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found in formulae and calculations appear to have
been rendered incorrvectly in the original document.

y They will be shown exactly as they appear in
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U, S, BOARD ON GEOGRAPHiC NAMES TRANSLITERATION SYSTIM

Blcck Italic Transliteration Block Italic Transliteration
A A a A, a P p P R, r

B s B v, v T =t T m T, ¢

ror r s G, g y vy Y y U, u

O n e D, d ® ¢ ® ¢ F, T ,
E o E ¢ Ye, ve; B, e* X x X x Kh, kh

K x X x Zh, zh 0 u Uy T, ts

3 s 3 Z, 2 Y w4 4 v Ch, ch

H «x H u I, 1 w w W w Sh, sh

A& R Y, ¥ Ww w W y Sheh, shch

K x K = K, k B 3 > » n

A =x gz L, 1 BN 8 A u Y, ¥

M x oM M, nm b » > '

H n WOk N, n 3 » 8 E, e

0 o 0 o 0, o 0 » 0O » Yu, yu

n e mnr P, p A& 4 = Ya, ya

* ye initially, after vowels, and after %, »; e elsewhere,
en written as ¥ in Russian, transliterate as y# or 8.
The use of diacritical marks is preferred, but such marks
may de omitted when expediency dictates, '
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FOLLOWING ARE THE CORRESPONDING RUSSIAN AND ENGLISH
DESIGNATIONS OF THE TRIGONOMETRIC FUNCTIONS

Russian English
8 ain sin
- cos cos
5 tg tan
L ctg cot
ke sec sec
N cosec csc
% sh sinh
5 ch cosh
i th tanh
3 cth coth
: sch sech
i ¢sch csch
; arc sin sin-1
, arc cos cos™1
. arc tg tan-1
. arc ctg cot-1
: arc sec gec™1
arc cosec csc'l
arc sh sinh-1
arc ch cosh~}
arc th tanh=1
; arc cth coth-1
A arc sch sech~1
‘ arc csch csch-1
' rot curl
. 1g log
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LIST OF ABBREVIATIONS AND ACCEPTED

g CONVENTIONAL DESIGNATIONS
é AAE - AAE - Air Almanac
% ArCh - AGD - azimuth gyro sensor
3 A3C - AZS - circuit treaker
g AH - AK - astroc” rection
S AN - ALP - astronomical line of position
% § AHY - ANU - automatic navigation equipment .
1 ! AN - AP - automatic pilot
5‘ ‘ APH - ARK - automatic radio cowmpass v
§\ APY - ARCh - automatic frequency control
4 BMNPM - BPRM - inner marker beacon
’ BY - BU - lateral deviation or control unit
3 BHH - BKN - airborne celestial charts

BN - VPP/RW - runway
3 , ra - GD - horizontal range
% A o - GO - main orthodrome

MH - GPK - directional gyroscope

PN - GRP -~ expansion unknown

[chief radiodispatcher point/gyroscope radio
point]

AHce - DISS - Doppler speed and drift meter
ANPM - DPRM - outer marker beacon
34 ny - ZI PU - given true course angle

31N - ZMP - given magnetic bearing

3iny - ZMPU - given magnetic course angle

30C - Z0S - ground aids to navigation
any - ZPU - given course angle
% HH - IK - true course '
HHAD - IKAO - International civil aviation organization
HHO - IKC - plan-p:sition indicator
MM - IPM - departure point
unpP - IPR - ftrue bearing of a radio station
e - IPS - true bearing of aircraft
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KON
HP
HPN
KC
HYB
HYO
HYP
HYC
JBY
a3n
nyp
([
MNP
MrC
MY
Me
HB
Ha,
HM A
HPH -2
03ny
oK
gany
onpe
anec
anc

IPU
KV
KGG
KK
KM
KO
KPM
KPP
KR
KRP
K&
KUV
KUO
KUR
KUS
LBU
LZP
LUR
MK
MPR
MPS
MPU
MS
NV
ND
NPP GA
NRK-2
0ZPU
OK
OMPU
OPR
OPRS
OPS8
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true course angle

short wave

expansion uvnknown

compass course

correction mechanism

reference landmark
route check point/destination check point

route check point/combined flight instrument

shortest

distance

compass radio point

course system

angle between course and wind direction

reference point angle of approach

radio station angle of approach

combined

alrspeed indicator

course-line direction

specified track
linear turn lead

magnetic
magnetic
magnetic
magnetic
alrcraft

course
bearing of a radio station
bearing of aircraft

course angle
position/magnetic declination

navigation computer

slant range

flight manual of civil aviation

Kalashnikov navigational computer

« expancion unknown

reverse cuigse/orthodromic course

great clrus® magnetic track angle

reciprocal Learing of radio station

reciprocal bearing of radio station

reciprocal bearing of aircraft
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instrument landing system
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track bearing
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Navigator's direct-reading range and azimuth

instrument

route turning point
expansion unknown

control panel/track angle
blocking relay

radio broadeasting station
radiomasnetic indicator
radio check point
expansian unknown

manual frequency control
short-range radio navigatica system
expansion unknown

Aviation Information Service of the Ministry
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Lead

true north
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gyro unit indicator

course indicator

tilt angle, angle of slope
turn indicator/turn angle
drift angle

lead angle

navigator's indicator
expansion unknown
navigator's magnetic indicator
actual magnetic course angle
master vertical gyro
navigator's control circuit
particular orthodrome
pilot's panel

control panel

true south
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FIFTH SECTION
AIR NAVIGATION
SEPARATION

The altimeter setting rules during flights over USSR territory.
The echelons of flights (Figs. 41 and 42) are established from
a conditional level, which corresponds to the level of the
Baltic sea at standard atmosphere (atmospheric pressure 760 mm Hg
at free-~alr temperature +15°C with temperature gradient 0.65°C
and normal humidity).

Table 15 shows the order of numbering of echelons.

The altitude of the echelon in flight is determined by a
barometric altimeter with setting of graduation "760" of the
barometric scale opposite the fixed index. Before takeoff the
crew is obligated to set the readings of the barometric altimeter
(altimeters) tc "zero" altitudes by means of setting the magnitude
of atmospheric pressure (at the level of the runway of the takeoff
airfield) opposite the fixed index.

The setting of the barometric pressure scale of the altimeter
with graduation "760" opposite the fixed index is permitted
only after the gaining of the transfer altitude - altitude of
rectangular route legalized for a given airfield.

FrD-MP-24-291-72 1
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Table 15. The order of numbering
of echelons

T DY

The second (vestem) t ‘the tirst (Eastern)

semicircle of dire seatcircle of afre
ections of air lines | ections pf air lines
trom 180 to 359° from 0 to 179°
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53
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= 8 TN e 7200
8 o UL S bhun
i{ ; 1o How | 1o | 1o
g 10 L0 | I, 120w
' ete. | ete. | ete. } ete.

During landing approach to the airport the readjustment of
the barometric scale of the altimeter from pressure 760 mm Hg to
the airfield elevation pressure is permitted with departure from
tne altitude of the transfer echelon - the lower echelon of the
holding area of the landing airfleld.

Berore landing at high-mountain airfields with the obtaining
on board of a report about atmospheric pressure at the level of
the airfield runway less than 670 mm lig 1t 1s necessary to leave
the graduation "76¢" of the barometric pressure scale opposite the
fixed index, to find the difference between barometric pressure
760 and barometrlc pressure at the runway level of the landing
. airfield and to express 1t in meters with respect to standard

atmosphere. The magntliude found in this way will be the zero of
the altimeter.

Calculation of lower echelon. Ior determining the altitude
of the lower echelon in flight along a route it 15 necessary to
calculate the sufe altitude by formula

FPD-MT-24-291-72 3
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where HM - the true altitude of flight, established for a given
route in accordance with the requirements for the flight manual
(NPP) of civil aviation (GA): Hp ~ the absolute altitude of the
highest point of relief, including the altitude of artificilal
obstructions at a certaln distance from the axis of the route;
AHt ~ systematic temperature correction on to the altimeter; p
the minimum atmospheric pressure on the route, reduced to sea
level.

min ~

The lcwer safe echelon will be the first echelon, greater
than the safe altitude of flight (see Fig. 42).

Example. The safe altitude, obtained from calculations, is
1955 m. For flights with courses within limits from 0 to 179°
the altitude of the lower echelon will be 2400 m, while for flights
with courses (track angles) within limits from 180 to 359° -2100 m.

DISTINCTIVE FEATURES OF SEPARATION AND
AIR NAVIGATION ON INTERNATIONAL AIR
ROUTES

Organization and diraction of flights on international air
routes. The routes passing over the territories of two or
more states are called international.

The features of flights on international routes are determined
by the rules and norms establlished by the appropriate states,
which include:

conditions of crossing of state boundaries;
width of air routes;
system of separation of aircraft;

restrictions and zones with special flight conditions;
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airborne and ground documentation, which regulates flights;

facilities and rules of alr navigation, communicatiuvns and
signaling;

time reckoning systems;

norms of fuel reserve;

alrport network.

In all states the movement control services are state
organizations and direct the flights of all aircraft, including

foreign.

The comnmunicaticn with the alrcraft is conducted mainly on
ultrashort waves by radiotelephone in the languages established
for the territories of the glven states.

In the countries having entered the international civil
aviation organization (ICAQ), radio communication with foreign
aircraft 1s conducted in the English language.

When accompllshing international flights on every aircraft
there should be:

evidence of its airworthlness; f
confirmed [light plan;

weather report.

The rules of flights over different forelgn states are
different. Detailed information about conditions, diagrams and
flight routes on separate international routes is stated in
special collections, published by the aviation information service .
of the Ministry of civil aviation of the USSR (SAI MGA).

In the couniries entering the ICAO the direction of air
traffic has mainlily an informational nature. The crew is given

(&1}
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the altitude, the precise takeoff and arrival time, and some-
times the time of flight over the check points. The remaining
data are transmitted on board the aircraft in the form of
information, on the basis of which the crew makes independent
decisions concerning the execution of flight.

Foreign air routes, as a rule, have a width of 10 nautical
miles (18.52 km). This magnitude determines the required accuracy
of air navigation.

In the states entering the ICAO on air routes there are
used units of measure which differ from those accepted in the
USSR. Therefore the airplane crews, executing international
flights, should have tables or charts for the conversion of some
units of measure into others.

Units of measure accepted in the countries entering the
ICAO and in the USSR are given in Table 16. The "Blue table"
graph pertains to those countries which still have not completely
applied the recommendations of the ICAO for the units of
measure,

Foreign systems of aircraft separation. 1In various states
different systems of separation are used. However, for international
flights almost everywhere there is already accepted the main,
adopted in the USSR, principle of the reading of barometric
altitudes of separation from the level of the isobaric surface,
which corresponds to standard pressure 760 mm Hg.

The distributlion of the altitudes of separation depending on
the heading can be different in varlous states. Semicircular
and quadrant systems are used.

Semicircular system (Table 17) is used mainly in the USSR and
USA. In the USA for flight altitudes up to 29,000 feet the

. e e
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Table 16. The units of measure accepted in the USSR and countries

entering the ICAO.

Unlits of Measure

Measured magnitudes ica0 YBlue tabl " USSR
pistance Natuical miles with | flautical miles with Kilometers
tenths .enths
#ltitude, dimensions Meters feet Meters
of alrfields and short
distances
Horizontal speed Knots Xnots Kilometers per hour

Vertical speed
Wind velocity

Direction of wind
vector

Direction of wind vec~
tor for takeoff and
landing

Cloud height
Visibility

Barometric pressure

Temperature
Yeight
Time

The fuel quantity

Meters per second
Knots

True degrees

Magnetic degrees

Meters
Kilometers, meters

Millibars

Pegrees centigrade
Kilogrars
Hours, minutes

Gallons

Feet per minute
Knots

True degrees

Magnetic degree.

Feet
Nautical miles, yards

Millibars

Degrees cen—igrade
Founds
Hours. minuves

Gallons

Meters per second
Kilometers per hour

True degrees (re-

ciprocal to the wind

vector).

Magnetic degrees

Meters
Kilometers, meters

Millimeters of
mercury column

Degrees centigrade
Weight
Hours, minutes

Liters, kilograms

intervals between parallel cchelons are tak'n equal to 2000 feet,
and between opposing - 1060 feet.

For fligh:t altitudes from

29,000 feet and more the corresponding intervals are doubled.
During flights in the divection of track angleﬁ'from 0 to 179°,
l.e., to the east, there are assigned separaticon altitudes, in

multiples of odd thousands of feet.

During fJ'zhts with track

angles from 180 to 359°, i.e., to the west, evon @chelons are

assigned.
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Table 17. Table of semicircular separation,
accepted by a number of countries - members of ICAO.

Magnetic courses

Magnetic courses

-

Fy instrumonts Visually ; By instruments i Visually
Atitude Atttude 4 Altitude Atitude
e e e o ——
53 55 s S AL .
8 % Feet }Mters) . % Pect | Meters’ o £ Peet | Meters -] Peet | Meters
23 £3 AT KK |

Magnetic heaaing 0-179°

10
30
5
70

sl

110
130
150
170
190
210
230
250
270
290
330
370
110
450
490

2wy 15
900] 35
1500] 55
21501 75

[ 27501 95

3350; 115
3950 135
4550} 155
5200 175
5 800{ 195
6 400} 215
7000 235
7600, 255
8250; 275
8850, 300
10050‘ 340

11300 380 {:

12500} 120
13 764, 460
59 500

1 500
3500

D el

450! o0
lo.-’;ni 40
170§ 69
23«4 80
29007100
35001120
4 I(X)E 140
4700 3160
53305 180
59307200
655‘);‘.220
7750260
o
84007 280
91507310
10350, 350
11690 390
12800:430
14000 470
15250;5:0

2000

- 4600

6000
8000
10000
12000
14 (X0
16 600
18 00N
20 600
22 400
24 000
26 (00
28 000
31000
35000
39000
430600
47 000
51 000

(1)
120
1850
2 450
303)
3635
4250
445)
5 5%
610
630
739
795
8530
9450

25
45
G5
85
105
125
145
165
165
203
225
245
265
23
3%

2509
4 :‘m;
6 :‘m'
8 500'
105N
12590
i smj
16 5>
18 5
20 57{
22 5 v‘
24 9
26 7, d
28 39
3207

%Magnetic heading 150-359"

7350
1:350
2000
2600
3200
3800
140
5030
5630
6230
6830
7450
8100

8700 -

9750

xoa‘ﬂ! 369
msr.oi 1%)
13 l-(l)i 110
l!.’:.’v)i 450

lSS?A’)i 520

In some countries, having entered the ICAQO
Belgium, Denmark, Sweden, Holland and others, the quadrant system

(Table 18) is accepted, according to which at altitudes up to 29,000

3srm: 10930
100008 12200
44000: 13400
18000’ 1165
aeoooi 15830

» inciuding England,

feet the parallel echelons differ by 2000 feet, and opposing -

1000 feet.

The echelons for headings, which correspond to

adjacent quadrants, are distinguished from each other with respect

to altitudes by 500 feet.

At aititudes over 29,000 feet the corresponding intervals are

doubled.
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B Table 18. Table of quadrant Table 19. Conversion of the .
3 separation according to ICAO. numbers of echelons into meters s
¥ ) according to ICAQO (No. of 4
No. of |\ tang |NO. oOF Heters echelons in ascending order). ,
echelon echelon i *
. y wo.
B : :Zhe?in Heters eehe;:n fieters
4 3 25 750 U KT -
# 13 1350 3 (Y]
b 65 2000 10 5 1 50 .
. ; b3 2 Gins 0 21 'l W 10 5500 :
A 105 320 ) 2750 15 150 185 5650 ,
A 5 | sem | 1w | 33 o g0 | 100 | 5M0
; ’ 2 730, 195 Hush
2 145 1400 130 3430 30 Q0 20 6 100
S 165 | 5030 | 130 4530 35 | o | W5 | 6230
) ., 193 5650 170 520
3 % 205 6 250 190 ERLY 10 1900 <10 6100
4. nH 6 vH0 210 640 45 1350 215 6550
U5 7450 230 ECLY 50 13500 an() 6700
) i) 1700 225 6850 .
. 265 8 100 259 7610 0 1230 230 7000 .
o5 1, 8700 270 8250 65 2006 235 7150
320 9750 200 P
360 10950 330 05 i\ 2150 210 7300
400 1 12200 37 1) 3w 7 2500 248 7450
y 0 80 V2450 250 7600
W ¥ § . 5600 | 255 7730 .
o0 600 15 450 4w 2730 2%0 | 7900
40 1200 33 105) 5 2000 | 265 8 {00
5 60 1 18t +35 1o
! ¥ 2430 75 ) 100 3050 270 5250
3 Ity RYIH 95 1 24w 105 3200 275 8400
j 130 3630 13 1 35w 110 3350 280 8530
115 35 265 5700
: 1iv 405 . 135 Rty 190 3650 240 8§ &40
; 169 de) TR 4T 125 3N 300 9150
(B4 H i e 3w
b Y 6 jun 195 5050 130 34950 310 9450
3 a3y 6300 N5 6350 133 4100 320 a7
21y 7300 235 7159 140 4950 330 10030
{ 15 -s:ea 310 10330
& 260 7 90 235 77 150 4330 330 10 630
i T &0 |35 ) osaw 155 | 450 | 360 | 10050
b 3l ; 9430 R 9150
sﬂ 1063 ! 310 10350 160 1900 370 11300
o | 250 11 600 163 5050 360 11 600
R | 170 | 5200 | 3% | 11900
; 175 5350 400 12200
1
) COMPASS DEVIATION
. As a result of investigations the following was established:

at the place of iastallation of inductive or magnetic sensors
on centemporary alreraft with gas-turbine engines the deviation
does not exceed 11°;

ST RTINSl gy, VRTINSO AR TR

]

e r

P




% PR L, B BTN Y AT NI MRS SRR S R
S e i e L R e S s ey ot - . ;
avcomo > e & D Sl G o T B Ll L T b R

compass swinging cannot be performed at airfields which have
reinforced concrete coating, since there are local ancmalies
there which cause change in the readings of magnetic comy2asses

and course systems up to #5-8°;

replacement of gas-turbine engines on the aircrafit Jdoes not
affect the accuracy of operation of the course systems and
distant-reading compasses.

On this basis there have been published special instructicns
for the various types of heavy transport planes with gas-turbine
engines, according to which:

compass swinging from periodic servicing with respect to
maintenance of the given aircraft has been eliminated;

the deviational microadjuster has been removed from the
sensors of distant-reading compasses and course systems;

it is recommended to compensate the instrument errors of
distant-reading compasses and course systems only during the
replacement of the USbM indicator (DGMK-T7 compass) or the
correction mechanism;

the adjustment error of sensors 1s determined by turning the
sensor to matching of the course recadings on the navigator's
indicator with the magnetic course of the aircraft, deiermined .
by twofold direction finding of his longitudinzl axis (from the
nose and tail).

The compensation of inctrument errors of course devices is
accomplished without rotavion of the aircraft in the following

order.

10
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a) On aircraft equipped with KS course systems and GIK-1
gyro-induction compass:

remove the induction .ensor from the ailrcraft and fasten it on
the rotating antimagnetic platform of the UPK-3 assembly. Connect
the sensor with the course system with a connecting band. Install
the platform of the antimagnctic installation with the sensor
fastened to it on the wing of the aircraft over the attuchment
point of the induction sensor or on a tripod when carrying out the
installation to the ground;

set the zero reading on the navigator's indicator dials and
the correction mechanism.

The mean error in teletransmission on the section sensor -
correction mechanism (KM) is determined in the following order:

the zero readings are set on the scale of the antimagnetic
instaliation and the correction mechanism (KM);

the course readings are taken according to the KM scale with
turnine »r the antimégnetic installation to courses 90, 180
and 274" and determining the correctlions for each course;

the sum of correctionz on the basic courses is divided uy
four and the nmean eryor of teletransmission is determined;

zepo reading on the diamagnetlic device is corrected by the
magnitude of mean error, and course "0" is set on the navigatoric
indicator (USh).

After ermputing tne mean error the diamagnetic installation
is sucecessively set to courses 15, 30, U5 ete. to 345° and by a
gauge the course readings on the USh are brought respectively to
15, 30, 44 ete. to 345° with the rapld adjustment knoo pressed,

11
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b) On aircraft equipped with distant-reading magnetic

compass, which has PDK-3 type sensor:

instrument errors are compensated by turning the magnetic
system of the PDK-3 sensor through 15° according to the .cale of
the sensor. The magnetic system is turned without removal of
the sensor with the aid of any magnetic bar;

with divergences in the readings of the UShM with course
readings according to the scale of the PDK-3 sensor it 1s necessary
with the gauge to bring the course readings to the UShM to
the course readings according to the PDK-3 scale.

Compensation of radio deviation. The deviation of the radio
compass 13 compensated by a mechanical compensator, installed on
the axis of rotation of the closed antenna.

The gulde band through a special transmission creates
additional turning of the axis of the selsyn transmitter. With
the ald of 24 compensating screws tne guilde band is given the
form nec :ssary for the readings of the radio compass every 15°

of the scale (from 0 to 360°).

Before beginning the determination of radio deviation the
compensaktor should be neutralized, having unscrewed every screw
so that the juide band would acquire annular shape (additional
turning ol the axis of the selsyn transmitter at all course angles

is equal to zero).

For determi.ling the radlo deviation 1t is recommended to
select a radio station at a distance of 50-60 km. After determin-
ing and eliminating the adjustment error at radio compass readings
(ORK) 0 and 180°, by rotating the aircraft and stopping it at
ORK, multiples of 15°%, the readings should be taken. { every
reading of ORK there is determined the actual course angle of
the radio station and the radio deviation is recorded

12
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Ap=KNP—OPK.

[Translator's note. KUR = radio station angle of apprcach.]

B VR

Then a chart of the radio deviation is constructed, whereupon
for the avoidance of sharp deflections of the band the extremal
values of the chart are divided into three equal parts and two %
intermediate charts of radio de  iation are constructed. After
vhils the compensator is removed from the axle of the frame and
by rotation of the appropriate screws the radio deviation is
compensated on the first intermediate chart, by reading the
correction introduced for the given ORK on a special pointer
sn vhe compensabtor. Having compensated the radio deviation
according to the second intermediate chart, we finally compensate
it according to the radio deviation curve.

The compensation of radio deviation according to all threc
etiurts  should be performed in such a sequence, so that aftes
the intredaction of each positive correction the same negative
vaide wWould ve Introduced, i.e., as if according to a mirror

veflecetion of the course angles,

o oveall sequence of compensation is the fellowing: 0°,
1, /%, 30, 330, 45, 315, €0, 300, 75, 285, 90, 270, 105, 255,
20, 249, 135, 225, 150, 210, 165, 195 and 180°.

After the compensatlion of radio deviation the compensator is
inctalled on the frame mechanism and, by rotating the ailrcraft,
Lhe courrcetness of the performed work is checked. If inaccuracy
1o 1etected, compensation of the radio deviation is performed by
additional rotation of the screws at the appropriate ORK.

The deternination of the radio deviation on the ground is
Inadmissible cn alrcraft the closed antenna of ARK (Automatic
Radlo Cempacs) of which 1s installed in the bottom of the fuselape.
This s explulped bty the distortion of the electromagpnetic field

13
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by electromagnetic waves, reflectent from the earth's surface.
In such cases radio deviation i1s determined in flight, selecting
for this purpose a radio station 200-300 km distant from the
region of (f{lights.

Figure 43 shows that the aircraft, performing such a flight,
should intersect the assigned bearling at every reading of the
course angle of the radio station. It is convenient to use such
an order of course angles in flight, which has been indicated for
the compensation of radio deviation on the compensating mechanism,
whereupon up to KUR 270-90° the aircraft approaches the radio
station, and then withdraws from it.

