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U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block 1Italic Transliteration Block 1Italic Trensliteration
A a A a A, & P p P p R, r

B 6 B & B, b cC ¢ C ¢ &, 8

B s B e v, v T vt T m T, ¢

rr r s G, € Y vy Y y U, u

R ) D,.d ® ¢ o ¢ F,

E E ¢ Ye, ye; E, e* X x X x Kh, kh

K m X o Zh, zh U u u y Ts, ts
3 3 Z, % Y Y Ch, ch

U x H M I, 1 W w W w Sh, sh

A a 7 a Y, ¥ W m W Shch, shch
K x XK = K, k D > » n

noa b/ | L, 1 H & & u Y, ¥

M »x M u M, m b b » '

H u H x N, n 3 » 3 E, e

O o 0 o 0, o N » DO » Yu, yu
nna ma P, p A s A a Ya, ys

* ye initislly, after vowels, and after %, »; e elsewhere.
en written as 8 in Russian, transliterate as y¥ or &,
The use of diacritical marks is preferred, dbut such marks
may be cmitted wher, expediency dictates.
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The Military Publishing House continues to
put out the series of ,amphlets "Rocket Tech-
nology," which is intended for soldiers and
sergeants, students at military schools, and also

for a wide circle of readers who are interested
in rocket technology.
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BALLISTIC MISSILE AIMING SYSTEMS
Yefimov M. V.
M. Voyenizdat, 1968. 120 p. 14,500 copies. 19 kopecks

The pamphlet "Ballistic Missile Aiming
Systems" 1is part of the "Rocket Technology"
which 1s put out by the Military Publishing
House.

In the pamphlet in an elementary form are
expounded the principles of aiming of ballistic
missiles and construction of aiming systems.
Basic attention in it 1s allotted to a considera-
tion of the essence of aiming, the vorking and
arrangement of elements included in the systems
for aiming missiles.

The pamphlet is intended for soldiers,
sergeants, students at military schools, and alsc
for a wide circle of readers who are interested
in questlions c¢f rocket technclogy.

The pamphlet is written with the use of
materials from the open Soviet and foreign press.

A comparative appraisal of different systenc
and methcds of aiming of missiles is given in
accordance with the views ol the authors of these
articles.
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INTRODUCTION

The flight trajectory of ballistlc missiles is divided into two
segments: active and passive. On the active segment the missiie
moves under the impact of englne thrust, forces of gravitation and
drag, and also the contreiling moments and forces of steering elements.
On the passive segment the engine will be turned off and the missile ~
centinues free flight, being subjected only fto the action of forces
of gravitation and drag.

For movement of a balllstic missile on the actlve segment on a
programmed trajectory there are special flight control systems. They
are of two types: autconomous and combined. All elements ci the
autonomous contrcl system are onboard the missile. The combined
system includes, besides the autoncmecus control system, & systvem
of radioc control, some elements of which are onhoard the missile,
and some — on the earth.

So that * .e programmed trajectory of a bazllistic misslie passes
through che target, prior to launching the body of the missile and
the transducers of the autonomous control system are ariented precisely
relative to vertical and for azlmuth. Totality of operations during
preparation of the micssile for launching, ensuring the spatial
orientation of the body of the missile and the transducers of the
control system, is called aiming the missile.

PTD-MT~-24~822-69
viii
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in the process of aiming the missile varioua operations are
fulfilled. These are connected with determination of azimuths of
directions, measurement of angies, remote transmissien ol angular
values, and exact turning of the missile and the transducers of its
control system on definite angles. ‘These operations are fulrfilled
with the help of devices and instrumenis, the action of which is
based on various physical principles. Thus, duriné aiming opticai,
photoelectric, gyroscopic, electronic, and electrcomechanical instru-
ments are used. All these instruments and devices are united in a
single semiautomatic or automatic system, fulfililing all the bacsic

operations of aiming — an aiming system.

Trhe construction of aiming systems and arrangement cof distribution
of their elements on the launching site are changsd essentially
dependinz the designs of the missiles, type 5f control systems, and
type of launchers. Some of the elements of the aimirig system are
mounted onboard the nissile on 1its protective container, and on the
launching pad, and certain elements of the system are located on the
earth, sometimes at considerable distance from the missile.

Balilistic missiles with autonomous control systems are character-
ized by a high degree of accuracy of hitting the target. At fiight
ranges of 19,000-12,000 km the impact points of nose cones of rockets
deviate from the target all told by several kilometers. This 1is
attained not only due to a perfected control system, but also due to
a high degree of accuracy of alming.

During the development of such high-precision aiming systems 1t
is necessary to surmount considerable fundamental and constructive
difficulties. Especially great difficulties appear in the development
of aiming systems which provide for the launching of ballistic missiles
from moving bases (submarines, railroad flatvcars, etc.). During
launching of missiles under such conditions the deterrination of
azimuths cf initial directions for aiming is hampered. Furthermcre,
the rolling of a submarine causes the appearance of additlonal errors
in the aiming of missiles.

PTD-MT-2U-422-69 1x




questlons of aiming of ballistic missiles 2re examined sufficiently

fully. Information about the aiming of missiles, circuits of aiming
system, and thelr principles of action are zxpounded in a number of

articles, published in American journals, and also 1n certain Soviet
works, dedicated to the varlious problems of rocket technology.

In this pamphlet a generallization of this information ls made.
Basic attention in it is allctted to a popular account of principles
of aiming of missiles and physical bases of operation of aiming
systems and thelr elements.
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CHAPTER I
GENERAL INFORMATION ON MISSILE AIMING

§ 1. Syscems ef Coordinates
Utilized During Aiming

Orientation of the body of a missile and transducers of the

r control system during aiming is carried out relative to a starting
system of coordinates Ochcze, which 1s depicted in Fig. 1. This
system of coordinates is clockwise. Its origin coincides with the
center of mass of the migsile mounted on the launching pad. Axis
OYc is directed vertically upwards, and axes OXc and;Ozé,lie in a
horigontal plane. Axis OXc indicates direction of firing and its
position is determined by azimuth of launching A“.

———— T P

Fig. 1. Starting
system of cocrdi-
nates.

The vertical plane YCOXc tangent to the programmed trajectory of
movement cof the missile at the location of the launching pad, 1is

PTD-MT-24-422-69 1
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Due to rotation of the

calied the pilane of firing or launching

earth and several other factors the ¢

Ca o
0
[¢]

missile is & line of dcuble curvature, therefore it does not coincide
with the plane of firing and is deviated from it in the northern
hemisphere to the right, and in the southern -~ to the left.

Kigidly bound with the body of missile 1s the connected
system of coordinates Clelzl which is epicted in Fig. 2. 1Its

origin i1s placed 1in the center of mass of the missile. Axis Ox1
coincides with the longitudinal axis of the missile, the direction
of remaining axes 1s determined by the location of the steering
elements. A plane, passing through the longitudinal axis of the
missile and steering motors I~I1Y, is czalled the basic plane of

symmetry.

Fig. 2. (Connected
system of coordinates.

Direction of axes of sensitivity of gyroscopic and inertial
transducers of an autonomous control system determines the inertial
system of coordinates,

Autcnomc;s cont rol systems are of two varieties. In the first
of them angular stabilization of the missile is carried out with the
use of free gyroscopes ag transducers (Fig. 3,. A roll stabilizer

f—
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develops commands, controlling the position of the missile on axes
of yaw OX and roll OY of the lnertial system of coordinates. A

v A emn wmnam T o

gyre-horicon produces the controliing command for the axis of pitch
0z.

4

Basic plens

of stabilizetion i

Fig. 3. Inertial
system of coordinates:
i — program unit;

2 ~ angle transducer;
3 ~ moment transducer.

X R

The plane Y0OX 1s calied the basic plane of stabilizatlon of
the missile., Axis of rotation of the rotor uf the roll stabilizer
is perpendicular to thls plane, and the axis of rotation of the rotcr
of the gyro-horizon lies in it. 1In the basic plane of stabilization
the programmed turn of the missile for angle cf pitch takes place.

in the second variety of autonomous control systems its hasic

transducers are located on a stabilized platform, preserving during
the entire controlled period of flight of the missile a constant
position relative to the fixed system of ccordinates. For stablli-
zation of the platform here three gyroscopes are used: for pitch,
yaw and roll. Position of the gyroscoplc and intertial transducers
(accelerometers), which are mounted on the gyro-stabilized platform,
relative to the inertial system of coordinates 1is depicted in Fig. 4,
Axes of the inertial system of coordinates here are determined by

PTD-MT-24=-422-69 3




the axes of suspensicn of the platform, and the basic plane of
stabllization coincides with the plane of the inner frame of the

niat fAarm
piatiern.

Fig. 4. Inertial system
of coordinates: 1 — motor
for stabilization; 2 —
angle transducer; 3 — gyro-
scope; 4 — accelerometer;

5 — control prism.

Orientatlion of the stabilized section of the gyroplatform
relative to its fixed base prior to launching of the missiie is done
with the 1elp of a three-channel system of azimuthal and herizontal
reduction. Sensing elements of the system of horizontal reduction
are the accelerometers, and of the system of azimuthal reduction —
angle of roll sensor mounted on axis OY.

The system of reduction ensures retention of the platform in the
required position after its locking right up to the moment of launching
of the missile. Before launching the system of reducticn of the

gyroplatform is switched on and the three-channel system of stabiliza-
tion begins to operate.

§ 2. Essence of Alming

By the moment of launching of a missile the axes ¢f connected and
inertial systems of coordinates are oriented in a specific way




relative to the axes of the starting system of coordinates., Thi

-
4300

orientation 1s carried out in the process of aiming the missile.

The final position of the axes of all three systems of coordinates
prior to launching of the missile shculd be the following: tasic
planes of stabilization and symmetry of the missile are combined with
the plane of firing, and the longitudinal axis of the missile and
axis OY of the inertial system of coordinates are vertical.

The cited position of axes of systems of coordinates 1s attained
in four stages:

— setting the missile vertical;

— azimuthal aiming;

— adjustment of gyroplatform;

- setting the gyroplatform horizontal

Setting the missile verticali 1s the name given to the totality
of operatlions for imparting to 1ts longltudinzal axis a vertical

position on the launching pad. This operation 1s carried out directly
after installation of the missile on the launching pad.

Azimuthal aiming is the name given to actions for combination
of the basic plane of stabilization of the missile with the plane of
firing. It 1s carried ocut by two methods. The first method amounts
to the fazt that the misslle together with the gvroinstruments
mounted onboard 1is turned around a vertical axis to colncidence of
the basic plane of stabllization with the plane of firing. This
turning is done with the help c¢f the turning mechanism of the launching
pad. The second mcthod consists of the separate combination with the
plane of firing of first the basic plane of symmetry, and then the
basic plane of stabllization of the missile. Coarse combination of
basiec plane of symmetry with plane of firing is carried out by means




of turning the missile and exact azimuthal aiming is done by turning
the gyropiatform on an azimuth relative to the body of the missile.

Adjustment of gyroplatform has as 1ts goal the combination of
basic plane cf stabillzation with the basic plane of symmetry of the
missile following switching on of the system of azlmuthal reduction
of the gyroplatform. Adjustment of the platform is fulfilled by
turning its base relative to the body of the missile after installation
of the gyroplatform onboard the missile.

Setting the gyroplatform horizontal consists of combining the
axis OY of the inertial system of coordinates with the vertical
axls of the starting system of coordinates. This operation is carried
out automatically. Accelerometers mounted on the platform are used
as transducers for producing mismatch signals in the event of deviation
of plane of the gyroplatform from the horizontal. Signals from
acceleronzters are fed to drives for making the platform horizontal.

§ 3. Initial Data for Aiming

In order te fix direction of firing directly at the launching

site, before aiming of the missile two preparatory operations are
fulfilled:

— gecdatic preparation for launching;

— preparation of initial data for firing.

Puring geodetic preparation for launching the coordinates of
the locationr of launching pad and oriented directlons for the launching
site are determined. Coordinates of the location of the launching
pad together with target position data are used during the preparation
of initial data tor firing, and orliented geodetic directions are
used directly for azimuthal aiming of the rccket.

Crientation of directions consists cof the determination cf
geodetic azimuth of direction of some straight 1ine which is takern as
the orlented iine. It can be done by three methods:

(0N
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- from a geodetic grid;

- fi:om astronomical observations:
— with the help of gyroscopic instruments,

Orientation of directions from a geodetic grid is done by methods
of trianguluation or laying off of angular courses. As initial points
for orientation of directions only points are used frocm geodetic
grids of those classes, for which errors of orientation of the sides
are considerably less than the permissible errors for geodetic
preparation for launching.

Astrunomical orientation is used when in the region of the
launching sites there 1s an absence of a well-developed geodetic
grid, for satisfying the requivements of accuracy for geodetic
preparation. Astronomical orientation 1s characterized by a high
degree of accuracy, however, its application is possible only during
favorable meteorological condltions.

Orientation with help of gyroscoplc devices is used in the
absence of preliminary geodetic preparation ¢f the launching site.
For orientation of directions 1t 1s possible to use external gyro-
scoplc devices which are placed at a specific distance from the launch-
ing pad, and onboard gyroscopes of the missile autonomous control
system which are working under conditions of determination of azimuth
of oriented direction.

Thus, during aiming of a missile 1t 1s possible to use external
information 1f the oriented directiornis are determined from a geodetic
grid, from astronomical cbservations, or with help of external gyro-
scopic devices. This method of aiming is more accurate and has
received the widest distribution. The second methed of aiming is
based on the use, fcr determination of oriented geodetic direction,
of Information produced by onboard gyrcscoplc inctruments.
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During aiming ¢f the missile oriented geodetic directions are
fixed ry using exivernal information at the launching site ahead of

.
time, Fixing is rried cut

A dvea  maa
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cal Cy one of two mevnods: the use of

¥
oriented points, fixed on tlie terrain by signs, or with the help of
collimators.

In the first case as the oriented direction a straight line
passing through any two points of terraln is used. Error of
orientatiocn AA here depends or. accuracy of setting up the theodolite
on one of these polnts and length of oriented base

AA=— (1)

~E

where Al — circular error of sstting up the éheodolite; L — length
of oriented base.

Value of error of orlentation here 1s expressed in radians.

In the second case the oriented direction is fixed by a
colllimator — a special optical instrumernt, converting the rays of a
light source into a pencil of parallel rays (Fig. 5). The collimator
consists of cbjective and a certain illuminsted sign placed in its
fecal plane. Such a sign may be, for example, cross hairs of
fllaments on a light background or a lumlnescent narrow opening in
an opaque diaphragm. The oriented direction here 1s the slighting
axis — a line passing through the center of the objective of the
collimator and the cross halrs cof its grid. In order to orient the
theodolite with a collimator it 1s necessary tec set it in a parallel
pencil of rays emanating from the collimator. When the cross halr
on the 3Irids of the theodolite and collimator coincide their sighting
axes 4111 be parallel.

In the process of preparation of initial data for firing, data
are determined which are utilized in adjusting the control system,
and the firing azimuth, which is utilized for aiming the missile. >
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§ 4. Control Elemen§s~§§11;§ed;ﬁar;ng Aimigg‘\

For aiming the missiic it 1s necessary to Fix FQE SF&? vée-ggai4 '
tion of the plane of firiﬁg, but alsc the: yasiﬁlcﬂ @*«fhé hasic \_
plane of stabilization. The basic plane of stahiliz4ticn is usuai&
fixed with the hslp of twe types of elemsnts: mir?c B wnd’ mirra*

prisms. - e _ o o -

These elements are- attached to the s:abi*ized platform wheu 1t =
is manufactu”ed (sew Fig; b and are~cﬁientad with sreat accuracy ‘
relative to the basl» ane cf stabilizatiaﬁ i tne missile. IR
certain types of,ballisgic mis& ies. ccntrul e*e“ents are also fastenec -
to the turning septiOa\9£~35§anaaching paa,

T

' A more widespread control element 15»;hé»récééqgalar\m;rrer»
prism depicted in Fig. 6. & peculiarity of its working is the fact
that a light ray, failing on the hypotenuse lace of the prism ina
ee*fain plane 7, eme"ges from it conversely in plane §, parallel ¢o
piane-P. Moreover in- pcints a4 and 4 the ray 1s refracted ou tne

~. hypotenuse face of the ‘prism, and in painto b and ¢ 1¢ is reflected
,:,“rom its silvered 1!5 faces. Thaﬁk"tc fh -property of the pris=z
4t 18 not necese&ry that 1t be set~exactzy vertz al in plane YOX,

since even 1f the incomirg rag coes not ile in plane XJZ, the
refl“ctgﬂ rey will go in the ggﬂcsite direction in a plane paralliel
to the piane of its incidence.

Q2




If the angle
its sighting axis

of the prism does
reflected rays 1s

Fig. 6. Rectangular prism,

of mismatch, measured by the theodolite, between
and a perpendicular to the edge of the right angle
not equal zero, the angle between incident and
equal to a doubled angle of mismatch. If, however,

the angle of mismatch equals zero, the incident and reflected rays
are parallel to each other.

Determination ¢f the azimuthal position of control elements is

done by using the

principle of autocollimation. Autuvcollimation is

the name glven to a movement of light rays, at which they emerge from

the instrument in a parallel bundle and, belng reflected “rom a

mirror surface, pass through
direction. The principle of

if .he surface of the mirror is perpendicular to the sighting axis
of the autocollimator, the stralight and the autocollimating image of
its grid ccincide with each other.

Fig. 7. Autocollimator: 1 -
mirror; 2 -- objective; 3 —
grid; 4 - lamp; 5 - eyepiece;
6 — appearance of fieild of
vision.

By using the principle of autocoliimation, it 1s also possible

to resolve the reverse problem: to set the contrcl mirror or prism

of the gyrostabilized platform on an assigred azimuth. For *his 1¢

10

ealements of the instrument in the opposite
autccollimation 1s 1llustrated in Fig. 7:
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is turnec relative to the vertical axis and_  while observing in the
autocollimator, an attempt is made to cuperpose the direct and auto-
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§ 5. Influeiuce of Errors of Alming on Deviation
vt Points of Impact of Missiles

If there is an errcor in an azimuthal aiming the plane of firing
1s deviated from calculated oy an angle equal to the angular error
of aiming., Therefore, the trajectory of the missile will also deviate
from calculated trajectory, and point of impact of the nose cone of
the baliistic irissile will not coincide with the target.

For determination of the relationship between error of aiming
and deviation of the point of impact of the missile from the target
we will use Fig. &, in which projections of calculated and real
trajectories of a missile on the surface of the earth are depicted.

Fig. 8. Deviation
of point of impact
of missile.

