressure regulator and
autopak has apparently been eliminated.

7.5 AUTOPAK

Function: Converts 600 psi air flow to 1800 psi oil flow.
Input: Compressed air, low pressure oil.

%ra.tiom Double acting differential area unit with spring
loa slide cam operated air valves. Spring loaded poppet check
valves are used for cil flow.

Output: High pressure oil, air at 1 atmosphere,

Princizle ¢ Reciprocating air driven piston, hydraulic pump.

CONFIDENTIAL SECURITY INFORMATION
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Tests: Indirect on Flight Ready Indicator, BOFTE, and MP.
Direct by listening for normal scunds during cperation. Proper oil
pressures indicate proper operetion (MP oil pressure tests), but
improper 0il pressures may be more probably caused by oil filter or
oil line troubles.

Location: Porward Guidance Section, Quadrant I,

References: ,
Discussica OP 1956 p. 70
Fig. 3-11 p. 72
Picture OP 1955 Pe 21
Discussion Term III and IV Notes
Air and Hydraulic System

Sec, 2

7.6 SUMP AND MANIFOID

Function: Provides elasticity in oil system which is otherwige
of constant volume., Assisis to establish high and low oil pressures,
Smooths pressure impulses produced by normal autopak operation. Mounts
0il distribution manifold and oil filter. Mounts o0il system £illing
lines.

a:ﬁmi te gﬁh pressure oil from autopak. Low pressure oil from
hydr. ¢ system.

ration: Unit is a closed cylinder divided into three com-
pertments by two pistona, onc of which is differential. The center
compartment is precharged with nitrogen to 1050 psi. The total pres-
sure is {ransmitted by the piston to the high pressure 0il manifold

compartment. The pressure ratio between the nitrogen chamber and the
low pressure side is 1L:1.

Output: High pressure oil to hydraulic system. Low pressure
oil tec autopak,

Princigless Air cushions, differential pressures,

Tests: See Coun Vultee FO-R-50, 12 Feb. 53, for adjustments
during charging of missile hydraulic system.

Location: Forward Guiderce Section » Quadrant IX.
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References:
Filiing OD 8084
Tecting Convair FO-R=50
Description OP 1956 Fig. 3-18 p. T1
Fig. 3-11 p. T2
Operation Term III and IV Notes
Air and Hydraulic System

Sec, 2

7.7 HYDRAULIC MOTOR AND HYDRAULIC MOTOR FLOW REGULATOR

Functicn: Drives alternator at substantially constent speed.
Imut: High pressure hydraulic ofl,

Operation: (a) Hydraulic Motor: rucating cylinder block and
tilted pision rods to transform oscillationa
of pistons into & rotary motion.

(b) Flow Regulator: assists in demping pressure
impulses produced ¢ sgutopak. Provides con-
svant flow through oJtor independent of hydraulic
211 supply prcssure.

Output: Rotation of Alternator Shaft.

Principles: Hydraulic motors, flow regulators.

Tests: By inference (overall system performance) from Fiight
Ready Indicaior and BOFTE tests. Monitoring Panel measures frequency
of alternmator voltage output, .

Flow regulator vaive must be closed during certain
Monitoring Panel tests to prevent driving alternator for too long and
therety overheating alternastor.

Location: Forward Guidance Section, Quadrant II.

References:
Description OP 1956 pe 13
Fig. 3-2% p. 7h
Operation Term III and IV Nctes
Air and Hydraulic System

Sec. 4
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7.8 WINT BYDRAULIC ACTUATORS AND FLOW REGULATORS

F*-znctivm: Position wings in response to servo amplifier output
Si@ﬂIo -

Input: BDElectrical signal to servc valve solenoid from servo
anplifier controls oil flow to valve actuator,

ration: Solenoid velve is double acting for balanced load-
ing, ow regulator determinzs a meximum flow rate into actuator,
hence a maximum rate of motion for wings.

Oum‘t: Piston position of valve actuator controls position
of wings.

Princigles: Double acting valves.
Tests: By inferenmce from Fiight Ready Indicator (wing posi-

tions) or BOFTE (wing positions and rates). By elimination on Monitor-
ing Panel (substitution of resistive losds for solennid valves).