For reduction of time it ca, ol
is possible to perform flight ﬂ—wiéﬁgﬁ;«~;iiéi{jY -
along a 24-angle route, i.e., Lo 1\f?15
in practice along a circum- Fig. 42. Determining the radio

ference passing 20-30 to deviation in flight.

straight flight at each reading

of the radio compass and course. One should remember that here

at each reading mark it is necessary to determine the MS (aircraft
position) and to piot it on a map for calculation when processing
the data of the bearing of the radio station from the point of

taking the reading.

With both methods the actual course angle of the radio
station at the moment of taking the reading is determined by
formula

KUR = IPR - IK¥,

¥[Translator's note: IPR = true bearing of a radio station;
IK = true course.]

14




and radio deviation - by formula

Ap = KUR - ORK.

The compensation of radio deviation is accomplished after

TV R

g
-

landing in the same order as during its determination on the
ground, but withcut checking the accuracy of accomplishing of
works, since a repeated flight would be required.
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. On each aircraft there is a standard radio deviation chart,
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if necessary applied to the curve template of the frame.
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DISTINCTIVE FEATURES OF THE USE OF
RADTO COMPASSES DURING FLIGHTS AT
HIGH ALTITUDES AND SPEEDS

The use of radio compasses in flight at high speeds with
observanca of all rules, imposed on the accuracy of direction
finding, requires a considerable increase in the effectiveness of
navirational calculations. Since these calculations are laborious,
32 decrease of the time by their accomplishment is very undesirable.
Howe .. r, this deficiency to a certain extent is eliminated by the
use of ARK with pushbutton switching and combined direction find-

ing indicators, especially with the orthodromic reference system
of aircraft courses.

Another essential deficlency of the radio compasses, which
cperate on medium and short waves, during flights at high speeds
is electrostatic interference. Despite the protection of the

cpen antennas of radio compasses and the use of special devices
for the runoff of static electriclity, accumulated in pointed part:
¢f the uircraft, during flights in clouds and precipitation there
are created considerable interferences to reception in frequency
range of operaticn of the radio compasses.

The accuracy of cperation of radio compasses, especially the
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accuracy of determining the flight of RNT (radio check point),
negatively affects the high altitude of flight. This occurs as

a result of change of the character of radio deviation at various
inclination angles of the vector of propagation of radio waves,
changing in large limits as the aircraft approaches the RNT. As
the aircraft approaches the radio station the polarization of
electronagnetic waves changes from vertical to horizontal, and
then after flight over the RNT agaln to vertical, but opposite in
phase (Fig. 44). It is obvious that antenna 1, that inclination
back, willl have zero reception.
in the phase opposite reception up to point 1' this will involve
turning of the frame of the ARK 180° up to the moment of flight
over the RNT. After the flight past RNT the phase of the closed
antenna will be changed, and at point 1 the open antenna. Con-
sequently, here there will take place premature marking of the
flight past RNT with subsequent (up to point 1') fluctuations of
the pointer.

Further reception increases, but

v ? AR Fig. 44. The polarization of electro-
/ Tj ST magnetic waves during flight past the
/! N/ X radio station.
! N \
/ Vv '
l \
| \
| |
‘ ]
\ A ’
!
\ A /
\ ;) ) ’
\ / \\ ! .
\\'-// \5—11

If the antenna has been tilted forward (position 3), then
fluctuations of the ARK polinter will begin at point 3, the flight
past the radlo station and the rotation of the pointer to 180° will
be noted with delay (at point 3').

With strictly vertlical position of the antenna (position 2)

16
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there is possible premature rotation of the ARK pointer 180°,
whereupon the pointer can rotate in the opposite direction and
for the second time note the flight past RNT at point 2'.

The artificial open antenna of the radio compass in the
relaticnship to its slope in vertical plane -~ resultant, which
connects the upper or lower point of the antenna with the electricul
center, l.e., with i1ts grounding or counterweight (Fig. 45).

Fig. U45. The influence of the equivalent
of the open antenna on the mark of the
flight past the radio station: &}

top point of antenna; b) electrical
center of the alreraft; c¢) receiver.

PUGET ™7 TP LTS T T XTI et (PPN e ERER T

It is natural that straight line a-b, belng the ecquivalent
of the antenna inclination (in our case - forward - with instailia-
tion of the antenna above the fuselage), will cause delay in
marking ithe moment of flight over the RNT.

If the antenna is installed at the same distance from the
electrical center, but under the fuselage, then the marking of
the Loument of flight past the radio station is premature. With
arrangenent of the antenna behind the electrical center of the
alrcraft the picture will be the opposite,

It is obvious that the location of the antenna directly
above or below the electrical center of the aircraft is more
suitable, but here there is possible an advance or delay of the
{fly-by murks, and also the appearance of double fly-by marks, since
in practice errors depend not only on the altlitude and speed of
flight, but also on the angle of pitch, the accuracy of [light ol
the aireraft over the radio station, ete. In practlce precise
flight past is extremely rare and there occurs combination of the

17
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effect of crossing with the effect of following (determination
of the passage of the traverse of RNT).

On the various types of aircraft during flights at different
altitudes and speeds the errors of the crossing of the pointer
to 180° 1lie within from 1 to 3 flight altitudes.

Precise tracking is possible only with comparatively con-
siderable deviations of the aircraft from the radio station during
flight. This distance exceeds the flight altitude and is located
beyond the zone with horizontal polarization of electromagnetic

waves.

COURSE SYSTEMS

The assembly of the course systems is given in Table 20.

Table 20, The assembly of course systems

The quantity of units on the aireraft, pieces.

Name Tu-114 n-18 An-10 Tu~124
Course system (Brand) KS-5 KS-6 KS~6 KS~10
Inductance pickup ID-2 2 1 1

Gyro unit GA-1T or GA-1P
Control panel PU-1

Relay unit BR-1
Correction mechanism KM-4
Navigator!s indicator USh

= e e DO e

NV = ) e s e e )

Pllot indliecator UK 1-2 N
UGA~ IV indicator 1

UGR-1V indicator -

UGPK indicator 0-1 0-1

-
—

Amplifier U=-11
Amplifier U-1h

[l A A T \C I (LI U]
1 o DD e = e N

It is necessary to remember that with use of system in the
"GPK" (directional gyroscope) mode aboard the aircraft there are
the following duplicate readings:

18
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second gyro unit;

a) on the UGA-1U indicator:

on pointer "G" - the gyromagnetic course, obtained from the

on pointer "A" - the true or orthodromic course, obtained

from the astrocompass;

b) on readings of the scale of KM-4 correction mechanism -
magnetic course (taking into account instrument error).

The main malfunctions of the course systems and the methods
of thelir elimination are glven in Table 21.

Table 21. The baslc malfunctions of course systems.,

R e B e R

Malfunction

The cause and method of elimination in flight

in mode "MK'" and "GPK" on the XMl
the MK remains unchanged with
change of %he course.

In the "GPK" mode the readings of
USh and UX are unchanged or during
the check of OK divergences are
noticed.

Incorrect readings of KS after
banks )

The absence of readings on UK
with theler prezence on Ush,

Failure of ID-2 or U-1l (on channel ID-2-KM-U4). With
failure of ID-2 it is necessary to change to opera-
tion of KS in the "GPK" mode with periodic astro~
correction and, having corrected the spare gyro-unit
to the main, compare in flight the reading of the "g"
pointer of the UGA with readings of USh,

Failure of the gyro unit (main or sparz2), If the same
defects are observed on the "0" pointer of UGA-IV,
then, besides the failure of GA-1, there can be failure
of amplifier U-11 {(KM-U«GA~1}, One should change to
the spare gyro-unit with periodic magnetic correction
or astrocerrection.

Railure of T=GV, and after the turn of VK~53-RB, It
is necessary to switch the KS over to communication

with the spare vertical gyroscopc or set the appro-

priate switch to the operating position without the

vertical gyroscope. ’

Burnt-out fuse in BR-1-PK-30 at 0,15 a.

19
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AIR NAVIGATION BY THE QREAT CIRCLE
WITH THE USE OF COURSE SYSTEMS, HOMING
STATIONS, RADIO BROADCASTING STATIONS
(RVS) AND RADAR REFERENCE POINTS

The preparation of a map for flight along orthodromic track.
On maps utilized for flights in civil aviation (scale 1:1,000,000

and 1:2,000,000), the great circle with length 1000-1200 km in

practice 1s a straight line. This makes it possible on the

maps to plot the orthodromes of sectlions graphically (with the
aid of a rule) without calculations of intermediate points by
formulas. To the same track length it is possible to execute
flight with orthodromic track angle from one reference meridian

of the section.

The following system of plotting of orthodromic track angles

on a flight map 1is recommended. If the flight route has not been

laid on the orthodrome, i.e., 1t should pass through certain
prescribed points, then it is divided into separate sections, the

length of which along the crthodrome should not exceed 100C~1200 km,

In this case it 1s desirable that the starting points of the

section would coincide with the route turning points (PPM).
division of the route not at points of the PPM 1s allowed only

The

with large length of the straight portions of the track.

The meridians of the starting points of the orthodrome of

the section are considered reference meridians for the measurement

of track angles. The great circle track angle from the first
reference meridian to the first PPM is measured directly from the

The track angles to the next PPM are

reference meridian.
of

determined as the sum of the f'irst track angle with the angle

turn of the track at the first PPM (Fig. 29):
*
OM¥e=0My, =3P ete.

= OPU = great clircle track angle,

=

¥[Translator's note. ONY
YP = UR = angle of turn. ]
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Example. OPU, = 60°, UK = 30°, oup, = 60° + 30° = 90°,

1

With the number of PPM wmore than three to avoid the accumula-
tion of errors of the secorid and subsequent OPU by summation of
the azimuth we determine the great circles of the section with
angles of intersection of the assigned track ard the great circle
of the section (see Fig, 30):

OPU = A + UP.
For example. A = 130°; UP = -30°., OPU = 130° - 30° = 100°.

Furthermore, the OPU can be measured directly on the map
from any meridian with subsequent introduction of correction to
the angle of convergence of the reference meridian and the
meridian of the place of angle measurement:

e e e -

OPU = IPU £ 6. (

For return flight the track angles are plotted from the
reference meridians, which are final during flight in the initial
direction. Therefore, the track angles of the reverse direction |
willl be 180° different from the initial direction plus the cor-
recticen for the convergence of meridians.

If the entire flight route passes along the great circle
and does not have PPM, then the plotting of track angles is
considerably simplified. In this case the route should be
divided infto orthodromic sections 1000-1200 km long. The meridians
of the lnitial points of the sectlion are considered reference
meridians during the calculation of great circle track angles
for forward and reverse direction; from these meridians the great
circle track angles are measured.

-

The marking of the route for flights with great circle track
angles is performed the same as for flight with magnetic loxodromic
track angles. The track 1is divided into segments 50 km each

21
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with numbering every 100 km. To the righ@ of each section between
PPM there will be placed a iine, above which is indicated the
distance between PPM, and under the line - the preset time of
flight on the section. More to the right of the line is

written the OPU,

The general sequence of preparation of. the map for flight
along the orthodromic track is recommended the following:

1. Regardless of the presénce of salient points connect
by a straight line on the map the section of route with length
1200 m. The straight line laid on the map will be the great
circle of the section. 1In the future all calculations of track
angles should be performed from this line.

2. fleasure on the map with a protractor the azimuth of
the great circle on the meridian passing through the starting
point of the section.

3. Construct the assigned track on the map. For this by
straight lines connect the route turning points.

b, For each segment of the assigned track calculate the
great circle track angle. This angle for each segment, except
the first, is measured and calculated from the azimuth of the
great circle of the section, from the first great circle track
angle or from any meridian taking into account the correction

for convergence of meridians,

5. Write the great circle track angles on the map to the
right of the route.

6. Designate the reference meridians of each section on the
map with the color red.

22
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7. At each meridian to the right of the route plot the
amount of correction for convergence of the given and reference
meridians and magnetic declination. During flight to the east
the correction is written with the "minus" sign, in flight to
the west - with the "plus" sign. The written corrections for
convergence of the gliven and referénce meridians are used during
calculation and plotting of the actual track and radio bearings
on the map, where corrections are considered with their sign.

8. For the case of necessity of changing from orthodromic
calculation to flight with magnetic track angles there 1s compiled
a table of magnetic track angles to the route segments of such
extent, so that the MPU of adjacent segments would be not more
than 3-4° different.

The execution of flight. Flight along the great cirecle track
using gyroscopic course instruments, including the GPK-52, is
accomplished by the following scheme, which remains identical
for all orthodromic sections:

1. Before flight past the reference meridian at 20-30 km
adjust the KS, Set the initial data on the KS, GPK, NI-50,
DAK-DB-5, '

2. During flight past the reference meridian set the air-
craft according to the USh on the calculated orthodromic course,
check the correctness of the taken rnourse by all the duplicate
course instruments.

3. Following the orthodromic track.

l, Correction of gyro unit of KS and GPK-52.

S Monitoring and correction of path.
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6. Approach to the reference meridiian of the route turning
polnt.

If the orthodromic section has salient points of the path,
i.e., the route turning points, then at these points it is
necessary to set the aircrartrby the GPK to the appropriate
course, which just as the azimuth of the great circle of the
section is read from the reference meridian.

In accordance with thils general scheme the procedure and
sequence of accomplishing flight on each orthodromic section
consist of the following:

1. AlY course instruments must be activated on the ground
after starting the engines. After the warming up of instruments
and step up of the gyrorotors on the control panels of the GPK-52
and KS set the rounded off val.e of the latitude ¢ of the
starting point of the section.

For example, if the latitude of the starting point of the
section is 53°32', then one shouid set latitude 54°.

In the DAK~DB set: +ths latitude and longitude of the
starting point of the section, tihe declination and Greenwich
hour angle of the Sun, and zlso release the sweep to zero and set
the calculated ground speed on the course adjuster.

On the scale of declinations set the declination of the
starting point of the orthodromic section. !

2. With intersection of the reference meridian of the
sectlon set the aircraft on the calculated true course, equal to
the track angle of the assigned great circle with correction for
the drift angle. By strictly holding this course, set the

2l
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GPK-52 to tne reading which corresponds to the true course,
switch the KS to the "GPK" operating mode.

Rl
s

i: % 3. By performing flight by the GPK with the predetermined
? i heading, determine the drift angle and introduce the c¢crrection
; ;1 to the predetermined course.
1
i % L, For approach to the next given track angle turn the
5\ ﬁ alrcraft according to the GPK to the right or left to the new
g. § " predetermined heading.
.
g § . When accomplishing flight on high-speed aircraft it is
§~ é necessary to begin the turn for approach to the neit assigned
%‘§ course angle before flight past the PPM in accordance with the
;< ? precalculated linear turn lead (LUR).

3

5. having set the aircraft according to the GPK to the
- cource equal to the new assigned track angle of the great circle
. with drift correction, execute flight with this heading to the
next turning point, while refining the amount of the taken
correction.

6. With change of the latitude ¢ of the aircraft position
to a magnitude equal to the nexzt nearest value of "latitude" scale
division, on the control panels of GPK-52 and KS set the new
value of latitude!.

7. While performing flight according to the GPK with
predetermined headings, periodically monitor the readings of the
GPK by the following methods:

Tt is admissible when accemplishing flights to set the
latitude control point adjuster to the middle latitude of the
. orthodromic section, if fhe difference of latitudes in high

é latitudes does not exceed 10°, and in low -5°.

25
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a) by comparison of the magnetic course of the aircraft
according to the magnetic compass with the true orthodromic
course on the GPK. At each separate moment the magnetic course
on the magnetic compass should be different from the orthodromic
course on the GPK by the sum of corrections for the angle of
convergence of the reference meridian, meridian of the aircraft

£
|

position and magnetic declination MS:

OK = MX + (%, )..\.,,)xinql.’_:n\m

where MK - magnetic course of the aircraft; OK - orthodromic
course of the aircraft according to the GPK, read from the
reference meridian of the orthodromic section; Ao.m - longitude
of reference merldian; AM - magnetic declination MS; ¢cp - middle

latitude.

For the convenlence of comparison of the readings of the
GPK and magnetic compass it is advantageous to set this total
correction on the scale of declinations of the USh, whereupon
the readings ¢f these instruments should coincide with limits of
the accuracy of their operation. In course systems this total
correction can be added to the readings of the magnetic course
on the UGA, i.e., OK = MK + A, compare the obtained result with
readings of USh (working in "GPK" mode). In the case of
divergence of readings introduce correction;

b) by comparison of the orthodromic course on the astro-
compass with the orthodromic course on the GPK. At each separate
monment these readings should coineide within the accuracy of
operation of the instruments.

8. Periodically every 10-15 min of flight determine the
drift angle and according to the f{indings refine the heading.

9, For providing the most precise approach of the aircraft
to the starting polint of the next orthodromic section perform dead
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reckoning and periodically determine the calculated aircraft

position.

During flight by the GPK with orthodromic course, calculated
from the reference meridian of the orthodromic section, the
calculation and plotting of the radio bearings of the aircraft
cn the map must be performed in tme following order:

a) with the aid of ARK or airborne radar determine the
radio station or reference pelint angle of approach (KUR, KUO);

b) determine the orthodromic heading of the RNT or reference
point as the sum of the orthodromic course (OK) by the GPX and
the heading (KUR) (KUO): OrR = OK + KUR (KUO);

c) for plotting the true radio bearing on the map from the
meridian of the RNT or reference point determine the aircraft
true bearing, considering the corroction for the angle of
convergence of the reference meridian of the orthodromic section
and the meridian of the radio station or reference point

IPS = OPR = (%, w—h)sinqepi160%,

where Ap - lonpitude of the radio station or reference point;

Ng.iy = longitude of the reference meridian; ¢cp - middle latitude.

In practice the aircraft true beuring can be determined in

the following manner:

a) take from the map the correction for the angle of
conve.srence of the meridian of the RHT (reference point) and

reference meridiang

b) on the course scale of ARK or radar indieator scet the
true course as the aum of the orthodromic course and the
correction f{'or the convergence of meridians taken from the map;

27
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e) read the aircraft true bearing by the pesition of the
ARK pojhter or the crosshair of the radar indicator.

When using the KS for radio direction finding of the system
the orthodromic bearing of the aircraft is read directly by the
position of the ARK pointer (o, nsite end), and to obtain the
alreraft true bearing the correcti + for the angle of ccnvergence
of the meridian of the radio station and reference meridian, taken
from the map, 1s considered with its sign;

d) plot the calculated aircraft true bearing on the map
with the aid of a protractor, having applied it on the meridian,
passing through the radio station (Fig. U6).

Fig. 46. Plotting of calculated IPS.
KEY: (1) Reference meridian; (2) Line
of bearing.

10. Approach the starting point of the next orthodromic

section.

11. Set the aircraft on course by the UShA, being monitored
by astro or magnetic compass. Set the GPK to the reading which
corresponds to the MK in [light along OMPU; and in flight along

OPU - to magnitude MK + 4 QM.

12. Subsequently perform flight in the same sequence as
shown above in pp. 3-10.

On aircraft with coursc systems the autonavigator of the
NI-50BM ground-position indicator 1is lncluded in the USh of the

28
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KS. Therefore, on these aircraft the grivation on the autonavigator
and wind reference input element NI-50 is set equal to the great
circle track angle and dead reckoning with respect to range and
lateral deviation is performed relative to the assigned

orthodromic track.

On aircraft with off-line operation of course instruments,
where the autonavigator NI-50 is connected to the USh of magnetic
distant-reading compass, the dead reckoning on the coordinator
will be performed from the magnetic course. Since actually flight
will be accomplished with constant orthodromic course, and the
readings of the magnetic compass will be continuously changed, in
dead reckoning with respect to the direction errors will arise,
since integration of the path will be fulfilled by the curve,
convex in the direction opposite the magnetic rhumbline (Fig. 47).

s - s0° 52° s¢° 6

<° LL so0° 52 54 56°

Fig. U7. Route along great circle and the integra-
tion curve of the route.

KEY: (1) Route along great circle; (2) Integration
curve of route to MK in flight from the OK.

In order that the NI-50 readings could be used for monitoring
the path with prespect to direction, for example, for the measurement
of speed and wind direction at flight altitude, the grivation of
NI-50 must be set equal to the OPU, and to readings of the
magnetic compass periodically every 100-150 km of the route
introduce total correction A:

AR “q l‘(ln "“A‘\“") sin T(\p.
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This total correction to the readings of the magnetic
compass is introduced with the aid of the declination scale of the

USh.

SYSTEM OF READING OF TRACK ANGLES AND
COURSE OF THE AIRCRART

The selection -of the system of reading the track angles of
flight and the alrcraft course depends upon the operating data

of the alrcraft and its navigatlon equipment.

The conditions of the use of course instruments on the
alrcraft can be divided into three groups:

*

1. Flights with small 1limits of change of magnetic latitudes
on aircraft equipped with magnetlc or gyromagnetic compasses.

2. Flights with considerable changes of magnetic latitudes
on aircraft equipped with magnetic compasses, directional
gyroscopes or course systems of average accuracy, without automatic
measurement of drift angle, ground speed and dead reckoning.

3. Flights to any distances on aircraft equipped with
precise course systems and lnstruments for automafic measurement

of drift angle, ground speed and dead reckoning.

For the first group of cor.ditions we select the magnetic
loxodromic system of reading the track angles of flight and the
aircraft course. In this case the length of each loxodromic route
segment 1s taken so that the magnetic track angle at lts starting
point would be different from the track angle of the terminal point
by not more than 2° with length of segment up to 300 km, i.e.,

()'I"lll “’-u:m\ sin Tep™
— (A-"rml —_ AM“;‘.‘) - P,
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where AHaq, AHOH, - the longlitudes of the initial and terminal

point of the route segment; AM s Am s — the magnetic declination
Ha4 HOH
of the initial and terminal point; ¢Cp -~ the middle latitude of

the segment.

In this case the mean magnétic track angle of the segment
differs from the extreme by not more than 1°, and the maximum
deviation of the loxodromic track from the orthodromic does not
exceed values

N
= $2 02
L4 2 tz lsl

i.e., the loxodromic line coincides with the orthodromic (Fig. 48).

vy ’ ”,(y.3.)
\\:“ Y a. !’!/. 5 !" ! 2 /
\\::::Efffff?::>‘kv

Fig. 48. Magnetic 1ox5dromic course angle.

If the initial and final track angles of the segment differ
by less than 2°, then the length of the loxodromic route segment
can be increased during flights in meridional direction or in any
direction in the equatorial latitudes with small changes of AM.

The magnetic loxodromic course angle in tne practice of air
navigation is usually called the magnetic course angle (MPU).

The MPU 1s measured relative to the magnetic meridian of the
midpoint ol the route segment:

MPU = IPUCp - AMcp’

where IPUCp - the direction of the track of the. relative true

meridian of the midpoint; Al_1 ~ magnetic deelination at the
cp
midpoint of the track.
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More accurately the MPU can be determined by measurement of
directions at the beginning and end of the track:

IPU _ + IPU. - (4 + b, )
HAaY KOH' Mh’a‘-l “HOH ,

MPY =

2

since in this case the averaging of two measurements occurs, which

v e TR TG R o s gy .

decreasés their error.

Example of determining the MPU of the route segment.

ven: T = 0. = o, = hoo. = 4720
Given: .LPUHaH 470°; AM +59; IPUHOH 19°; AMHOH +3°.

T 7 e e T R o

Solution:
Mpy = EAB-BED_ .
For the second group of conditions we select the orthodromic
system of reading track angles of flight and aircraft courses

relative to the reference meridians or the zero meridlans of thé
In this case the great circle track angle of

route segments.
flight (OPU) 4s considered equal to the true track angle of the

route segment at its starting point or at the point of intersection
of the continuation of the segment with the reference meridian

(Fig. u49).

T
X %mﬁw' A IO IR T, Gty o e

During flight past reference meridians or the initial points
of the route segments the directional gyroscope or course system
displays readings of the true course of the aircraft. TFor
example, the course system is transferred to the MK mode with the

setting (on the declination scale) of magnetic declination at point
After matching (final

MS or to the astronomical ¢.rrection mode.
adjustment of true course) the system is transferred to the GPK

mode.