On the basis of the theorem of cosines the relationship between
elements of obiique spherical triangle OBC is expressed by the follow-
ing dependence

Ba=xcosbd - cosc+sinb - sinc o cosdA, {2)

vhere b, ¢ — spherical flight ranges of misslle; Aa — spherical
devlatiocn of point of 1mpact of missile from target; AA - error of
azimuthal aiming.
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Cons! ering in this dependernce b = ¢, we obtain
€08 a8 ==cos?h 4- sin?h . cos 3A,
from which after certain conversions we have

sin 2 sind - sin T

It follows Irom the expression obtained thut deviation orf paint
of impaci of the missile from the target at a constant error of
aiming 1s maximum at spherical €light ranges b--J and ba—-, i.e., at
linear flight ranges equal to 10,0060 km and 30,900 km. alculat‘au.
by formula (3) show that with such flight ranges an angular arror
of aimi-g equal to 17, correspoﬁds te & deviaticn,of;poinﬁ cf -impact
of the missilie egual to 1.85 km. : 7 S - -

'

If, however, the spherizcal fliight ranges of the missile o=n
and b=2v, then at any value of error of azimuthal aiming there ;iii -
2

be nc deviation of point of impact of the mi=sile, from tne target

We will examine the influence of errcrs of vertical mou ing‘bn

the securacy of azimuthal alming é,'gissilcs For this let us turn
to Fig. 9, whinh illustrates Lhe autafallina iﬁgfprinciﬁle ot diming
At point A an autcocollimator is set up which é;rects a pericil of
parallel rays on a prism which 1s mounted onboard the rocket., . -
If the edge of the right angle of the prism 18 parallel to axiq
0z, rey 0;B, which is reflec ted from the prism, caincides with :
jncident ray AO,. Slepes of the prism in plane YOix,ac not cause.

a change of direction of the reflected ray, however, rotation of the

prism around axes 0,Y and 0,X leads to a deflestion of reflected ray o

1
from incident. o B e -
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Fig. §. Autocollimating
principlie ¢f aiming.

Using the known laws of »eflection of light rays from mirror
surfa«eg, the followirg formula can be obtained
cosar

An,::tgc:;"’ aa,, (4)

ghere o, and cy - angles of deflection of prism from axis 0Z in
vertical and azimuthal planes; € — angle of site of prism; Aax -
error of vertical mounting; Aa  — error of azimuthal aiming.

This depgndenée i¢ presented in Table 1. In order to decrease the
influence of errors of vertical mounting on the accuracy of azimuthai
alming, it is necessary to decrease the angle of site e. Therefore,
during aiming of missiles under conditions of launching from grcund
launchers the autocollimator is set up at 2 sufficiently great {(up

to 300 m) distance from the iauncher.

buring launching of missiles freom site launchers the auto-
coliimator is set on the same neight as the gyroplatform, consequently
the angle of site of the sighting axis of the autocclilmator is
close to zers. Under thege conditicns even conslderable errors in
the vertical mounting of a miss!le have practically no influence on
the accuracy of zzimuthal aiming.
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§ 6. Missions Jolvea by Aiming Systems

Aiming of ballistic missiles is accomplished with the help of
turning and erection devices on the launching pad, turning devices
of the gyrostabilized platform, and the aiming system. With the
help of the erection device of the launching pad the miscsile is

mounted vertically and with the help of a turning device azimuthal
aiming is performed.

During preparation for aiming, and alsc when carrying it out,
at the starting position it 1is necessary to perform a large number
of various cperations connected with determination and fixing of

directions, measurement of angles,; and turning of aiming instruments,
gyroplatform, and body of the missile on specific angles.

Operations for vertical mounting of a missile are comparatively

simple. They amount to determination of angles of deflection of

longitudinal axis of the missile from vertical and tc setting up of
the body of the missile 1n a vertical position.

More complex problems have to be solved during azimuthal aiming.
The basic ones are:

~ determinaticn of azimuths of oriented directicns;
~ fixing of oriented directions on the terrain;

~ fixing cof basic piane of stabllization of the missile;
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- transmissicn of criented directions from one instrument to
another;

— measurement of horizontal angles;
—~ turning of instruments on speciflc angles;

- turning of gyroplatform and missile up to coincidence of basic
plane of stabllization with plane of firing.

The first three problems are solved ahead of time; the last ones
are fulfilled directly during preparation of the missile for launching.
For the purpose of decreasing the time for aiming of a missile and
increasing the accuracy of aiming, automatic aiming systems are
usually used.

8§ 7. Classification of Aiming Devices

Depending on the the purpcese of devices included in aiming
systems, they are divided into the following groups:

~ instruments for determlnation of azimuths of coriented
directions;

— instruments for fixing oriented directions;

-~ instruments for vertical mounting of missile;

— instruments for azimuthal alming.

Based on physical principles, lying at the basis of operation of
aiming devices, they are broken down in the following way:

— optical-mechanical;

— photoelectric;

15




electronic: ;
- electromechanical:
-- gyroscopic.
An example of optical-mechanical instruments with visual reading

of angles are theodolites. They are used extensively in the deter-
mination of azimuths of oriented directions and in the vertical

mounting of missiles.

In photoelectric instruments information concerning the measured
angle of mismatch is initially carried by a light signal, which then
will b~ converted into electrical. A peculiarity of photoelectric
instruments is the high degree of accuracy of measurement of angles.

Electronic devices are used in aiming systems for processing,
amplification, and cenversion of signals,

Electromechanical devices find wlde application in aiming systems.
They are used for measurement of angles, remote transmission of them,
and adjustment of angular mismatch.

Gyroscopic devices are used for determination of azimuths of
oriented directions. An example of such a device is the gyroccompass.

v
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CHAPTER 1II
PHOTOELECTRIC DEVICES

$ 1. Assignment and Classification

Photoelectric devices serve for solving the following problems:

= automatic measurement of small angles of mismatch between
basic plane of stabjlization of missile and plane of firing;

-~ output of electrical signals, depending on measured angular
mismatch;

- transmission of oriented directions in a vertical plane;

-~ measurement of azimuthal angles in the large range of thelir
. change.

Depending on problems being solved, photoelectric devices are
divided into three groups:

— goniometers;
— synchronous gears;

- angle transducers.
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(autocollimating). A goniometer includes the following elements:
source of radiation, optical system, receiver of radiation, amplifier,
and signal converter. The light signal, generated in the source

of radiation, falls on a control prism mounted onboard the missile,
and, being reflected from it, is received and analyzed by the

goniometer.

Gorilometers can work in two regimens: zero and measuring.
Under zero operating conditions the mismatch signal produced by the
gomiometer is fed to the drive of the gyroplatform or drive of the
turning mechanism for the launching pad. With this the gyroplatform
or missile 1s turned up until coincldence of the basic plane of
stabilization with the plane of firing. During measuring operating
conditions the gonlometer measures angle of mismatch and produces
an electrical signal which is proportional to the measured angle.
The electrical signal can be produced by the goniometer in a pulse
or continuous form.

In the process of aiming a missile it is necessary to carry
out transmission of orlented directlions in a vertical plane: from
the level of the launching pad upwards to the instrument section of
the missile or from the surface of the earth downwards into a silo
launcher. Such a transfer of azimuthal directions is done with the
help of photoelectric synchronous gears.

Photoelectric angular transducers serve for measurement of
large angles of turn for various instruments and devices. Range
of change of angles here can reach 360°.

§ 2. Elements of Photoelectric Devices .,

Gas-discharge tubes and filament tubes are used as sources of
light signals In photoelectric devices. Power of light radiated
by & fllsment tube depends on power of current consumed by 1t and
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During passage of a light signal 1in the atmosphere it is weakened
due to its absorption and scattering on solid and liquid particles
{(dust, smoke, snow, rain, fog}). Its weakening is determined by the
following formula

S =P, (5)

where mo — initial value of luminous flux ir lumens; ¢ — value of
luminous flux after its passage through a certain layer of atmosphere
with thickness L; 8 — attenuation factor of lumincus flux on thickneuss
of layer L = 1 km. Value of attenuation factor of light derending on
atmospheric conditions is given in Table 2. Calculation by formula
(5) shows that with a moderate fog in a thickness of layer of
atmosphere L = 100 m up to 90% of the luminous flux is absorbed and
scattered. It follows from this that the performance of photoelectric
goniometers depends essentially on weather conditions.

Table 2.
Atmospheric | Dense Moderate Mist Dust Clear
condition fog fog haze

B 85.6 21.4 8.54 2.14 0.43

Optical systems of instruments serve for solving the following
problems:

— creation of paralliel pencils of light racdiated by the
instrument;

— focusing of light rays;

— separation, connection, and change of direction of lignt
rays. The magnitude of light signal received by the instrument 1is
proportional to the area of its objective.

For coiiversion of light signals into electrical photoelectric
radiation receivers are used. Their acticn 1s based on two varieties

19
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of p.. toeffect: external and internal. From receivers with
photoemissinn, under the impact of quanta of light falling on their
surface free electrons break loose. Under the impact of potential
difference, applied to electrodes of the receiver, an electrical
current emerges. In receivers with photoconductive effect the

electrons liberated by quanta of light remain in substance and increase
its conductivity.

The basic characteristic of recelvers of radiation is their
sensitivity —~ ratio of passing current to magnitude of light flux

E..-—...—:—. (())

The greater the sensitivity of the receiver, the greater the signal
cn its outlet at a constant value of light signal.

A receiver of radiation with photoemission constltutes glass
cylinder in which a high vacuum 1s created. On one of its walls a
layer of photosensltive material 1s applied - silver oxide with an
admixture of cesium, which forms the cathode. In the center of the
cylinder an anode is set up. Between the anode and cathode a
potentlal difference of up to 400 V is applied. During irradiation
cf the cathode by light flux the current which is flowing between
the anode and cathode increases. The magnitude of passing vhotocurrent
depends on applled potentlal difference and value of incident luminous
flux. Sensitivity of recelvers with photoemission comprises 50-100
uA/1m.

A higher sensitivity up to 100 A/lm is possessed by photo-
multinliers. In the cylinder of a photomultiplier a photocathode,
emitters, and anocde are mounted. Between the cathode and the first
emitter, and also between each of the neighboring emitters a
positive voltage 1s applied. When electrons are dislodged from the
surface of the photocathode they rush to the first emitter with a
speed which 1s sufficient for disiodging secondary electrons. Here
the gquantity of secondary electrons 1s considerably greater than

20
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gquantily of primary cleCtrons., Thanks to this the current on

anoge 1s approximately 106 times grezter than the current on

photocathode,
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An example of a raceiver of radlation with a photoconductive
effect 4s & phoinrenistor. It constitutes a layer of semiconductor
coated on » glass base layer. For inclusien of photoresistance on
the input of the amplifler 3t has two electrodes. When light falls
on the photoresistor 1ts conductivity 1s incressed, and photocurrent
flowing thrcugh the phnotoreristor also increases. Sensitivity of
phutoresistors reaches 9.02 Aflnm.

Valve photcelectric receivers alsc are based on the use of the
photoconductive effect, A valve receiver consists of a metaliic
plate, a layer of wetal oxide, and a metalliic grid. Between the
oxide and metallic plate a laver will be formed which possesses the
ability to conduct current only in cne direction — from the metal
to the oxide. Pree electrons, liberated during illiumination of the
layer, penetrate the metal. If the electrodes of the receiver are
locked cn the external c¢ircult, the electromotive force developing
i1 the recelver causes the appearance of a current. Thus valve
receivers do not require an external volitage supply.

Photodiodes are prepared from twc plates of semiconductor with
different type of conductivity. In the event of illumination of the
boundary of division of these plates an electromotive force emerges
in the photodiode. Photodiodes possess a very high sensitivity; it
reaches 0.02 A/lm. A still higher sensitivity {up to 0.5 A/1lm)
is possessed by phototricdes. They pcssess the ability to strengthen
the electromotive force develcping in them.

§ 3. Goniometer with External Light Source

A diagrar of a goniometer with an external light source is
shown in Fig. 10. Its basic units are: light source, tube,
section, and base. In the gonlometer tube which is attached
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turning portion of the gonlometer, an cptical system and recelvers
uf radiation are liceated. Basic elements of the scaie section dre
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the scale and reading device. With the helpn of the preading davice
angles of rotation of the Zoniometer are counted off with a scale
division value to fractions of a second. The scale section is
disposed on the base, which has two rectilinear gnides. Vith helb

of an automatic drive the scale section can be displaced forward on
the guides.

Dri 4
i a:n:;n:toﬂv )
_ r. —=f— = Fig. 10. Goniometer with external
ator | > < light source: 1 ~ control prism;
‘ 2 — tube; 3 — objective; 4 ~
e diaphragm, 5 — receiver of radia-
Tewodifs®  tion; 6 — mirror.

vablé section
of goniometar

WL Ao . am—

As sources or light sigral in goniometer two gas~-discharge
tubes are used, one of which is secured over the objective, and
the other — under it. A vertical plane, passing through the center

cf the oblective of the goniometer, is the boundary between the
tubes.

The tubes are powered by rectified alternating vcltage; on

one of them a positive nalf-wave of voltage 1s supplied, ard on the

second ~ negative. Thus, phases ¢ of light signals on the outlet of

tubes are shifted relative to one another by 180°.

For increasing accuracy in the goniometer a long-focus objective

with a focal length of S00 mm 1s used. In order to decrease the

dimensions of the gonicmeter tube mirrors which change the cirection
of movemen. of rays are used in the optical systen.
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Images of tubes, reflccted from the onboard control prism, are
constructed with Lhe optlcal system in the focal plane where the

diaphragm is mounted. The diaphragm ls 2 flat mirrer with two slots
with a width of 0.005 mm. These images have the appearance shown
on the right in Fig. 11. A line connecting the center of the objec-

tive and center of the slot is the sighting axis of the goniometer.

m&‘[}m Fig. . Diagrams of signals.
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If the edge of the right angle of the contrel prism is
perpendicular to the sighting axlis of the goniometer, then the right
slot coincides with the boundary between images of the tubes. If this
condition is not observed the slot will not coincide with the
boundary between images of the tubes. Through this slot a luminous
flux will fzll cn the photoelectric receiver. This flux is
particivating in the output of mismatch signal which 1s passed onto
the drire of the gyroscopic platform.

Principle of action of the goniometer 1s illustrated by the
signal diagrams deplicted on the left in Fig. 11. If the angle of
mismatch measured by the goniometer A¢ > 0. then the share of
luminnus flux incident through the slot onto the recelver from the
first tube will be greater than from the second. The envelope
harmonic of light signal here will have a zero phase. In case, when
measured angle 8¢ > 0, light signal from the second tube will be
greater, therefore the envelcpe harmonic of the signal changes phase
by 186°. On the output of the goniometer mismatch signal wiil be

23
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converted to a sonstant (Ua)' Its polarity epends on sign of
méasured anglie of mismatch, and ampiltude - on valus of angls.

If the missile ls almed correctly, the sighting axls of the

-

goniometer is perpendicular to the edge of the right angle of the
control prism and the measured angle of mismatch 4¢ = 0. Components
of light signal from both tubes will be equal, and their envelope

has a frequency twice as large as the frequency of modulation of
light. The signal of doubled frequency 1s suppressed in amplifying
duct of the goni-meter, therefore on its outlet mismatch signail

UB is equal to zero.

Through the left slot on the radiation recelver a luminous
flux falls which participates in the output of a mismatch signal
contrrolling the forward shift on the goniometer on the guides. The
action of this servosystem ensures the continucus goniometer tracking
of shifting of the control prism due to wind roiling of the missile.
This excludes posslbility of loss by the gonlometer of the light
cignal reflected from control prism at high amplitudes of cscillations
of the missile.

The principle of separation of the controlling sighal amounis
to the following. If a luminous t'lux does not pass through the left
slot the mismatch signal on the output of the demodulator of the
goniometer ensures forwarc shift of the goniometer to the right (shown
] by arrow). If the luminous flux of any phase passes through the slot,
] the signal ensures forward shift -{ the goniometer to the left.
Thus the middéle position of the left slot corresponds to the left
edge of the control prism.

§ 4. Autocollimating Goniometers

We will examine the principle of operation of an autocollimating
goniometer working under measuring conditions (Fig. 12).
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NT"% Fig. 12. Goniometer with two-phase
tube: 1 -~ tube; 2 - distributing
prism; 3 — mirror; 4 — objective; 5 ~
semitransparent mirror; 6 -- diaphragm;
'] 7 - plate; 8 — receiver of radiation.

2_ Enuduoer '

R | —

|Plate [

vdpive [ ?
N |

Scurce of radiation in the gonicmeter is a two-phase mercury
tube, which is powered by voltage rectiflied with the help of diodes.
Since diodes are included in the power circult of each of the arms
of the tube by a different method, then esach of the halves of the
tube will be lighted in turn through half of a period. Consequently,
the phases of luminous fluxes radiated by the halves of a tube will
be stifted relative to one another by 180°.

Luminous fluxes from both parts of the tube enter a distributing
prism, where they are shifted toward each other. Here the luminous
flux radiated by the central part of the tube is reflected aside
by the distributing prism and dces not participate in the creatlon
of the signal. Thanks to this on exit from the prism the boundary
of luminous fluxes of different phases is sufficlently sharp.

Both parta of the luminous flux are reflected from the semi-
transparent mirror and in the form cof two adjacent parallel bundles
emerge from the objective. Light rays reflected from the control
prism which fixes the basic plane of stabilization of the missile
enter the objective of the goniometer and are focused by 1t in the
plane of the disphragm with the slot.
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For an illustration of the principle of operaticn of a goniometer
it is possible to use the signal dlagrams, depilcted in Fig. 11. If
the edge of the right angle of the prism 15 perpendicular to the
sighting axis cf the goniometer, then through the slot luminous !
fluxes fall on the receiver of radiation which are of both phases !
and equal in amplitude. The mismatch signal, produced by the demodula-
tor of the goniometer, 1s equal to zero in this case. If however,
between the sighting axis of the goniometer and a perpendicular to .
the edge of the control prism there 1s a certain angle A¢, different
from zero, the amplitudes of luminous fluxes falling on the receiver
of radiation are not equal to each other. The envelope phase of the ?
light signal depends on the sign of the mismatch angle. On the '
output of the demodulator of the goniometer a constant controlling
signal will be produced, the polarity of which corresponis to the

sign of measured arngle, and the amplitude to its value.

After amplification the controlling signal moves to the drive
for turning the plane-parallel plate. With its turning around a
vertical axis perpendicular to the sighting axis of the goniometer,
the light bundles passing through the plate are displaced. The
motor turns the plate until the boundary of luminous fluxes of
different phases are combined with the middle of the slot.