References:
Description OP 1956 P. T1
Operation Term III and IV Notes
Air and Bydraulic System
Sec. b4

7.9 ROLIFRON HYDRAULIC ACTUATOR

Punction: To

rosition rollerons in regponse t¢ rolieron servo
amplifier output,

With the exception that no T1low reguiaitcr 1s used in conjunction
with the rolleron ulic regulator, the discussion under "Wing

Hydraulic Actuators” applies to the rolleron hydravlic actuator
(see sec. 7.8).
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SUPPLEMENT TWO

A COMPARISON OF TERRIER SUBJECT MATTER
WITH STANDARD CURRICULUl MATERIAL
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SUPPLEMENT TWO: A COMPARISON OF TERRIER SUBJECT MATTER
WITH STANDARD CURRICULIM MATERIAL

This section presents an anglysis of the Terrier missile into
stages and significant smaller functional unite., Each stage or
unit is classified as either basic or special, Since Terrier is
primarily an electronis device, the classification of "bzsic" is
used for general material similar to that covered by the Navy com-
mon core electronics curriculum up through receivers and transmit-
ters. The classification of "speciai" is used for stages and
units that should be smphasised, 1.e., reviewed or introduced in
a course degigned specifically for Terrier technicians assuming a
background of the "basic" suhject matter. Some units are classi-
fied as basic but have wniqu. usas in the missile system; these
units are labled "basic with special uses."
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G A. RECEIVER SECTION
Stage and Unit Clessification
|
Ck 1 Hetrodyne Detector basic
V 1 I.F. Amplifier basic
vV 2 I,F. Amplifier basic
V 3 i,F. Amplifier baasic
VvV 4 I.F. Amplifier basic
V 5 I.F. Amplifier basic
VvV 6 I.F, Amplifier basic
CR 2 Video Detector . basic
\ V 7 Video Amplifier (RC) basic
\ CR8 Video Pulse Shaper Crystal. special
CR9 Video Pulse Shaper Crystal special
‘ V 8 Video Cathode Follower basgic
| CR 3 Decoder Crystal special
CR L4 Decoder Crystal spscial
V 9 Decoder Cathode Follower special
V 18 Pulse Stretcher spezial
V 11 Pulse Amplifier basic
V 12 Pulse Amplifier basic
V 13 Box Car Error Detector Discharge Tube special
CR 6 Frror Detector Crystal special
V 14 Error Detector Cathode Follower basic
Filter 30 cycle special
V 15 Error Amplifier basic
V 16 Error Output Cathode Follower basic
V 17 A G C Amplifier special
CR7 A QC Clamper Crystal special
¥ 19 Pulse Amplifier basic
V 20 Blocking Oscillator special
V 22 Refezence Discriminator special
V 23 Reference Discriminator special
V 2 Reference Cathode Follower basic
vV 25 Flight Limiter Amplifier special
V 26 Flight Limiter Detector (diods) special
V27 Flight Limiter Cathode Follower basic
‘ V 28 Cathode Follower basic
‘ V 29 Box Car (Error) Dstector Diode special
| Klystron Oscillator special
Phase Comparator special
30 cps. Filters special
LOO cps. Filters special
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Stage and it Classification
Y40l Error Amplifier Dasic
¥ 02 Refererce Phage Splitter special
Y 10) ®A® Phgge Comparator special
Y 4ol ®A" Reference Driver basic
V 105 "B® Phase Compecator spetisl
Y 405 "B* Refarence Deiver
Y i0? Error Signal Drivee basic
__COMPUTER CHASSIS
\ge and Unit Clagsification
“A* Rate Hetwork special
V 301 A" Compensated D.Ce Amplifier special
V 302 "A® angq wpe Floating Limiiters ' special
"A" Gain Change Netwerk special
V35 m» Integrating Amplifier ond Cathode
Foliower special
V 0§ %A% gng np= Integral limiters special
V 305 ¥A" ang "B® Fyyeq Limiters special
V 306 iigw Integral and Output Cathods Follawer special
V 307 Not Used
v 308 agral and Output Cathode Foliower. special
V 309 wpw Integrating Aupiifier and Cathode :
Follower special
"B* Gain Change Network spacial :
V 310 "B* Compensated D.Ce Amplifier special
“B" Rate Natwork special i