32

F«n—www,
[
f
|
|
|
h
|
|
|
i




Fig. U49. Selection of OPU.
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If it is necessary to check the accuracy of readings of the
orthodromic course at any other point, then the rendings of the
GPK compare with the readings of the astrocompass, at this there
should be fulfilled equality (under the conditidén that DAK-DB-5
issues not orthodromic AK, but the IK of the aircraft position)

‘. OK = IK + (ln,n—'?.)sinw,,

Y

where OK - orthodromic course; IK - reading of astrosensor; Agm =
the longitude of the reference meridian or meridian of the initial
point of the réute segment; A - current longitude of MS; ¢Cp -

middle latitude between the point of display of orthodromic course

3 and MS.

N AR T e = e 2 b e s e

i The accuracy of readings of the orthodromic course can also
te checked by readings of the magnetic compass with the introduc-
tion into them of total correction

A==(hy, =) i Gep-iBa B4,

where Am - magnetic declination MS; AK - magnetic compass deviation.
Then 0K = KK + A.

.
e S MRS A A A MLt A Al AT

If the Indicated conditions are not observed, then correction 1
1s intrcduced to the readings of GPK, equalizing the left side of
. the equation with the right. |
= . = . - o. = [0 .
Example Aoy = hyo, ¢Cp = 56°; A = 589; A, 6° :

A, = +2°; OK = 52°; KK = 70°, :

Determine the orthodromic course error.




Solution:

A0K= KR+("0.H ") sin q(p_" "\c -
-f-.SK-—OKﬁ 70~ (44—3%) 0,8—

—6-2--532=237,
Conditions of the second group suppose flights with targe
changes of magnetic latitudes. Therefore, in conducting t. -
deviational operations it is necessary to determine on the air-

craft the coefficients of semicircular deviation of magnetic
sensor B and C:

where 1 = 0.45, 90, ..., 315° (a total of eight rhumbs).

Since on alrcraft of the indilcated group the deviation is
mechianically compensated to zero at the latitude of the place of
its "eliminatlon, then at any other magnetic latitude

Au=(£g -—l) 7 (Bsin MK ! € cos MK),

where Hy - the intensity of the horizontal compcnent of the earth's

field at the place of elimination of deviationy; H - the
intensity of the horizontal component of field at point MS.

For the third group of conditions we also select the

orthodromic system of reading the track angles of flight and air-
craft course. However, taking into account the high requirements
for the accuracy of measurement of the course for automatic dead
reckoning and the operational stability of the course system in
the "GPK" mode, we try ¢o retain and more precisely determine the
established course reading system at the departure point over

the entire length of the flight route.
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The most convenient and precise method of dete . mining the
elements of the great circle and of flight along orthodromic
route segments is the following. For each orthodromic segment
we determine the displacement of longitudes Acmem for the transi-
tion from longitude A to longitude AO, read from the point of
intersection of the great circle with the equator (Fig. 50).

A hnd A £y
01 1
where clgh, = tgqscigy, casec Ah—ctg A,
then the current longitude of
any point of the segment will

be equal to

For point M1 Acmem =

T T

2= A Rewen Fig. 50. Displacement of
longitudes.

All elements of the great KEY: (1) Greenwich meridian.

circle are easily determined if

the longitude of its points is read from the point of intersection

of the great circle with the equator:

the initial azilmuth at the point of intersection with the

equator ng%»?gﬁﬂ; current azimuth lga:%%i; intermediate points

sign Xy = tg 0y tg ¢3

great-circle distance from the point of intersection with

the equator

€os Sg= c0s 2,0 €OS @}

the distance between two points

S“ g = s\)"“So‘o

As the great circle track angle of the first route segment
we take its azimuth at the departure point of the aircraft.

The track angles of all subsequent route segments are obtained
by summabtion of the track angles of the previous sections with the

35
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angle of turr of the track for flight along the next section (Fig.
51). 1In this case the angle of turn is defined as the difference
of azimuths of the route segments at the point of thelr inter-

section, obtained by using formula

l,,d::‘t'g‘b. i.e.
sing
0P = arct 'E20e _aretg 1B R0,
sing sing
where Aoz = A-%Acmemz; Aol = A+ Acmeml’ at the point of intersec-

tion of the path sections.

The more accurate determination of the orthodromic course
in flight is fulfilled through the appearing lateral deviations
of the aircraft from the specified track at the correction

points of the aircraft coordinates.

)
Box=arelg 5 s

[a

where Az ~ error in dead reckoningS in terms of direction; S -
path of the aircraft between the correction points of coordinates.

= yp
OPU3 0PU2 + >

QPU e gt

. OPU_ = OPU_ - UP
/ 2 1 1

Fig. 51. Track angles and turning angles.

The correction introduced in this way is common for course,
drift angle and dead reckoning,which 1is especially advantageous

for air navigation.
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With the correction of the orthodromic course by an astro-
compass it is necessary that the following condition be observed
OK = AK = OPU arctg B2,
sing
with correction by magnetic compass this condition assumes the
form

0K - KK = OPU —-arctgt;%‘%+ AytAy,

If these conditions are not fulfilled, then to the OK
readings a correction is introduced which equalizes the left
side of the equation with the right.

The account of the magnetic compass deviation for the third
group of conditions is conducted by the rules accepted for the
second group.

Taking into account the high accuracy of course instruments
both for the third and for the second groups, depending on the
concrete flight conditions, the use of orthodromic reading of the
track angles from magnetic reference meridlans is possible.

FEATURES OF READING THE GREAT CIRCLE
TRACK ANGLES DURING FLIGHTS IN THE
CENTRAL ARCTIC

For air navigation in the Central Arctic the fcllowing features

are characteristic:
large angles of convergence of meridians, involving a rapid
change of the current longitude, partlicularly with directions

of routes close to 90° (270°);

considerable distances from the pole to the coast of the
USSR, and alsc Alaska, Canada and Greenland.
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The large angles of cenvergence of meridians in many route }
flights in the Central Arctic force the rejection of flights along
rhumb line an .« the fransfer to lights along a great circle. 1In
this case the calculation of directions is performed from one
constant meridian, in this case called conditional meridian. :

Rl e el MR e e

The accomplishing of flights along a rhumb line in high
latitudes is connected with great inconveniences for the following

reasons:

the large curvature of rhumb line, with the exception of .
flights with courses close to 0° (180°), requires the continuous
turning of the aircraft in horizontal plane, In this case the
turns cause accelerations, which affect the accuracy of ouperation
of the navizational instruments, which have pendulum (bubble)
vert gal line or correction (aircraft sextants, gyro horizons and
others). The angular velocity of the aircraft in horizontal plane
in proportion to approach to the pole considerably increases and
is characterized by the following values, expressed in degrees
after 1 min., of Flight (Table 20);

b G R etk i 8 e e

Y

the use of magnetic compasses in high latitudes is limited,
and at values of horizontal component 0.05-0.06 oersted become

unreliable;

the percentage elongation of the loxodromic path as compared
with the orthodromic at latituade 75° is 55%, and to the north -
1t increases still more.

Table 22. Variation of angular velocity
in {light to the pole,

| Angular velocity,%min

Latitude. |
deg ) km/hl v. 720 km/h
o 0,1 0,2
5 0,2 0,4
§0 0,3 0,6
LS 0,6 1,2
88 1.5 3,0
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For the indicated reasons it is better to perform route flights
in high ratitudes along the great circle. For this very reason
for such flights the astrocompass and directional gyroscope
appeared for the first time and were widely applied as the main
great circle course instruments.

However, it proves to be a sufficiently complex problem to
maintain in flight a path along the great circle, because the
course (track angle) along the great circle in high latitudes is
changed, frem meridian to meridian by approximately the magnitude
of the angle of convergence between these meridians (Fig. 52).

Fig. 52. The measurement of track
angles along great circle route.

In pracvice we go to simplifications, knowingly allowing
some evrors. For example, on the astrocompass or directional
gyroscope we maintain not the actual orthodromic course relative
to cach of the meridians, but the mean orthodromic course relative
to the mean meridian of the sesbion of the route; the mean
meridian in this case is the conditional meridian, relative to
which the astrocompass or curectional gyroscope shows the course.

In the majority of cases, and in the polar basin of the Arctie
in all cuses the route plotting and navigatlionai calculations
can be performed without considerable errors relative to one of
the two constant conditional meridiaus.

On many aviation maps, accepted for flights in the Arctic
there are plotted two grids of mubually perpendicular parallel
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lines, which depiet twe such constant conditional meridians -
Greenwich (A = 0) and the meridian perpendicular to it (x = 90°).
The latter is selected because east longitude 90° corresponds
approximately to the mean longitude of the area of the Arctic
adjacent to the territory of the USSR. Figure 53 by pointers
shows the direction of both meridlans, taken as north, from which
"as from the northern tip of the geographical meridian we read
clockwise all navigational directions: track angle, course,
azimuth (heading), wind direction.
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Fig. 53. Diagram of conditional
meridians.
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Directions relative t6 Greenwich meridian (or the meridian
with A = 90°) and relative to any geographical meridian are
connected together by the following relationshipsv

= PU = AB
IPU_, = IPU F3

and IPU90 = IPU 2804905
IPU = IPU_ x08

and IPU = IPUy, ¥g=%"

where AZ - the east or west longitude of the geographical
meridian.
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Caleulation of correction to KS-6 for transfer to landing meridian.

MKjpn = MKy, ~ (28);

A= (by, n—~ky ¢}sinQep— (A _A“u.c)' or

“n.n

A=z A“n n+(—"" 6,“(i A"n ch

o -

vhere AN" n" the magnetic declination of the landing point;

{
‘Place of Auy.c ~ magnetic declination of the place
coordination ) N R
i ° 4y of (oordinaticn;
2%
!c' e "[53%1‘5. 4 - correstion for the convergence of € o oCoc,
. e neridigis. } , 4
| tn s, /
l A

MC 5:“.}.:5(3 - ).u.n) sin Gepe

where 2, . - longitude of the place of ¢dordination.

Ml 100

AlA g 0 100°
/ 3 ‘;.«»:..,_- -G

\,‘V".c'ﬁf‘ o - longitude of the 1a51ding point,

descent in the "MK" mode it is necessary fo transfer the
KS-6 to the GPK mode and on the USh by the scale of declina-
tions to set the values of A with opposite sign.

’l After coordination of K8-6 tefore the beginning of

Insvead of the track angle in fermulas there can be taken
the course, azimuth (heading) or wind direction.

If it is decided to perform the route plotting and
navigational calculations relative to one of these two conditional
meridians, then during comparison of the readings of the magnetic
compass with the readings of the astrocompass or directlonal
cyroscope, on which IKrp or IK90 is set, difficuliies uppear:

; - — . B . »
HE = IK + 4 = IK shi— 3, HR 2 al--00"—a

in order teo determine what the true course is equal to
relative vo fireenwich meridian (or the meridian with X -« 90°)
according to the magnetic course of the compass, it is necessary
to take the value of A“ from the map and then perform two-three
arithmetic operations. The problem is solved simpler if on the
map there have been plotted not the magnetic isogonic lines, but
conditional iscgonic lines - lines of equal angles being comprised
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by the magnetic pointer with the northern direction of the con-
Wnen such conditional

» €xist on the map

3

diticnal meridian (A = 0° or XA = 00°),.

isogons, enumerated by values of»A” or AM
rp 90

the transfer from MK to IKrp (ngo) and vice versa is performed

with respect to relationships

MK = IKrp - Amrp
and MK = IK90 - A”90
IKrp = MK + Amrp
and Tkgo = MK + Amgo
MK = MK - (£ A);

The use of the map with conditional isogonic lines has one
additional advantage: all the conditional isogonic lines converge
only at the point of the magnetic pole (magnetic 1lsogons converge
st111 at thepoint of the geographical pole), therefore near the
area of the geographical pole there is no thickening of the

conditional isogonic lines and there is not need for
knowledge of the MS with high accuracy in order to take the

correct value of 4 (A ) from the map.
i {1
rp 90

NI-50 POSITION AND HOMING INDICATOR

Posltlion and homing indicator NI-50 is the automatic dead
reckoning device which operates in the orthodromic coordinate
system. 1t serves for solution of the following problems:

determining of MS to within 3-5% of the path passed from the
point of the beginning of calculation;

determination of wind speed and direction;

nonitoring of the moment of approach to the reference land-
mark, precise determination of which is impossible by other

methods;
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the conducting of automatic dead reckoningduring search
flights;

o

bypass of thunderstorms and approach tc LZP.

3%,

The computer of the position and homing indicator sums up the
readings of the course instruments and the speclal airspeed trans-

PRI A )

Ay

mitter, input into it with the aild of electro-induction transmission,
. and then "distributes" them to the components of motion of the

ot g dedt

alrcraft in rectangular coordinates.

Control and indication are accomplished by a coordinate
counter, wind control point adjuster and-by an autonavigator.

R R e
*

The coordinate counter with the aid of pointers "S" and
"V!" continuously issues present-position data in kilometers in

Lisaad

the form of range and lateral deviation.

The wind control point adjuster serves for considering the
wind effect on the aircraft flight. The wind direction i: taken
navigational (where it blows to).

e

With the aid of the autonavigator the rectangular coordinate
system is oriented by the manual introduction of the grivation.

The grivation is the angle between the northern direction of the
meridian and randomly taken axis X, relative to which it is pro-
posed to measure the lateral deviation of the aircraft. As a
rule, the grivation is taken equal to the track angle. During

‘ flights along large routes, which have salient points, axis
X can be the mean orthodromic direction of the route.

The antonavigator can operate from the gyromagnetic compass.
Then it shows the magnetic course, and the grivation is read
from the magnetic meridian at the point of beginning of checking
the path by the indicator.
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The pointers of the coordinate counter and the grivation
are reset for each section of the path.

During flight using great circle track angles, i.e., during
eperation of the indiecator from GPK, dead reckoning can be
accomplished without additional correction at the 1000-1200 km
stage. In this case the course indicator shows the course from the
reference meridian, and the grivation is established equal to
the assigned OPU (great circle track angle).

The position of the aircraft is determined according to the .
readings ol pointers "S" and "V" of the coordinate counter.
During flight along a route with short straight sections for the
origin of coordinates it 1s possible to take the beginning of each
section. 1If this route is well equipped wlth radio alds and it
is possible to exactly determine the flight past points of the
beginning of reading, then it is sufficient to simply be limited
by systematic control of the path in terms of distance and
direction.

In the case when the axis X is the nean orthodromic direction f
of the route, and the grivation is the initial azimuth of this
direction, on the flight map it 1s necessary to plot this mean
orthodromic direction and to mark the position of the aircraft f
relative to it with the ald of a scaled rule.

The wind velocity and direction with the aid of the NI-50 are
determined in the following manner:

1) during flight past a reference point on the route the
pointers "S" and "V* are placed on zero, we set the grivation,
and on the wind contreller - the indices of the wind veloclty
and direction also to zero:

2) every 15-20 min of flight by any of the available
methods we determine the aircraft position MS1 and simultaneously

by
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MS, ("no-wind position") according to the position and homing
indicator. Both points are plotted on the flight map;

3) points MS1 and M82 are connected by a straight segment,
which will be the wind vector for the time .counted from the
moment of setting of the pointers of the indicator to zero. By
division of the length of the segment in kilometers by the time
in hours we determine the wind velocity in kilometers per hour.
The wind direction will be the direction of the vector from M52
to MSl.

Flight past a reference landmark, the visual or electronic
identification of which is impossible, is determined in the
following manner:

1) by any available means we precisely determine the moment
of flight past some reference point, the distance from which to
the KO of interest to us is known;

2) during flight past the f{irst ref'erence point we move
pointer "S" to the left of zero to a distance equal to the
distance between reference points, in this case the wind parameters
on the controller should be established;

3) the moment of passage of the zero position by pointer
"S" will correspond to flight past the reference point of interest
to us.

During flights over a limited area under conditions of
frequently changling aircraft course, when control of the path
is difficult, it is advantageous to use the NI-50 in the
following manner:

1) we select a well identified reference landmark in the
flying area;
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2) on the flight map we place a grid of rectangular
coordinates, arranged depending on the position of the reference
landmark so that one of their axes would coincide with the true
meridian of the reference point, i.e., the grivation is taken
equal to zero;

3) during approach to the reference landmark the pointers
"S" and "V" are set on zero, wind data at the flight altitude
are introduced by the controller, and the grivation is taken equal
to 360° - AN, 1f the autcmatic device operates from the GPK. In
this case pointer "S" will indicate the MS along axis ox, and
pointer "V" - along axis oz;

) in flight we monitor the path, routinely writing the
MS on the map according to the readings of pointers "S" and "V"
and using the grid applied on the maps for this.

AIRCRAFT DOPPLER RADAR SYSTEM

The aircraft Doppler system is a self-contained radar system
of alr navigation. The Doppler system to a considerable degree
is free from such deficlencies in panoramic radar sets as their
low efficiency in flight over uniform terrain, large expenditure
of time for determining navigational elements (ground speed and
drift angle) and the low accuracy of these measurements.

The alrecraft Doppler system completely solves the problems
of determining the navigational elements and dead reckoning.

The Doppler systems of air navigation, used in civil aviation
of various countries, measure the ground speeds from 130 to 1800
km/h, and drift angles - from 0 to 45° av altitudes up to 15,000 m
and higher. In this case errors on ground speed lie within
limits from 0.2 to 0.9%2 and on drift angle within limits from
0.2 to 0.6, and the accuracy of dead reckoning with respect to
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distance and lateral deviation with accuracy of compass course

£0.5° is 1% of the distance.

The operating principle. If from the moving aircraft with

the aid of a radio transmitter we emit electromagnetic
oscillations at angle © o the earth's surface, then between the

frequency of these oscillations and the frequency of ogscillations,

there will be detected drift reflected from the earth's surface,

received by the aircraft radio receiver. The phenomenon of such

arr oscillation frequency drift is called the Doppler effect, and

the difference of frequencies of radiated and received oscilla-

tions is called Doppler frequency. This frequency, as applied to
the moving aircraft, is determusned thus:
ew

faou =37 0038,

where W - relative alrcraft speed; A - wave length; 0 - angle
between the direction of alrcraft motion and the direction of

radiation.

The ground speed in the Doppler system 1s schematically

determined in the following manner:

the aircraft radio transmitter through the antenna, in the
direction coinciding with the longitudinal axis of the aircraft,
emits radio waves with constant frequency of oscillation to the

surface of the ground at a certain angle;

the radlo waves, which fall to the earth, change their
frequency in proportion to the ground speed of the alrcraft
and, being reflected, partially return to the aircraft, again
changing their frequency; in thls way, radio waves return to
the aircraft with frequency changed ¢twice in proportion to the

longitudinal component of the ground speed;
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the difference of transmitted and received radio wave
frequencies 1is automatically measured with the aid of a special
device, sending this value to a digital instrument.

The determining of the drift angle occurs according to a
similar principle, but there is used an antenna directed
perpendicular to the longitudinal axis of the aircraft.

Doppler systems can have single-~beam, double-beam, three-
beam and four-beam antennas. However, not the most widely applied
are four-beam antennas (Fig. 54), since they eliminate a number
of errors and increase the accuracy of measurement of the ground

speed and drift angle.
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Fig. 54. The radiation of four-beam
antenna.

Usually the Doppler systems (Fig. 55) include three basic
devices, placed on the aircraft:

1) Doppler speed and drift meter (DISS), continuously
determining the current values of W and US and sending them to the
indicator (Fig. 56), and also to the navigation computer;
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Fig. 55. Schematic
diagram of the Doppler

W and-Us
indfcatar system.
Course ]
Selector ;
H
Counter of Navigation Alreraft
s computer course

Soordinates
X and z ZPU

~
-

Fig. 56. Drift angle and ground speed
indicator.

et e s W e

2 course selector;

3) the navigation computer (NV), receiving the current
value of W and US from the DISS, and the aircraft course - from
the course system, integrating these data and guiding dead reckon-
ing in the great circle rectangular coordinate system. The NV
gives the current position of the aircraft to the crasu.

Coordinates x (path, passed by the aircraft along the assigned
great circle) and z (llnear lateral deviation from the great
circle) are fed to a pointer-type instrument and digit counter.

The NV solves the equation which connects through elements
of aircraft motion (ZPU, OK, W, US) and time the initial coordinates
with the current coordinates of MS, whereupon the ZPU is
introduced into the computer manually, OK - from the course
system and US - from the DISS.
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The basis for calculation is the determining of the
difference between the actual and assigned OPU, i.e., lateral
deviation

BU OK : (L US)- 2ZPU.

Tne distance, passed along great circle x, and the linear
lateral deviation are obtained by integration of components wX
and wz with respect to time:

va | Wews BU () df;

“ e

2 \ W sin BU (1) 1.
v

since

W, —Weos BU; W, ~WsinBU.

The greatest error, which determines the accuracy of NV, is
the error of the course selectors - course systems. Errors of
the measurement and setting ol the OK, and also the errors of
determining W and US of the DISS have smaller value.

Navipation computers of type NI~50 accomplish dead reckoning
according to the W and US being issued by DISS, but can also be
used with manual introduction of the speed and wind direction.
These¢ computers similar to the NI-50 have a two-pointer x and
z coordinate counter (pointers "S" and "V"), grivation reference
input element and the wind controller. The navigation computers,
entering the Doppler systems, ensure the operation of the system
in the "Memory'" mode (the storage of parameters of aircraft
metion in cases of flight over calm water spaces or at large
banks), when entry into the system of Doppler frequencies is not
observed. In thls case while maintaining the ailrspeed and heading
the dead reckoning wlll be carried out with permissible errors
for i%-20 min.

Upon transition to the "Memory" system operating mode 1t
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is advisable to place the "DISS - ANU" switch in the "ANU" position
and with change in the airspeed or heading on the wind controller
manually set the wind parameters and the grivation, since in this
case the flight made was disturbed (W and US were changed with
respect to those which the navigation computer "remembered").
this case the values of the airspeed components along the axes
of coordinates are added to the values of wind components along
the same axes. Now with change of ZPU and setting of the new
grivation the wind compenent is automatically redistributed.

In

The navligator's preflight action with the use of the Doppler
system 1s performed in accordance with the regquirements of the

manual for the navigation service with respect to flight with

great circle track angles., It 1ls necessary to remember that the

accuracy of air navigation depends upon the accéuracy of calculaticn
of the assigned great circle track angles and distances.
Consequently, during preflight it is best to compute these data
analytically, without resorting to measurements on the map.

Formulas for the calculation of great circle track angle and

great circle distance are given in the section "Aviation

cartography".

Besides the precomputations of OPU and SDpT’ during prepara-
tion of the flight map it is necessary to:

mark aleng the route the radar reference landmarks every
150-200 km depending on the excent of the route and the aircraft
speed, calculate analytically or measure the rectangular coordinates
X and z of these reference points, write them with the map and
connect the reference point with the LZP by a straight line,
perpendicular to the LZP (or to its continuation);

do the same for the points of installation of ground
beacons of the azimuth and range system;
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for each PPM write the value of the angle of turn (UR) for
approach to the LZP of the following leg.

These additional operations are necessary for:
a) ensuring precise flight over the IPM or fine adjustment
on the counter of initial coordinates relative to the LZP laid

on the map;

b)- correction of MS withouvt measurements on the map with
the aid of the panoramic radar or azimuth and range system;

c) the precise determination of flight past the points
necessary to us (X0, PPM, KPM) without measurements on the map.

The complete set of controls and the indicator of the Doppler
system includes:

1) the drift angle and ground speed indicator (see Fig. 56);
2) the grivation setting mechanism (assigned OPU);

3) the wind setting mechanism (for establishing the wind
velocity and direction, when the DISS is not operating);

4) the counter of coordinates x (pointer "S") and z (pointer
I!Vll ) ;

5) the control penel of the system in flight (Fig. 57),
which has two signal lamps and two switches.