Based on the value of the angle of rotation of the plane-
parallel plate it is possible to Judge the iniltial value of the angle
between the sighting axis of the goniometer and a perpendicular to
the control prism. Measurement of angles with the goniometer is
carried out with a high degree of accuracy: with a width of slot
in the diaphragm equal to 0.001 mm the maximum error of measurement
of angle comprises 0.1".
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For measurement of large horizontal and vertlcal angles the
goniometer has horizontal and vertical scales. In goniometer
an objective with a large diamerier is used, therefore in the case
of wind rolling of the missile the refliected beam of light rays
does not go beyond its limits. Due to this in the gonlometer there
is no servosystem ensuring its forward shift behind the control
prism during wind rolling.
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In the examined asutocollimating goniometer the source of light
signal is established 1in the focal plane of the objective, therefore

its accuracy practically doesg not depend on the distance to the
control prism. It 1s most expedient to use such goniometers for
alming of missiles in the event of launching them from silo

installations.

In Fig. 13 1s shown a diagram of an autocollimating goniometer
working under zero conditions. As source of light signal in the
gonlometer two filament tubes are used which are powered by
alternating voltage. On one of the tubes a positive half-wave of
voltage is fed, and on the other — negative, therefore the light
signals radiated by the tubes are in opposition.

Fig. 13. Goniometer with filament
tubes: 1 — tube; 2 — objective;

3 — control prism; 4 -~ condenser;

5 — analyzing prism; 6 — receiver
of radiation.

With the help of condensers light rays from the tubes are
focused on the mirrcr faces of the analyzing prism. After reflectlon
from the prism the light rays pass through the objective and emerge
from it in a parallel bundle. The objective of such a goniometer
has a diameter up to 100 mm and a feocal length up to 900 mm. A
large diameter of objective ensures the great range of the goniometer,
and the long focal length — its high accuracy.

If the sighting axis of the goniometer is perpendicular to the
edge of the control prism, the luminous flux reflected from it 1s
focused by the objective on the middle of the analyzing prism. The
vertex of the edge of the prism is cut and polished, therefore through
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this cut two luminous fluxes of »npposite phases, but having equal
amplitudes, fall con the receiver of radiation. The controliing
sighal, produced by the goniometer and passed on to the drive of
the gyroplatform, in this case equals zero.

In the case when the sighting axls of the goniometer is perpen-
dicular to the control prism, the amplitudes of luminous fluxes of
different phases, incident throuvgh the cut of analyzing prism, will
be unequal. On the output of the goniometer here a controlling
signal will be prcduced which 1s different from zero. For production
of a contrelling signal there is a phase demodulator, to which,
besides the signal from the receiver of radiation, a support signal
having the same frequency, but s constant phase is fed.

Let us consider the arrangement of the'autccollimating gonionmeter,
working under zero conditions, during aiming cf the Amerlcan space
missile "Saturn" (Fig. 14). Tt inciudes an autocollimating tube
and tracking mirror reflector. ‘The tracking mirrcr reflector is
displaced on the guides after wind rolling of the instrument section
of the mlssile. Range of the gonicmeter is 300 m, and accuraczcy of
measurement of angles is characterized by an error which does not

exceed 2",
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Fig. 14. Goniometer with mechanical
modulation of signal: 1 — control
v prism; 2 — mirror reflector; 3 — lens;
:3:;&- 4 - tube; 5 — receiver of radiation;
~ 6 —~ mirror; 7 — analyzing prism; 8 —
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As the source of light ~ignal in the goniometer a filament tube
powered by direct current is used. In tne goniometer a complex
mirror-iens objective is used; its diameter equals 203 mm, and focal
length — 760 mm.

With the help of two focusing reflectors the luminous flux
is converged on the mirror faces of the analyzing prism. On the
path of each part of the luminous flux modulating disks are set, thus
ensuring their modulation in a reversed phase with a frequency of
226 Hz. From the faces of the analyzing prism the luminous flux
is directed onto the mirror of the objective and, being reflected
from it, emerges in a parallel bundle from the lens.

The parsllel beam is turned 9C° by the reflector and direcéted
to the control prism which is secured on the gyro statilized platform.
The angle between planes of mirrors of the tracking reflector is 45°,
therefore regardiess of error in its orientaticn relative to the
sighting axis of the goniometer, the team is turned precisely by
90°. Thus the error of aiming does not depend on nonrectilinearity
of the guides on which the tracking reflector shifts.

Light rays reflected from the control prism are again fﬁcusedf
on the analyzing prism and tbrough its polished cut on the vertex
reach the receiver of radiation. As the receiver of radiation in
a goniometer a sulfur-lead photoresistor is used. Width of the cut
on the analyzing prism is 0.127 mm; it determines the zone of linear

dependence of output signal on the angle of mismatch as equal to
17",

The principle of separation of controlling signal in this
gonlometer is the same as in the goniometer with external source of
radiation described in § 3. Controliing signals, passed to drives
of the gyrosccpic platform and tracking reflector, are produced by
demodulators. To the demodulators, in addition to the basic signals,
support signals of constant frequency and phase are fed from the
photoresistor. Support signals are produced by a photodiode mounted
by the modulating disk.

<9
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The examined goniometer can work simultaneously on two control
prisms mounted onboard one missile. Separation of signals cn two
control channels is
of the radiated signal. The goniometer works in a range of wavelengths
from 0.4 to 2.8 microns. The control prism, mounted on one of the
gyroscopic platforms, reflects the light rays in the range from
0.7 tc 1.25 microns, and the prism erected on the other platform -
in the range from 1.35 ¢oc 2.7 microns. The signals, separated with
the help of optical filters found in the goniometer, move to the

drives of each of the gyroscopic platforms.
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§ 5. Photoelectric Synchronous Gear

A diagram of a photoelectric synchronous gear is shown in Fig.
It sonsists of transducer and receiver with a servodrive.

-
S s

Filter, Fig. 15. Synchronovus gear:
o B 1 - tube; 2 - objective; 3 -~

Switch
-J
mirror; 4 — diaphragm; 5 —

objective; 6 — modulator.

AW AL
i
H 1y !

\ i rive’
2 \ i}’ ﬂ ;’:" D*ivc'
i : . i
Receiver | 8 H
! FAS i
| B
i

J

r

;\'I
o

AN
CAN
SO
L
]

R R St S e Sl

¢ Transducer

Y




ks _oasnee s edii i asite

YT T TEYTTS T T ' 48 h

Source of signal in the transducer is a tube with g vertically
located filament. After passage of the condensers and reflection
from end mirrors two light ravs apre dire- ed u

Each of rays is limited by a diaphragm with a narrov slot.

Light rays from each of ends of transducer are focused with
the help of two lenses in the plane of the modulating disk. The
modulating disk, the diameter of which is 250 mm has 1000 gectors
which are joined in groups of 10. During rotation of the disk packets
of pulses fall on the photoelectric receivers. Occurrence rate of '
packets is Wy and frequency of pulses in a packet is s (Fig. 16).

*
Bl § .
Fig. 16. Diagrams of signals.
AAA

If between the azimuthal positlons of the transducer and the
receiver there 1s no mismatch, both rays from the transducer fall in
one point A (Fig. 15). Light signals, falling on the receivers of
radlation, have one phase, therefore the controlling signal on the
output of the demodulator equals zerc.

In the case when between the positions of the transducer and
recelver there is zn angular mismaztch, the light rays from each end
of the transducer fall on different points B. Light signals,
received by the receilvers of radiatlion, will have varlous phases.
Envelopes of frequency w, On the output o the amplifiers wlll also
be shifted in phase, therefore controlling signal on the output of
the demodulator will differ from zero. This signal exerts an
infiuence on the drive for azimuthal turning of the receiver, thus
ensuring its agreement with the transducer.
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The receiver of the synchronous gear can operate under two
conaitions: coarse — con low frequency wy s and fine — on high
frequency Wy Swltching of system from one condition to the other
is done at an angle of mismatch equal to 30'. The switch for condi-
tions works depending on the values of signals of frequencies o
and Wy which are fed to it from the amplifier.

1

Accuracy of the synchronous gear depends on the width of the
slots in the diaphragms of the transducer, distance between them,
and number of sectors in the modulating disk of the recesiver. For
the examined synchronous gear accuracy 1is characterized by an error
which does not exceed 0.1°'.

§ 6. Photoelectric Transducers of Angles

Design and arrangement of photoelectric transducers of angles
are characterized by great diversity, but all of them irnclude the
following elements: scale, soarce of radiation, receiver of
radiation, amplifying-converting and recording devices.

In the simplest angle transducer the scale is an opaque disk
with openings located around the circumference. During rotation of
the scale the light rays pass through the openings onto the receiver
of radiation and are converted to electrical pulses. The number zf
pulses fixed by a counter corresponds to the angle of rotation of the
scale. A deficlency of this transducer is the impossibility of
orientation of the scale on assigned readings.

Fig. 17. Transducer of angles:
1 - scale; 2 -- tube; 3 — dia~
phragm; 4 — receiver of radtation.
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A peculiarity of 2 trangducer with 3 code T

je (Fig. iT) is
fie orientation
of the transdvcer. The scale is coded in a binsry numberdng system.
Any namber in this numvoer system constitutes a combinstion cffoﬂly
two figures: 0 and 1. Correspondznce between decimsl and binsyy

numbering systems 1s shown in Table 3.

3]

ca
1

vhe fazt thac every reading cerresporids to a spec

Table 2.

Decimal
migber

-
»
EA ]
-

S8 2189 |10

Bivary o .
ruzhey 0001 [ 0010 | 0011 | ni£ | 0101 011G ngn 1000 1 :001 {1010

The maximum number which 1t is possible to fix in 2 binary
system at n dlscharger equals

NP, (7

A transducer with a code scale has a number of receivers of
radiation corresponding to the number of discharges. Dark sections
correspond to 0, and light ~1. Every sector of the scale has 1ts
correspoending binary cod2 combination.

Angles of rotation of the transducer with a code scale are
fixed with the help of btinary electronic counters.

The examined phctoelectric transducers are single-channel. For
increasing of accuracy multichannel transducers are designed. In a
two-channel transducer the channel fer coarse reading is constructed
Just as a single-channel tranaducer; a full turn of the scale of the
channel for fine reading corresponds to a division value of the
scale of the channel for coarse reading. Between the channels for
coarse and fine readings ‘there may be a kinematic or optical connec-
tion. A kinematic connection (with the help of mechanical angle
reduction gears) possesses comparatively low accuracy; more exact
1s the optical reduction of angular values.
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CHAPTER III
POLARIZATION DEVICES

§ 1. Assignment and Principle of Operation
of Polarizaticn LDevices

Polarization devicec are 3 variety of the previously examined
photoeiectrice devices. They work on a polarized light signal.
Polarization devices are used In optical synchronous gears for the
transmission of oriented directions in a vertical plsne and in
autocollimating goniometers. As compared to the previously examined
photcelectric synchronous gear, pciarization synchrorncus gears are
characterized by greater accuracy. Application of pelarization
devices in goniometers makes 1t pncssible, by means of s.litting of
a polarized 1iight burdie, to separate tne mismatch signal into two
mutually rerpendicular planes, i.e., to measure angles of deflection
of sighting axis >f goniometer from a perpendicular to the mirror
surface in two directions - azimuthal and vertical,

3o Brewamen ko

Ligkt rays, emitted by usual sources, are not polarized. End
of a wave vector ¢f nenpolarized light can occupy different positions
in a plane which 1s perpendicular vo the direction of Iits propagation.
The direction of wave vectar of nolarized light changes in space
by a specific law.

The most general case of polarization of 1ight is eliliptic
polarization (Fig. 18). Components of ends of wave vector on twe
axes in this case will equal:
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b,==a, : cosel,
b' ==a, « cos {uf 4-4),
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where w — frequency of rotation of vector; ¢ — phase; ays ay -
amplitudes. In the case when a, = ay = and ¢ = g, polarization

of light is circular. If, however, ¢y = (0, then the light signal
possesses linear polarization. The wave vector of linearly polarized

light lies in one plane, called the plane of poiarization.

Fig. 18, Polarization of
light.

Conversion of light signal in polarization devices is done with
the help of polaroids, pelarizing and dcuble refracting prisms. A
polaroid will convert a nonpolarizing light bundle into linearly
polarized. If on the path cof the polarized light a polaroid is set,
the velue of 1ight flux passed will be

where o — angle between planes of polarization. From tnhe given
formula it follows that at a = 90° the value orf luminous flux on
the outlet of ttre veolaroid ¢ = 0.

Double refracting orisms divide vcnpolarized light into two
bundles, polarized in mutually perpéndicular planes.

For modulation of a polarized light signal polarization elemenics
are used which change thelr optical properties uncer the impact of
an electrical or magnetic fleid. If the electrical nr magnetic field

changes in time, then the nature of rolarization of light rays rassing
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through such clements z2lso 1s changed with the flow of time.

§ 2. Svnechroncus Gear with Mechanical
Modulation of Signal

A diagran of polarizatioa synchronous gear, in which mechanical
modulation of a light signal Is carried out, 1s depicted in Fig. 19.

Tamosulcor } 1:;‘39 of

Fig. 19. Synchronous gear with
mechanical modulation of signal:

— tube; 2 — condensor; 3 -
modulator; 4 — polaroid; 5 -—
receiver cf radiation; 6 —
Wellaston griesm; 7 — semitrans-
narent mirrcr; 8 — double
refracting crystal; 9 — ovjective;
10 — prism; 11 — plate.
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The souvce af the signal (filament tube) i3 mounted in the
receiver of the synchroncus gear. After passing the condenser, the
light signal is subjected to circular polarization with the help
of 8 revolving disk made from a polarcid. At the outlet of the
double refracting nrystal two luminous fluxes emerge which are
polarized in mutually perpendicular planes. Phases of these luminous
fluxes differ by 180°.

After reflection from the samitransparent mirror the luminous
flux, with the help of the objective in the form cf a parallel bundle,
is directed to the transducer of the synchronous gear. The transducer
consists of a plate of optlically active substance, possessing the
property to turn the plane of polarization of incoming 1ight and a
prism. Angle of rotation of plane of polarization of light by the
transducer 1s equal to zero in the case when it coincides with the
axes of polarization of the transducer. The greater the angle between
the axes of polarization of transducer and plane of polarization of
light which is incident on the transducer, the greater the angle of
rotation of plane of polarization of light or. the output of the
transducer.

The luminous flux reflected from the transducer is focused on
the double refracting Wollaston prism, which is the analyzer of light
signal. On the outlet of the Wollaston prism two light signals appear,
each of which falls on one of the receivers of radiation. Values of
these luminous fluxes equal

@y=2P'. c0s? (90° — ¢}, (12)

and their phase differ by 180°. If the angle between the plane of
polarization of light which is incident on the prism and the axes of
its polarization a = U45°, then 01 = ¢, and on the outlet of the
demodulator the mismatch signal equals zero. Thils correspeonds to a
case when the plane of polarization of light on the outlet ¢f the

cbjective coincides with the axes of prlarizatlien of the transducer.

- N o AT - o




e

2o

e oo

In a more general case the axes of the Zransducer do not coincide
with the plane cf polarization of incident light on it, therefore the
plane of polarizstion of output light zignal will ve turned on angle
Aa. Then the components of luminous flux on the output of the
Wollaston prism will not be equal to each other:

@, =@ . cos? (45° + 4a),
@y= - cos? (45° — Aa).
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On tne output of the demodulator a constant controlling signal
will appeecr, the polarity of which depends on the sign of angle of
mismetch becrween axes of transducer ana plane of polarization of
light by the receiver, and amplitude — on the value of this angie.

Controlling slignal moves to the drive of the'receiver of the synchronous

gear, which rotates the recelver around the vertical axis up to
conformlity of it with the transducer.

For production of a support signal, which 1s fed to the democdu-
lator. there 1s an auxiliary channel for conversion of the signal.
Here part ol the luminous flux on the output of the polaroid is fed
with the help of a mirror to an additional recelver cf radiatlon.

On the path of this light signal a polaroid is set, therefore the
luminous flux falling on the receiver of radistion will be modulated
with the frequency of rotation of the modulator. The phase of this
support light signal will be constant.

§ 3. Synchronous Gear with Electrical
Mcdulation of Signal

In Fig. 20 is deplcted the circult of a nolarization synchronous
g2ar, in which modulation of the light signal is done with the help
of a polarization device, changing its characteristics under the
Impact of alternating vcitage applied to 1t.

The sourcc of the light signal is mounted in the “ransducer of
the polarization synzhrenous geszr. The i1lght signal at first passes
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a filter, and then with the help of a polarcid and double refracting
plate is converted into a signal with circular polarization. Here
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The circularly polarized luminous flux enters in a modulator,

to which is applied an altev—ating voltage with a frequency of 200 Hz.

This 1is produced by a generator. The modulator constitutes crystal

made from opotassium phosphate, KHZPOM’ located between two electrodes.

Under the Impact of alternating voltage the polarizing properties

of the crystal change, thanks to which the output light signal 1s
subjected to complex polarization (Fig. 21). For cne period of
applied voltage the flow can be polarized circularlyv, on an ellipse
wlth different oricntation of semiaxes, and linearly nolarized in two
nlanszs,
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Fig. 21. Diagrams of
signals.

On the output of the modulator a double refracting ervstal is
mounted. After the light passes it it turn:s out tc be polarized in
two mutually perpernidicular planes. Componeuts of lLuminous flux ¢1
and @2, which are polarized in different planes, are modulated in
the antiphase. These two components of lumincus flux emerge from
the objective of the transducer in the form of a parallel bundle.

In recelver of the synchronous gear with the helo of an objective
the luminons flux is focused on an analvzer, as which a Wollaston
prism 1Is used. On its output there are two luminous fluxes, the
amplitudes of which are determined by formulas (13) and {14). Each
of these components falls on ifs own receiver of radiation.

If the axes of the prism comprise an angle o = 45° with planes
-f polarization of luminous flux by the transducer, the luminous
fluxes, incident on the receilvers of radiation, will be equal ir
amplitude and mismatch signal on the output of the demodulator will
be equal to zero. In the event c¢f a disturbance or the shown condition
there will be no equality of amplitudes of luminous fluxes falling
on the receivers of radiation, and the mismatch signal will be
different from zero. This controlling signal can be conveved to the
drive for turning the recelver or transducer of the synchronous gear,
with the help of which the receiver and transducer can be reduced to a
coordinated nosition for azimuth.
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olarization Goniometer
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An autocollimating poiarization goniometer is intended for
aiming the American "Minuteman" missile during the launching of
it from a mobile ground launcher. It is mounted on the missile
box by its instrument section in a gimbal suspension, in which
it can be rotateu for aximuth and in a vertical plane. On each

of the axes of the gimbal suspension a drive with a motor is mounted.