D. SERVO AMPLIFIER CHASSIS
M.
Stage and Unit Classificstion

V0L YA Servo Power Amplifyer apecial
V 102 "A" Servo Driver special
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SERVO AMPLIFIER CHASSIS ~ (cont'd)
Stege and Unit Classification
V 103 "A® Servo Powsr Amplifier special
V 10k ¥B" Servo Power fmplifier special
V 105 "B" Servo Driver spsecial
V 106 "B™ Servo Power Amplifier special
T 101 Filament Transformer and Cyro
Piokoff Excitation Supply bhasic
PA" Wing I'vedback Potenticmeter basic with special uses
"B* Wing Feedback Potentiometer basic with special uses
Roll Feedback Potentiometer basic with spscial uses
E, ROLL SYSTEM UNITS
e and Unit Classification
V 107 Roll Servo Amplifier spesial
V 108 Roll Servo Driver Amplifier special
V 109 Roll Servo implifier special
V 202 Compensated D.C, Amplifier special
¥ 20! Holl Demodulator special
¥ 7 Gain change amplifier special
Rate Network special
Rolleron Feedback Potentioweter basic with special uses
Rclleron Position Potentiometer basic with special uses
1/Ps Air Praasure Pstenticmeter basic with special uses
Roll Corre~tor Synchro special
Roll Free Yyroc and Pickolf Synchro special
F. EILECTRICAL SYSTEY - POWER SUPPLY
Stage amd Vait Clasa fication
V 101 Doubls Tliree~Phass Rectifier basic
V 102 Double Three-Phase Rectifier basic
v 103 Double Thras-Phase Rectifier basic
v }Dh Single Phars Full Wave Rectifier basic
V 202 Seriss Regulauor Positive Supply special
V 203 Series Regulator Positive Supply special
V 20 Series Regulator Pesitive Supply special
V 205 Voltage Regulator basio
o 298 -
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ELECTRICAL SYSTEK ~ POWFR SUPPLY e (Conttd)

Stage and Unit Classification
206 Voltage Regulator basic
207 Series Regulator Negative Supply special
208 Series Regulator Negative Supply special
209 Negative Regulator lifier special

Positive Series Regulator Tube Driver special

wd<dddaqdad
8
o

211 Positive Voltage Regulator Amplifier special
4Ol Rectifier Voltage Regulstor basic
02 Rectifier Voltage Regulator basic
O3 Coupling Tube special
LG4 Couplinge‘l‘ube special
Unit 4388-483025 Xlystron Voltage Rege  special
Alternator speclal
102 Balancing Reactor basic
Filter - 60 Cyole Negative basic
Filter - 60 Cycle Positive basic
Output Filter Circuit special
Sel 301 30 Volt Rectifier basic
Voltage Sensing Networks special
G, ELECTRICAL SYSTFM ~ BOOSi =R FIRING CIRCUIT
Stage and Unit Classification
Backscratcher

Backscratcher Latch and Solenoid
Booster Latch and Latch Solenoid
Firing Circuit Solenoids
Contactor Release Switch

Safety Switch basic with spscial uses
Exwergency Firs Switch

Booster Firing Solenoid

Booster Squib

Flare Squib

Control and Firing Circuit Transformers /
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H, ELECTRICAL SYSTEM ~ POWER CHANGEQOVER SYSTEM

Stage and Unit

Power Changeover Reiey
Missile Operate Relay
Air Shutoff Valve Solenoid

A
B
c
D
E
F
G
H
I

Classification

I. PROGRAMMER CHASSIS

(See also Rull System Units)

Stage and Unit

"B" Camputer Input Monitor
(Isolating Amplifiar)

A" Computer Input Monitor
(Isolating Amplifier)

Time to Intercept Relay Driver
Time to Intercept Relay
Capture Relay

Roll Demodulator Input Trans-
former

Potenticmetsr - Motor Operated
Potentiometer - Motor Operated
Programmer Motor

basic with special uses

Classification

basic

basic

special

basic with special uses
basic with special uses
basic

basic

bagic with spacial uses
basic with special uses
basic

J. PNEUMATIC ~ HYDRAULIC SYSTEM

Stage and Unit

Air Storage Bottle
Ady Shutoff Valve
Air Check Valve

Air Pressure Regulator

Autopak

Sump and Manifold

Hydraulic Motor and Flow Regulator
Wing Hydreulic Actuators and Flow
Regulators

Rolleron Hydraulic Actuators

-|300-
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Classification

(s St

Basic, for air and
hydraulic subject
matter, with special
uses
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	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0076
	0077
	0078
	0079
	0080
	0081
	0082
	0083
	0084
	0085
	0086
	0087
	0088
	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096
	0097
	0098
	0099
	0100
	0101
	0102
	0103
	0104