(2) (3)(&9 KEY: (1) On; (2) Mem.; (3) Seaj;
{1)sna P (oMK (4) Ck. 1, CK. 23 (5) Dry land;
VL T 5RO (6) off; (7) High.

7V TN AT U2 MR NG
(6) IQ 7 R

<:)4}) ..g:>i Fig. 57. Control panel.
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The first switch has four positions:
"Off" - the power supply of low voltage is tuuned off;

"On" - power supply of low voltage is turned on and the
green (left) signal lamp with the label "On" lights up}

"Mem" -~ transfer of the system to the "memory" operating
mode.

"High" - the power supply of high voltage is turned on and
the ved (Pight) signal lamp lights up.

The second switch also has four positions:
"Dyy land" - position during flight over dry land;
"Sea" - position during flight over the sea;

"Ck. 1" and "Ck. 2" - position when checking the calibration
of the system;

L) switch "DISS - ANU", making i1t possible to use the
navipation computer (ANU, NI-50) in the case of failure of the
DISS. In this case it is switched from the "DISS" position to
the "ANU" poslition and the ANU conducts dead reckoning as the
HI-F0;

7) the "Counter" switch, designed for turning the
coordincte counter on and ofi'. At the mcuent of its transfer
to the "On" position the navigaticn computer of the AJIi performs
calculation and feeds coordinates x and z to the counter. With
cetting of the switeh in the "Orf" positlion the pointers "sS
and "V" do not move.
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If it is proposed to u~e the Doppler system in flight, then
before takeoff the navigator must:

1) on %She control panel set the left switch in the "Off"
position, and the right - in the "Dry land" position;

2) place toggle switch "DISS - ANU" in the "DISS" position;

3) check that the "Counter" switch stands in the "Off"
position and the pointers of the dead reckoner are in the zero
position;

4) on the grivation setting mechanism establish the
assigned great circle track angle of the first leg, after which
on the control panel transfer the left switch to the "On" position
(the green signal lamp with the label "(.." should light up);

5) in the air (not earlier than 2 min after turning on)
set the left switch on the control panel in the "High" position
(the red signal lamp should light up).

In 3 min it is possible to use the Doppler system, taking
inte account that the pointers of the dead reckoner will be in
the zero position until the "Counter" switch stands on "Off",
whereas the ground speed and drift angle indicator is in the
operating position.

Despite the fact that the Doppler system in essence ensures
the complete monitoring of the path, in view of the errors
inherent in it basically because of the poor accuracy of determining
the course, it is necessary for the crew in flight as precise as
possible to exhibit the initial coordinates of MS, at the proper
time by the navigational flight plan to correct the readings of
the system with the aid of other electronic means and to operation-
ally accnmplish the transfer to the new leg.
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Initial coordinates of MS can be considered cither the

coordinates of the place of departure, if after takeoff a

circle is performed over the airfield, or the coordinates of the

IPM ~ any point at some distance from the airfield, the precisc

flight past which is easy to "fix" with the aid of airborne radar,

homing stations or azimuth and range system. In all cases it

is desirable with the greatest possible accuracy at the moment

of flight past the pianned point to turn on the coordinate

counter; if this for some reason is impossible, then visually or
) with the aid of elec*ronic means determine the MS in rectangular

orthedromic coordinates x and z, set them on the counter and turn

it on, having established at the same time on the grivation setting
mechanism the value of OPU and having corrected the KS from the
reference meridian. From ti.e IPM to the first correction point
accomplish flight with OK = ZPU - US, striving to hold the

pointer of counter "V" (coordinates z) in the zero position.

Active correction of the readings of the navigation
computer in {light is accomplished with the aid of the aircraft
punorzmice radar or the agzimuth and range system. For correction

it 1 necessary to determine the actual position of the aircraft
in orthedromic rectangular coordinates.

The formulas for determining the actual MS with the aid of
radar and the azimuth and range system in essence are identical.

When using the locating sight:

Xy, 0% xp‘o——D(‘OS PP;
2y, c=2p.o— Dsin PP,
when wsing the "Svod" system:

Zw o tyowi Do PP,
¢ 2pom- Dsia PP:

where PP - track bearing; D - the distance of the radar reference
point or ground-based radio beacon of "“Svod", and the difference
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g in signs is the consequence of the fact that in the first case

% there is taken the direction from the aircraft to the reference
A ;f point, and in the second -~ f{rom the beacon to the aircraft.

b
¥ 5

i Activation and preparation of the system for operation. On

the aircraft the Dopler equipment is turned on by the navigator.
For- turning on the equipment it 1s necessary:

R A
RNTRG v I v

1) on the control pancl of the system to place the left
switch in the "Off" position, and the right switch in the "Dry
tand" position;

2) to place the switch on the navigator's control panel
with the label "DISS-ANU" in the "DISS" position;

3, to place the switch with the label "Counter", located

near the dead reckoner, in the "Off" position;

L P s e s o

4)  to check that the pointer itself of the dead reckoner

is in the zerc position.

Having checked that #71 toggle switches and switches are in
the indicated position ¢.. the grivation setting mechanism
establish the asr.y, 1 great clrele track angle of the first

4

leg and transfer ! eft switch on the control panel to the "On'"

position: (on the control panel the green signal lamp with the
label "On" should light up).

In 1-2 min. after turning on the system (after takeoff) the
; left switch on the control panel should be transferred to the
% "High" position, with this the red signal lamp with the signﬁé

will light up.

After Hturning on the high voltage not earlier than in 3 min
the system will be in working order and can be used for air

navigation.




&t dt

A

Since the "Counter" toggle switch is in the "Off" position,
the dead reckoner does not operate and its pointers before
turning on will stand on zero. The drift angle and ground speecd
indicators are in working order and issue the value of US and W.

Note: 1. When testing engines on the ground and in flight

at altitude up to 200 m the "Route' equipment operates
unstably.
2. Do not turr. on high voltage on the ground in the "Dry

land -~ Sea' mode.
AZIMUTH AND RANGE SYSTEM

The azimuth and range short-range navigation system continuously
sends the current polar coordinates of the aircraft relative to
the ground beacon of the sysgtem to indicabtor instruments.

Th2 polur coordinates of the aircraft:

Azimuth, or true bearing of the aircraft (IPS) - angle between
the nurtnern direction of the true meridian, passing through
the peint of installation of the ground radio beacon, and the
direction of the alrcraft; the azimuth is projected to within
0.25%;

range, or the distance from the beacon to the aireraft;
measurement accuracy of range 200 m.

e system solves the following problems with high accuracy:

a) continuous reading of the value of the azimuth to the

aireralt and the range;

t) alr navigotion along the assigned route;

e e W W
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signaling of its flight past;

coordinates of the aircraft and control of its movement.

time

all aircraft located in the zone of coverage of the beacon and .
equipped with the corresponding equipment, and the moment of {

c) determination of navigational elements in flight:

d) gulding the aircraft to any assigned pcint and the

T e v et

PP

e) ground observation, identification, determination of

The operating principle. The azimuth is assigned by the .
interval between the initial time of reading, identical for

reception of the azimuth signal by each of these aircraft. The
ground beacon of the system includes a tra smitting azimuth
antenna with narrow-beam radiation pattern (in horizontal
plant), rotating at a speed of 100 rpm, and antenna of reference
signals with omnidirectional radiation pattern. The northern
reference signal is transmitted by this antenna at the moment

of passage of zero azimuth by the azimuth antenna (northern

direction of true meridian).

Thus the azimuth on the aircraft is determined by the time

interval between the receivings of the northern reference signal
of the omnidirectional antenna and the signal from the rotating
azimuth antenna by ¢the aircraft at the moment when it has been

directed to the aircraflt.

response" principle by means of measurement of the total pro-

The ranging is accomplished according to the "interrogation -

pagation time of the interrogation sipgnal from the aircraft to

the

ground and the response signal from the ground fo the alrcraft.

This time 1is converted into the measured distance with sufficient

atcuracy, since the propagation velocity of electromagnetic energy

is constant.
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The ground beacon of the system has a plan-position indicator
(IKO) to obtain on the cathode-ray tube face the marks of the
aireraft, which perform flight in the zone of coverage of the
beacon and are equipped with the equipment system. The IKO
together with the command radic station added to¢ it can be remote
and be installed at the control tower. ’

The operating region of the system. The system operates
in the UHF range and therefore its operating region is devermined
by the flight altituc. and by the nonoperating funnel with radius
equal to the fiight altitude, located Jirectly over the ground
station.

The range of action of the stations, located on flat and
slightly-broken terrain at the angles of coverage 0.5-1°, is
calculated by formulas:

Poax =337 ( llorn ) R
Hom= Hage—hps hyzy -~ My —hy,.

vihere HOTH - the flight altitude relative to the average height

above the terruain (hp); hOTH -~ the altitude of the antenna of the

beacon relutive to the average height above the c¢errain (hp);

Haﬁc undtéﬁc - the flight altitude and beacr” antenna height

relative to sea level.

The controls of the system on the alreraft consists of three
control panels:

main control panel (ShehU);
pillot's panel (ShehP);

control unit of computer device (BU SRP).

h9
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FPurthermore, there is a switch for transfer from the
navigation mode to the landing mode. It has three positions, one
of which corresponds to operation of the null instrument in flight

along the route, and two others - during landing approaches using
SP-50 and "Svod" systems.

The  main control panel of the system (ShchU) is usually placed
in the navigator's compartment. On it are arranged (Fig. 58):

two handles (switches) 1 for setting the channel of the

ground beacon, in the working zone of which at a given time the
aircraft is located;

the function selector 3, which has seven positions: "Off
KPP", "Azimuth to", "Azimuth from", "Orbit right'", "Orbit left",
"SRP" and "Landing". During the landing approach, besides setting
the function selector to the "Landing" position, the specilal
switch, which has three positions, is placed in the position
"SP~-50" either "Course-M" depending on how approach is performed
using the system "SP-50" or "Svod";

handle 8 and scale 4 with the label "Azimuth" for setting
the assigned value of azimuth (true bearing);

handle 7 and digital drum indicator with the label "Orbit"

setting the assigned range 6 (to PPM, KPM or any reference point
on the LZP);

two buttons 5 with the label "monitor", "Azimuth", "range"
and "duration of strobe" for checking the operation of the system
on the channels of azimuth, range and control of the strobe
duration.

Pilot's panel (ShchP) 1s used when the appropriate beacons
are installed at airfields.

60
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Fig. 58. The main control panel (ShchU): 1 - ground. beacon
charnel setting switch; 2 - "Landing" lamp; 3 - selector
switch of the kind of operations; 4 - scale of the azimuth
setvting mechanism (true bearing); 5 - buttons for checking
the azimuth, range and duration of strobe; 6 - scale of the
range setting mechanism (orbit); 7 - handle of the range
setting mechanism (orbit); 8 - handle of the azimuth setting
mechanism (true bearing); 9 - toggle switch "On to break
clouds."

KEY: (a) Channels; (b) Off Azimuth; {c) Orbit, Left,

3 Dt

Kight, SRP, Landing; (d) Zero check for strobe.

The control unit of the computer is also placed in the
navigacor's compartment. On it are located (Fig. 59):

Fandle 1 and a scale with label "ZPU" for setting the value
ol the glven true course angle relative to the reference meridian,
passing through the point of installation of the ground beacon of

the system (OPU);

handle 6 and a scale with label "Target angle" for setting
the value of the true bearing (azimuth) of the terminal point of
a givom section of the route from the ground beacon;

handle 5 and digltal drum indicator 4 with label "Distance
Lo target" for setting the distance from the ground beacon to the
terminal point of the piven secticn of the route.

61

I T 3 T S N e

© ———

W wew

—— e



TR g e,

R T A LS,

e

bt

RS S m Si4 D Py A
St w7y TS TR, Pl B tmonsiare -

n :’.\\\\ A
NN ) )| |
. =5 L__-._.,
'('n.a-/ Distance to
target

Target angle

08,

)

6 3
Fig. 59. Control unit of computer device (BU SRP): 1 -
Handle of the ZIPU setting mechanism; 2 - scale of the
ZIPU setting mechanism, read from the reference meridian;
3 - scale of the setting mechanism of the true bearing
(azimuth) of the target (PPM, KPM, KO, etc.); 4 - scale
of the range from the beacon to the target (PPM, KPM, KO,
ete.); 5 - handle of the setting mechanism of the range
to the target; 6 - handle of the setting mechanism of the

true bearing (azimuth) to the target.

Indicators. On heavy transport planes the following instru-~

ments are installed:

1) the navigator's direct-reading range and azimuth
instrument (PPDA-Sh) is located on the navigator's control panel
(Fig. 60). The outside scale, along which the contour pointer
moves, 1is enumerated every 30° with scale value 10° for the coarse
reading of azimuth, and the inside scale with small pointer -

every 1° with scale value 0.1°,

The digital drum indicator of the current range has four
windows and gives reading to within 0.1 km;

2) the pilot's direct-reading range and azimuth (PPDA-P) is
installed on the pilot's control panel (see Fig. 60a) and has only
an outer scale and a large pointer for coarse reading of the

azimuth;
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3) the combined flight instrument (XPP) combines the
course scale with the pointer of repeater of USh or GPK-52 and
the null instrument, similar to instrument PSP-U48, with the only
difference that the vertical and horizontal pocinters during all
movements always retain mutual perpendicularity (Fig. 61). The
course scale rotates with the aild of rack and pinion in the lower

right corner ¢f tne instrunment.

a

Fip. 6U. Ubirect-reading azimuth and range
Svetruments:  a) pilot's (PPDA-P); b)
Migator's (PPDA-W); 1 - digital drum
current ram-e indicator (accuracy of read-
s v.l kmy; 2 - azimuth coarse reading
pointers 1 - azlimuth reading scale
Laccuracy of reading 2°); 4 -~ azimuth fine
readin: pointer; 5 - outer scale of coarse
reading of the azimuth (accuracy of readiag
10°); 6 - inner scale of fine reading of
the azimuth (accuracy of reading 0.1°).

Al -
§ PP

6

Fig. €1. Combined flight instrument (kPP):

1 - vertical and horizontal pointer of null
indlcator; 2 - movable scale and pointer of
the course; 3 - setting screws of mechanical
zerc; 4 - firxed index; 5 -~ blinkers of course
and glide path; 6 - rack and pinion of the
course scale.

At the top of the scale there is a fixed orange triangular

index. 1n the upper left corner of the instrument are two screws,
designaved by tne letters of "G" and "K". Always before turning
on the equipment wita these screwt one should set the horizontal
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and vertical pointers cn the center of the instrument (mechanical

A e

Zero).

Switch on, adjustment and testing of the airborne equipment:

1. In 5~6 min before the beginning of operation switch on
the aircraft equipment under voltage. Place the switch, which
has three positions ("3vod", "SP-50" and "Course-M"), in the

P

"Svod" position.

2. On the control panel (ShchU) set the channel of the .
; appropriate ground beacon of the system and check the correctness
' of its setting. The construction of beacons provides for the issue
1 of call signs, but at present these signals are not issued.

{ 3. Set the selected kind of operation on the ShchU ("Azimuth",
; "Orbit" or "SRP"), whereupon by the handles of setting mechanisms

on the appropriate scales set the initlal data of the first leg.

If £light will be performed in the "SRP" mode, then on the BU SRP

the initial data are also exhibited.

, Set the value of the given true course angle (ZIPU-OPU)
with the aid of the rack and pinion opposite the fixed orange
index of KPP instrument.

5. By the blinker of the vertical pointer of the KPP and
by the signal lamps cof the azimuth and range channels check the
efficiency of the equipment, taking into account that the "“search"
mode lasts up to 5 min and only after "capture" of the signals
of the beacon will the blinker be covered, and the signal lamps

will go out.

6. By the check knobs on the ShU ("Azimuth", "Range" and
"Duration of strobe") check the calibration of the range and

azimuth scales, for which:
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by pressing the check knob of the azimuth rotate the pointer
of the preecision diai of the PPDA-Sh. It should stop on the
orange check digit "1°";

by pressing the check kncb of the range rotate the two right
drums of the counter, whereupon they should stop in the position
"2.0"., If this does not occur, then by the turning the pressed
knob uet the orange check figure "0" in the exbreme (right)
window of the counter.

7. By the left knob, utilized for calibration of the
azimuth, adjust the strobe duration, for which »ull out the
knob, rotate the azimuth pcinters of the PPDA-Sh, If the pcinteres
do not stop on the value larger than 4° and less than 5°, then
by turning the pulled-out knob bring the pointers to this value.

Note. Checking the calibration of the azimuth and strobe
duration is accomplished only with the beacon operating.

Air Navigation with the aid of
azimuth and range system

Flight in the "Azimuth" mode can be performed if the LZP,
or its continuation, passes through the point of installation of
the ground beacon of the system (Fig. 62). In this mode flight
can be performed in two versions: "from the beacon" and "to the
beazcon." In the first case the IPS (azimuth) should always be
kept equal to the ZIPU, in the second - ZIPU #180°. 1In both
caces the vulue of the ZIPU with the aid of turning of the course
scale of the instrument of KPP is exhibited under the fixed orange
index.

In all cases of {light the deflection of the vertical pointer

of the null indicator to the left of the center of the scale
attests to drift of the aircrart to the right of the LZP, and
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deflection of the pointer of the null indicator to the right
signals the left deviation of the aircraft from the LZP. Thus,
the center of the dial face represents the aircraft, and the
vertical pointer - the specified track.

For flight in the "Azimuth to" or "Azimuth from" mode on the
ShchU the selector knob of the kind the operation is placed in
the appropriate position, with the "Azimuth" handle on the scale
we assign the value of A-ZIPU (or ZIPU *180°), and by the "orbit"
handle on the setting mechanism we set the distance from the
beacon to the first PPM, or to any point on the LZP necessary to
us. During flight past this point the signaling should operate:
1-1.5 min before flight over on the pilot's panel a green warning
lamp blinks, at the moment of flight over a red signal lamp
flashes,

‘ACn JCn

Flight from beacon:
ZIPU = IPS

2IPU = 115°

",,f( ZIPY = 72° }
sﬁs - 72V .

'\
}"TIPS = 295°
_/

tOn

¥

Flight to the beacon:
ZIPYU = IPS + 180°

Ou
Fig. 62. Azimuth flight.

Designations: Cu = Si = true north; I0u = Yui =
true south.

The path with respect to range is checked by observation of
the current range, its comparison with the range of reference
points and by the ignition of signal lamps.

The drift znple during flight in the "Azimuth" mode will be
equal to the angle between the course pointer of the repeater of
USh (or GPK) of the KPP instrument and the fixed orange index
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under the condition of keeping the vertical poihter of the null
indicator stricly in the center of the scale.

The ground speed in this mode 1is determined in the following

manner.

during flight

during flight

Flight in the
coincides with the
of installation of

from the beacon

Ds=Di ,

W= 1

to the beaccn

W'____l..?_'.'_"_Q?.

"Orbit" mode can be performed when the LZP
cercumference, the center of which is the point
the ground beacon (Fig. 63). During flight by

the right orbit the beacon is always located to the right (right
bank), during flight by left orbit -~ on the left (left bauk).

|

Fig. 63. Orvital flight.

True North

\‘\.\—';\é?ZIPU = 280°
True South

For flight in this mode on the ShchU the operating mode
s:lector is placed in the "Orbit right" or "Orbit left" position,

A
LY

the "Orbit" handle on the drum counter of the setting mechanism

radlae of the orbit is exhibited, which remains constant for
vt extent of the flight in this mode, and by the "Azimuth™
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handle on the scale we set the IPS in the first PPM or at any
point on the assigned orbit of interest to us. During the
approach to this point light signaling is activated.

Checking of the path with respect to range is accomplished
by comparison of the current IPS with the true bearings of
reference points and with the aid of light signaling of approach
and flight past.

During flight along an orbit one should also use a null
indicator, however drift here will be the s.me as the IPU,
constantly changed. The ground speed also is continuously
changed, but for the section of the path being passed it can be
determined by formula

ALbS
57,34

W=R

where R - radius of orbit, km; AILFS - change of IPS during the
time of measurement, degrees; t - time of measurement, h.

Flight using a computer (SRP) is performed when the LZP
coinclides neither with the true bearing line, nor with the orbit.
This - flight along any straight line within the limits of aciion

~of the ground beacon of the system (Fig. 64).

poae > mem wasa

r — —
e 1_9141{\' N . m‘“‘w b 22 \ Fig. 64, Flight with
0\~ - :J/"I \\/‘ N\ - the aid of SRP.
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In this case on the main control panel (ShchU) the operating
mode selector knob is placed in the "SRP" position, and for
piloting according to the null indicator all the data are already
set on the control unit of the SRP (BU SRP).

On the BU SRP we set the following data:

by the handle "ZPU" on the appropriate scale we set the
gliven true course angle (ZIPU), read from the true (reference)
meridian, passing through the point of installation of the
ground beacon of the system;

by the "Target angle" handle on the appropriate scale we
assign the true bearing (azimuth) of the terminal point of the
given sectlon of route;

by the "Distance to target" handle we assign the range of
the terminal point of the given section of the route from the
ground heacon.

Under the fixed orange index of the KPP instrument by the
rack and pinion we supply the value of ZIPU and with retention
of the vertical pointer of the instrument in the center of the
scale the ailrcraft follows the LZP. The hehavior of the pointer
with deviation of' the aiircralt to the right and to the left of
the LZP will be the same as during flight along azimuth or orbit,

The drift angle is determined by the same method as during
fiight along an azimuth.

For checkling the patn with respect to the range and for
determining tae ground speed the entire route is broken down into
check sections. Around tihe marks are recorded their polar
coordinates (azimuth and range) and, by accurately timing the
flight‘past the selected base, we determine W by formula
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where t = t2 - tl.

For the activation of signaling during fiight by SBEP on the
main control panel (ShchU) one should also set: by the "Azimuth"
nhandle - the true bearing of the terminal point of the given
section of route (or any other KO on the LZP), and by the "Orbit"
handle - the di tance from the beacon to this point. Since flight
using the SRP i. accomplished with somewhat lower accu. acy than
flight in the "Azimuth" or "Orbit" mode, only the signal of
approach to the "target" can operate, the flash of the red signal
lamp may not follow. In this case it is necessary to determine
the magnitude of BU with the aid of PPDA and introduce the
appropriate correction to the flight course.
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If as the "target" we take the reference point (the traverse
point of the beacon being flcwn over), flight is accomplished in
the following manner:

1, On the main control panel (ShchU), besides the channel
of the ground beacon and the operating mode (SRP), there is
installed the "Orbit" an. "Azimuth" of the final or turning point
of the route {(or any reference point on the route, the flight
past which is desirable to detevrmine).

B e L UE S S

2. On the BU SRP on the selector "Target angle" there is
exhibited the true bearing of the reference point (the target
angle is equal to ZIPU #90°), on the selector "Distance to target" -
i the distance from the pground bezcon to the reference point and on
the selector "ZPU" - the given true course angle relative to
the meridian, passing through the point of installation of the

N e b it bt M ! 4 o o s o

beacon.

3. on the KFP instrument with the aid of rack and pinion
opposite the trianpular index we set the value of the ZPU.
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The approach to the specified track is performed identically,
regardless of which point 1s taken as the target in the given
flight.

1. In order to bring the small circle of the course pointer
of the KPP instrument to the upper edge of the vertical lath of
the instrument, it is necessary to turn the aircraft ftoward the
LZP it is advantageous to bring the course pointer to the position
perpendicular to the vertical lath of the instrument, for faster
approach to the LZP.

2. Hold the upper end of the vertical lath of the instru-
ment in the small circle of the course pointer until its
coincidence with the triangular index.

3. On the arrival of the vertical lath to the center of the
scale, while continuing flight, hold it in the center, without
paying attention to the small circle of the course pointer. The
position ¢f the lath in the center of the scale indicates that
the alrcraft is located on the LZP, and deflection of the course
pointer to the right or left shows the amount and slgn of drift.