In Pig. 22 1s depicted a dlagram of polarization goniometer.
It produces two mismatch signals. One cf them is prcportional
to the angle of deflection of the sighting axis of the goniometer
from perpendicular to the control mirror of the gyro-stabilized
platform [GSP] in aximuth, and the other — in pitch. Aximuthal
mismatch signal moves from the goniometer to the d:iive of gyro-
platform, ensuring its turning for azimuth during aiming. The
mismatch signal for pitsh 1s fed to the vertical drive of the
gimbal suspension of the goniometer. This drive serves for coor-
dination of sighting axis of the gonlometer with a perpendicular
to the control mirror of the gyroplatform for pitch.

Main units of the goniometer are:
- radiator of 1light signal with modulator;
- optical system;

— two channels for separation of mismatch signals (aximuthsal
and for pitch).

Principle of operation of the radiator of light signal is
analogous to the principle of operation of the transducer for a
polarization synchronous gear with electrical modulation of light.
Luminous flux from the filament tube passes an optical filter,
polaroid, and double refracting plate, on the output of which it
has circular polarization. On the output of the modulator there
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are two components of luminous flux which are polarized in a complex

21).

tc each other by 180° in phase.

After passing the semitransparent mirror the
from the nirror and emerges from the objective in
raraliel bundle which falls on the control mirror
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Each of these components is shifted relative

Flg. 22. Polarization goniometer:

1 — tube; 2 -~ filter; 3 -

polaroia; 4 — double refracting

crystal; 5 — medulator; 6 —

controcl mirior; 7 — objentive;
€ — mirroyr; 9 - semitransparent

mirror; 10 — polarcid; 11 -
recelver of radiation.

light 1s reflected
the form of a
of the gyroplatform

and, beirg reflected from it, is focused by the objective of the
goniometer on the analyzing devices.
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Separation of light signal into two channels 1s done with the
help of a semitransparent mirror. Plates made from two polaroids
he diamecter are used as analyzers. Flanes of polarization
of light for each of the halves of the analyzer are perpendicular,
therefore the phase of components of luminous flux passing through
these halves of the analyzer differ by 180°. Analyzers are orlented
in each of the channels in a different form: 1in the azimuthal channel
the boundary of halves of the analyzer is vertical, and in the channel
for pitch it is horizontal.

Principle of separation of mismatch signal in each of the channels
is identical. Let us consider the principle of operation of the
azimuthal channel. If the sighting axis of the goniometer 1s perpen-
dicular to the control mirror in the azimuthal plane, two luminous
fluxes which are equal in amplitude and opposite in phase are incident
on the receiver of radiation through the analyzer. Therefore on the
output of the demodulator the mismatch signal equals zero. In that
case when the sighting axis of the goniometer 1s not perpendlcular
to the plane of the control mirror, lumlnous fluxes of different
phases which are unequal in amplitude are incident through the analyzer
onto the receiver of radiation. Controlling signal on the output
of the demodulator will be different from zero, ani its polarity
corresponds to the sign of the angle between sighting axis and a
perpendicular to the control mirror.




CRAPTER 1V
AMPLIFYING~-CONVERSION DEVICES

§ 1. Assignment and Classification

Electrical signals, taken from photoelectric receivers of
radiation and other sensing devices, have a low power which 1s insuf-
ficlent for the direct starting up of regulating and actuating devices.
In certain devices of aiming systems the signals have to be amplified
by 1O6 and more times.

The most wildespread types of amplifiers are:
— electronic;

— semlconductor;

— magnetic,

Electronic amplifiers are characterized by high sensitivity,
therefore they are capable of amplification of signals of very low
power., Semiconductor elementa permit the reduction in weight of
amplifying devices and an increase in their reliability and service-~
11fe. However, semiconductor amplifiers possess considerable inherent
nolses, Magnetic amplifiers make it possible to obtain a large
output power for the signal. They have a high degree of reliability
In operation. A deficlency of magnetic amplifiers is their pgreat
welpht .
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The basic characteristic of an amplifier is amplification factor —
the ratio of power or voltage on the output of the amplifier to the

tam Awn
power or vcltage

¢r increasing the amplification
factor the amplifiers are made multistaged.

If sensing device works on direct current, and the actuating
device on alternating, then in the amplifying duct conversion of a
constant signal into variable, which 1s carried out with help of
modulators, should take place.

More widespread is the other case — when from the sensing device
a variable signal is taken, and the actuating Jdevice works on direct
current. Conversion of a variable signal into constant 1s done with
the help of demodulators.

§ 2. Amplifiers of Photocurrents

Amplification of signals, taken from photoelectric receivers
of radiation, 1z done by electronic and semiconductor amplifiers.
Amplifiers of photocurrents, depending on the type of luminous flux
which 18 incident on the recelvers of radiation, work on direct or
alternating current.

Circuit diagrams of receivers of radiation on the input of
amplifiers are characterized by thelr g at diversity. However,
they can be divided into two groups: direct and balanced.

In Fig. 23 are depicted two circuits of direct amplification
of photocurrents: wlth a photoresistor and a photomultiplier.
Supply voltage is fed to the photoresister from the anode of the
amplifier tubes with the help of a voltage divider formed from two
resistors Rl and Ro. The amplifier is intended for amplification
of variable signals. During a change of resistance of the receiver
of radiation, which is induced by the light flux falling on the

receiver, value of amplitude of input signal will be
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where Un - supply voltage, fed to the receiver of radiation; R“ -
load resistance. For the examined circuit diagram of the receiver
the supply voltage equals

U, UsReRs (16)

Y TS

where Ua — anode voltage.

-~+

Fig. 25. Circuits cf direct
amplification of pnotocurrents:
a) with photoresistor; b) with
phot¢gmultiplier.

The first amplifier stage is a cathode follower, The signal is
taken from the cathode load ¢f this stage. Amplification factor of
the cathode foliuwer 1s apprcximately egual to a unit. It has a
very low output resistance, therefore it 1s expedient to use it for
coordination of recelver of radiation with the subsequent amplifier
stage.
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There may be several such cascades in an amplifier of photocurrents.
So that the d-c voltage dces not gc frem the cutgut ol the previous
stage to the tube grid of the subsequent caszacde, thielpr counection
is reralized with the help of separating capuclitances.

If a photomultiplier is used as the receiver of radiation, its
circuit diapram on the input of the amplifie: will hsve a number of
peculiarities. Supply voltage is fed to the photomultiplisr from
an autonomous source. With help of voltage ¢ivider, built on the
chain of resistors Rl, R2, 33 oo Rn, 1ts woltage is fed tc each of
the electrodes and the potentials of the electrcdes increase from
the cathode to the anode.

Value of input voltage equals
Uy =RaAl, {173

where 41 — change of current in anode circuit of photomultipiier in
the event of supply of a light signal on its cathode.

The first amplifier stage is a cathode follower. The second
cascade constitutes a resistor-coupled amplifer.

In a balan~ed circult for amplificafion of photocurrents (Fig.
24) on the input of the amplifier tnere are two receivers of radiation.
The light signal is fed to only one sf the receivers of radiation.
Pecullarities of balanced circuilt diggrams of recsivers of radiation
are higher sensitivity, and alsec stabljity in the event of c¢hange of
temperature of receivers of radigti:n. |

It 1s expedient to use a balar~ed circuit disgram of receivers
of radiation during ampliifigation ¢ . constant light-signals. Separating
capacitances are atsent tetween ths cascades of such amplifiers.
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Fig. 24. Balanced circult for
amplification of photocurrsnts.

For amplification cf photocurrents semiconductor amplifiers ars

‘:lso used, and in a number of cases — combined. Their first cascaide

is built on an electron tube, and subsequent -onesz — on tr
Application cof an electron tube in the first cascade permits dseressing
of inherent noises of the amplifier.

§ 3. Converters of Signals

A device, converting a signal of direect current infu aiternating
voltaze, the amplitude of which 1s proportional tc the value ¢f input
signal, but the phase corresponds to its polarity,
mcdulator. Modulators can be constructed on eledtron tubes and
semiconductor elements.

In Fig. 25 1s depicted a very widespread annular mcduliator
cn semiconductor diodes. 1Its operation 1is based on a change of
resistance of semlconductor diodes depending on value of voltage
applied to them.

If input voltage equals zero, then under the condition of
symmetry of annular mcdulator the components ¢f current in the
primary winding of the output transformer which are caused by
modulating voltage are compensated, since they are egual in amplitude
and opposite in sign.
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Pig. 25. Convertsrs of eignals:
g} meduletor; bt demodulatear.

Foilovwirg supply cf a constant input signal on the arms of the
bridge which i=s formed by the semiconductor diodes, the resistances
of the diodes are changed, Symmetry of the annular bridge is disturbed
and on the output of the modulater alternating voltage arnears. If
polarity of the input signal is changed, the direction of flow of the
resulting current in the primary winding of the output transformer
in positive and negative half-periods will be changed to the opposite.
Thus, a change of pclarity of input signal leads to change of phase
of output signal by 180°.

. Modulated light signale usually have a form which is different
r from sinusoidal. PFor conversion of such signals there are resonance
amplifiers, tuned t¢ the frequency of the basic harmonic component
of the signal.

The resonance gmplifier strengthens only one frequency of signal
and suppres.es all remalning freguencies. Therefore on the output of
the amplifier the signal acguires a strictly sinusoidal form.

A phase demcdulator carries out the conversions of signals

reverse to those which are carried ocut by the modulator. It converts
1 a signal in such a way that the constant signal obtained on the output
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is proportional to the amplitude of ¢
of the ou*rut signal curresponds to the

b Y

#nal, and the polarity
the input signal.

The simplest arrangement for a phase demodulator is a half-wave
eircuit containing diodes. On the demodulator the signal which 1is
subject to conversion is fed, and a support signal vith a constant

phase and amnlfitude.

If input voltage coincides in phase with support, then components
of the output signal in the upper and lower halves of the demodulator

wilil be

Uy==¢ (Usa <5~ Uns)s
Ug=~ic (Ua = Usx)-

Total output sigral equals

S

(18)

In the case when input voltage 1s opposite to support in phase, we

have

Usy=c (Ues —Usa),
Us'=¢ (Uee + Usx)-

Output signal in this case will equal

L’mg ""25”.'.

A filter mounted on the output of the demodulator serves for
smoothing ocut the pulsations of the input signal.
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CHAPTER V

INDUCTION SYNCHRONOUS GEARS

§ 1. Application of Synchronous Gears
In Aiming Systems

Induction synchronous gears serve for solition of the following
prcblems:

— telemetry of angles of turning of different elements;
~ remote turning of various elements on specific angles;

— synchrcnotus rotatior of several axes which are not connected
with each other mechanically.

They are used for direct remote-control turning of the missile,
the gyroscoplic platform; or the goniometer on definite angles. Besides
this the synchronous gears are used for remote-control transmission
of anguiar values, measured by a gonliometer working under measuring
conditions.

Induction synchronous gears have fundamental distinction from
the photoelectric and polarization synchronous gears examined earlier:
they do not possess the property of rigidity. The property of
rigidity of photoelectric and polarization synchronous gears amounts
to the fact that during their operation a clear spatial correspondence
between orientation of transducer and receiver is ensured. The
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transducer and recalver of an inducticn synchroncus gear 1n a

coordinated positicn can have an arbitrary spatial orientation. This

PO PP = -

i iduct1on synchronous gears does not permit using
them for vertical transmission of oriented directions.

The second distinction of induction synchronous gears from
polarization gears 1is their lower accuracy.

-

§ 2. Elements of Synchronous Gears

Induction synchronous gears can be classified by different
criteria. Depending on operating condltions they are divided into
indicator and transformer. An indicator synchronous gear includes
a transaucer and a receiver which 1s connected with it electrically.
If the transducer is turned on a certain angie, in the receiver as
a resul* of the interaction of magnetic fluxes there 1s a synchroni-
zing moment, turning the receiver on the same angle. A transformer
synchronous has, in addition to the transducer and recelver, 2n
amplifyling-conversion device ana drive for turning the receiver. 1In
the event of turning of the transducer a mismatch signal is taken
from the receiver of the synchronous gzar. After amplification it
is tfed to a édrive, thus turning the recelver until it corresponds
vith the transducer.

Depending on the number of channels in & synchronous gear they
are divided into single- and multichannel. Multichannel synchronous
gears pcsses greater accuracy. Communication between chanrnels of a
syneciaronous gear can be mechanical or electrical. In the first case
in a synchronous gear they use mechanical, and in the second -
eiwctrical reduction of angular values.

The most widespread types of transducers and receivers of

synchronous gears are the selsyn and rotary transformers.

In Fig. 26 are depicted two syrchronous gears which are construc-

ted on these elements.
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Fig. 26. Synchronous gears: a) on
selsyns; b) on rotary transformers.

Selsyns are machines of alternating current. They have a single-
phase excitation winding and a three-phase secondary circuit made
from three windings, the axes of which are shifted relative to one
another by 120° in circumferen-e. All three windings are united by

a star. The excitation winding can be disposed both on the stator
and also on the rotor.

Two selsyns with united ends of secondary windings form a

synchronous gear. One of the selsyns in this case is the transducer,
and the second the receiver.

If between the stator and rotor of the transducer there is angle
of mismatch an, and between stator and rotor of receiver a s then as
a result of the interaction of magnetic fields of windings the
following moment will act on the rotor of the receiver

Myux My, - sin (s —a,). (20)
The rotor of the transducer in its turn will be influenced by moment

M‘-M.u'dn(‘.‘-.‘)- (21)

Both these moments strive to equalize angles a and an. For this
reason the moment of rotation of selsyn rotors is called synchronizing.
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On the shalt of the telsyn-receiver moment of friction pr oF v}
act then

or ‘::.::c.:ngr-:' (22)

Angle Ada !s the error of the selsyn gear.

Accuracy of a synchronous gear is its baslc characteristic. 1In
addition to the moment of friction, the accuracy of a synchronous
gear 1s influenced by industrial errors. Depending on errors of

manufacture selsyns are divided into the four classes which are given
in Table 4.

Table 4.

Class of accuracy 1 2 3 4

Permissible error |0°.75(1°.512°.5] 5°

Based on thelr constructions, selsyns are contact and contactless.
In contact selsyns ther2 are contact rings and brushes, increasing
the moment of friction and lowering the reliability of performarice.
Directly on the stator of a contactless selsyn there are two windings:
excitation and three~phare secondary. The rotor of such a selsyn
does not have windings, i consists of two halves of a special form
which are assembled from iron plates. The rotor ensures a magnetic
connection between the primary and secondary windings. During its
rotation an electromutive force, depending on angle of rotation is
induced 1n the secondary circult.

C aar st e b o

Rotary transformers have on the rotor two mutually perpendicular
single-phase windings, one of which 1s an excitation winding, and the
second is a short-circult. On the stator there are also two secondary
windings: sine and cosine. During turning of the rotor cf the rotary

transformer relative to the stator in the secondary windings electro-
native forces are induced which are equal to

B bl e
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Uy =Unusing, (23}
Usz=Ugu cos12. (24)

Synchronous gears on rctary transformers work only in a trans-
former regimen. During rotation of the rotor of the transducer the
electromotive force is induced not only i4in the windings of its
stator, but also in the windings of the stator of the recelver which
are jolned with them. Due to this in the winding of the rotor of the
rotor of the recelver a voltage develops, the phase of which depends
on the sign of tue angular mismatch between the rotors of the receiver
and the transducer. This voltage 1s fed to the amplifier and control
winding of the motor. The motor leads the roter ¢f the receiver
into a position whlch coincides with the ::‘ctor of the transducer.

The main causes of errors for rotary transformers are a non-
perpendicular corndition of stator windings and inequal ty of coef{i-
eients of mutual induction of sine and cosine windings. Errors of
rotating transformers of different classes are giver in Table 5.

Table 5.

Class of accuracy

Zrror from nonperperdize
dapr cordition of winde

ings.
Zrror from irequulity of

coefficients of mutual ¥ 5 ¥ 12
induction

4 s ¢ ' 3

It follows frrom the table that accuracy of manufacture of
rotary transformers is considerably higher than the accuracy of
manufacture of selsyns. Therefore synchronous gears on rotary trans-
formers possess a higher aeyree of accuracy.

§ 3, Multich:nnel Synchroncus Gears
With Me:hanlcal Reduction

For an increase of accuracy multichannel synchronous gears are
used. Rotors of transducers of neighboring cnannels and rctors of




the receivers are connected with help of mcchanical reduction gears.

In Fig. 27 1s depicted the circult of a two-channe1>synchronous gear

in which the rotors of the transducers for fine and coarse readings

are connected by a reduction gear with a gear ratio of n:l, and the

rotors of the recelivers — by a reduction gear with a gear ratio of .
i:n.

Channel for fire reading

|_Heduc tion
gears

L ﬁmﬂm& 3 { :
BN pae

Amplifieny

Snennel for soarse reading i

s Uy

Fig. 27. Two-channel synchronous
gear,

In the event of angular wismatch between the positions of rotors
of the transducers and receivers, on the output of the receivers
mismateh signals appear, which after amplification are fed to the

controlling moter. The controlling motor turns the rector of the
receiver of the channel for fine reading until there is coincidence
of the rotors of the receivers with the rctors of the transducers.

Voltages of mismatch from rotors of the receivers are fed to the

motor in turn: at large angles of mismatch the motor is controlled
from the receiver of the channel for coarse reading, and at small
angles — from the receiver of the channel for fine reading. Switching
of channels 1s done with the help of a sychronizing device,

Let us conslider the influence of mechanical reduction between
channels on the accuracy of a synchronous gear.

In the preserice of error of transmission of angular values the !
output voltages of channels for cocarse and fine readings will be
equal respectively

S Yot e mome s s arwnbess b s o
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U.-U..._ . ﬂﬂ(‘.—‘;)*f'w.
Uy Unax - 8i0i 1 {2y —8,) 4 AU,

where AU - voltages of errcrs.
Angular errors have the form:

byt (25)
X ‘4
e lnd- _ (26)

where k — sensitivity of channel for coarse reading.

Thus the error of a two-channel synchronous gear decreases by
n times.

In order to obtain the full error of a synchronous gesr it 1is

necessary to add in formula (26) the error of the reduction gear, then

Consequently the accuracy of a synchronous gear is influenced signi-
ficantly by error in the manufacture of the reduction gear.

Let us consider now the accuracy of a three-channel synchronous
gear, having channels for coarse, average, and fine readings. Error
of the channel for average reading equals

bayom 22 -5y,

and error of the channel for fine reading will be
A-.ci:‘—+u,.
Placing in the last formula the value Aac, we have
Mg 22 4 2 pa, (28)

From the dependence obtained it 1s clear that the limit of accuracy
of multichannel synchronours gears is determined by errors in the
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reduction gear. Tﬁg'tﬁfluehce of errors in the manufacture of trans-
ducers and recelvers of the synchronous gear in muitichannel gears

ie egaentially raduned,-therefor

o~ -~ B o [ e - 24
2 in- them there 1s the possibilivy

_ 6f using selsyns éﬂd’ratgry tfansformers of low classes of accursacy.
hpplicaticn af z'tgdhctioh gear in a synchronous gear leads to

a disturbance;of self-synchraenizaticn of the channel for fine reading

et angles of mismitch '

C X
b)a.