Iy, While continuing to hold the vertical lath in the
certer of the scale, mark the average flight course of the air-
cralft and with the aid of the rack and pinion bring it to the
Lriangular index.

5. Fly the alrcraft by the course peinter, observing the

behavior of the vertical lath. If the vertical lath exceeds
the si2ll black circle, by turning the alrcraft again bring it
to the center of the scale and refine the earlier taken f{light

course.

6. Perform further flying by the course peinter with
contirmous monitoringe of the path in terms of range and direction.
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Since durling flight in arbitrary direction the range and
azimuth continucusly change, for range and azimuth monitoring
of the path it is convenient to have preplanned reference points,
the ranges and azimuths in which are already measured. In this
case depending on the convenience in each concrete case it is
possible to use two methods:

1. With agreement of the current azimuth with check, compare
the current range with the check.

2. With conformity of the current range to check read the
current azimuth and compare it with calculated.

Flight by SRP with the method of setting the coordinates of
the reference point, as the "target" coordinates, on the BU SRP
has a number of advantages with .andon or intentional deviation
from the LZIP,

1. The linear lateral devigcion ls determined by rotating
the know "Distance to target™ until the vertical lath of the KPP
arrives at the center of the scale. The difference of the read
distance and the distance to the reference point, establiched
earlier, will be the desired LBU. After determining the LBU for
approach the necessary point on the BU SRP one should set the
coordinates of thls point and, by rotating the "ZPU" knob till
the arrival of the vertical pointer of KPP at the center of the
scale, from the "ZPU" selector compute the value of the true
track angle f{or the further following of 1t to the uselected point,
while holding the lath on the scale zero.

c. If there 1s given the instruction to follow parallel to
the LZP at a certain distance from it, it is sufficient to only
increase or decrease by the assigned value the distance to the
reference point exhiblited on the setlting mechanism of BU SRP and
to continue flight in the usual order. This is easpeclally
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convenient for the purposes of lateral separation of aircraft
following at one altitude.

3. If during tracking to the beacon (mode of operation
"Azimuth to") there appeared the necessity or there was received
the instruction to fly past the radio beacon at a prescribed
distance from it (flight along rectangular route, etc.), on the
BU SRP one should set the given true course angle, equal to the
azimuth changed 180°, set on the ShchU during beacon tracking,
on BU SRP -~ "Target wngle", equal to exhibited ZPU 290°, oun BU SRP-
"Distance to target", equal to the prescribed distance from the
beacon., On the ShchU move the operating mode selector handle from
the "Azinuth to" position to the "SRP" position and further ollow
in the usual order, using the null indicator and coordinates of
the point set on the ShchU selectors, the signal about flight past
wnich is necessary for accomplishing the maneuver,

Preflivht Action with the use of the
Azimuth and Range System

The azimuth and range system should be used in flight in the
set with the other autonomous and nonautonomous systewms and means
¢l »iyr nauvigation. Therefore its use does not exclude the usual
established order of the preflight action, If for flight along
the planned route the crew does not have available the tables with
prepared data (Table 23), in order to more fully use the
pos.ibilitics belng given by the use of the system, the following
additional operation should be completed for ic:

W) through the points of installaticn of ull the ground
bewcons plunned for use draw the true (reference) meridians;

b) in the zone of coverage of every beacon mark off the
LZP in great rircle tracik angles relatlive Lo the reference

meridian of this tone;
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i 1 Jtupino-Venev Vnukovo J3iP 187.y W b 152

- Venev-Zadonsk ) Vnukovo SRP 167 16..5 | A

s & Venev-"adonsk Yoronezh Azimukn to - K49 5
2 Zadonsk~Voronezh .+ Voronezh Azimuth to - 34y -
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3, L Zadonsk-Petrovskoye . Voronezh 3KP 130 90 T2

L}S Petrovskoe~Krasnovka ; Voronezh SKP 180.5 | 1£8 330

sdote. For the convenleénce of use of tables for every section they inelude
only tne data being established on the appropriate setting mechanisms of the
maln ShU or BU SRP for flying by the null indicator oi KPP-M4. Thercfore the
coordirates of all the other points on the L2F, signals of flight past which
are desfrable to obtain, should be recorded on the back of the ¢ible.

In the table by the same number there are given the sections rrwyca
s:multmeously in the coverage zones of two or more beacons. If in such a
section there arises doubt of the reliability of operation of Lhe utilized
beacon, it it possible te easily change to the operation with wnother. 1In the
tables can also be a scction which has two numbers (for example sestion 3, 4).
This means that the given section is the rectifying one for sccticns 3 and I,

¢) around all reference landmarks, PPM, efc. write the
values of the azimuth and range relative to the beacon, in zonc
of whicn the glven section of the route will lie;

d) divide the LZP into 50- or 100-kilometer check
sectionz with the plotting of their polar coordinatec at the marks
In order to always have the capabllity of selecting any base for
determinine the ground speed.

it 15 recommended to make thesce additional writings and notes
un tne mup for the adjoining working zones of two ground beacons

with India ink ol various colors.

&




Best Available Copy

FOREIGN ELECTRONIC SHORT-RANGE
NAVIGATION SYSTEMS

General Xnowledge

As the baslc means of short-range navigation in the ICAO
orgpanization thare are accepted VOR, VOR/DME, VORTAC and TACAN
gystemg.  These systems operate in the VHF range and provide
determination o) the azimuth, range or both these magnitudes
slmultancously for alreraft relative to a ground omnidirectional

beacon.

Below are glven the data of aircraft radio equipment, which
rnsures the reception of signals of the VOR omnidirectional
bpeacon. Usually these radlo receivers provide not only the
reception of éignals of the VOR beacon, but also the signais of
the coursc beacon of the ILS landing system.

Recertly on forelgn alrcraft the DME range finders are being
replaced by the range-finding unlts of TACAN equipment, since
Lae ruange=finding part of the TACAN system gives high accuracy
as compared with the DME system. In such an assembly the system

 obtalned the name VORTAC. Furthermore, the TACAN system gives

hilgh accuracy in azlmuth in comparison with the VOR beacon, and

~also in the TACAN system there 1s provided a transmission line

of data from the aircraft to the ground and back. This system
1¢ gradually replaclng the VORTAC system.

VOR! RADIO SYSTLM
The sircraft equipment VOR - ILS, SR-32 or 3R-34/35 provides

ailr navigation by VOR ground beacons and the execution of landing
approach uslng the LLS system,

'The chapter is written by V. A. Belyatskiy.
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During operation in the "VOR" mode this equipment makes it

possible to solve the following navigational probtlems:

h, determine the magnetic bearing of the ground VCR radio
3 beacon’;

3 exceute flight along the ZMP of the pround radio beacon;

: determine the alrcraft position according by the mamnetic
bearings of two VOR radio beacons;

3 determine the drift angle in f[light.

The range of the VOR system (beacons with power 200 W) is

within limits, km:

t =gl

when H = 300 m ..... 6C-90

when H = 1500 m ..... 130-170
when H = 6000m ..... 280-320
when H =9000m ..... 339-370

Maximum range - during flights over flat terrain and sea. The
accuracy cof determining the bearings of VOR radio Leacons with the
ald of alrborne equipment is characterized, as a rule, by error
2~3°. During flights In mountain regions the errors can reach
5-€°.

During operation in the ILS modes the ailrborne equipment
makes 1t possible t. execute the landing approach by signals of
the course and glide-path radio beacons of the ILI systemr wiih the
ald of* a course and glide-path indicator.

The range of the ILS system on the course channel at flight

'The magnetic bearing of the beacon is always read from the
meridian of the place of installation of the beacon.
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altitude H = 600 m is not less than 45 km, on the glide p.th
channel at H = 400 m -~ not less than 18 km.

Equipment SR = 32 and SR = 34/35 operates at frequencies
108~-117.9 MHz and has 100 channels, which are divided between the
VOR and ILS systems in the following manner:

the odd frequencies in the range 108.1-111.9 MHz - for course
beacons of the ILS system;

even frequenclesz in the range 108.06-112.0 MHz - for beacons
of the VOR system;

all frequencies in the range 112.0-~-117.9 MHz - only for
beacons of the VOR systen.

At prescent the VOR beacon frequencies, as a rule, are
established from frequency 112.0 MHz and higher. With setting of
the rrequency of the course beacon of the ILS sysfem the airborne
rlide-path receiver of SR-32 and SR-34/35 equipment is simulta-

neously turn2d on.

Ground equipment of the VOR system -~ is a VHF - omnidirecticnal

radica beacon.
There are two types of radio beacons:

1; VOR radio beacons with power 200 W (power input 7 kVA)
to rrovids flights along alrways;

2) .nidlo beacons of reduced power - 50 W (power input 5 kVA),
desimed for ‘ustallatior at airports.

The omnidirsctional VOR beacon emits a signal, which consists
of carrier {in the rance from 108 to 118 MHz) frequency,

AN G i o A S e 3
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modulated by two low-frequency signals (30 Hz). The phose

difference of modulating frequencies, measured at any point of

the operating zone of the radio beacon, is proporcional to the

aireraft azimuth relatvive to the given (reference) direction. 2
Usually as reference direction we take the direction to ncrth;
along this directilon both modulating frequencies are in phase.

During aircraft motion clockwise re%gtive Lo the polint of
installation of the beacon the phase of one of the modulating
frequencies changes, whereas the phase of another, which ic
reference, remains unchanged. This 13 attained LY separate .
emission of carrier and side frequencies, whereupon the sipgnals
of side rrequencies of the reference phase create a nondirectional
pattern in horizontal plane, and the signals of slide frequenciles ,
¢f variuble phase in horizontal plane create a directed Jdlagran

in the rigure-eight form.

A1l radio beacons of the VOR system operate automatically and

are rempnte controlled.

Ar present VOR beacons with high-ultitude markers are installed,
which, because of signaling, transmitted aboayd the aircraft,
make it possible to more accurately ' termine the mowment of
flight over the beacon. In order to distinguish one radio
beacon from another, each of them are given its own call slgnals,
which are two or three letters of the Latin alphabet, transmitted
by telegraphic code. The listening of these signals aboard the
aireraft 1s conducted through the SPU,

The ground equipment of the ILS system consists of the course
and glide-path radio beacons and three radio marker bLeacons:
outer, middle and inner (at present the inner murker ir not
installed at all airports). In some alrports [lor the formation
of a maneuver during landing approach on t{he outer marker point
or outside it (in the alignment of the axis of the cource zone of
the 1LS system) a homing station is installed.
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There are two versions of the placement of ground equipment:

1) radio-rance veacon is arrangred on the axis of the

runway;

2) wien the radio-range beacon is arranged to the left or
right of the wxis »f the runway so thabt the axis of the course
zone pasces throasn She middle or inner marker point at 2-8°
angle to the continuation of the ruavay axis. At any airpert: wie
outer marker point ¢ the ILS cystem s installed at a diotanc-

o' TH00 m, the middle marcer point - 4000 m, and inner - 10950 n

frem the beginaing of the runway.

The control units and indicating instruments of SR-22 couvip-
ment. For adjustment of QQ: equipment and the taking of readi ;s
in riight the crew uses the Tollowing instruments:

controt panei oI GR=-37 (Flyg. 05);

Indicator-cettin, mechan-om of the radio beacon bearine
(SR-32) (®L . tu-;

1 lndiecators (null indicators)

s

twoe course ard lide-pat
(Fily. 67).

Plg. v&6. {1
alreraft aler ne B0=7
electronle o nipaont,

¥ig, 66, The indicator-sceoting
mechanlsm of the radic bteacun
rearing (8R-32).
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Fig., 67. Course and plide-path indicator
(null indicator): 1 - ciurce pointer;
2 - glide-path pointer,

" Note. On some Tu-104% aircraft due to the cperaticn of glide-
rath recelvers SR-32 and GRP-2 from one anteuna there has been
provided an antenna relay switch with the label "SP-50 - ILS."

The control panel of SR-32 equipment and the bearing indicator-
setting mechuanism are located at the navigator's working posltion.
The controi panel has two handles for setting the value of VOR o»
IL8 frequencies, When setting the appropriate frequency con the
piiot's instrument panel one of the signal lamps with the
designation "VOR" or "ILS" lights up. The course and glide-path
indicatory are located on the instrument panels of the alrevaft
commander and the right pillot. On some azirveraft they casure air-
craft handling not only by the signals of VOR and Li$ boacoas,
but also make it possible to land by the SP-50 system.

The set of VOR - ILS, SR-34/35 airborne equipment. The VOR -~
ILS, SR-3U4/35 alrborne equipment installed at present has the
following control unites and indicators:

SR-34/35 control panel (Fig. 68);

azimuth selector (Fig. 69);

radiomagnetic indicator (Fig. 70);

two course and gllde-path Indicators (mull indieators) (vee
Fig. 67).
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Fig. 68. Control panel of SR- Fig. 69. Azimuth seiector.
34/35.

Control panel of VORhILS cguipment, as in the SR-32 equip-
ment has two handles for th.- setting the fixed "“VOR" or "ILI"

frequencies,

The azimuth selector in;trument serves Ior setting reading
the values of the glven magnestic bearing of the heacon (or ZMPU),
and the pointer "T0 - FROM" indicates the position of the
airerafy relative to the beacon:

position "TO" - flight to the VOR beacon;
rocition "FROMY - flight from the VOR beacon.

For flight along the zpecified track on the azimuth selector
there Ls manually set the value of the ZMPU and 1f the vertical
puinter of tne course and ;lide-path Indicator 1s held in the
center, 1% is possible te consider that the alrcraft is on the
specified track. TFlight past the beacon is noted by the pointer
"P0-FROMY. The readlngs of this pointer depend only upen the
setting of the vealy: of the ZHMPU and the position of the aircraft
relative to the beacen and do not depend upon the magnetic course
of the alreraft, With switching of the value of the ZMPU the
readings of the verticul polnter of the course and glide-pat
indlceator are cianced to the opposite.,
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fisdlomarnetic Indlicator (RMI) indicates tne values of NPR

LY

relative o tue place of installation of the beacon (oo G Lo
3669).  Sinmuitaneously on this instrumentv it 17 poasiblie Lo read

LN
<
o]

i
the magnetic course of the aireraft and the VUR radio bLezcon
h=uding., The megnetic course of the airceraft is read on movable
scale relavive to a fixed index. This combined instrument
convenient for flying, since the pointer, indicating the MR
velotive to the movgble scale, simultaneously shows ihe radio
veacon heading on the Tixed scale (see Fig. 70). On the LHI are
wie comblined pointers, which show The values of the M'E frogq two of

.
K.
A

VOR egulprent on the aircraft.

tig. 70. Radiomzgnetic indicator
(RML): & - iagnitic course in-
dlcator; 2 - indicating pointer of
the radio beacon heading nnd the
magnetle bearing of the radin
beacon; 3 - pointer, which indicates
magnetic bearins and hoadings,
working, from the usecond sct of SR~
34/35 equipment.

.

Wien setting up the two sets of VOR-ILS, SR-34/3% airborne
equipuent there are installed two control pancls, two uzimuih
selectars, two radiomapgnetice indicators, two course and sllde-

path indicavers (for the first and second pilol respectively).

The wee of VOR-ILS Eguipment in
Flight

Ground preparation. For the use of VOR-ILS equirment in
flight L1t is necessary to know the precise coordinates, trequencies

and call signs of ground radio beacons, their locatlion relative
to the assipned track (individual sections of the route).
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For making it easier to determine and plot bearings on the
map we place the azimuth c¢ircles with center at the place of
installation of the radic beacon with scale value 5°. The scale
zero of these circles is matched with the northern direction of
the magnetic meridian of the radio beacon. At the clrcle there
should be labels (Fig. T1) with indication of the name of the
point, place of location of the radio beacon, frequency of its
operation and call sigh (with letters of telegraphic code).

Fig. 71. Map symbol of VOR beacon
(azimuth circle), applied on the
nap .

VOR FFRaMa
H24 nifs

——

OKL =2

P m— ®

S o et

For determining in flight the magnetic bearing of the VOR
radio beacon relative to the aircraft position (Fig. 72) it is
necessary to compleie the following operation:

furn on the VOR-ILS equipment and wailt 2-3 min, until it is
warned up thoroughly;

set the radio beacon frequency on the control panel;
listen to fthe c¢ull sign of the radlo beacon;
by rotating the vaock and pinlon on the bearing indicator -

setting mechaniom LK-32, mateh the double pointer with the single,
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with this the single pointer should be located 'etuween tue com-

ponents of Sne double pointer and Le paralicl to fuea:

ciienk whether the course pointepr of the coi.ow und glide~
rath indlcitor is located in the center of the .2l face znd if
necessary set it in the center of the smaill

hra:k clrele, by
rotating i

Y

<

he rack and pinion on the bearing nddizavor-setting

teke the reading of the magnetic bearl) of the radic beacon

in the window of the counter of the bearin

adtentor-sett ing
mechanism and lay the line of the taken WPF

-n tane map.

Fig. 72. The posit.on of the pointers
of SR-3¢ indicase when takingy o read-
ing of the radic ooacon besying.

wnen using the SR-34/35 equipment the magnetic bLearins is

rend to the RMI or, by cranling the sething ot the ZMPU on the

tha vertical pointer on zero
are attalnel on tne course and glide=path indicator; then in the
window .. the azimuth

ey
’,

cimuth selector, the settings of

selector 1t 1e possible to read the MPR LIf
the "TO-FROM" pointer is in the “TO" positcion.

Lote. In flight using the VOR gystem it is necessary to

remember that the bearing to the radio beacon does not depend upon

the aircraft course. This distingulsnes the VOR system from the

"radic compass - homing station" system, during the operation
with which the bearing 1s obtained as the sum of the course and
angle of approach of the radio station.
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Flight to VCR radio béacon along a given magnetic bearing.
Afver takeéoff the crew must:

turn on the equipment, set the radlo beacon frequency on the
control panel and listen to its call sign;

set the value of given MPR on the bearing indicator-setting

mechanism (SR-32) or on the azimuth selector instrument (SR 34/35);

if vakeofif was n t performed in the direction to the radio
beacon, then execute the maneuver for approach to the line of
the given magtetic bearing of the radio beacon.

With the apprvach of tne aircraft to the line of MPR the
single pointer of the bearing indicator-setting mechanism will
approach the double pointer (when using SR-32 equipment).

For precise approach to the line of the given MPR the crew
snould turn the alrcrafl at an advance point of the turn. When
the alreraft will fly strictly along the line of the given MPR,
the course pointer of the course and glide-path indicator will be
located in the center of the instrument, and the single pointer
will be set between the double pointer and will be parallel to
1t (when using airvborne equipment SR-32).

Determining the moment of 7vlight over the VOR radio beacon.
During approach of the alvcraft to the VOR radio beacon periodic
falling of the blinker is noted. The course pointer of the
course and gllde~path indicator becomes more sensitive even with
insignificant deviations of the airecraft from the specified track.
The single pointer of the vearing indicator-setting mechanism
also fluctuates from t5 Lo *10° to both sides.

When after flight over the beacon there is provided for
following a route with the same course, 15-20 km from { .- mey .t
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purt the radlc beacon it 1s advantageous to maintafn
T by ftne ccurse pelnter of the course and glide-path
Pl oy yobul by the GRY

(ceurae system In the GPK mode).

of flignt over the beacorn is5 noted by the rota-
...... pointer, wnlch indicates the MPR, to 180°. This
i"“‘». ;M‘.‘ v 1' “E:ll}

o ing on the altitude and flignt speed of the air-
s Lo weeomp biohed In 2-3 5.

Ftight from the VOR radio beacon.

for accomplishir.g the
/
. Cilrhn in the plven ddrection from the radio beacon
v P‘a/ t ):
; L el fled track on the map,
Cheo e Lhe value of the naynetic beaving of the
e s e Ui one ot the characterdistic roference points,
St b Lraed within Hmlts of the ranpe of the radlo
A o thie cttalned value of the MPR;
ae taweoi't turn on the VOR ogqulpment, set the radio
bre Crecpnency and Listen te lts call signg
S St osatue of anegle MPR + 180°¢ on the indicator of the
Deneloo ety

o mechanism (SR-32) or on the azimuth selector
[RERRS SITHIASH

{(8Sk=i/35).

Heading rom the

-

Depending on the takeoff direction with respect to the

beacon perform the maneuver for apprbgch~to the
line of the glven MPR (the track), which 1s noted by the arrival

of the vertical poilnter of tne course and glide-path indicator to
- the verticsl position.
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Perform flight aiong the spécified track by thé course: and
glide=path indicator, monitoring the vaiue of tha ZMPU by the
readings of the single pointer of the indicator :of the bearing
setting mechanism (SR-32) or by the RMI (SR-34/35).

An example of flight to the beacon and from the beacon with
SR~-34/35 equipment is given on Fig. 73.
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3 Flg. 73. Flights with SR-34/35 velative to VOR \

E beacon. i
9 Determining the aaircraft position by the magnetic bearings

. of two VOR radio beacons is cone wlth the greatést accuracy when

% flight is fulfilled "From" or "To" the beacon, and the second

: radio beacon is located abeam the right and left side of the

p: alreraft., In this case tne bearings of two radio beacons com-

: prise an angle close ta 90°,

3 ' For determining the aircraft position it is necessary to: :
_? take the exact reading of the bearing of the radio beacon, é
? which is lined up with the line of the given track, and plot it 3
3 on the map;
i
g 87 3
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“heowourse Ly the GPK, tune to the teacon located
v Lrase of airerafu flipht, and take the bearing

P Trom tie oide radio beacon; the point of
©otwe bonrings will b the aleceraft position, if
po soorrvcetion Mo meveasont ot the alrzratft for the

Voot e T tatenee bhetween the marks
cebed L T sion Thindine of VOR radio bepceons,
Sete o ol e tab e o the pmround speed,

.

CoLoro o aa e deitroangle oo IUioht along the line of

>

ST s eeon e or "Pram" L) {s done
. HA P P T
IS A
i ' Vet
RPN A A Lo = MK,
N oo e Laan 0089, during the caleula-

ca L st eaeted Croom the sum of MPR + 180°.

Pvovt oo - o f the maneuver for entry into the zone of the

dnge togcen of the Tus system,  With the atd of the VOR-ILS
R poantlie to oxecabe the maneuver of alrcraft
Lo sicnals of the VOR radio beacon located at the

atrpoern, Lno posforn sntry into the zone of the radio-range

beacen o thie YOR system by the follewing methods:

wilh ouraight line;
alonn o bape vectanpular route;

38
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by the method of normal blind turn or turning to the calculated

angle.’

The simplest maneuver of descent and entry into the zcne of i
the radio-range beacon of the ILS :system is executed when the i
VOR radio beacon is lined up with the line of landing. B

In the case of straight-in approach with descent on the ?
approach course to the airport the crew flies the aircraft using ;
the signals of the VOR radio ‘beacon by the course pointer of :
course and mxlide-path indicator until entry into the zone of
coverage of the radlo-range beacon of the ILS system. 5

During landing approach on the control panel instead of the:

VOR radio beacon frequency there is set the frequency of the ILS
The entry into the zone of the IL3 beacon

radio-range beacon.
Is monitored by the lighting of the signal lamp with the label

Amtonr < ot e S v

"ILS" and by operation of the blinker.

SOOI S T R

During landing approach along a large rectangular route

by readings of the instruments of the VOR-ILS equipment the i
crew determines the moments of turns and entry Into the zone of
the ILS radlo-range decacon. For this in the descent and landing
approach procedure the values of the MPR of the reference points
are calculated in advance. With agreement of the calculated

and actual values of the MPR, taken from the bearing indicator,

) the moment of flight over these reference points 1s noted.
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TACAN ELECTRONIC SYSTEM

The operation of the TACAN system is different from the VOR
system. The azimuth is determined by the TACAN system by means
of radiation .of '‘a nondirectional signal and a rotating directed
signal, the phase difference of which is proportional to the
azimuth relative to the direction toward north. The carrier part
of the TACAN system lles 1n. the frequency range of order 1000 Hz,
A rotating directed signal with variable phase is obtained by
means of the mechanical rotation of the elements of the antenna.

Furthermore, cardioid with varlable phase, rotating with
frequency 15 Hz, 1s modulated additionally by a signal with
{requency 135 Hz, whose phase 1s also compared with the signal

of standard phase,

The result of this comparison makes it possible to obtain
a ninefold increase in the azimuth measurement accuracy.

The TACAN system consists of AN/URN-3 ground equipment and
AN/ARN=-21 aircraft device, allows continuously and automatically
deternining the aircraft polar coordinates (azimuth and range)
aboard ‘tne aircraft. The polar cocdrdinates of the location of
the aircraft are determined aboard it with high accuracy, which

makes it possible to use them for introduction into special computers

and the solution of various navihational‘problems, such as, for
example, the rlight of alrcraft along any rectilinear routes,

along orbits, etd,.

Basic performance data of the system
Operating range of frequencies,

MHZ.O'.OCDO.l...l.t...“...!‘..!.O 962-1213
Accuracy:
with respect to azimutheevoi.viven, 1-2°
(operational)

with respect to range.......... ... 180 m + 0.25%
the distance
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The range of action depends upon the flight altitude of the
alrcraft and liées within the direct geometric visibility.

The "dead" funneél with respect to the azimuth has a magnitude

" ser
MR v S .‘.\. PR
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on the order of 95-100°,

The influence of %terrain features on the accuracy of the
system 1s considerably weduced as compared with the VOR beacon
bécause of the use of decimeter wave band, pulsed operating con-

dxtions, and also a special nine-lobe radiation pattern of

the antenga in horizontal plane. The ranging of the aircraft from

TACAN groivad installation proceeds in the usual way, by the
"interrogation-response" principle, based on ‘timing the propagation
of the pulse radiated ty the aivcraft interrdgator, and by its
return back to the aircraft receiver from the ground installation

TN SR

.
p

Ny

of AN/URN-3, equipment.

Twwinission of azimuth information to thé ailrcraft is i
accon. 'Lraed vecause of the presence of a speclal antenna 1n the ?
groutsi installation, creating a radiation pattern in horizontal ‘
ptane iy the form of a cardioid, rotating with constant frequency
1 Hz. As a result of the rotation of this cardicid the pulses
raaiated by the ground device on the aircraft undergo space
amplitude modulation with frequency 15 Hz, whereupon the phase of
this modulating frequency, which is the envelope of the received

: signals, will be proportional to the alrcraft azimuth.

2 PR 7 a7 PR, Ctbdl
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By measuring with the aid of the alrcraft device the phases
of modulating frequency 15 Hz with respect to the phase of
the reference signal, we obtain data about the aircraft azimuth.
As reference signals there are used pulses radiated by the
ground device at the moment when the maximum of the radiation

(cardioids) of its antenna system passes through north,
frequently

e AR T A oo e b < .

o e

pattern
in connection with which the reference signals are

called "northern" reference signals,

-
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‘The method of measurement of the azimuth, expounded above,,
is used only in the so-called coarse channel of the azimuth. For
“he -achievement of higher measurement aceuracy of the azimuth or
the order of 1° the cardioid directional characteristic of the
ground beacon antenna with the aid oi additional modulation with.
frequency 135 Hz is converted into a nine~lobe carioid, which
ensures the obtaining of a second precise channel of measurement
of the azimuth.

VORTAC ELECTRONIC SYSTEM

The name VORTAC 1s forméd by the unification of the two names
VOR (VHF omnidirectional radio beacon) .and TACAN (tactical air
navigation). The indicated combination provides azimuth determina-
tion accor'*ng to VOR beacons on VHF and using the TACAN system
on' UHF.

The range is determined by the TACAN system on UHF,
DME AIRBORNE EQUIPMENT

The alrborne DME equipment, designed for ranging from the
alrcraft to the ground radio beacon (in miles), during flight
to the beacon and from it makes it possible to directly determine
the ground speed of the ailrcraft (in kaots), and during operation
together with VOR, VORTAC and TACAN radio beacons provides the .
determination of the aircraft position.

The operating principle of the system (Fig. T4) is based
on measurement of the time interval between the moments of sending
the interrogation pulse from the ailrcraft and of obtaining the
response pulse from the ground radio beacon. This time 1s directly
proportional to the distance from the aircraft to the radio
beacon.
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{Egg;af—mijgzuﬁ‘ Fig. T4. Operating principle )
0 1000 TH of the DME system. ,
E Wil i KEY: (1) Messurement circuit;
. L“ﬁ:'“‘qmﬁgmf(ﬁf (2) Range indicator; (3)
“‘:::%;; = Receiver; (4) Transmitter; (5)
=7 Aircraft interrogator; (6)
(B)psdewnup TS Ground radio beacon ;

v,uuomﬁ:u )(5 )
=

Basic performance data of the syst-m

oy

The operatins range of i

’ the syster .....vvevvueenense  1Y6 nautical miles :
Number of .‘/annels............ 100 ; !
Measurement accuracy....eeeee. 0.2 nautical miles,
or 0.4% of the
range
Receiver sensitivity, dB...... 90 (minimum)

The frequency range of the
transmitter, M}lz. 40 00 00 08 e 10""1}"1150

The frequency range of the

I’eceiver', MHZ.‘Q'O.C."Q'O.. 987-1213
Time of channel selection..... not more than 3
Memory €ime.,.vvirvvivvinnonnnnns range readings are

retained 8-12 s
after loss of the
signai

Standby MoAe . i iv v v ev e gquipment automati-
cally goes to stand-
by mode with drop
of power of the
radio beacon signals

Self-checking mode......ov0vu functional test.
When pressing the
knob on the front
panel of the inter-
rogator equipment
the range, equal to
196.1 nautical miles
should work

Synchronization and tracking... the equipment follows
changes in range at
speeds up to
800 knots

S
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with frequency
1350 Hz are fed to
the telephone outlet
with volume control
on the control unit

on the front panel
of the interrogator
there is a jack,
through which goes
the supply of "To"
and "From" blanking
pulses of the dis-
patcher's
interrogator-
responder

+0.1 nautical mile

Identification signals........

Blanking......... Veeeen che s

Range resolution.....vvevevvnn

The airborne equipment includes:

the interrogator, which includes the transmitter, receiver

and range measuring circuit. On the front panel of the inter-

rogator there is a knob for functional checking of the equipment;

the transceiving antenna, which 1is placed, as a rule, on the

bottom of the alrcraft fuselage;

the control unit is designed for turning on the equipment,
setting of frequency, which corresponds to the channel number,
operating mode switch and volume control of the call sign of the

beacon.
On the panel of the unit (Fig. 75) are arranged:

digital counter 1 with the labc® 'IMI,"* intended for setting

the frequency, corresponding to the cru.nel number, on which the

selected beacon operates;

¥[(Translator's note: Original document has both DME and DMI,
but believe they are referring to the same thingl.
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thkee ¢oaxial knobs (small 3, medium 4 and 1 rge 5), designed
for turning orn the equipment and volume control of the ~all signals
of ground beacons. Small knecb 3 , _ 2
with the label "VOR" serves for 114y A

turning on the equipment and for ‘ Ll fsls 4

volume control of the call signals. _-’ - CD:
. ’/

Medium 4 and large 5 knobs are
3TeY

- A

intended for setting the fre-
quency on the digital counter ]

1;
DMt

Fig., 75. Control unit of the
alrborne equipment of DME.

the function selector 6,
which has two positions:
"STBY" -~ standby and "DMI" -
ranging.

With setting of the switch in the "STBY" position the equipment
is turned on and r.ady for operation, but the mechanism for the
range indicator does not rotate and the red flag covers the numerals
of the three-digit counter (Fig. 76).

With setting of the switch in the "DME" peosition the equip-
ment goes into the operating state, the red flag of the digit
counter is moved away and in the
openings of the counter the current
range to the beacon in nautical
miles 1is read.

'l
o

b
1
1
¥

. i
el u.:tu{

2
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5 )

t
<

T
a “

Mig. 76. Range and ground-
speed indicator.

Range and ground-speed in-
dicator. On the face of the in-
dicator (see Fig. 76) are arranged:

kneb 1 for setting on scale

2 the Jdistance tn the beacon or
to any selected reference polint
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when determining the remainking flight time to this point (or
beacon);

scale 2 for reading the range, set by knob 1l; the scale
is enumerated 11 nautical miles; scale value - 10 nautical miles;

three-digit counter 3, which shows the current value of
range to the ground beacon in nautical miles; scale graduation -
0.2 nautical miles; with the equipment turned off or in search
the counter is covered by a red rlag;

inner fixed scale ¥, serving for reading the ground speed,
measured relative to the ground beacon within limits of from 80
to 600 knots (from 148 to 1112 km/h); scale graduation - 10 knots;
reading - opposite the pointer tip;

outer slide scale 5 for reading the remaining flight time to
the ground beacon or to any selected reference point; it is &dlso
read opposite the pointer tip of the ground-speed indicator; range of
read off time from 6 to 20 min - in 1 min, from 26 to 100 min -
in 5 min.

On the same panel, on which the control unit and indicator

are located, there 1s placed a switch (Fig. 77), which has two
positions: "ARK, SvVOD, VOR" () [ ——m—nee
and "DME." It is designated ror (™) eens CDaw|®)

- {3) loe
commutation of the telephone out-
lets to the SPU when listenlng Pg. 77. Switch of call signals.

. . 5Y ] RK; OD;
to the call signals of beacons. ggﬁ; (ﬁ%)Dﬁgf, (2) sv ’ (3)

Preparation of the Equipment for
Operaftion

1. On the AZS panel place the switch with the abel "DME"
in the "On" positian.
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2. Turn clockwise the small knob 3 (see Fig. 75) on the
. control unit and after the click place it in the intermediate
position.

3. On the control unit by knobs U4 and 5 set cthe freguency
which corresponds to the number of the channel of the beacon,
in the working zone of which the aircraft is located.

4., Place switch 6 on the control unit in the "DME" position.

In 1-2 min the equipment goes to search. With this the drums
of the digital indicator begin to whirl rapidly, but the red
flag of the failure indicator signal covers the apertures .of the
indicator. With adjustment of the precise value of range on the
; indicator the equipment goes info the tracking mode and the flag
of the failure indicator signal covers the numerals, which
. slowly prass in the apertures as the range changes. The duration
2 of the search cycle is about 5 s.

The equipment does not leave the tracking mode during brief
disappearances of response signals, but goes into the '"memory,"
mode lasting about 10 s, retaining during this the last value
of range. If after 10 s the signal is not located, the flag of
‘ the faliure signaling covers the numerals of the counter and the
; equipment goes to search. In this case, if there is a useful
signal, the digital drums under the flag whirl rapildly. With
the absence of useful signal the numerals of the range indicator
under the flag remain stationary and the equipment automatically
goes to standby mode.

7§ 5. In order to check the correctness of selection of the
ground beacon by 1listening to its call signals, it is necessary
to:

place tre call signal switch (see Fig. 77) in the "DME"
position;
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place the switch on the subscriber's SPU set in the extreme
left position "ARK, SVOD."

After this 1In the telephones the call signals of the beacon,
transmitted by international code with interval of approximately
30 s should be heard. After hearing the call signals of the
beacon the switch of the call signals must be placed in the
"ARK, SVOD, VOR" position.

With the appearance of doubt of the reliability of i
operaticn of the system it is necessary to check its efficiency ,
by pressing the built-in monitoring knob on the front panel of
the interrogator. With the equipment operable on the ilndicator
will be worked out the range, equal to 196.1 nautical miles.

The equipment 1s shut off by counterclockwise rotation of
the small knob with label "VOR" to the click on the control unit
and by switching the AZS of the "DME" on the pilot's AZS panel
to the "Off" position.

Working with the DME Equipment in
Flight

In connection with the lnstailation of KURS-MP-1l equipment
on civil aviation aircraft, working with the VOR azimuth beacon,
tha use of the DME system should be considered in conjunction with
the equipment indicated above. *

For working with VOR-DMEand VORTAC azimuth and range systems, .
and also with the TACAN system, which ensures only the dellivery
of the azimuth to obtain the MS, 1t is necessary on the control
units of the DME system and KUPS-MP-1 equipment to set the
frequency (channel) of operation of these beacons. In this
case to the radiomagnetic indicator (RMI) the KURS-MP-1 will
send the magnetic radio bearing to the beacon, and to the DME
range indicator - the slant range to it.
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When the alrcraft is at a great distance from thé beacon,
the difference between the slant and ground range is very sinall,
but as the aircraft approaches the beacon this difference
%increases. When the aircraft 1s located above the beacon, the
ground range will be equal to zero, and slant - to the flight
altitude shown in nautical misles. Since the ground speed is
determined by measurement of the slant, and not ground range,

. the error in determining the ground speed 1s proportional to the
error in determining the ground range.

In the set with the azimuth systems the DME equipment provides,
the solution of the following problems:

determining the aircraft position;

. determining the ground speed and remaining flight time to
the radio beacon or to any selected reference point;

L
% approach to given point for descent; |
flight in the holding area;

orbital flight;

OO SR

s

bypass of dangerous zones.

T
.

Determining the aircraft position., For determining the air-
’ craft position from the radiomagnetic indicator (RMI) of
KURS-MP-1 equipment it 1is necessary to take magnetic bearings of ,
aircraft (MPS) from the ground beacon, read on the inner dial ; j
face opposite the blunt pointer tip. Having introduced correc- : ‘
# tion to the MPS, equal to the magnetic declination of the point
of.- lecation of the ground beacon, determine the true bearing of
the alrcraft (IPS), which 1s read from the northern direction of

the true meridian, passing through the point of installation of
the beacon.

O
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The intersection of the plotted line of the true bearing and

‘the cirdéumference, equal to slant range S, gives us the MS

(Fig. 78).

"In order to decrease the errors in determining the MS by

the VOR~-DME, VORTAK or TACAN system, by the last reading from two
magnitudes (range or MPS) one

should take the one which for the
same time unit undergoes a large

change.

In view of the number of errors
permissible by RMI in the readings
of the bearing, in determining the

N;{v MS by this method considerable
errors are also possible. There-
Fig. 78. Determining the MS fore tor the most precise taking
by the VOR-DME. of the reading .of magnetic bear-

ing of the aircraft one should

use the azimuth selector of KURS-MP-1l. This is executed in the

following order: with the aid of a handle and flag, located on

the azimuth selector of the KURS-MP-1, we set the value of the

MPS, taken fiom the RMI. While continuing to rotate the knob on

the selector, we set the vertical (course) lath of the null
instrument in the center of the cross-hairs and on the azimuth

selector we read the precise value of the magnetic bearing of

the aircraft (MPS).

Determining the ground speed and the remaining flight time

to the radio beacon or any selected reference point. During

flight to the beacon and from 1t the ground speed is calculated

automatically in the DME equlpment and 1s indicated by a

pointer on the range indicator on scale ! (see Fig, 76) in

nautical miles per hour (in knots). For determining the remain-

ing flight time to the beacon 1t is necessary on scale 2 by knob 1
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fo set. thé distance, edqual to the slant range to the beacon,
faken. from: digital counter 3. Opposite the grounhd speed pointer
‘on.the outér scale 5 of the rangé indicator take the réading

of the remalning flight €ime to the beacon.

On scale 2 4t 1s possiblé to set the distance to any reference
point,; arranged on the route or abeam 1it, and. with respect to
‘these distances and there 1s réad the time remaining to flighrt
past fheireﬁeﬁéncé«point.

Apporach: to a gﬁveﬁ;pgint for the beginning of descent,
entry into. prelanding maneuver or for somé .other purpose is
enisured by the repeated detéermining .of MS, ‘by correction of the
divrection and. flight conditions according to the obtained data.

FYight in the holding <area is applied in very rare cases
mainly ‘because of the overloading of the airfield zone by other
ailrcraft. Usually this is:..a maneuver in -the corridor of the air
route; leading to the landing airfiéld. The dimensions of the
maneuver are assigned by the minimum permitted range of airport
‘appreach and by the maximum permitied distance from it (taking
into sccount the magnitude of turning radii).

Most. often this maneuveér is executed either directly above
the VOR (or OPRS) beacon, or in its immediate vicinity

In this case flight along the first straight line until the
turn is executed to the beacon or '

e
from it according to the null - '”ﬁ}‘f\)
instrument. The radic bearing of MPR ( E

the beacon in this case is set on \ ko

the azimuth sSelector of the v Tees -

KURS~MP-1. The range reading at Fig. 79. Flight in the holding
the assigned distance from the area.
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beacon 1is performed by the DME range indicator. After turning
180° the aircraft follows the MPU, opposite that which it held
on the first straight line, taking into account the wind,
specified earlier.

In the case when the holding area is moved away from the VOR
beacon to a considerable distance, flights along both straight
lines can be performed by the null instrument in the modes to the
beacon and from it, since with this the nonparallelism of
both straight lines will be low enough to disregard it. Thus,
at a distance of 57 km the IPU on both straight lines will
differ by only 1° + 180°,

Orbital flights around the beacon are used for dispersal of
the aircraft in the airfield zcne, when awaiting instructions
about. the accomplishing of the landing approach maneuver,

In this case the aircraft follows the beacon along the established
corridor of the alr zone and with approach to the beacon at a
distance equal to the assigned orbit taking into account the LUR
executes a turn and enters the orbit, Further, while maintaining
the assigned distance to the beacon by the range indicator of the
DME the aircraft performs orbital flight. Usually from considera-
tions of safety each aircraft 1s assigned its own orbit

(Fig. 80).

Bypass of dangerous zones, For bypass of zones of thunder-
storm activity and other dangerous meteorological phenomena 1t 1is
necessary to know their location relative to the route, the
direction of their movement and to determine the boundary of

safe flight.

Bypass 1s performed along an orbit, while monitoring the
distance by the range indicator (in flight to the beacon). Dur-
ing orbital flight on the azimuth selector of the KURS~-MP-1
equipment the navigator sets the magnetic radio bearing of the
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beacon, which one should fly along after bypass of the dangerous
zone, After scaling of the course pointer by the mill
instrument one should perform @ turn wiith approach to the assigned
bearing.

Fig. 80. Orbital flight.
KEY: (a) Miles.

VRM-5 AND "CONSOL" SYSTEMS!

In the countries of the northern part of the Atlantic Ocean,
on the shore of the Barents Sea sector beacons of the "Consol"
and VRM-5 (USSR) system have been installed and continuously
operate. For the reception of signals >f VRM-5 and "Consol" radio
beacons the installatlion of additional equipment on the airecraft
1s not necessary. The signals of the radio beacons can be
recelved with the aid of a medium-wave receiver or radio compass.
The signals of radio beacons can be used in flight only with the
presence of special airborne maps with proplotted lines of bear-
ings from the place of installation of tte radio beacon.

The service range of the radio beaceons, which operate on
medium waves (200-400 kHz), depends upon ihe power of the ground
radio beacon, the recelver sensitivity and the time of day.
Antenna output of the operating radio beacons is from 1.5 to
5 kW, which makes it possible to pick up signals in the daytime
with a receiver of medium sensitiv;ty at a rlistance up to 1500 km.

!Chapter is written by V. A. Belyatskiy
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At aight the range oy radi6 beacons 1S increased because of the
effect of réflection -of the radio waves from the upper layers of
the atmosphere, in this 'casze the maximum range of signal reception
reaches 2500 km. In these cases the dccuracy of direction finding
is lowered (Table 24).

Table 24. The range -of radio beacons at
different time of day.

—

Time of ) A
day Path of radio waves Range, km | Mean error, deg

Day Straight 1line B 500 | less than 0.5
n 1500 1

b
i
s
3
P
»:'7
[
ki
5
e
33
24
)

Twilight Straight 1line 70 Léss than 0.5
" and reflected 600 From.3 to 5
Reflected 2500 From 0,5 to 3

Oy

Night Straight line 100 ILess than 0.5
" and reflected 600 From 3 to §
Reflected 2500 From 0.5 to 3

% The beacons emit unmodulated signals in the form of a certain
’ combination of dots and dashes. For reading the true bearing of

3 the aircraft it is necessary during the direction-finding cycle

3 (1 min) to compute the quantity of dots 'and dashes heard in the

; certain sector, and by the quantity of these signals on a map

find the line of position of the aircraft. The radiation pattern
,g‘ of VRM=5 and "Consol" system radio beacons is given in

3 Fig. 81.

The cycle of operation of VRM-5 radio beacon

Identification signal of beacon
(two 1etter‘s)’ s.“t...o....l...l‘..l 8

Pause’ S......"l...'..\l.l.l..‘..‘.l..
Nondirectional radiation ("long" dash),

~ sl‘....0.".0.l..ll...l‘...‘..ld.... 10
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The cycle of opeation of VRM-5 radio beacon
(Cont'd.).

PauSQ, SOQOQoaoocoao.noo--oo.oooo_c,o«:»-ecH‘o 5
Direction-finding mode, Seeeeesseessss 30
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Fig. 81. Radiation pattern of radio g
beacons of the VRM-5 and the "Consol" 2
system. , ;
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In radio beacons of the "Consol" system there is established
a simflar or reduced cycle of operation for 40 s. In the latter
case nondirectional radiation is absent and the pauses are some-
what decreased. The direction-finding mode ir &ll beacons is
established at 30 s The beacons of the "Consol" system are
ldentified by two or three lette’s of the Latin alphanét. ~During
operation of the beacon in the nondirectional radiatio;. mcde
("long" dash) it is possible to measure the KUP by an crdinary
alreraft radio compass.

Determination of the bearing of the radio beacon is per=
formed in the following manner.

1. On special radic navigation charts we mark those beacons
which are heard during flight only in the sectors of reliable
bearings.

2. We ftune the receiver, identify the call signals of the
radio beacon and the initial signals of the direction~finding mode
(dots or dashes, radiated up to the equisignal zone).

3. By dead-reckoning position or approximate radio bearing
of the IPS we determine the sector, within which the aircraft is
located at a given period of time (permissible error of détermining
the bearing is +10°).

4, We check that the initial signals of the direction-
finding mode (dots or dashes, heard up to the equisiznal zone)
correspond to the signals designating the identifled sector on
the map.

5. Durlng the direction-finding mode we listen to the
quantity of dots or dashes of the equisignal zone (i.e., till the
moment of disappearance of signals) and after the equisignal zone.
The total amount of dots and dashes in every operating cycle should
be equal to 60.
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6. At the moment of hearing the equisignal zone we record

the time of direction finding.

k. f T. With the loss of a certain quantity of signs in the cycle
both to the computed quantity of dots and to the computed quantity
of dashes we separately add the half-sum of the quantity of lost !
signals.

e

i Example. Before hearing the equisignal zone there are
counted 18 dashes, and aftey the equisignal zone - 36 dots.

The total amount of received signals 18 + 36 = 5l4,

g The half-sum of the lost signals QQ_%TQH = 3, s

The corrected quantity of dashes will be 18 + 3 = 21,
The corrected quantity of dots will be 36 + 3 = 39,
3 The total corrected signals 21 + 39 = 60, )

8. The radio bearing is plotted on the map with respect
%o the quantity of corrected signals (dots or dashes), heard
: up t£o the equisignal zone, by means of linear interpolation
" ; between the multiple lines of radio bearings depicted on the map.
3 : For the given example the lines of the bhearing correspond to
' g 21 dashes and it should be drawn in the sector of dashes between
. lines 20 and 25 (Fig. 82).