This is caused by the presence - of n stable positions of the channel
for fine reading within the limits o£,360°, at which the voltage of
mismatch on the output of the receiver equals zero. The channel
for coarse reading serves to ensure the self;synchronization of a .
synchronous gear at large argles of mismatch.

In Fig. 28 graphs of change are shown for voltages of mismatch
on the oatput of receivers of channels for coarse and fine rea ings.
Angle of switching of the synchronous gear Aan from the 2oarse to
the fine channel should be less than half the half-period of change
for the signal of the channel for fine reading, but on the other

hand it should nct be less than double the error in the channal for
coarse reading

M(M(%w% (29)

Thus for n = 30 arAd a selsyn gear of the first class of accuracy the
angle of switching should be found within the limits l.5° < Aun < ﬂ°.5.

L

! D Fig. 28. Diagrams of

G « voltages,
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From inequallity (29) it follows that in the selection of gear
ratio n and clacs of accuracy of a synchronous gear it is necessary
to observe the condition

kO o
S > e (30)

or 45°

ng et
In the case of nonobservance of this condition it is 1impossible to
ensure the steady operation of a synchronous gear during switching

of channels.

§ 4. Synchronizers

The most widespread types of synchronizers arefsynchronizers on
electron tubes and semiconductor diodes. Diégrams of thém are shown
in Fig. 29. A synchronizer on electron iubés has two inputs; vclfage
from the channel for fine reading througzh resistors Rl_and,RZ is
applied directiy to the input of the amplifier, and-voltage fram the
channel for coarse reading is supplled preliminarily on the amglifying
cascade. In the anode circuit of this amplifying cascade stands a
transformer; its neon tubes are conrected to ﬁhe>1n§ut of the ampli-
fier in parallel with voltage of “the channél:éér\}ineqreadihg. -

Fig. 29. Synchronizers:

¥ a) on diodes; b) with neon
b ] 1 Uung tubes.
- -
B "U
- - -
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If the angle of mismatch between the rotors of the receiver and

transducer 4a < aan, the voltage of the channel for ccarse reading
is small and on the outrut of the amplifyving cascade the voltage
will be insufficlent for ignition of the neon tubes. In this case
voltage from the fine channel is fed to the input of the amplifiér,

. and voltage from the channel for coarse reading is suppressed, since
the output of the amplifying cascade is disrupted by nonburing neon
tubes.

In the case when angle of mismatch 4a >'Aaﬁ, the éutput'voltage -
of the amplifying cascade becomes larger %han the potential of
ignition of neon tubes, Here the voltage of the fine channel is
short-circuited through the burning tubes, and voltage from the -
channel for coarse reading is switched to the input _of the ampiifier.

The action of a synchronlzing device onfsehiconductor’diodesfis—

based on the property of semiconductor dicdes to .change their resis—
tance depending on the voltage applied to them. At small values of .

applied voltage the resistance of the dicde 1s great, and upon
achievement of a specific level of voltage it drops s_harplyf

In the channel for fine reading the resistance R2 is considerébly
larger than resistance R;. With a small voltage of mismateh the . =

resistances of rectifiers B; and B, are very great. - - A
At small angular mismatches on reslstance 32 érr;ves4voltaéé’°
from the channel for fine reading which is applied to the inpatAaf )

the amplifier. Output voltage from the channel for coafée readihg'
falls on rectifier 82.

If angular mismatch increases, then due to increasing voltages’
appearing on the outputs of channels for coarse and fine readings
there is a ~harp decrease of resistances of rectifiers Bl and 82.
Rectifier B1 will shunt resistance R2, and a large part of the voltage
¢f mismateh for the fine channel falls on resistance Rl. Due to the

fox}
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low reaistance of rectifier 32, voltage from the coarse channel will
fail on resistance R3, thereiore it will be completely applied to
the input of the amplifier.

In order to ensure steady work of the synchronizer during switch-
ing of the amplifier from one channel to another a thorough selection
of resistances Rl, Rz, and R3 is carried out, and also of character-
istics cof diodes of rectifiers. With these characteristica the
switching of channels should be performed at an angie of mismatch
which 18 determined by inequality (29).

§ 5, Multichannel Synchronous (ears
With Electrica¥ Reduction .

In synchronous gears with electrical reduction multipolar
transducers and receivers are used. Therefore with a full turn of
the transducer a multiple change of voltage on its output occurs,
The number cf perlods of change of voltage on the cutput of the
transducer for one of its turns 1s equal to the gear ratio of
electrical reduction.

If as the transducer of the synchronous gear a multipolar
rotary trangformer is used, and as the receiver — bipolar, the
accuracy of reading angles with the help of the receiver is increased.
On the output of the receiver the signal equals

Up=lUpu din (8 —9,,
and on the output of the transducer it will equal
ul.‘”- sinn (‘l- .l)o

where n — gear ratio, equal to the number of paifs of poles of the
transducer. Therefore the error of measurement of angle with help
x of a synchronous gear equals

dasm i (31)

where Aan - error of receiver.
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A single-channel synchronous gear with multipolar transducers
does not possess the property of self-synchronization, since the

amssmabn e
&

iumbe se agreemrntes of transducer with receliver for one turn

ag ra
of the transducer 1s equal to the gear ratio of electrical reduction.
For elimination of this deficlency two-channel synchronous gears have
been developed. Transducers for fine and coarse readings are rigidly
secured on one axis, therefore errors of mechanical reduction gears
are excluded here. In the absen:e of mechanical reduction gears
there 1s a decrease of moments ¢ fri:tion in the axes of transducers
and receivers, which is also the reason for an increase of accuracy

of synchronous gears with electrical reduction.

With an increase in the number of pairs of poles for the trans-
ducer the form of curve of output voltage with a change of ang.e of
rotation of the transducer differs from a sinusoid, which has an
influence on the lowe»ing of accuracy of multipolar transducers. For
increasing the accuracy of manufacture of such transducers 1t ls
necessary to increase their dimensions. Valiue of error of a rotating
transformer with 24 pairs of poles does not exceed 1°'.

A higher degree of accuracy is possessed by multipolar transducer-
inductosyns. The stator and rotor of the inductosine are prepared
on glass disks. On rotor there is a single-phase winding, and on
the stator — a two-phase, similar to the sine-cosine winding of a
rotary transformer. With the number of pairs of poles equal to 108,
and diameter of transducer equal to 80 mm, the error of the inductosine
does not exceed 5",

An inductosyn synchronous gear does not possess self-

synchronization, therefore it is made multichannel. 1In its channel
for coarse reading rotary transformers are used.
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CHAPTER VI

GYROSCOPIC DEVICES

§ 1. Problems Solved by Gyroscopic
Devices During Aiming

Gyroscopic devices obtzined wide propagation in missile technology.
Application of gyroscopic measuring devices in inertial controcl
systems ensures movement of a missile on a programmed trajectory.

The operation of aiming systems is intimately connected with
onboard gyroscopic instruments, since the mission of azimuthal aiming
is orientation of axes of sensitivity of these instruments relative
to the plane of launching (see Chapter I).

However, gyroscopic devices are also used directly during the
aiming of missiles. There are three hasic areas of use of gyroscopic

e

devices in aiming systems:
— preservation of oriented gecdetic directions;
— autonomous determination of azimuths of oriented directions;

. — stabilization in space of elements of alming systems when they
are influenced by various mechanical disturbances.
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Gyroscoplilc devices, serving for preservation of oriented geodetic
directions, frequently are not included in the composition of aiming
systems. Thus, they find application in navigational systems used
for plotting the course of submarines — carriers oi ballistic¢ missiles.
Direction, fixed by a directional gyroscope or gyroazimuth of a
navigational system, is transferred with the help of synchronous
gears to the system for alming of missiles when they are launched
from a submarine. Analogecous gyroazimuths can be used also on ground
mobile launchers.

Autonomous determination of azimuths of oriented directions is
dcne /ith the help of gyroscoplc compasses. The gyroscopic compass
can be constructively united with the gyroazimuth. In the case of
shifting the launcher it works under conditions of a gyroazimuth,
&nd on a halt prior to launching the missile - under conditions of
a gyrocompass.

The onboard gyroscoplc instruments can also work under conditions
of & gyrocompass. Alming with the use of onboard gyroscopic instru-
ments does not require the presence of oriented geodetic directions,
since the direction of the meridian is determined directly by the
onboard instruments.

For stabilization of elements of the aiming systems when there
are mechanical disturbances {wind rolling of rocket, vibration of
launcher during operation of different motors, etc.) it is possible
to use gyroscoplic stabllizers, on which these elements are mounted.
In certain cases on a stabilized platform with the elements of the
aiming system which are mounted on it there are no gyroscopes. As
transducers of attitude for such a platform onboard gyroscopile
instruments are used. Transmission of information from ounbcard
gyroscopic instruments to the platform is carried out witn the help
of synchrohous gears or by autocollimating nreans.
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§ 2. Baslic Properties of Gyroscopes

Gyroscaone ig the name glven t¢ g body which is spinning rapidiy
with respect to the axis of symmetry and which is mounted in a gimbal

suspension.

The most widespread are gyroscopes, in which the rotating body
is the rotor of an a-c¢ motor. The stator of this motor is secured
in a housing which serves as the inner frame of the gimbal suspension.
Less widespread are gyroscopes, the rotor of which is rotated with
the help of compressed gas. On one axis a turbine is secured with
the rotor of such a gyroscope.

A baianced gyroscope is a gyroscope, the center of gravity of
which coincides with a fixed point of the suspension — point of
Intersection of axes of the gimbal suspension. A balanced gyroscope,
in which frictional forces in the axes of the suspension and frictional
forces of the rotor against the air are negligible, is called free.

For decreasing friction on the axes of a gimbal suspension of
a gyrsocope high~quality bearings are used: ball, with gas, electro-
magnetic, and electrostatic suspension, etc. For the purpose of
decreasing friction against air a high vacuum is created in the  gyro-
scope. The gyroscope box of certain instruments are filled with
helium, the density of which 1s considerably less than air density
at the same pressure.

Center of gravity of certain gyroscopes are shifted by a certain
value with respect to a point of the suspension. Such gyroscopes
are called heavy.

A gyroscope can have three degrees of freedom: rotation around
its own 2.1s, around the horizontal axls, and around the vertical
axis ol the gimbal suspension (see Figs. 3 and 4). If the outer
freme of the gimbal suspension 1is secured the gyroscope becomes
two-stage.
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A gyroscope possesses two basic properties:

—~ stability. including the tendency to preserve
of axis of rotation in space;
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—~ the property of precession.

A free gyroscope can arbitrarily preserve its position relative
tu a system of coordinates which is fixed in space for a long time.
In case of the influence of short-term disturbances of the shock
type on a gyroscope the position of its axis of rotation practically
remains consta.t. Here it acquires small high-frequency oscillations
which are called nutational.

Nutational oscillations of the axis of a gyroscope will be less,
the greater its angular momentum

A=2.0 (32)

where 8 — angular velocity of ration of rotor; J — moment of inertia
of rotor. Moment of inertia of a rotor of cylindrical form equals

J ot —,

where m - mass; r — radius of cvlinder.

Angular momentum can be increased at the expense of an increase
in the mass of the gyroscope m, radius r, or rate of rotation of the
rotor 2. Rates of rotation of gyroscope rotors can reach 60,000 r/min.

The property of precession of a gyroscope amounts tvo the fact
that in the case of application of torque on one of the axes of the
frames of the gimbal suspension rotation of the gyroscope develops
around the other axis of the suspension. Thus if force P or torque
M 1s applied to the inner frame of the gyroscope then precession
movemen! of the gyroscope develops around the axls of the outer frame.
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Direction of precession can be d:termined by following this rule:
during the action of moment of external forces on a gyroscope the
vector of angular momentum H strives to combine with the vector of
mcment of external forces M by the shortest path.

The examined two propercies are possessed only by a three-stage '

gyroscope. In the event of restriction of one of its degree of
freedom the gyroscope also loses the property of stability and
property of precession.

§ 3. Gvroazimuths

A free gyroscope can be used as a gyroazimuth (Fig. 30). 1In
the preservation of criented direction by a gyroazimuth the previously
examined rroperty of stablility of a gyroscope is used. However,
a free gyrosocope strives to preserve the initial direction of axis
of the rctor relative to a fixed system of coordinates. A free
gyroscope .cannot hcld an oriented direction with respect tc a system
of coordinates which is connected with the earth, since due to

rotation of the earth the axls of the gyirocscope will be cpntinuouslx o

deflected on azimuth and from the plane of the horizon.

Fig. 3). Gyroazimuths® 1 —=

3 -- transducer of verticals - . -

i Ometor ’ s o -

rotor; 2 — moment transducer; . --.
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Cbmyonents of angular velocity of rotation of the earth on two
directions (Fig. 31) equal:

.rwg)'c?‘?o (38)
», =, .sing, (35)

where Q3 - angular velocity of rotation of earth; ¢ -~ latitude of
standing point. Rate of azimuthal drift of axis of gyroazimuth
depending on latitude is given in Table 6. For maintaining the
axis of the rotor of the gyroazimuth in the assigned direction
relative to the plane of horizon and for azimuth it is necessary
to introduce¢ a correction.

Fig. 31. Components of
angular velncity ¢! rotation
of the earth.

Table 6.
Latitude, deg 43 H 55 (1]
Hetes of drift, deg/h 10,3 10.3 12,3 13,3

To ensure correction of the gyroscope relative to the plane of

the horizon it 1s necessary to apply torque tco its vertical axis equal
to

M,=HQ, . cos 3.
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This torque will elicit precession of the gyroscope around axis 0X
with angular velocity )

U"g c-m"

ensuring that the axis of the gyroscope follows the plane of the
horizon.

Position of the plane of the horizon can be determined with the
help of a vertical transducer secursd on the inner frame of the
gyroscope (Fig. 30). Mismatch sigial, taken from the vertical trans-
ducer, after amplification is fed to the torgue transducer, which is
secured on the vertical axis of the gyroazimuth and which applies
torque to the vertical axis, thus causing precession of the gyroscope
up to elimination of mismatch between the axis of the gyroscope and
plane of the horizon.

For correction of vertical component of sngular velocity of the
earth sometimes the method of displacement of center of gravity of the
gyroscope along its axis of rotation is used. For this on the gyro-
scope houcing 1s affixed load P, which crestes relative to the hori-
zontal axis a torque, causing precession of the gyrosccpe arcund
the vertical axis with an angular velocity equal to my, but opposite
to it in sign. The arm of location of load relative to the center of
the gimbal suspension 18 determined by the formula

:--—""-'-'- sng.

With a ~range of latitude of the standing point of the gyroaziumth
the arm of load should be changed.

Correction of vertical component of angular velocity of the
earth can be carried out with the help of a torgque transducer mounted
on the horizontal axls of gyroscope. From the potentiometric pickup
d-¢ voltage is fed to the torque transducer. The amount of voltage

is selected depending on the latitude of the standing point of the
gyrocompass,
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§ 4. Qyrocompasses

W tl—.

with the help of gyroscoplc compasses determination cf ériented
geodetic directicns is carried out. The axis of the rotor of the
gyrocompass, due to the action of directionul mement during rotation
of the earth, possesses g selectivity with respect to thre direciioa

of the meridian.

]

Gyrocoopic compasses are of two types: rated and free..

Arrangement cf a rated gyrocompass is depicted—in ¥ig. 32,
It constitutes a fize gyroscope, in which the 1nn§y«fraﬁe“or the
gimbal suspension is fastened to the outer.

Fig. 32. Sketch of a rated
gyrocompass.

Principle of operation of a gyrocompass amourits to the following.
Let us assume that in the initial pusition the axis of %he gyrorotor
1s found in a horizontal plane and is deflected from the plane of the
meridian by an angle of 90° — g, Then due to rotasion of tie plane
of the horizon the gyrescope will rotate around a horizontal axis with
angular velocity

o, ==, - 03y 48 (80°~}, (36)
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The directional moment developing here

M,s‘ﬁf!; . cos;p - 3in (90° —a)

- causes precession of the gyroscope arcund a vertiesal axis in a
. direction to the plane of the meridian.

If the friction moment in the supports of the vertical axis
equals zero, then the axis cf the gyroscope will accomplisﬁ sustained
oseillations relative tc the plane of the meridian. The pericd of
these oscillations will equal

T |
=2 Y min (37)

where B — equatorial moment of inertia of gyrosocpe in the gimbal
suspension. For latitude ¢ = 60° the period of oscillations of axis
of a gyrocompass usually does not exceed cne minute. )

As a result of the action of friction moment oscillations of
the axis of the gyroscope fade ané it is set wlth a certaln error
in the direction of meridian. Error of the gyrocompass is determined
by the 1lnequality

s pAn W e e e
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Hence the error of gyrocompass

= ......‘_.'2_. (4
As arc:inm‘m'. {38)
For increasing the accuracy of the gyrocompas- 1t 1s necessary to
decrease the moment of friction. For this purpose 1iiquid and gas
supports are used in gyrocompasses. A

The most prevalent are free gyrocompasses. A free gyrocompass
constitutes a heavy gyroscope, in which the directing moment appears
at the expense of displacement cf the center of grévity downwards
relative to the suspension point.




Principle of cperation of a free gyrocompass is shown in Fig. 33.
Under the effect of gravity the gyroscopc housing always strives to
take a verticul r tion. 1In the case of a horizontal position for
the axis of the gy: -otor the force of gravity of the pendulum passes
exactly through the center of the suspension and does not create
torque relative to it. 1In process of rotation of the earth the
gyroscope preserves the position of its axls, which here 1s deflected
from the plane of the horiznn.

Fig. 33. Principle of operation
of a free gyrocompass.

Deviation of the line, connecting the suspension point with the
center of gravity, from vertical leads to appearance of pendular
directing moment relative to axis 0X

M, = Pisin§, (3%)
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vhere P - weight of gyroscope housing; I - distance between suspension
point and center of grevity; 8 — angle of deflection of axis »f
gyroscope from horizon. Directing moment causes the appearance of
precession motion of the gyroscope relative to the vertical axis;
here the axis of the gyroscope 1s precessed in the direction of the
meridian. When the axis of the gyroscope approaches the meridian
the rate of precession increases, since the angle of deviation

of the axis from the plane of the horizon and, consequently, also
the directing moment increase. After the axis passes the plane of
the meridian the angle decreases, since the axis of the gyroscope
rises. When the axis c¢f the gyroscope réégpgg an extreme point the
pendular moment changes its sign and the éyroscope starts to‘precess
in the opposite direction.

The trajectory, described by the axis of the gyroscope during
its precession, in a section with & certain plane constitutes a
vertically flattened ellipse. Periog of oscillation of the axis
of the gyrcscope during its precessional motion equals

d
Pl cony (40)

Tonle
Center of the ellipse deviates from the plane of the horizon by angle
A= Rty

Comparative calculations of periods of oscilllations of rated and

free gyrocompasses by the formulas (37) and (40) accordingly show

that the period of oscillations of a free gyrocompass can be ten

times greater than the period of oscillations of z rated gyrocompass.
Thanks to this the free gyrccompass 1s stabler to outside disturbances.

For determination of direction of the meridiam the gyrccompass
is equipped with a theodolite and special reading device. Vith the
help of the reading device determinations are made of readings 01, 02,
03, and Ou, corresponding to the four points of reversion of axis
of the gyrosocpe durings its oscillations relative to the meridian.
A reading, corresponding to the direction of the meridian, is deter-
mined by formula
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o=='—;- 0’ +07), (41)

‘ where

o=t (242 vo).
O"=-—;— (2,__‘_:-0 +01).

In the presence of three points of reversion for a determination of
the direction of the meridian the following formula is used

=1 "+ 0,)-- L0=0
0= (04+20+0)-- =0k, (42)

These formulas make 1t possible to allow for damping of osclllations
of tiie gyrnscope, appearing as a result of tpe presence of friction
moment in its suspension.

Free gyrocompasses exist in two constructive varieties: with
suspensions on a spire and on a torsion bar.

In a gyrocompass with the suspension on a spire (Fig. 34) the
gyroscope housing constitutes a float placed in a reservoir with
liquid. The gyroscope housing has little positive buoyancy. It
1s centered with the help of a steel spire, to which a step bearing
1s tightened. For purpose of decreasling frinrtion agate step bearings
are used.

Fer f211ing the reservolr usually a mixture of alcohol with
water is used. Dissolved in it is small amount of borax, which
ensures the electrical conductivity of the liquid. Supply voltage
Is fed to the gyromotor through supporting liquid; for this,purpose
on the gyroscope housing and reservoir there are three annular
electrodes.

Determination of readings corresponding to points of reversion
15 done by autocollimating means. On the gyroscope housing a mirror
is mounted, 1n which a siphtling is made with the help of ten auto-
nrollimating tube which 1s rigidly Jolned with a theodolite.

™
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Fig. 34. Constructiorn of gyrocom-
passes: a) with suspension on a
spive; 1 — electrodes; 2 — rotor;
3 — liquid; 4 — spire; 5 — tube;

6 ~ mirror; 7 — autocollimator;

b) with suspension on a torsion
bar; 1 — rotor; 2 — torsion bar;

3 — mirror; L - ctjective; 5 -
semitransparent mirror; 6 — receiver
of radiation; 7 — analyzing prism;
8 — tube.

A gyrocompass with suspension on a torsion bar consists of three
main parts:

i - gyroscope housing;
- photoelectric follow-up system;
— thecdolite with scale and reading device.

The gyroscope 1is suspended on a thin torsion bar. For excluding
the influence of torsion moment, arising during the twisting of the
torsion bar in the process of oscillations of the gyroscope, on the
accuracy of determination of direction of the meridian a continuous
turning of the suspension is carried out immediately after shifting
of the gyroscope housing with help of a follow-up system.
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Characteristics of gyrocompasses differ significantly depending
on their design features and principles of construction. Basic

acteristics of certain foreign gyrocompasses are citzd in Table

Table 7.
PIM JAT POrienior !’J'Guita.r'* Head
. England UsA USA SA TK~3
Designations 196‘; 1963 {1961 1962 FRG
1963
Error of orientation [ 1 v 2” 2"
Time of orientation, { 15-3¢ | $—10 b3 2 045
min

The most accurate of these gyrocompasses — "Orientor," "Guitar,"

and gyroscopic'head for the TK-3 theodolite - are free with tcrsion

suspensions. The gyrocompass "Orientsr" has an automatic foilow-up

system, ensuring that the suspension of the gyroscope housing follows
its precessional motion.
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CHAPTER VII
SERVOSYSTEMS

§ 1. Assignment and Flements

A servosystem is the name given to an automatic device, intended
for reproduction on the output of a certain input value (angle, 1linear
shift, voltage) which changes by an arbitrary law. The servosystem
usually reproduces a given value in the absence of 2 mechanical
connection between the assigning and regulated devices.

The area of application of servosystems in instruments for aiming
of missiles is quite extensive. They are used in photoelectric
goniometers for the measurement of angular mismatch, in devices for
following the instrument section in the event of wind rolling of &
missile, in polarization and induction synchronous gears for matching
the angular position of the receiver with transducer, in devices
enabling the suspension of a gyroccrpass to follow the precessional
motion of a gyroscope, in gyroscopic stabilizers, and in systems
for azim:thsl vurning of the onboard gyroplatform or iaunching pad
together wich the missile during fulfillment. of concluding operations
of aiming.

Ir. Fig. 35 is shown a diagram of a zer.osystem. It consists of
t4Wc main parts; regulator and object which is regulated. The
regulator serves for ccmparison of inpul and output values and the
generaticn of a regulating inflvence on the regulated object, thus
ensuring the equalization of these values. Comparison of input and

wr——
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output quantities is carried out due t: the presence of feedback ir
the servosysten.

‘d . ]
_______________ 3

Fig. 35. Diagram of a servosystem.

The value passed to the input of the regulator,
As=mayy —bauy

is called the mismatch signal. The servosystem operates continuously
for elimination of mismatch. The input value can be constant and can
change with the flow of time by a dellnite law or randomly. For

example, accidentally a shift of the instrument section during wind
rolling of a missile.

Automatic regulator usually consists of three basic elements:
measuring device, amplifier-converter, and regulating organ or motor.

The measuring device measures the difference between the input
and output values. For this on its input the input value 1is fed,
and on the feedbtack circuit — output value. The amplifier-converter
serves Tor amplification of the signal in voltage and power and
conversion of it from cne form to another. It frequently includes
modulators and demodulators. The regulating organ serves for
exerting the necessar; influence on the regulated object. In many
servosystems for aiming instruments an electric motor is used as the
regulating organ; in gyroscoplic devices for thls purpose a torque“
transducer which causes precession of the gyroscope i:s used. )

78

T AT e — © o et———

[RT—
e g

L
JOAD T I e Yt b g YR s ey A
[ N
\
\

4

R
A

V
“é

:
{,

PO

P TP UL

-




I AT RBL S o FBALAE, I INRYIS PO, P v ress
f

L A L

T Sy g TR e

Transmission of command Slghul frﬁf m sring device Lﬁ rsgglaviﬁx\J

organ and regulated cbject is done an a cirdnéz af &1“@ct cemmunicatisb
Control over the performance of cummandn is ¢

eirculit which connects the output éf\t e zervosy stem with its 1npﬁt
Communicatlon between ueparatp Piewe ts Qf thc “a?40€j§tém can’b~ af-

'-’J

three forms: alectrical, gl\ _and me 1»d1. \sh some “ervoaystemo

all three forms of commuﬂ cation are agedi Y

%2, Basic Prqyerfiec aaézggaractﬁviﬁtics -

- E D T of*ﬁarvosybtems\ S

TR

In an appraisal of nroper of‘a se*vesgatem type sigﬁa are 7

supplied on Its Lr;ut and s properties are-ﬁetermiﬂ\a-on the basis

of an ana?ysia of the o ubpirs signai The™ most widespread type '

signals are ainusc*dax ang unm* stepped, - -

3>sinu36idal~iﬁpﬁévsigggi;ié‘@étéﬁﬁ%éed’by the expression

T v + S (0 0,

max.sx 3 gx — Phase.
Or-the output of the servosystem after a certain time oscillations
6f-output value-are establiished

where o - amplitude of signal; w -~ its freguzncy: ¢

L _7 o S s, * S0 (02 i)

The freguency of these osciliations Iis the same 33 on the input,
however, amplltude and phase of these oscillations differ from the
amplitude snd phase of the input signal. This signal i3 the natural
form of input influence for systems Tor following the instrument
section durdng wind roliling of a missile,

The unit stepped sighal 1s characterized by an instantaneous
nerease from zere to a certaln constant value. Thils influence iz
attained by nmeans of switching on the servosystem when a certain angle
of mismatceh 1s present on the isput.
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In the event of supply of a gradual influence on the input of the
system a stapiiized value of output quantity will be attalned after a
specific interval of time. Change of output value followingz receipt
of a stepped influence on the input of the servosystem is called
transition process. In a servosystem the transition process can be
without overshooting, when during adjustment of the entrance influence
the mismatch signal does not change its sign, and with overshooting —
irn the presence of even one change of sign of mismatch. In Fig. 36
are shown typlilcal characteristics of transition nrocesses which
develop in servciystems.

Fig. 36. Characteristics of
transition processes.

Basic indices of quality of work of servosystems are:
— stabillivy;

— high speed operation;

~ osecillation capacity;

— overshooting;

— accuracy.

A servosystem is called stable, if when 1t is taken out of =z
state of equilibrium it again returns to this state. In a stable
servosystem the transition vrocess fades with the flow of time, but
In unstable it lasts for an indefinite long time. Development of

instabilivy in a servosystem promotes an increase of its amplification
factor. *
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High speed operation cf a servosystem is characterized by the
time during which the transition process in it is practically
conciuded. Usuaily the transition process is consicdered completed,
vwhen the output value differs from the constant input influernce by
no more than 5%. T :

Oscillation capacity of the system 1s determined by the number
of oscillations appearing in 1t during transition operating conditions.
Usually no more than one or two oscillations 1s allowed, since a
large number cf osciliations leads to wear of the mechanical elements
of the servosystem.

Overshooting is the name for maximum deflection of amplitude of
output value from a constant input influence. Overshoocting should
not be too great, since with an increase of it considerable dynamic
forces can appear in the mechanical elements of the system and in
electrical -~ large voltages which are caused by a large mismatch
signal.

In the case of operation of a servosystem in a steady state,
when the transition process is finished, the basic Index of quality
of its work is the accuracy determined by error

Sygy 32 845 — Syuy. 7

Depending upon the cperating conditions system errors are distiinguished
as static and high-speed.

Static error is found in a system, when on its input a conztant
disturbance 1s acting. Reasons for 1t are: dry friction and play
in mechanical elements, unbalance i amplifying-conversion devices

High-speed error aprears during a change of input influence with
the course of time by a linear law, 1.e., with a constant speed. High-
speed error increases with an increase in the rate of change of input
value. Value of high-speed errcr is greater than the value of static.
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Static and high-speed error decrease with increase of amplification
factor of the servosystem. 1t is necessary, however, to consider ‘

that with an increase

stability.

of amplification fastor ine s yscem can iose -

§ 3. Systems for Following Wind Rollln o .
~ ©of a Missile o o

The system for foliowing the onboard prism the sgase of wind
rolling of a missile serves to ensure the continuou& ihfiugnce of,a f
light single, reflected from tue pr:em, on- the~autcco,1 mator.- ‘In

ool
1)
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the atsence of such system, 1f amplitude of oscillations ‘8¢ -the missile /§f;t ]
instrument sectién'becomes equal to thEWdiameter of tha*cbjecti§i_mljfu;if*gr327 ToET
of the goniometer, the loss of light signﬁl by the gonlométer miy be . P =
&wéﬁﬁi, EE L 7 <7ff,fmi%;f§ijf;mAm;
— = - 3 . i
Biagram of a- servGSystnm is depicted 1n1?ig. 3?“* It‘1ﬁ¢ludes_an »-QE%L?Tf:::;t_#:
'autoeollimating goniometer, amplif%er, motor with taebogaqerator, . B -
reduction gear, and reflector. - ‘The ~eflee€sr 15 the adjustab’e ob*est §;;i, —- .
and all the remaining elements in their *otality constitute the vegu- 15;5:f§§%i§_'
lator. - : - - - Ce et ITEET o o

s : Fig. 37, system forffollowing -

: the rolling-of a missile: 1 ~
guides; 2 =~ reflector; 3 -~
santrsl prism.
“" _
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The tachogenerator [TG] is an electrical machine, producing
voltage which is proportional to the angular velocity of rotation
of its shift. It is inecluded in the supplementary circuit of negative
feedback, which serves fﬁ§~improvement of the quality of the transition
process:? increaéé of stabllity and decrease of oscillation. In the
figure electrical connzctions are designated by solid lines, optical -
dotted line, and mechanlcal - double 1lines.

~ s Input value of the servosystem is the forward shifting of the
onboa>d prism, and output — shifting of the reflector., The measuring
element of the system is a goni-meter, which according to the nature
of change of light signal on 1its .rviput evaluates the iwlative position
of onhoard prism and reflector and rroduces an electrical signal which
is proportivnal to the linear aisplacement of the onboard prism with
respect to the reflector. The»regulating organ of the system 1s the
motor which mcves the reflector on guldes.
,E . In the development of syscems for following the wind roiling of
7 a missile high requirements are presented for their high-speed opera-
- tion. The nature of quick operation should ensure the reliable
~ tracking of the onboard prism by the reflector. Frequency of oscil-
lations of missiles can attain units of hertz, and amplitude - tens
of centimeters.

i
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Requirenonts for accuracy of the servosystem are comparatively
_ low, since itz maximum permissible error 1s determined by the dlametcr
] of the gordometer objective. Error in tracking has the greatest
significance in the midadle of the operation zone of the servosystem,
since its basic component is speed error, the value of which depends
on the rate of change of 1nput disturbance, which has the greatest
significance in the middle of the operation zone of the servosystem,
sinece its baslc component 1s speed error, the value of which derends
on the rate of change of input disturbance, which has the greatest

significance in t*~ middle of the operation zone of the tracking
system.
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It is necessary to consider that with 2 low degree of accuracy
for the reflector which is tracking the instrument section, part of

luminous flux reflected from the prism will not reach the goniometer

objective. A periodic change of amplitude of light signal arriving
at the goniometer will elicit the appearance of error on the output
of the basic channel of the goniometer, in which a mismatch signal
develops between the plane of firing and basic plane of stabllization
of the misslle. ' :

§ 4, Measuring Servosystems

Measuring servosystems are a component part of gonliometers which
are working under measuring condltions. They make 1t possible to
automatically measure the angle of mismatch between sighting axis of
the goniometer and baslc plane of stablilization which 1s fixed by a
control prism.

In Fig. 38 are depicted two varieti~ss of such servosystems; in
one of them angular turning of sighting axis 1s done by means of
shifting the analyzing prism, and in the second — by slanting the
glass plate through which the light rays pass. By turning the plate
to this or that side, it is possible o combine the focused light
rays on the slot. The arrows 1n the figures show the direction of

o R o p— o P ok R o

shifts of analyzing prism or plate depending on the direction of
turning of the control prism.

For determination of the value of measured angular mismatch the
goniometers are equipped with angle transducers. An angle transducer
can be discrete or continuous. 1In the first case on its output
pulses appear, the quantity of which is proportional to the measured
angle. In the second case on the output there will be a constant
or alternating voltage, the amplitude of which is proporticnal to the
measured angle. The angle transducar is rigidly joined with the
analyzing prism or turning glass plate.
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Fig. 38. Measuring servosystems:
a) avtocoliimating goniometer;

1 « contrel mirror; 2 —~ objective;
3 - analysing prism; 4 - tube;

5 — receiver of radiation;

b) goniometer with external iight
scurce; 1 - control mirror; 2 --
cbjective; 3 — tube; U4 - turning
plate; § -~ diaphragm; 6 — receiver
of radiation.

A measuring servosystem works on a constant disturbance which is
assigned on its input. The time which is assigned for adjustment of
disturbance is usually sufficiently great, tharefore the requirement
fbr.a high-speed system is comparatively low.

Very high requirements are presented for the accuracy of the
servosystem, since its errors directly affect the error of aiming
the missile. Accuracy of measurement of angle depends bothk on the
characteristics of the servosystem and alsc on the parameters of the
angle transducer. For increasing the accuracy cof servosystems attempts
are being made to increase its amplificatlor. factor. Accuracy of the
transducer can be increased by improving the gquality of its manufac-
ture and by increasing the transmission ratlo connecting the shift
of the analysing prism with the turning of the transducer.
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§ 5. Servosystems of Synchronous Gears

Servosystems in synchronous gears serve for the continuous
coordination of angular position of the receiver with the position
of the transducer or conversely - transducer with the position of
the receiver. During transmission of angular values with the help
ef synchronous gears the requirements for their servosyatems are
analogous to the requirements for measuring servosystems: they have
to possess high accuracy, but can have a low speed of response. If,
however, the receiver of a synchronous gear serves for tracking the
angular velocity of a transducer, high requirements can also be
presented for the speed of response of the systen.

In Fig. 19 the servosystem of a polarization synchrorous gear
was shown. The measuring device of the serveosystem 1s the receiver,
and the regulated object — the body of the receiver together with the
elements placed in it.

In the a2vent of angular mismatch between positions of ¢ransducer
and receiver a controlling signal is produced on the output of the
receiver. This signal exerts an influence on the motor, which turns
receiver around a vertical axis until coincidence of it with the
position of the transducer.

The arrangement of a servosystem of & synchrenous gear on rotary
transformers was depicted in Fig. 26.

From the rotor of the receiver, which 1s the measuring element,
a mismatch signal is taken which 1s proportioral to the angle between
positions of transducer and receiver. After amplification the angle
moves to the motor, which turns the receiver around a vertical axis
until coincidence with the position of the transducer.

Servosystems are po0ssidble in which the controlling signal is
fed to the drive of the transducer. In such systems the regulated
obtject 1s the transducer of the synchronous gear.
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i § 6. Servosystems for Turning
: Missiles and Gyroplatforms

Servosystems for turnirig a missile or gyroplatform around a
vertical axis serve for execution of the concluding operation of
azimuthal aiming — combirnation of the basic plane of stabilization
of the missile with the plane of launching.

In Fig. 39 are shown diagrams of servosystems for turning a
missile and a gyroplatform. In the first of them the measuring
element is a gonlometer, working under zero conditions, and the
adjustable object — the turning unit of the launching pad together
with the missile. A peculliarity of this servosystem is 1its high
power on the output, which is necessary for surmounting the inertia
of the great mass of the missile and the large friction moment in
the turning device for the launching pad.

Input influence of the servosystem is the azlimuthal position
of the sighting axis of the goniometer, combined with the plane of
firing, and the output value of the system — directlon of basic plane
of stabilization, fixed by a perpendicular to the control prism.