. ? The aircraft bearing can be determined by the measurement

7 ? of the individual pericds of the directlion-finding mode of the

‘ radio beazon by a stop watch. 1f we designate n, - number of
signals to the equisignal zone, and n, - aumber of signals after
the equisignal zone, tnen

n -‘2“ <= f‘.: Ag =2'g+‘po

el st b W £ e 1O B
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where Ty - the listening time of the radio beacon signals to the
equisignal zone, during which n, signa.s are emitted (dots or
dashes);

rp - the listening time of the equisignhal zone;

T, - the listening time of the signal zone, during which n,
signals are emitted (dots and dashes),

whereupon

f hTp+n=30 5
n+-n;=60 signals.

Fig. 82. Determining
the aircraft position.

Using this method, it is possible to determine the ailrcraft
bearing without listening to the entire direction-finding mode,
since the quantity of lost signals is determined with the time
of listening to the equisignal zone.

The order of measurements 1s the following:

1) at the moment of the beginning of the direction finding
mode activate the otop watch;
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2) at the moment of signal fading note the time in seconds;

3) at the moment of the beginning of hearing the other

signals stop the stop watch;

4) by the conducted readings of time find Ty and Tp and from
them - the quantity of signals of the radio beacon to the equisignal
zone l’il.

Table 25. Data of VRM-5 and "Consol" radio beacons.
Coordinates o g " & | Air route, on which
g I3 2 signals are heard
No.] Radio Place of g - o tn the davbima
beacon installatimj longitude | latitude § & { o S8 e
) FE| & 138,
1 | ¥anin P-ov Kanin* - - 253 | KN 60 | Murmansk -
1:{USSR) Petrozavodsk.
‘ Yologda -
Arkhangeltsk -
Nartyan ~ Mar
2 | Rybachiy { P-ov - - 363 | RB 60 Barent Sea
Hybachiy
(USSR
3 | Stavanger | Stavanger [05°38t £, | 58938 5. | 319 | LEC 66 Copenhagen-
(Norway) Long, Lat. Iondon North sca
4 | Bushuills | Bushmills [06%23t w, | 550121 s. | 266 | mwn 40 fmsterdam - London -
{u. long. Lat, ReykJavik
Ireland)
5 | plonels | Plonets W w, | u8%unr s. | 257 | RO 40 | London - Paris -
{France) Long. fat. Brussels
6 | Lugo Lugo 070231 %, | 43014 5. | 285 | 16 - -
(Spain) long. Lat.
7 1 Sevilie Seville 06°02' W. | 37931t S, 315 | SL - -
(Spain} Long. Lat,
8 | nantucket*| South of 70%091 W, | 41°%16v s, | 194 | TuK - New York - Greenland
Roston Long. Lat.
(usa)
9 | Atlantic | Atlantic T40u6" W, | 39°07' S.| 516 | ALY - New York - dreenland
yClty* vity {usa) |Tong. Lat,

* Station of the "Consol" system.

Examp
12 s.

le.
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The llstening time of the dots of the bracon 1 =
The listening time of the equisignal zone, i.e., the
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time from the moment of disappearance of dots to the moment of
beginning of hearing the dashes, Tp = b s,

The corrected quantity of dots will be equal to

a = 2x214«23 dots.,

By this magnitude in the zone of dots it 1is possible to
read .the true bearing of the aircraft (IPS). .

BASIC FEATURES AND PURPOSE OF ELECTRONIC
DIFFERENCE-RANGING NAVIGATION SYSTEMS

o s ————

The differential ranging systems of long-range navigation
belong to the systems which measure the propagation time of
radio waves from two fixed points on the earth's surface -
ground stations of the system - to the aircraft. By the measured
difference of radiowave propagation there is determined the
difference of distances to ground stations and the line of
position of the aircraft.

With the presence of two pairs of ground stations there are
determined two lines of position, the intersection of which is

the aircraft position (MS).

Pulsed differential ranging systems make 1t possible to solve
the following navigational problems: .

a) monitor the path by determining the line of position or
aircraft position;

b) guide the aircraft to the assigned area;

¢) determine the navigational elements of flight.
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In the examined systems the lines of position of the aircraft

are two hyperbolas and therefore the systems also carry the
name of hyperbolic systems.

It is natural, that to obtain two lines of position it is
necessary to have two pairs of transmitting stations. However,
the ground equipment of the hyperbolic system can consist
altogether of only three stations, of which one A is the master
station for both pairs (A-B and A-C), and the two others (B
and C) - slave (Fig. 83).

Three ground stations A, B and C form twec bases AB and AC.
The bases, arranged in such a version of mutual orientation, are
called combined bases.

Other versions of mutual —:Egi
orientation of bases are ’ééé.
possible. Bases can be spaced .//
(Fig. 84a), intersecting
(Fig. 8Ub), combined in twos and Fig. 83. Line of position
threes (Fig. 84c¢c, d) or arranged of hyperbolic system.
in a chain (Fig. 84e), in which
several stations are master.

The operating principle of the inyperbolic system is reduced
to the determination of the time interval A. between the reception
of pulses on the aircraft, which the master ground station A and
one of the slave stations - B or C emit (see Fig. 83). To this
time difference corresponds the completely determinate difference
of the distances from stations A and B (or C):

AR = Aze,

where ¢ - the speed of light.
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Fig. 84. Versions of f
mutual orientation of ;
bases.

The hyperbola is a locus, the difference of distances of
which from the focuses of hyperbolas is a constant value. The
hyperbocla, in the focuses of which are located the ground stations
of the system, is the line of position. It is determined with the
aid of a receiving-indicating device, which 1is located on the
alrcraft with respect to the measured time difference At. The
second line of position is determined from a second pair of
stations,

Navigational problems are solved on a special map with
lattices of hyperbolas, plotted with respect to points calculated
witn the ald of geodesic formulas.

With movement of the aircraft in space along some lines of
position the measured time difference of arrival of pulses at
the aircraft from master and slave stations At remains constant.
If air navigation 1s accomplished at comparatively short
distances within 1000 km, then the curvature of the earth's
surfaces does not have considerable influence on the character
of the lines of position and it can be disregarded. In this case
the lines of position will be the family of hyperbolas.
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The points of arrangement of ground stations at points A

and B are focuses, and the measured differences: of distances -
real axes., If both stations A and B

emit signals simultaneously, then the
iine of position, on which AT = 0 will
be the hyperbola, -degenerated into a
stralght line, perpendicular to the base

in its middle (Fig. 85).

.1::‘_5:;:.; RORT .s‘tf;lr;tﬁ'“
e 7%t With departure of the aircraft from
5;%&682;. Change of this straight line - "zero" hyperbola to
the left -~ theé pulses from station A

will enter the receiving-indlcating

device of the aircraft earlier than the pulses being sent by
statlon B, whereas with movement of the aircraft to the right

of the "zero" hyperbola the pulses from station B reach it
If with deviation of the

earlier than pulses from .statlion A.
aircraft to the left the measured interval 1s considered positive,

to the right -~ negatlive, then naturally

and with deviation
interval At will reach the greatest absolute value when the

alrcraft 1s located on the straight line, being a continuation of
the base, beyond station A or beyond station B. Under the condi-
tion that to the left of the "zero" hyperbola the measured

time difference At 1is considered positive, and to the right -
negative, on the continuation of the base to the left of point

A W ooy, ?. and to the right of point B

d

where tAB - the time of passage of base AB by the radio waves;

d - base of the station; ¢ ~ propagation veloclity of radio waves.

Since the measured interval At can be changed ‘rom +tAB to
’tAB and the pulses of station A and B do not differ from one
another at all, the reading 1s obtained ambiguous and there is no
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possibllity of determining whether the ailrcraft is located to the
right or to the left of the "zero" hyperbola, for example, on
hyperbola I or on hyperbols II.

In order to avold this ambiguity of reading, the pulses

of one of the stations'should be emitted with delay relative to
the moment of radiation of pulses by another station to some time
interval (tAB). Then at all pvints of the operating region of
the system the pulses of the first statlion will be received b
earlier than the pulses of the second station and the nlagnitude
At will always be positive (with the exception of points on the
continuation of the base after station B, where At = 0). After
statlon A At will be greatest:

Afmax':':QIAB:-_-2.d-‘

L, 3

In order to make the numbering of hyperbolas convenient in
practical operation, especially when accomplishing interpolation
between hyperbolas, at the slave stations there are introduced
delays (to), which supplement readings according to the applied
hyperbolas up to values, multiples of ten.

Furthermore, at slave stations there are introduced additional
so-called code, delays which increase the reading by magnitude
tH.

This magnitude (tK) is considered automatically in the air-
craft receiver-indicator of the system.

The matching of operation of the statlions is accomplished
in the following manner: master station A controls the operation
of slave station B, which emits pulses after the reception
of signals from the master station, i.e., with delay equal to
tAB' By this the synchronous operation of both stations 1s
attained. However, the slave station does not emit signals
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pricsely at the moment of the arrival of pulses from the master

station, but with some ‘delay. This delay has two components:
constant ry and variable tK - code delay. The first 1is introduced
sc¢ that with recéption on the aircraft it would be possible

to distingulsh the pulses of station A from the pulses of station
B,

The second delay serves for change of the numbering of the
lines of position (hyperbolas) according to certain regulations.

The time interval of reception of signals from stabions A
and B, measured on the aircraft, is equal to Arl = AT + to + tH,
where At varies from 0 to magnitude ATmax = ZtAB.

Thus, a system consisting of one pair of stations does
not make 1t possible to determine the MS, since by one base
there is determined only one line of position.

For determining the MS it i1s necessary to use two pairs of
stations (or three stations, of which one is overall master),
arranged in such a way that the lines of position of the first
and the second pairs would intersect (see Fig. £3).

on the reading mechanisms of the aircraft receiver-indicator
there 1s read the numbers of hyperbolas - the lines of position.

The aircraft position can be determined on the entire area,
where the signals of ground stations are heard, with the exception
of the nonworking zones, which are arranged on a focal axis,
beginning from focuses in the direction opposite the "zero"
hyperbola. The nonworking zones are limited by the first
branches of the hyperbolas of a given famlly.

In practice the accuracy of the system is different in
different directions. Near the perpendicular, drawn through

115

e A T e e

i R

R M s

N R N g o DA S, &S N e et e s

g

SN

Y 7 RO TP N N

JOPERIRNELILY 7" <o CH TS PRON TR




ARl T

STCAR RS e

MR o o

Sl ey

" 5
o e " © N 3 e
R R A NN e T N = ¢

o

LR

e Ll st e b

0l e L
s ity

IR B s W S ala Ty g,
B P i R T T,
~ta v T T gy
TOIWOe g =
B R . . T T 3

¥ RISV B Aot

¥ TR T ™

T TSR e

the middle of the base, the accuracy is the greatest, but it
drops in proportion ¢to the distance from this perpendicular and

near the line, which 1s a continuation of the base, it is so low

that the system here cannot be used in practice.

Generally differential ranging radio navigation systems provide
high accuracy of determining the position of a moving -object and
at the samelgime with rationally selected wave band have long
range. In connection with this the glven systems are used

basically as long-range navigation means.

The version of the arrangement of the system, at which the
stations form a chain, stretched along the coast line, facilitates
navigation in the area of a large water vasin. Therefore the

‘hyperbolic systems receivec wide distribution during the develop-

ment of transoceanic flights,

Another advantage of these systems 1s the unlimited capacity
and the absence of a transmitting device on the alrcraft.

Deficiencles of the system can be considered the complexity

and the unwieldiness of ground equipment, and also the necessity
of strict maintaining of synchronism of operation of the stations.

PRECISION HYPERBOLIC LONG-RANGE NAVIGATION
SYSTEM "CYTAC" ("LORAN-C")

In the international organlization ICAO as a standard means
of long-range navigation the "Loran" system of long-range naviga-
tion was accepted a long time, ensuring the coverage of long
distances, especially the air lines which lle over sea spaces.

The "CYTAC" system (development of USA) 1s a further develop-

ment of the "Loran" system and facilitates determining the

aircraft position with even considerably greater accuracy. The

1
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‘high accuracy is attained because of the phase method of ccmparison

of the transit time of signals from ground stations. In the
"Loran" system the pulse traiiy 1s transmitted with standard
repetition frequency (from ¢0 to 60 Hz), while in receiver the
t*me is measured between the teception of the ilmpulses of
separate stations. To obtain the greatest accuracy in determining
the time interval between the pulses, incoming from the separate
stations of the chain, In the receilving equipment of "CYTAC"
("Loran-C") there 1is adiitionally performed comparison of high-
frequency duty factor of the pulse train of master and slave.
stations. The accuracy of the "CYTAC" system therefore is many
times higher than "Loran." The range of the "CYTAC" system is
also considerably greater than the "Loran" system.

The operation of the "CYTAC" system is similar to the "Loran"
system. The first ground statlon, called master, transmits the
pulse, focllowing which in a definite and known time interval
(interval T) follows the second pulse, transmitued from the
second ground station, located at some d'stance from %the first.
Both the signals from these stations will be accepted by the
aireraft receiver with the same interval If the stations are
located at equal distances from it. If the alrcraft is closer
to the Cirst statlon, then the time interval will be greater by
magnitude AT (T + AT). If it 1s closer to the second station,
then the interval between pulses will be smaller by magnitude
AT (T - AT). By measuring the interval between the two pulses
and comparing it with a known inteival, the alrborne receiver
determines the line passing through the point of location of the
aircraft. This line is a hyperbola, the focus points of which
are the points of location of the two transmitting stations.

If a palr of similar pulses is transmitted by a pair of

different, differently arranged stations, one of which can be a
part of the first pair, then the interval between the reception
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of these two pulses makes 1t possible to establish the second
hyperbola. The intersection of hyperbolas on the Loran-CYTAC chart
will determine the MS.

If the third pair of stations operates, then the hyperbola
obtalned with their aid will serve for checking ai.d refining the
previous constructions.. In actuality, in the chains of the
"Loran" and "CYTAC" systems. the master stations have two or
three slave, with each of which these master stations operate on
one frequency in turn and in a certain sequence.

For operation of the "CYTAC" ("Loran-C") system it is
‘necessary that besides strict synchronization of the moments of
radiation of pulses of the master and slave stations there
would be synchronization of the phase of high-frequency duty
factor of pulses. This is accomplished by the transmission
of the appropriate signals by the master station on the
carrier wave. Rough timing between pulses 1s pe~formed just
as in the "Loran" system, which makes it possible in the future
to eliminate ambiguity during the precise determination of dis-
tances by the comparison method of phases of the high-frequency
duty of pulses. Ambiguity can appear during the comparison of
the phase of the first pulse of the master station with the
second pulse of the slave statlion. Such a method makes it
possible to measure the pulse separations to within 0.02-0.03 us.
The resulting error in the measurement of the time interval of
the "Loran-C" system is 0.1 us instead of 1 us of the "Loran"
system,

The operating experience showed that with the aid of this
system the aircraft position can be determined in 25% of the cases
with accuracy on the order of 250 m at distances about 1500 km
from one of the three transmitters of the system.
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When using a direct wave the system provides precise
determination of the coordinates at a distance up to 2500 km
in the daytime and up to 1800 km .at night; when using an indirect
wave the system can be used ‘at distances up to 3200 km in the
daytime and up to 4200 km at night with error on the order
of 4-5.5 km.

THE DECCA-DECTRA SYSTEM!

Among the radio navigation systems used for alr navigation,
the phase long-wave hyperbolic system "DECCA" occupies a special
place. The system provides sufficient accuracy of position
finding for flights along air routes. It should be noted that
the system is not free from electrostatic interferences and the
duality of its operation in clouds, precipitation and in aress
of thunderstorm activity 1s considerably lowered.

The areas served by the system are continuously expanded
because of the actuation of new chains on the main lnternational
sea and alr lines.

In the zone of coverage of one chain of the "DECCA" systiem
there is located one master station and three slave. The slave
stations are installed at an angle of approximately 120° and
are called green, red and purple.

In the countries of Western Europe more than eight chains
of the system are operating, serving about 2 million sg. miles.
The chains of the system are installed on the territories of
England, D- irk, West Germany, France, Spain and Italy. In
North America and Canada more than four chalns operate. Two
chains of the system are used in India and oun the coast of the

Persian Gulf.

Ichapter written by V. A. Belyatskiy.
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'the "DLCCA" radio navigaiion system is a further development

of the "DECTRA" [slc] system (Fig. 86).
equipment and recelver-indicator of the "DECCA."

In it are used the ground
The "DECTRA"

system 1s intended for use in transoceanic alr and sea navigation

along, certain routes.

"_r] ,
L '.l:,..'I»

The operating principle of the system.
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Fig. 86. 'The section of the chart
of the "DECCA" plotting board:

1 - marks in nautical miles; 2 -
station frequency; 3 - key of the
cl.art section; U4 - readings
corresponding to the Indications

nf decameters; 5 = coast line;

6 - hyperbolas of zone boundaries,
point of setting of stylus on the
section -of the route; 7 - boundary
of route; 8 - assigned route; 9 -
track angle; 10 = mark of the
termination of recording on the
chart and change of the chart key;
11 - key of the following section of
the chart; 12 - point of setting

of stylus after replacement of
chart for the EKB key; 13 - hyper-
bolic grid of chart; 14 ~ key of
the followthg section of the chart;
15 - mark of termination of record-
ing on the chart and change of

_chart key; 16 -~ point of initial

setting of th~ stylus for the EKD
key; 17 - mevek of change of the
key and set:ting of stylus.

Electromagnetic

oscillations are characterized by amplitude, period T and frequency

f = 1/7, or angular velocity w = 27nf and phase wt.

The phase

difference depends upon the difference of the time of passage of

signals
"DECCA"
station
For the

to the radlo receiver,
system compares the phases of the signals of the master

with the phases of the signhals of the slave stations.
chain of the "DECCA" system there are calculated the

The airc:&ft receiver of the

lines of different phase differences, which are hyperbolas,
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conditionally designrated on the chart by redy green and purple
lines of position..

With the range of the "DECCA" system about 400 km the
accuracy of determining the dircrnft position lies from 100 m
to 2-5 km. The range of action -of the "DECTRA" system is
approximately 2500 km, and the accuracy of decermining the MS
lies from 1.5 to 20 km.

Application of the system. The chains of the ground stations,
which have certain frequencies given to them, are designated by
a number and letter. For example, stations of the "DECTRA"
system, serving thé transatlantic line, ade given the lettcr 4,
the group ot European "DECCA" stations ~ the letter B, .and

American -~ C.
The airborne aircraft equipment includes:
"DECCA" and "DECTRA" recelivers;
control panels of receiver and ground-position indicator;
indicators-decameters, "DECTRA'" indicator;

ground-position indicator (FLIGHT LOG), unique for the
"DECCA" and "DECTRA" systems.

computer unit, auxillary units, antennas.

On the "green," "red" and "purple" decameters the numbers
of the lines of position, plotted on a special chart in the form
of green, red and purple hyperbolas, are read automatically. The
point of intersection of two or three hyperbolas corresponds to the

aircraft position:
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Ir. the "DECTRA" system special indicators give the
direction to the master station and the distance to it, and the
accuracy of the readings of the current range depends upon the
correctness of establishment of the initial range. The initial

range 1s determined with the aid of any other nagivational system.

If the aircraft is located in the range of the "DECCA" system,.
then for determining the initial range it is also possible to
use the readings of fthis system.

The ground-position indicator considerably simplifies air
navigation, by giving a visual representation of the aircraft
position relative to the specified track,

The flight route will be plotted on a special route chart-

plan, which moves on rollers of the plotting board of the ground-

position indicatvor,

The route charts for the separate sections of the route are
made with variable scales depending on the region of the working

zone of the system, in which the given section of route lies,; and

on the selection of two palrs of hyperbolas, the intersection
of which is close to 909,

The frack 1ls traced on the roulte chart automatically by
the moving stylus. Frr change of sheets of the chart and the
correct installation of the stylus on the new sheet for each
section of the sheet of the chart of the set of speclal keys 1t
1s necessary to select the necessary key, which is put into the

computer.

On the chart there is faintly plotted the minimum
geographical load (coastline, largest rivers and cities).

Special load includes:
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given track angle;
hyperbolic grid;
the keys of the route sections;

the readings' which correspond to the indications of

decameters;

the place of initial setting of the stylus for the new
key ;

marks of termination of recording and change of the chart

key.
INERTIAL NAVIGATION SYSTEM

Inertial sysftems do not requlire external sources of informa-
tion (ground stations, beacons, radar reference points, etc.).
The systems themselves also emit no energy. Furthermore, they
are not disturbed by any interference. Therefore they are the
most self-contained systems.

The components of the inertial systems (Fig. 87) are such
well known devices as accelerometers, gyroscopes, servomechanisms,
computers. However, under conditions of large temperature drops;
shocks, vibrations and considerable accelerations the use of these
systems for navigation purposes became possible only when
technology was able to provide for the highest accuracy of their
manufacture and control, and consequentliy, the preservation of
assigned parameters by them.

Principle of action. Mechanical energy of all bodies and
parts, making up the aircraft, in flight is continuously changed
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depending on ¢ anges in flight conditions, effects of the
environment, etc. By determining the changes in mechanical
energy by a special instrument, converting and recording them,
it is possible to calculate the alrcraft speed and the path

belng passed by 1it.

Fig. 87. Diagram of the inertial naviga-
tion system of the aircraf.: 1 - air-
position indicator (integrator); 2 -
lateral accelerometer; 3 - longlitudinal
accelerometer,

KEY: (a) Integrator.

Any body cbtains acceleratlion under the action of force,
whereupon tho obtained acceleration is proportional to force

affecting the body

F xma,

where F - f'orce; m - mass; a - acceleration.

The acceleration meters are called accelerometers. The

simplest accelerometer is a weight with mass m, spring-mounted.
If we place such a meter on a carriage, and to its weight attach
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the slide of the potentiometer, fastened on this carriage, then
with the carriage fixed the slide will stand motionlessly in the
middle of the potentiometer and no potential difference will be
observed. If to the carriage we apply force F, it will begin to

move and weight m acquires acceleration a, as a result of which it

will begin to shift relative to the platform (potentiometer)
until force is counterbalanced by compression and elongation
of the springs.

It 1s obvious that the amount of displacement of the weight
(and the potentiometer slide) will be proportional to force I,
and consequently, to acceleration a and the appearing potential
difference, the sign of which depends upon the direction of
acceleration.

If at the moment of application of force the speed of the
carriage was equal to zero, then, by knowing the acceleration
(according to the accelerometer), it is possible to calculate the
speed acquired by the carriage in a certain time, and the path
being passed by it during this time. For this integration is

used.

Accleration is the velocity increment in a unit of time:

dv
Q=

dt’

If we integrate the acceleration from the beginning of
motion to moment t, then we will obtain the velocity of this
moment. And by integrating the velocity, we will obtain the
distance belng passed by the carriage during this time:

[
Vs fadly
[ ]
" {
SHS‘M.
D]

Having placed on the same carriage (or aircraft) another
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accelerometer with a small weight, moving not in the direction of

motic, but perpendicular to it, it is easy to measure the

.-

acceleration which acts on the body in lateral direction.

By this acceleration we analogically calculate the lateral
deviation of the body (airecraft).

Thus, it is possible 1In the orthodromic ccordinate system
with arigin at the take off point of the aircraft to indicate ,
its position relative to the LZP. Tor this to the pairs of
integrators it i1s necessary to electrically connect the
longitudinal and lateral accelerometers with sweep indicator,
by which 1t 1s possible at any mament to read the magnitude of the
track from the moment of start and the linear deviation {rom
the given direction of notion.

Accelerometers. In the inertial systems vaslically linear
accelerometers are used, intended for the measurement of linear
accelerations affecting the bedy, i.e., the effects of only
those forces which are directed along the measuring axis of

the instrument. The actlion of the simplest of such a.celerometers
is based cn the measurement of displacement of a cushioned mass.