For improvement of the transition process in the servosystem
there is an additicnal feedback. During development of a servosystem
very high requirements are presented for its accuracy: error of
adjustment of input value usually does nct exceed several angular
seconds. During operation of the servosystem no variations of output
value are allowed. Requirements for high-speed operation of the system
are comparatively low. For decreasing the time expended on aiming,
the reduction gear of the servosystem makes 1t possible to conduct
adjustment of input value on two speeds: high and low. At large
angular mismatches between position of sighting axis of the goniometer
and basic plane of stabllization the adjustment is conducted at a
high speed, tut upon achievement of an angular mismatch of a specific
value the servosystem 1s switched to a low speed of adjustment.
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Fig. 39. Systems for turning missiles
and gyroplatforms: a) system for
turning a missile: 1 — launching ﬁad;

2 — control prism; 3 — objective; -
tube; 5 - analyzing prism; 6 — receiver
of radiation; b) syvstem for turning the
gyroplatform: 1 — control prismy 2 -
transducer of moment; 3 — gyroscope;

4 — motor; 5 — transducer for angle of
precession; 6 — objective; 7 — analyzing
prism; 8 — tute; Y — receiver of radiation.

In the servosystem for turning the gyroplatform a goniometer
working under zero conditions 1is alsoc used as the measuring device.
Tre regulated object of the system 1s the gyro-stabilized platform
on which the control prism is mounted.

The luminous flux, coming out of the obJective of the goninmeter,
is reflected from control prism and is analyzed in the goniomenter.
Cn the basis of the analysis of the light signal in the goniometer
an electrical mismatch signal is developed and passed to the gyro-
platform.
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This signal is8 fed to the torque transducer of the recll gyroscope

wvr
and causes the precession of the gyroplatform around a vertical axis.
Adjustment of mismatch is ceased when the perpendicular to the control

prisnm colincides with the sighting axis of the goniometer.

Mismatch signal produced by the goniometer can be fed directly
tc the motor for azimuthal turning of the gyroplatform. However, in
the supports of thz gyroscope a gyroscopic moment will appear which
strives to preserve the initial position of the axis of its rotation.
The presence of the resistant oment renders an unfavorable infiuence
on accuracy of adjustment of input value by the servosystem.
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CHAPTER VII
MISSILE AIMIhd SYSTEMS USING EXTERNAL INFORMATION

§ 1. Vertical Positioning of Miasiies

Vertical positioning of missiles is accomplished with the
help of jacks for the launching pad. PFor controlling the position of
longitudinal axis of the missile wlth respect to vertical two theodo-
lites are used which are mounted at a certain distance from the
launching pad. The angle between planes of sighting of the theodolites
in the direction of the missile compresses 90°. Pirlor to vertical
positioning of the missile both theodolites are thoroughly established
horizontally with the help of levels.

On the body of the missile there are referred points, the iine
between which 18 parallel to the longitudinal axis of the missile.
During vertical positioning of a missile at night the reference
points are illaminated.

Fach of the theodolites in turn sight at first on the lower,
and then on the upper rererence point. If the upper reference point
deviates from the vertical fllament of the crosshalrs cf the theodo-
lite retide which is combined with the lower polnt, the body of the
missile is inclined to corresponding side with the help of launching-
pad Jacks. Then the same operation 1s carrled out with the help of
the other theodolite. The missile will be set in a vertical position,
if the reference points in the fileld of vision of both thecdolites
coinclde with vertical the filaments on the crosshairs of their
reticies.
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mizzile aprs:

—~ erpror due to inaccuracy in tha horizontal positioning of the
thecdolite;

— grror In sighting with the thecdolite on the reference point.

Error 1in establishing the reference points on the body of the
miggile enters pompletely in an error of vertical positioning. Error
of vertical positioning of a missile due to inaccuracy cf horizontal
positloning of the theodolite equals

8, =sinB- 8, (43)

where B - angie betweer Jirection of sighting on reference point and
g¢irection of slant of the theodolite 1limbj; A — error of horizontal
positioning. Influence of sighting error on accuracy of vertical
positioning of a missile is determined by the formulsa

e B3 i 4 )

= (44)
where € — angle of sight of upper reference point; Aa — error of sight-
ing with theodolite. From formula (44) it follows that the position
of the theodolites should not be removed {rom the launching pad by a

great distance, since by this the accuracy of vertical positioning is
lowered.

Requirements for accuracy 1In the vertical positioning of missiles
are determined by thie influence of errors of vertical positioning
on the accuracy of azimuthal alming, and also by the necessity of
ensuring 4 stable position for the missile on the Xauching pad in the
event of wind rolling. Error in ilhe vertical pesitioning of a missile
usually comprises several angular minutes.
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ems for Alming “issiles During
Launchilg +rom Grould L&auichiers

Durirg launchiag of missiles from ground launchers two types of
aining systems are used: single-channél»and two~channel,

An example of a single-channel system is a system for aiming the
"Saturn" missile, the tayout of which 1s depicted in Fig. 4¢. It
includes the following elements: autoccolliimating goniometer, track-
ing reflector with drive, prism, fixing the orientesd geodetic direc-

‘tion, amblifying—cahversion;blqgk, onboard control prism,ndr;veﬁfor

gyrostablized platform, television §ransm1tt1ng installaticn, and
control unit for aiming system.

Tig. 40. Arrangement of the system for aiming the "Saturn" missile:

1 — contrel prism; 2 -~ transducer for precession angle; 3 — gyroscope;
4 - torque transducer; 5 — televislon receiver; 6 — television trans-
mitter; 7 — objective; L — reflector; 9 — prism.

KEY: a) Amplifier; b) Ccntrol unit.
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The autocollimating goniomeéler together with the tracking
reflector are mounted on a fixed base at a distance of 300 m from the
launcher. Before aiming geodetic tying {rn cf the position of the
sighting axis is carried out. For periodic positional checking of the
goniometer a special prism is used.

Wich the help of the trackiig reflector the light rays coming
out of the objectiva of the goniometer turn evenly by 90° and at
an angle of 25" to the horizon are directed to the onboard control
prism. On the basis of an analysis of the luminous flux reflected
from the prism a controlling signal is produced with 1s passed on
to the drive for turning the gyrostabilized platform for azimuth.
During adjustment of this controlling signal the onboard prism
o:~uples a positicu at which a perpendicular to it will be perpendi-
cular to the sighting axis of the goniometer,

The onboard control prism does not have a fixed position relative
to the basic plane of stabilization of the missile. It is secured
on the stabilized base of the gyroplatform in a suspension which can
revolve relative to the gyroplatform within limits of 360°. By
changing the position of the prism relative to the basic plane of
stabllization of the missile, i1t is possible to change the direction
of launch at a fixed position of sighting axis of the goniometer.

For controlling the operation of the aiming system there is a
speclal contreol uanit. From this block. commands are given to the track-
ing reflector during the initial gripping of the onboard prism by tne
aiming system. A lock-on signal is produced in the goniometer and
fed to the conitrol uait. For controlling the operatlion of the a ming
system under conditions of pickup of the onboard prism and under
conditions of adjustment of mismatch signal by the servosystem for
turning the gyrcplatform there is a telievision installation. 1Its
transmitting camera is placed on the goniometer, and into !t 1s fed
a share of the light mismatch signal produced by the goniometer. In
the goniometer it 18 also foreseen to have the direct visual control
of accuiracy of aiming by the c,erator. With this goal part of
luminous flux from the gonliometer is directed tc a sighting device.
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A two-channel system of aiming, which 1s shown in Pig. 41,
includes two autocollimating goniometers and two servosystems, one
of which serves for turning the missile, and the other — the gyro-
stablalized platform.

Fig. 41. Two-channel system of aim-

ing: 1 - control prism; 2 - torque
transducer; 3 — gyroscope; 4 — trans-

ducer for angle of precession; 5 —

orlented point; 6 — distant goniom-

eter; 7 — near gonlometer,

KEY: a) Amplifier; b) Drive g

The goniometer of the first servosystem 1s mounted in direct
proximity to the launchling pad. Sighting with this goniometer is
carried out by means of a control prism secured on the rotating
'section of the launching pad. Mismatch signal, produced by the near
gonlometer, 1s fed to the drive for turning the launching pad together
with the mlasile,
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The assignment of (he near goniometer 1s the coarse aiming of

the missile, thus, ensuring the work of the distant goniometer. It
also ensures the reaiming of the missile on another target. For this
on the launching pad there are two control prisms: one corresponds
to the azimuth of firing on the main target, and the second — on ai

additional cne.

The distant gonliometer, inciuded in the servosystem for fine
aiming of the missile, 1s mounted at a distance of 130~150 m from the
launching pad. The luminous flux, radiated by this goniometer, is
directed to the onboard control prism which is joined to the gyro-
stabilized platform. The mismatch signal, produced by the zoniometer,
after amplification is fed to the drive for turning the gyroplatform,
and it turns around in azimuth until coincidence of the basic plane of
stabilization of the missile with the plane of firing.

Prior to aiming the missile the near and distant goniometers are
mounted in such a way that their sighting axes coincide with the plane
of firing. For their orientation azimuths of launch A0 and orlented
geodetic direction Al are used. Sighting angle (angle between
directions of plare of firing and on the oriented point) 1s determined
by the formula

AM=A,— A, (45)

If the value of the sighting angle obtained here 1s negative, then it
is increased by 360°.

A pecullarity of the examined aiming system is the dependence of
position of the gcnlometer on the launching azimutn of the missile.
The exact position of the goniometer is selected in such a way that
the direction of its sighting axis in the case of its coincldence
with the plane of firing simultaneously coincides with the directi.n
vo the centrel prism. This means that the plane of firing should pass
through the exact position of the launching pad and the goniometer.

If the dire:tion of firing 1s changed, then the position of the goni-
cmeter shouid be shifted along the arc of the circumference.
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This deficlency is lacking in the aiming system [lui lhe "Savurn®
missile, since for changing the direction of firing in this missile
1t 1is only necessary to turn the control prism relative to the gyro-
platform.

§ 3. Alming of Missiles During Launching
from Mobile Launchers

For aiming the "Minuteman" missile during launching from a rail-
road launcher an automatic system of aiming has been developed which
includes the following elements:

- gyroscoplc compass;

—~ stabilized platform of gyroccmpass;

- polarization synchronous gear;

-~ autocollimating goniometer;

— stabilized platform of goniometer;

— control unit.

A diagram of the distribution of the basic elements of the
aiming system is depicted in Fig. 42.

Tne gyroscopic compass 1s placed under special protective éap,
mounted on a stabilized platform at the launching pad. Under the sanme
cap there ls also an operator, working with the gyrocompass for the
determination of direction of the meridian prior to aiming.

Operation of the entire system of aiming is controclled with help
of instruments mounted cn a control panel, On it there are indicators,
signaling relative to the exactness of elements of the aiming systen,

and scales on which the reading of angles s carried out with the help
of the gyroscopic ccmpass.,
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Fig. 42. Layout of the system for
aiming a "Minuteman" missile during
launching from a rallroad launcher:
1 - 2ontrol mirror; 2 — spherical
gyroscope; 3 — goniometer; U4 ~
selsyn; 5 — receiver of synchronous
gear; 6 - transducer of syanchronocus
gear: 7 — gyrocompass; 8 — vertical
transducer.

Designation: T[Cii = GSP = gyro-
stabilized platform.
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For transmission of direction of launch from the gyrocompass to
the goniometer, which is mounted at the instrument section of the
missile on a container, there 1s a polarization synchronous gear. The
transducer of the synchronous gear is mounted on the turning unit
of the gyrocompass. After the direction of meridian and azimuth for
launching the missile are determined the transducer is oriented
manually by the operator. The information carrier about azimuth of

' missile launch is a polarized and modulated bundle of light. The
receiver of the synchronous gear is mounted at a height of 14 m above
the level of the transducer. It is rigidly fastened to the goniometer,
therefore after coincidence of the position of the receiver with the
azimuthal position of the transducer of the synchronous gear the
sighting axis of the goniometer is established in the plane for firing.
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The goniorcter together with the recelver of the synchronous gear
are mounted on a stabilized platform, which 1s secured in a gimbal
suspension. The platform can be rotated in the gimbal suspension for
azimuth within limits of $:5° and for angle of, sight within limits of

£3°,

The platform of the goniometer is covered from above with a
housing. 1In the housing there are three windows covered by protective
glass: one 1s directed downwards and serves for transmission of the
light bundle from the transducer of the polarization synchronous
gear, the second 1s horizontal and 1s intended for sighting with the
goniometer the control mirror on the onboard gyrostabilized platform,
"and the third is directed downwards at an angle of 45° to the horizon;
through it 1s conducted sighting with the autocollimating theodolite
on the prism, secured on the goniometer, during the checking of
accuracy of operation of the aiming system.

The aiming system includes several autonomous and mutually
connected with each other servosystems:

~ system for turning the suspenslion of gyrocompass after the
precessional movement of 1ts gyroscope housing;

-

—~ system for horizontal positioning of gyrocompass platform;
— servosystem of the polarization synchronous gear;

— servosystem for horizontal positioning of stabllized platform
of the goniometer with the help of an lnduction synchronous gear,
connecting it with the platform of the gyroscoplc compass;

>

— servosystem for horizontal positioning of the goniometer plat-
form by controlling commands produced by the goniometer;

— servosystem for turning the onboard gyrostabilized platform
for azimuth,



The gyroscopic compass used in the aiming system has t

a *YAaved an
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suspension of gyroscope housing. The gyroscope housing is placed in
a vessel with liquid, which decreases the tension of torsion and
ensures to a certain degree the damping of vibrations, appearing
during the operation of various launcher units. For excluding the
influence of torsion moment on the accuracy of the gyrocompass there -
is a servosystem revolving the suspension following prec§§sionhcf/thé B
gyroscope housing. The periocd of precessional me#ément of the axis

of the gyrocompass comprises 8 minutes.

Before determination of the direction of the meridian -the afiéw
of the gyrocompass is preliminarily oriented roughiy with reSgeétita
it with an error of around 5°. For such an crientation the direction
of the railroad line is used. Its azimuth is decteérmined on a map‘”fr

For horizontal positioning of the gyrdééghie'égmpgss’and,elimiha-
tion of the influence of mechanical oscillations*ﬁf’therla&hcher on
its operation, it is mounted on a stabilized base. Transduceés:jp;
the stabilization system are two accelerometers, the axes of which are
established in mutually perpendicular planes. Mismatch signals are i
fed to the drives for horizontal positioning based on the correspond-
ing axes of the platform.

n e CRUBA A AN A DS MRS AR i

In 2 polarization synchroncus gear electrical modulation of
light signal is used with the Lelp of a modulator mounted in a trans-
ducer. Analysis of the light signal 'in the receiver is zarried out
with the help 5f a Wollaston prism, dividing the luminous flux into
two parcs, each of which 1is percleved by a photoelectric receiver.

If the angle between the axes of rolarization of the light signal by
the transducer and the axes cof the Wollaston prism equals 45°, the
light signals incident on the receiver of radiation are equal to each
other and the mismatch signal on the cutput of the amplifier of the
synchronous gear equals zero. Upon disruption of the shown cenditicn
a mismatch signal appears which exerts an influence on the azimuthal
érive of the stabilized platform of the goniometer. When the receiver
of the synchronous gear arrives at a coordinated position with the
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transducer, the sighting axls of the goniometer coincides with the
directicon of the plane of launching.

For the preliminary coarse horizontal positioning of the goniometer
platform there is an induction synchronous gear. The transducer of
thig synchronous gear is mounted on the stabilized base of the
gyrocompass, and the receiver — on the platform of the goniometar.

_If the platform 1s not horizontal, then between the positions of the

transducer and the receiver of the synchronous gear an angular mis-
match appears. Here the mismatch signal from the receiver is fed to
the drive for horizontal positioning of the platform.

For precise horizontal positioning of tbhe stabilized platform of
the goniometer there is a servosystem, the measuring device of which
is a goniometer. The autocollimating gonlometer works on a polarized
light signal. It produces a mismatch signal between the sighting
axls and a perpendicular to the control mirror in two planes: vertical

and horizontal.

The mirror 1s mounted on the stabllized section of the gyroplat-
form. It has an inner gimbal suaspension, ensuring its turning on an
azimuth within the limits of $70°. On the gyroplatform two spherical
gyroscopes with air suspension are mounted.

Mismatch signal, produced by goniometer in a vertlcal plane, is
fed to the drive for horizontal positioning of the platform of the
goniometer. The operation of this servosystem ensures coincidence
of the position of stabilized platform of the goniometer w.ith the
position of the onboard gyrostabilized platform with respéct to the
plane of the horizon. The necessity for precise horizontal positioning
of the gonlometer platform is caused by the influence of errors of
herizontal positioning on the accuracy of the pelarization synchronous
gear. Errur of deflection of the gonlometer platform from the position
of the onboard gyroplatfcrm does not exceed 10".
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Turning of the onboard gyrostabllized platform for azimuth up
to coineldence of the baslc plane of stablliczation with the plane of
firing 1s carried out by a servosystem, the measuring element of which
is also a goniometer. Here the mismatch signal produced by the goniom-
eter for zzimuth is used.

The mismatch signal, produced by gonicmeter, after amplification
is fed to the drive for azimuthal turning the onboard platform.
Maximum angle of rotation of the ontoard platform based on signal
from the goniometer comprises 60".

§ 4, Aiming of Missiles During Launching from
Silo Launchers

The system for aiming the "Minuteman"” missile when it is launched
from a silo launcher 1is organlcally connected with the system for
missile control and the ground checking-launching equipment.

A peculiarity of the "Minuteman" missile is the fact that when
it 18 located inr the silo the gyrostabilized platform is found in a
working condition., This ensures a very small loucs of time for
preparation of the missile for launching (around 30 seconds). The
high degree of reliabllity during the continuous operation of he
gyroplatform 1s ensured by its construction cn spherical gyroscopes,
the rotors of which during rotation do not have mechanical contact
with the stator, therefore their wear 1s extremely insignificant.
Mounted on board the missile i1s a digital computer (TsVM), which,
in addition to solving problems of flight control of the missile,
fulfills a number of operations for prepcring the missile for launch-
ing, including aiming the missile.

The layout for aiming the missile is depicted in Fig. 43.

The measuring element of the aiming system 1s an autocollimating
gonicmeter, mounted in the upper equipment level of the silo on a
sperial annular rail. The position of the goniometer on the annular

rall depends on the azimuth of firing. Aiming of the missile is done
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in two gtages: f#ipst 1t 1s turnec tc the approximate position with
the help of the turning device on the launching pad, then -~ aiminz is
carried out by turning the onboard gyrostabilized platform for
azimuth,

Fig. 43. Layout for aiming the
"Minuteman" missile during launch-
ing from a silo: 1 - control
mirror; 2 — annular rail; 3 -
goniometer.

KEY: a) Converter,

Az muth of sighting axls of goniometer is determined by means

of transmission cof directions from a geodetic grid cr from astronomical

observations. Sighting with the theodolite during geodetic tying in
of the goniometer is done through the hatch in the roof of the silo.

When the goniometer is switched on it generates a modulated
light signal, which passes through the hatches in the silo tube and
the missile container and reaches the controi mirror secured cn the
onboard gyroplatform. The light ray reflected frcm controcl mirror
is analyzed by gonicmeter snd on the vasis of this the mismatch signal
is produced. A mismatch signal different from zero appears only in
case of azimuthal departure of the working gyrostabilized platf. rm.

After amplification the mismatch signal 1s fed to the signal
converter. In the converter 1t is converted into a digital form aad
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is fed to the onbrard digltal computer, which countinucusly corrects
the position of the gyrostabllized platform for azimuth. Thus the
gignal of corrections, which iz produzed by the goniometer, ensures
coincidence of the perpendicular to the control mirror with the

sigating axls of the goniometer.

During input of flignt assignment into tle onboard computer the
possibility of reaiming the missile un an additional target 1is
anticipated. Realming of the missile can be carried out on command
from the control room. Reaiming of a missile 1s carried out by means
of turning the gyroplatform on a specific angle from the initial
direction. Control of turning of the platform is carried out with
the help of discrete angle transducers located on the axes of stabiliza-
tion of the gyroplatform. Signals, produced by the transducers, are
fed to the digital computer.

The possibility of realming the missile on one of many targets
is limited by the volume of target information embodied in the memory
of the digital computer and the maximum permissible angle of turning
the gyroplatform for azimuth. Thls angle of turning fcr the gyrc-
platform used cn board the "Minuteman® missile, as was already stated,
comprises *70°. If the required deflection shift of the gyrostabilized
platorm cnto a new target exceeds the statcd angle, remote-controi
reaiming of the missile becomes impossible. Realming in this case
requires additional turning of the missile in the silo, wnich can be
carried out by special command.

§ 5, Alming of Missiles During Launching
from Submarlnes

The source of informaticn concerning the position of the local
vertical and direction of the meridian vhich is necessary for alming
a missile, is the gyroscopic device in the navigation system of the
submarine. The2 gyroscopic devize can work under conditions of a
gyrocompass and triaxial gyrostablillzer, therefore the stabilized
; base of the navigational system maintains not oni' a horizontal
position, but is oriented with a specific accuracy relative to the
direction of the meridian.
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The most complex problem arising during the aiming of missiles
prior tc their launching from a submarine 1is the transmission of
orientel directicns for three axes from the gyroscoplc device of
navigation system %o the gyrostabilized plzt{orm of the missile. A
simpler problem is turning the gyroplatform intc the plane of launchir g

from a known azimuvtha’ position.

Orientation of the onboard gyroscopic platform relative to three

axes of coordinates for the "Polaris" missile is carried out with the
help of an 1n§uction synchronous gear, the transducers of which are

 set on the axes of the stabilized platform of the navigational device,
and the receivers — c¢n the axes of stabilizaticn of the onboard gyro-
platform. Aftor coordination of the receivers of all synchronous gears
#ith thelr transducers the onboard gyroplatform will take a horizontal
pasition, and 1ts azimuthal position will correspond to the azimuthal
orientation of the platforr of the navigational device. -

A deficiency of this principle of transmission of directions to
the onboard gyroplatform is low accuracy due to the influence on it
of defcermations of the hull of the submarine when i1t rolls. Deforma-
tion of the hull of the submarine leads tvo angular mismatch of the
axes of the onboard gyroplatform relative to the analogous axes of the
stabllized plafform of the navigational device. These angular
nismatch2s do not cause the appearance of signals on the output of the
transducers of the induction synchronous gear, since thelr rctors and
stators are turning on the same angle. Thus angular Geformations of
the hull of a submarine enter fully into the error of aiming a
missile.

For =zliminating the influence of angular deformations of the
submarine hull on the accuracy cf aiming in addition to the induction
synchroncus gear a photcelectrical synchronous gear has been developed.
Its principie of action can be comprehended from the diagram in
Pig. 44,
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Fig. 44. Arrangement for aiming a
missiie during launching from a
submarine: 1 - onboard gyroplat-
form; 2 -~ selsyn; 3 — mirror; 4 -
objective; 5 — receivers of radia-
‘tion; 6 — pentaprism; 7 - objective;
§ —~ disphragm; 9 — tube; 10 -- zyro-
platform of navigational device.

The alming system in this case corsists of the following elements:
-~ 1nduction transduc;rs of syneh;onuus gears;

-~ amplifier;

— induction receivers of synchronous gears:

— transducer of photoelectrical synchronous geai-,

- prism reflectcr;

— recelvsr of photoelectrical synchronous gear.
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We already examined the work of the induction synchroncus gear
during the aiming of missiles; we now will examine the operation of
a photoeleciric synchronous gear. Its transducer is rigidly joined
with the body of the stablilized platform of the navigational system.
It consists of a light source, diaphragm, and ccilimator. In the
diaphragm there are two openings: c¢ne in the form of a circle of
small Jdiameter, aﬁd the other in the form of a thin slot. After
passing these opening, iight rays emerge from the collimator in the
form of two adjacent »juirallel bundles.

Secured rigidly above the navigationai device 15 a pentsprisnm,
turning the light rays coming from the collimator exactly by 90°.
In connection with the fact that the navigational device and prism
are located on one vertical, defermations of. the submarine hull do
not exert an influence on the path of the rays after passing the
prisn.

The reciver of the photoelectric synchronous is fastened rigidly
to the body of the missile. Jt is mounted in a gimbal suspension, on
each of the axes of whizch stand the motors of t.e servosysiem and

tri asducers of the induction synchronous gear.

The receiver of . he synchronous gear consists of the following
elements:

- mirror;
~ gbjective;

—~ two Crouss~-shaped phovoelectric receivers of radlation;

|

three amplifiers.

The mirror divects light rays downwards ontu the objective,
which focuses them on the cross-shaped recelivers of radlaticn. Cn
one of the receivers i3 construced the image of circular opening, and
on the other — a slot.
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In cage of mismateh of the recceiver of the photoelectric
synchronous gear with the transducer for angle of pltch or yawing the
image of the circular opening 1s displaced from center and falls on
one >f the four {or simultanecusly on two) recelvers of radiation.
Receivers of radiation are included in pairs on the input of two
amplifiers of photocurrent on a balanced circuit, therefore on the
output of the amplifiers mismatch signals appear, the polarity of
which corresponds to the sign of angular mismatch in pitech or yawing.
This signal is fed to the motors, mounted on the axes orf the gimbal
suspension of the recelver, which turn it up to coincildence with the
transducer.

In the case of mismatch between rezeiver and the transducer for
azimuth (for angle of bank of the missile) the mismatch signal is
produced by the second cross-shaped receiver, on which the 1lmage of
the slot of the transducer cf the synéhronous gear 1s constructed.
Forward shifting of the image of therslot over the surface of the
cross-shaped receiver, which develops in the case of angular mismatch
betweenr receiver and transducer of the synchronous gear for angles
of pitch and yawing, does not cause unbalance of the bridge, including
all four receivers of radiation. In the case of angular mismatch
between the receiver and the azimuth transducer the image of the
slot is turned relative to the vertical axis and causes the appearance
¢f a signal on the output of the bridge. After amplification this
slgnal moves to the motor for turning the receiver of the syncnronous
gear for azimuth.

With the turning of the axes of the gimbal suspension of the
recelver of the photoelectric synchronous gear the additonal
(correcting) transducer of the inductlon synchronous gear which are
mounted on them are rotated. Mismatch signa.s produced by them are
fed to an amplifier. In the amplifier these correcting signals are
combined with the basic mismatch signals prcduced by the transducers
of the induction synchronous gear which are mounted in the navigational
system of submarine. Total signals are fed to the receivers of the
induction synchronous gear which are mounted on the axes of the
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onboard gyroplatform. After adjustment, by the motor for stabilization

cf the onboard gyroplatform, of mismatches produced by these receivers,
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to the analogous axes of the gyroplatform of the navigaticral system.
A.iditional relatlive angular turns of their axes due to deformation of
the submarine hull will zlso be considered.

AR S S .

. S et

—

X tent i b

A3 B8 DT b DRI (e TN e B S 2 S0 A




Ll

W, S T P

CHAPTER IX
MISSILE AIMING SYSTEMS USING ONBOARD DEVICES

f 1. FPrinciples of Aiming when
Using Onboard Devices

For orientaticn ol an onboard gyroplatfurm using the means which
are lccated onboard the missile 1t is necessary to have twe initial
direction®, which 13 due to the fact that it is necessary to orient
the platform both relative to the plane of the horizon and also in
terms of azimuth.

As initial directions it 1s possible to uge:

-~ direction of acceleration of force of gravity;

— direction of axis of rotation of earth;

— direction tc celestial bodies.

T™e angle between the pair of directions, utilized as initial
for aiming, should bte sufficiently large; with a decrease >f 1t there
is an increase in the error of aiming. Therefore in high latitudes
it is impossibie to use direction: of acceleration due to gravity
and axis of rotation of the earth for aiming of missiles,

Lepending on the type of devices used for fixing initial direc~

tions, the systems of orientation of gyroplatforms are divided into
inertial and astronomical. In inertiail systems accelerometzrs and
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systems of orientation photoelectric telescopes which fix direction
on celestial bodies zre used.

Orientation of a gyroplatform oy using inertial devices can be
carried out both prior to launching the missile and also in flight.
Orientation using photoelectric telescopes is done in flight, when
the missile is at a high altitude and atmospheric disturbances do
not exert a significant influerice on the work of telescopes. :

§ 2. Horizontal Positloning of the Gyroplatform

Horizontal positioning of the gyropiatform 1s carried out auto-
matically by servosystems for reducing it relative to horizontal
axes. Let us consider the principle of action of a system for
horizontal positicning (Fig. 4). It includes two autonomous servo-
systems. The transducers here are accelerometers, which are mounted
on the stabilized base of the gyropiatform and produce electrical

B P o o

signals, depending cn the position of the gyroplatform relative to

the direction of acceleration due to gravity. Sometimes the accuracy
of accelerometers utlilized in missile control systems is not sufficiert
for horizontal positioning of the gyrcplatform with the necessary
accuracy. In these cases on the gyrostabilized platform transducers

of vertical are mounted. They are cf the liquid level type and

possess a high degree of sensitivity and accuracy.

Principle of action of both channels of the system for horizontal
positioning 1s identical. As scon 3 deviation of the platform from
horizontal plane on one of the axes occurs, a mismatch signal is
taken from the corresponding transducer. After amplification 1t is ;

Y Pkt Wt o W e

fa2d teo the tongue transducer of one of gyroscopes. The gyroscope
together with the platform starts to precess, thus eliminating the

Horizontal positloring of gyroplatforms prior te launching cf
missiles i35 also carried out during the aiming of wissiles when
external Inforuiatien is used (oriented geodetic directions).

1:0
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mismatch Detween the plane of the horizon and the platform.




§ 3. Azimuthal Alming Using the Gyrocompass Methoa

Azimuthal aiming of a missile can be carried out with the
of an onboard gyroscoplic compass mounted on the gyroplatform.
However, lnstallation of additlional elements on the gyrostabilized
platform is extremely undesirable, It 1s more rstional to ensure
the operation, under conditions of a gyrocccmpass, of the onboard
gyroscopes 1r the system for controlling the movement of the missile.

aln
N -l-y

For determination of direction c© the meridian it is possible
to use a conventional triaxial gyrostabilized platform. If the
systems of horizontal and azimuthal correction are disconnected then
due to rotation of the earth a visible drift of the gyroplatform will
be obo.erved relative to the starting system of coordinates which 1s
connected with the earth.

Components of rotation of the earth on three axzes of coordinates
are equal toe:

Cx::-Q.-cog,.cosA; (u6)
e,=9.-tin?; u7)
®,=0Q, .cos7.sinA, (48)

where A — azimuth of position of basic plane of stabiiization of the
missile. Apparent angular velocities of drifts of the gyroplatform
can be nieasured and given to a computer, which determines the azimuth
of the basic plane of stabilization.

However, this method of determination of direction of meridian
possesses an extremely low degree of accuracy. Its accuracy low 1is
caused by Influence of moments of friction in the axes of the gyro-
platform or, its drifts. Besides this the problem of creation of
high-precisicn transducers of angular velocities of platform crift
is very difficult.

111

- S - P o
——y pena " AR e et



T OTTYF e T g

TR T YRty . wr e

- .-
Ay e e .

Azimuthal orlentaion of a gyroplatform with the use of
inertial transducers 1: also possible during the flight of a missiie.
For this purnose it 1s necessary to preliminarily compare calculated
and measured values of components of misslile veloclties in a hori-
zontal plane. The calculation formula for determiqatlion ol azimuthal
correction in this case has the following form [8]:

i+& (Vap = Vieu) #c +(Vep~ Vi) %
> are

M= ’ (49)
where k — cert in coefficient, constant for a given gyrostabilized
platform; VXH, VZM — measured velocitles; pr, th — calculated

velocities of missile.

With an increase of latitude of the missile site there is a
decrease in horizontal components of angular velocity of rotation of
the earth 0 and w, s therefore error of determination of direction
of meridian by the examined method increases.

Method of orientation of gyrostabilized platform with use of the
given formula amounts to the foilowing. Prior to launching the
missile the gyroplatform is established horizontally and oriented
roughliy relative to the direction of the plane of launching with an
accuracy of up to several degrees. Then with help of the onboard
computer the azimuthal correction of orientation of the gyroplatform
is determined. Afcer that the gyroplatform is turned on azimuth
up to coincidence of the baslc plane of stabilizatlon of the missile
with the plane of firing.

§ 4, Astronomical Methed for Orientation
of Gyroplatform

In the astronomical method of orientation one cor twe photoelectrice
telescopes are mounted on the gyrostabilized platform. These :~
determine the direction to one or two stars. If it is necessary to
orient the gyroplatform only for azimuth, then for this it is suffi-
cient to determine the direction to one star. In order to ensure .

T, e A - -
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orientation of the gyroplatform relative to three axes, it is
necessary to have two telescopes or to sight in turn with one telescope

on two starsz

wme w e

In Fig. 45 a diagram is given of a gyroplatform with a photo-
electric telescope mounted cn it. It has two drives, ensuring the
. turning of the sighting axis relative to the stabilized base of the
gyroplatform. On each of the axes of rotation of the telescope
induction angular transducers are mounted, and with the help of these
the orientation of its sighting axis relative to the gyroplatform
is determined.

Pig. 45. Astronomical system
of aiming: 1 — angular trans-
ducer; 2 — telescope; 3 -
objective; 4 — diaphragm; 5 —
photomultiplier. TsVM = Digi-
tal computer.

The telescope consists of an obJective, an analyzer in the form
of a diaphragm with two perpendicular narrow slots, and a photomulti-
plier. During shifting of the sighting axis of the telescope in
space on a specific program the luminous flux from a star falls
through the slot onto the photomuitiplier and a signal appears on its
outpuv. It is fed to the input of the digital computer, with help
r of which the azimuth and angle of sight of the star are determined.

] 113

o~ .- o et e —g——————— e Anrrinn s s - [, — —————




Shifting of the telescope 1s done first for azimuth and then for
gle of sight.

In order to ensure the zearch for stars, in the body of the
missile there shculd be hatches covered with protective glass. .
study of density of location of stars showed that two hatches for
hoth directions with angular dimenslions of 450, and the centers of
which are dispersed by 600, ensure the tracking of any twc stars at
anpy time of the day and at any point on earth.

For cdecreasing the sector of the celestial sphere in which the
search for a star is carried out, the gyroplatform prior to launching
cf the missile snould be oriented roughly relative to the plane cor
the horizon and for azimuth. Such an orientation can be carried out
with the help of inertial elements of the system for controlling the
movement of the missile.

The memory of the onboard computer contains a stellar program
containing only star of great brightness. The sensitivity of the
telescope also einsures detection of only stars of great brightness.
This facilitates their search by the telescope and excludes the
possibility of capturing stars which are not in the stellar program.
Furthermore, in order to avoid a false response by the telescope and
to increase the accuracy of determination of angular coordinates of
star, several measurements are made. Results of the measurements
are averaged out

. For each of the stars found in the program, ahead of time a
calculation is made of aziimuth and angle of sight, determined relative
to the calculated position of the axes of the inertlal system of
coordinates.

The astronomical system of orientation 1s switched on only at
high altitudes, when atmospheric disturbances will not exert an

Influence on the functioning of the photoelectric theodolite.
Switching on is done on a command 1ssued by the onboard computer.
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For orientation of the platform it is necessary to know three

angular values: azimuth and angle of sight of one star and angle of
sight (or azimuth) of another star. On the basis cf these three
angles deviations of all three axes of the gyrostabilized platform
from their calculated positions are determined. Errois in the |
orientation of axes of gyroplatform obtained here are small, therefore
for calculation of cor:ecting commands to be passed onto the stabiliz-
ing motors of the platform it is possible to use very simple mathe- ;
matical dependences.

After correction of the position of the gyrostabilized platform
the astronomical system of orientation will be turned off, and the
system for controlling the movement of the missile corrects its
trajectory in accordance with the new position of the axes of the
inertial system of coordiqates.

A merit of the astronomical system of orientation of a gyro-
platform is its high degree »f &ccuracy. Application of 1t is
expadient during the launc..ing of missiles from mobile launchers,
when it is undesirable to determine orien‘ed geodetic directions
ahead of time. v
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CONCLUSION

A consideration of the essence of aiming and problems solved by
the aiming system, makes it possible to drax a conclusion concerning
tiiz importance of aiming of baliistic missiles during preparation for
laun~hing. The nature of dispersion of pointe of impact of balilstic
miss. '‘es depends directly on the accuracy of azimuthal aiming.

. From the brief analysis of principles of construction of aiming
systens of American ballistic missiles 1t follows that during their
development a great deal of attenticn is allotted to automation cf
the basic operations of aiming. Automated systems make it possible
to increase the accuracy of aiming, to reduce the number of operators
servicing them, and to decrease the time for preparation of missiles

for launching.

During the aiming of ail American ballistic missiles criented
geodetlc directions are determired ahead of time by conventinnal
astronomical and geodetic methods or with help of ground gyroscopic
devices, However, during the last few years American specialists
have begun to give attention to the development of principles of
aiming ballistic mirsiles using onboard inertial means and systems

_df g§tro—or1entation. In their opinion, it is expedient to use «ych
principles of aiming for the launching of missiles from mobile

launchers.
FTD-MT-25=-422-69G 116
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(U} This book is intended for soldiers, sergeants, and -
: tudents In military schools, as well as for the general

reade: interested in missiie technology. On the basis

of Soviét and foreign sources the author gives an analysis

of tke ¢iming of ballistic missiles with the use of external
as well &z onboard information, Also presented is a discussion
of gyroscoplc units, tracking systems, and other information
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