Difficulties in the deveclopment of new accelerometers for
ailr navigation purposes are connected with the range of
accelerations (ratios of maximum and minimum accelerations). This .
ratio shaould be on the order of 100,000, PRor the accelerometer
with cuchioned mass with such a ratio of maximum and minimum
measured accelerations 1n the case of low acceleration the
operation of tre instrument will be alfected by friction forces,
- ; and with high accelerabtions errors will arise because of the
] dead zone and hysteresis of the <lastic suspension. Even if the
z dead zone is 0.001 dyne, the error in dead reckoning per hour of
flight will reach magnitudes up to 7C¢ km,
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One of the solutions to this problem is the use of an
"electric spring." This device is based on motion of the mass of
the accelerometer rod in a solenoid. During aircraft motion with
acceleration to the amplifier input is supplied current of a
certain voltage, which after amplification in proportion to
the output value of amplifier current is supplied to the solenoid
for counteraction to the movement of mass. After the initial
acceleration during the motion of mass in the opposite direction
there appears restoring current also of reversed direction.

Thus, each movement of mass can be measured by voltage at the
amplifier input or by the force of restoring current, which
enters the solensid.

Similar type accelerometers satisfy their sensitivity, which
can be increased in almost the entire operating range,

Many similar devices are distinguished from one another
only by the form of kinematic connection with the housing of
the flight vehicle.

Gyrostabilized platform. For holding the platform with
accelerometer or with the unit of accelerometers in horizontal
plane there is used the property of a free gyroscope to maintailn

the position of the axls of its rotor constant in inertial space
(relative to the stars).

The gyroscope with three degrees of freedom, not being sub-
jected to the action of any moments of external forces, including
frictlon forces, is called free. The center of gravity of such
a gyroscope should coincide with the point of intersection of
the axes of the gimbal,

The basls for the device of the gyrostabillized platform is
the principle of power gyroscopic stabilization. With power
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stabilization the gyroscopic moment compensates the hdarmful
external moment, i,e., it is unloading only until precission
occeurs and the unloading moment of the motor (bearing in mind
that on all three axes of the gyroscope unlcading motors have
been installed) reaches the necessary magnitudes. Subsequently
the axis of the gyroscope is even unloaded beacause of the
moment being created by the motor, but not because of the gyro-
scopic moment. The moment of the motor can be made gquite large.

The stabllized platform, in this way, embodies the idea of
a gyroscope with nonrotating rotor, which, however, keeps the
position of the rotor axis constant relative to inertlial space,
All this makes 1t possible to use the power gyroscopic
platform for stabilization of equipment of inertial navigation,
radar antennas and a number of other devices in the horizontel
plane.

Flcating integrating gyroscopes. The stabilization of a
platform with accelerometers with the aid of a unit of floating

integrating gyroscopes acquires ever increasing distribution.
Wnile being very sensitive to angular displacements the plat-
forms, which integrate the gyroscopes unlike power stabillzation,
while processing, do not create any unloading mbment, but only
supply the signals from their sensors to the unloading motors.
Since these silgnals do not appear simultaneously with the
applicaticn of external moment, but only after some deviation
of the platform, there is observed a kind of fine Jjitter
(vibration) of the platform about the mid-position. The rotor
axes of the integrating gyroscopes are arranged parallel to the
three axes of stabilization of the platform - Iin three mutually
perpendicular planes.

The integrating gyroscope - gyroscope with two degrees of
freedomn - can be obtained, having eliminated the external franme
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with the fluid damper. The name "integrating" results from the
problem being solved by the gyroscope: during rotation of the
platform keep the angle of turn of the frame proportional to
the angle of rotation of the platform, i.e., to the time
integral from the angular spin rate of the platform.

The floating integrating gyroscope is able to integrate
“angular velocities on the order of 5'!.0"5 rad/s (0.1%2 rpm),
i.e., 1t is sensitive to the angular velocity approximately equal
to one revolution in 1.5 days. At the same time it is in a state
to integrate angular velocities greater than 4.5 rad/s, i.e.,
mcre than 42 rpm. Thus, the ratio of maximum to minimum speed of
measurement is 9+10°,

Since the integrating gyroscope in pure form is able to
measure cnly the small angles of rotation »f the platform, for
the measurement of the large angles of rotation of the base it
must be continuously turned with the aid of a servodrive.

Servodrive. In the inertial system the servodrive serves
for providing the assigned geometric stabilization of the plat-
form with any calculated position changes of the aircraft in
air,

Since gyroscopes are capable of perceiving the smallest
rotations around thelr input axes, and accelerometers - catching
negligible accelerations, the servomechanisms should be very
sensitive to the week signals being sent by these instruments,
and in answer to them turn the platform in the necessary manner.
The speed of actions of the servomechanisms should be extremely
great, and dynamic errors - small.

The components of servodrives, such as electromagnetic
amplifiers, electrical servomotors and their reducers, which
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were used earlier, satisfy the requirements for the necessary
accuracy, linearity, small time constants and good dyanmic
characteristics. A new device, used in servodrives, is the

3 8 :?J\,.‘e.. P

microsyn.
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Microsyn - high-frequency selsyn, capable of being both senser
and setting mechanism, where the constructican of microsyns
for both cases of use is invariable. However, the microsyn-sersor
cah operate only on alternating current, and the microsyn-
setting mechanism - on alternating .and .direct current.
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The microsyn-sensors have a large advantage over potentiometric
plckups, which consists of the fact that there are no sliding
contacts in them. Besides this, the sensitivity threshold of wire
potentiometer depends upon the wire diameter, and for the
microsyn it is equal in practice to zero (1/600°), which with the
rotor diameter about 18 mm corresponds to linearudisplacemené of
the rotor pole relative to the stator pole by 0.26 um, Con~-
sequently, when the measured angle is small, the microsyn has
a conslderable advantage over the potentiometer, despite the fact
that the weight of the rotor highly exceeds the welght of the
potentiometer brush.

For floating integrating gyroscopes, inside which are
installed microsyns-serisors and controllers, this fact is not !
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Integrators convert the entering input signal into a signal ]
of another form, described by an integral (most frequently with
respect to time). For example, if electrical voltages UBx enters ;
the integrator l.aput, then at the output voltage is removed from :

the terminals

'
Ugux = { Ung dt.
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For navigational inertial systems, where it 1s necessary
to integrate the acceleration signals in a very large range
(from thousandths to tenths), not only hlgh accuracy is necessary,
but also efficiency over a wide range of measurement of the input
values. This problem is solved by the application of multistage
integrators.

Adders are devices, algebraically summing up the informaticn
from two or several sources. Any inertlal system should sum up
severa} signals. For example, the signal from the programmed
unit ahd the feedback signal are algebraically added to the error
measurement signal of coordinates or to the signal of the first
integrator.

The adders congist elther of electric circuits, which
include potentiometers, inductances and capacitances, or of
several cascades of electron tubes. Most frequently there are used
adders constructed on the basis of potentiometers, voltage
dividers, control windings of the magnetic amplifier and
bridge circuits.

Trigonometric devices. In the inertial systems used in
navigation thefe is frequently performed multiplication of a
measured value, for example speed (in the form of stress), by
the trigonometric function of some angle, let us suppose, track.

To obtain the trigonometric functlions of angle sine and cosine
there are used sine-cosine potentiometers, and on alternating
current - rotating transformers.

More complex trigonometric dependences are obtained with the
ald of functiconal potentiometers.

Multiplying devices serve for the multiplication and
division of two or several values. They are created on
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potentliometers using bridge circuits and a magnitoelectric

logometer.

The bridge circuits make it possible to multiply and divide
values with considerably greater accuracy than potentiometric,
since the result of measurement does not depend upon the load

resistance.

Thus, because of the stabilized platform the inertial systems
continuously and automatically, besides thelr basic function,
incidentally determine the course, roll and pitch angles, i.e.,
the angles which characterize the aircraft position relative
to the meridional planes and horizon.

The knowledge of these values with known speed of flight,
distance and required direction to the point of destination
(KPM, PPM) is necessary for automatic control of the aircraft with
the aid of the autopilot and automation of the power-plant

control.
COURSE AND GLIDE-PATH SYSTEMS

Ground equipment of the ILS system consists of the course
and glide-path beacon and three radio marker beacons (at present
the inner marker is not installed at all airports). At some
alrports for construction of the landing approach maneuver on the
outer marker point a homer 1is installed.

When performing international flights two'versions of
the placement of ground equipment can be encountered.

The first version (Fig. 88): the radio-range beacon is
located on the continuation of the RW axls and the axial line of
the course zone coincides with the RW axis, i.e., its occurrence
corresponds to the landing angle (landing course).
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Fig. 88. The first version of placement of
the ground equipment: 1 - outer marker; 2 -
middle marker; 3 - glide-path beaccn; 4 -
runaway localizer,

The second version (Fig. 89): the radio-range beacon is
located not on the RW axis, but aside it - to the right or left of
it so that the axial line of the course zone passes through the
middle marker point at a 2.5-8° angle to the landing line.

Fig. 89, The second version: 1 - outer
marker; 2 - middle marker; 3 - glide-path
beacon; 4 - runaway localizer.

The course beacong of the ILS system operate in the circular
version. Recently beacons of the sector version have been
installed: the angular width of the sector is 70° on both sides
of the landing line., The baslc characteristics of the course
and glide-path 2zones of the ILS are glven in the section of
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!\ ground equipment of SP-50, since they coincide with the f ’3
i appropriate characteristics of SP-50 with new adjustment. s ;
The marker beacons of the ILS sy;tem operate on the same ; 2

3 frequency (75 MHz) as in the SP=50 system and emit the following %
3 code signals: inner marker - six dots per second; middle marker - 5
alternately two dashes and six dots per second; distant marker ‘ %

% 1 (in the ICAO materials - outer marker) - two dashes per second. . é
v ~

Ground equipment of the SP-50 system is placed at the air-

3 ports of civil aviation accordi.ig to a single standard scheme j
2 ¥
f (Fig, 90). %
3 !
':
2 3
3 k!
3 ‘-?«
| %
? Fig. 90. Ground equipment of SP-50 system: g
3 1 -~ outer homing station; 2 - inner homing 4
" station; 3 - glide-path beacon; 4 - runaway {
3 localizer. A
9 ¢
iﬂ As a result of performed adjustment of the equipment of the .
3 SP-50 system in accordance with ICAO standards accepted for the 3
f‘ ILS system, the course and glide-path beacons have the following g
A technical data. ‘ k
y:
5 The runaway localizer zone. The center line of the course

3 zone coincides with the RW axis (Fig. 91). The linear width of

; the zone at a distance of 1350 m from the touchdown point 1s !
1 equal to 150 m (from 120 to 195 m), which corresponds to the angular
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deviation from the longitudinal axis of the RW not less than 2°

and not more than 3°.

Fig. 91. The runaway localizer zone: 1 =~
runaway localizer; 2 - touchdown point; 3 -
the point at which the range of the radio
beacon (at flight altitude 1000 m) should
be not less than 70 km.

KEY: (1) Center line of course zone.

The range of the beacon provides the reception of signals at
a distanca of cver 70 km from the beginning of the RW at flight
altitude 1000 m in a sector 10° wide on each side of the RW
axis (see Fig. 91). For the radio range beacon of the ILS the
range is stipulated 45 km at flight altitude 600 m.

The glide-path beacon zone. The optimum glide-path angle
is equal.to 2°L0', When obstructions are present in the approach
sector the glide-path angle is increased to 3°20' and in exceptional
cases can reach U-5°, With optimum glide~path angle 2°U0' the
alrcraft during descent flies over the outer and inner markers
(with their standard arrangement) at altitudes of 200 and 60 m

respectively.

The angular width of the glide-path zone with its cptimum
angle of slope can be witinin 0.5-1°4' | whereupon with increase
in the slope angle the rate of descent grows, ard the width of
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the zone is increased for facilitating aircraft handling.

The range of the glide-path beacon provides the reception of

signals at a distance not less than 18 km from it-in sectors 8°

to the right and left of the landing line. These sectors, in

which the reception of signals is provided, zre limited in
height by the angle above the horizon, equal to 0.3 of the descent
glide-pach angle, and by the angle above the glide path, equal

to 0.8 of the descent glide-path angle (Fig. 92).

1 - glide~-path

The glide-path beacon zone:
beacon; 2 ~ inner homing station; 3 - outer homing
station; Ut - the sector in which the range with de-
viation from the landing line up to 8° should be not

Flg. 92.

less than 18 km., With the position of the aircraft
on the upper or lower boundary of the zone the PKP-48

pointer is deflected the whole scale.

Ground equipment of the SP-50M system is intended for its
use during conirolled and automatic landing approaches according

to ICAQO norms of the 1st category of complexity.

The stabllity of occurrence of the course center line is
ensured by more stringent requirements lmposed on the equipment.

The angular width of the course zone is determined by formula

210.57.3
Sk =g
R
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where LK - the total distance form the radio range beacon to the
near end of the RW and the length of the RW; 210 m - the
linear width of "corridors" on the side of the landing approach.

In cases when the RW length considerably exceeds optimum,
the width of the course zone is established not less than 1°75!
(half-zone).

All the remaining parampeters of the course and glide-path
beacons are controlled strictly in accordance with the
fechnical standards of the IC&9.

The System of Command Landing
Approach Control

At present on civil aviation airecraft with GTD there are
installed command landing approach control system ("homing,"
"path"). These systems are the semi-automatic aircraft control
system during landing approach.

The command instrument in such systems is the PSP-U48 or
KPP~M null indicator.

By semiautomatic control we mean handling the aircraft by
the commanding instrument, the pointers of which during the land-
ing approach from the moment of the beginning ol the fourth turn
and on the landing leg must be held on zero., Unllke the ordinary
approach by the SP-50 the null indicator in this case ‘oes not
inform the pilot about the position relative to the egquisignal
zones of course and glide-path beacons, but indicates to him which
roll and pitch angles must be maintained for precise approach to
the equisignal zones and following in them.,

The system of command control simplifies piloting by means
of the transformation of navigation and pilotage iniormation about
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the aireraft position in space and its forming into the control
signal, which is indentified on command instruments. The deflec-
tion of the command pointer is a function of several parameters,
which in the ordinary landing approach the pilcot considers on
separate instruments: PSP-48 of SP-50 system, gyro-horizon,
compass and rate-of-climb indicator. Therefore the command
pointers are located in the center of the scale not only when

the aircraft strictly foliows the equisignal zones of course

and glide patn, but also when correct approach to the equisignal
zones 1is accomplished.

On the aircraft, which are already 1ln operation, there are
installed simplified systems of command control, which operate
or. the btusis of existing airborne and ground eugipment: course
radio receliver KRP-F, glide-path radioc receiver GRP-2, navigation
indicator 1-50BM or course setting mechanism 2K-2B, master vertical
gyrovcope TsGB or gyroscope pieckup (AGD, PPS). Furthermore, the
set ineludes: calculator, coupler with :autopilot when connection
with the autopilot is present on the aircraft.

T landing approach maneuver on the aireraft, equipped
with command control system (Fig. 93), is executed in this way:

1. Having obtained permission for entry into the airport
zone, eqguipped with 8P-50 or ILS system, the crew, acting in
accordance ywitn the scheme approved for the glven airport, guldes
the airersft to the point of the beginning of the fourth turn;
with this the crew is obliged:

a) tuv sey the map angle, equal to the landing MPU for the
given direction of landing, on the NI-S0BM autonavigator;

b) to set the wind velocity, equal to zero on the NI-50BM
wind setting mechanlsm;
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¢) before turning on the ‘power supply on the M-50 panel to
check that the course agnd glide-path. pointers of the null indicator
are located in the center of the scale, otherwise set them with
respect to the center by a mechanical corrector;

~
d) to place switch "SP-50-~ILS" in the position which

corresponds to the system by which the approach is performed;

e) to set on the SP-50 control panel the appropriate operat-
ing channels of course and glide-path beacons;

f) to turn on the power supply on the M-50 panel;

g) to turn on the power supply on the control panel of the

command system;

h) to check the operable state of the KRP and GRP by
deflection of the pointers of the null indicator and by the
coverage of flags on their scales (flags are covered after
warming up of the recelver tubes and when signals of ground

beacons exist);

i) during landing approach on the section between the
third and fourth turn with closed flags to check the electrical
zero balance of course bars, by turning the knob of the balance
on the M-50 panel in some direction until the arrival of the
pointer in the center of the scale. Refine the check after approach
of the alrcraft to a straight line.

2) the moment of the beginning of the fourth turn can be

determined;

a) with the aid of ARK by the KUR of the outer marker

béacon"LDPﬁM);
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b) by the azimuth and range of the "Svod" azimuth and
range system;

‘c) by the instruction of the controller, who observes the
aircraft with the aid of ground radar;

d) by airborne radar;

©) hy the scaling of the course bar of the command instru-
rent.

3. At tne moment of Lhe beginning of the fourth turn towara
the deflectlion of the course bar of the command instrument create
2 bank al which it will be set on the scale zero. During the turn
the pilot should hold tne pointer of the null indicator in the
center ¢f the scale, by decreasing or increasing the bank. The
bank is always created in the direction of deflection of the
pointer,

\;?T\Bx dr
‘\ b "‘&T\ \ D

T

Fig.. 93. Landing approach with the aid of control instrument: 1 -
between the third and fourth turn both bars are off scale. The
beginning of the fourth turn is determined by ARK, "Svod" or by
instruction from the ground; 2 - on the fourth turn with band
course correct in amount and direction the bar is located in the
center of the scale; 3 - with drift for some reason from the LZP
(on a turn or on a straight line) the course pointer will indicate
the direction and magnitude of the bank necessary for appraoch

to LZP; 4 - as soon as the bank necessary for appreoach 13 created
the pointer arrives at the center of the scale. Its further main-
talning in this position is provided for by approach to LZF; & -
when tracking strictly the LZP (in the equisignal zone of course
and glide-path beacons) both bars are intersected in the center of
the instrument.
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In the case of early beginning of the fourth turn for holding
the course pointer in the zero position it will be initially
required to create the 17-20° bank, which subsequently must be
decreased sometimes up to full recovery of the aircraft from the
bank. However, with approach to alignment of the RW the course
pointer of the command instrument will show the necessity for
the creation of the bank required for smooth entry into the
landing line.

With late beginning of the fourth turn there occurs change of
course to an angle greater than 90°, and the sign of the bank
is changed. With this the entire maneuver, including calculation
of the drift angle, is treated hy the system automatically.

With execution of the fourth turn it is necessary to constantly
see that the course flags are closed on all null indicators.

Y. After the execution of the fourth turn and entry into
the equisignal course zone it 1s necessary to continue flight
without descent, holding by banks the controller pointer of the
command dinstrument in the center of the scale. In this case it
is necessary to follow the pointer of the glide path, which after
accomplishing the fourth turn will be deflected upward. The
flags of the glide path should be closed.

As soon as the pointer of the command instrument approaches
the small white circle, immediately begin descent, holding the
control pointer of the glide path in the center small black
circle,

5. By the altitude of flight over the outer marker beacon
determine the possibllity of continuation of the glide-slope
descent: 1f over the outer marker beacon with the location of
the glide-path pointer within the small white circle the flight
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altitude will be equal to or exceed that established for the

A
ark s L

given airport, then it is possible to further continue glide-slope J -@
descent; if with correct maintaining of the glide path the air- § %
craft reached the established flight altitude abcve ithe outer marker ? §
beacon and did not follow the signals of its actual flight, then ? ‘3
immediately discontinue the glide-slope descent and in the future f i
: after passing the outer marker beacon perform descent according ; é
% to the rules established for the system of OSP. . %
E 6. After passing the Luter marker beacon maintain the command }
3 pointers or the command nulil indicator in the zero position, . %
without allowing in this case descent outside ground visibility §
lower than the weather minimum established for the gilven aivport. %
; 1
: Wivn setection of the ground (landing lights) it is b
i‘ necessasry to change to visual [light and execute the lauding. §
ﬁ Errors in setting the course on the NI<50EM automatic doviece, ﬁ

cadneding the sum with the drift angle 15°, do not at all make

w435

it poseible to execute landing approach using the commanae control :
system. To avold this before the beginning of the rourtu turn the

: navigator should apgain check the correctrness of the setting »f

the "grivation" on the NI-50BM avtonavigator and the correctnese

of operation of the course system. With readings of the magrnetic

course concsidorzbly larger than the actual course on the

ianding leqs, the alreraft will te deflected to the right of the .
axis of the =2quisignal zZone ol the runaway localizer, while with

A understated readings - to the left. To provide good accuracy
4 of operation of the system on the final approach leg at large drifrt
ﬁ angles the navigator should ensure the operation of the course

system with high accuracy; error should not exceed +2°.

Furthermore, the accuracy of bringing the alrcraft to the
: RW axis and following along it also depends upon the accuracy i
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of occurrence of the zone of the runaway localizer and zero ad-
Justment of the course pointer by turning the knob on the SP-50
panel.

T e s o g A AW AL A A

KURS-MP-1 AIRBORNE EQUIPMENT

The KURS-MP-1 equipment makes it possible to use the foreign
navigation and landing systems VOR and ILS along with the domestic
"Svod" and SP-50, and also to accomplish air navigation with the

aid of ARK.

For accomplishing these tasks on board there is installed
the follewing equipment:?

NKP-4 - navigational course instrument;

RMI - radiomagnetic indicator;

panel (selector) for the selection of radio systems;
control unit (panel of adjustment of subassembly);

azimuth selector.

The NKP-U4 navigational course instrument is installed on
control panels of the pilot and copllot and is intended for
handling the aircraft in navigation and landing conditions.
Piloting is accomplished by course and glide-path pointers (bars)
Jjust as in any null indicator. On the inner movable scale of the
NKP-U4 with scale value 2° opposite the fixed triangular index
located at the top of the instrument there is read the aircraft
course. The outer flxed scale, which has 10° divisions, serves
for reading the radio station angles of approach. Since the NKP-4
is connected to the navigatior's indicator (USh), it repeats all

its readings.

!Phe given description has been made as applied to the I1-18
aircraft. However the assembly and the procedure for the use of
equipment are similar for all the aircraft on which it has been
installed., Only the arrangement of separate unlts and instruments

in the compartments is changed.
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The instrument has two pointers:
(wide).

yellow (narrow) and white
The yellow narrow pointer is intended for reading the
KUR only with the aild of ithe one {irst set of ARK.

aircraft this pointer can be inactive.

On some

The white wide pointer of
the course selector is driven by a rack-and-pinion gear, located in

the lower right corner of the NKP-4. The course should be set

only when piloting by the command pointers (in the command mode).

The center section of the instrument 1s occupled by a null

indicutor with white course and yellow glide-path bars and by their
flapgs of the appropriate colors.

Alir navigation using the VOR system is accomplished using

only the white (course) bar: if the specified track coincides
with tne ¢

azimuth line on the VOR beacon, the crew should hold
the course pointer within the small white cirvcie.

During 1landing approach both pointers are used:

course
ond glide-path,

Radiomagnetic indicator RMI is installed on the instrument
panels of both pilots and serves for taking readings of the

magnetic course, bearings (azimuths) and radio station and teacon
angles of approach (see Fig. 70).

The RMI instrument also has two scalesg: inner - movable

with scale value 2° and outer - fixed, on which every U5° there
are placed trinagular indices or (on the latest issues) points
at four headings: 240, 290, 70 and 120°.

Since the RMI is connected directly to the gyrounits of
the course system (KS), by the inner slide scale opposite the
fixed trinagular index there is always read the MK of the

ailrcraft regardless of the pnsition of the switch on the corirol
panel of the navigator's course systemn.
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The narrow and wide pointers of the instrument are intended
for reading the headings and azimuths (bearings) of radio
stations and VOR beacons. In thig case:

the narrow pointer shows the bearing and heading only of the
first (nain) ARX set, tuned to the homing station, or the first
subassembly of KURS-MP-~1l, tuned to the VOR radio beacon;

the wide pointer shows the bearing and heading of only the
second (spare) ARK set or the second subassembly of the KIURS-MP-1
device, tuned to the VOR beacon,

Switching the instrument to operation of the first or second
ARK set or KURS-MP-1 subassembly by radio station or ground VOR
beacon is accomplished by two flags at the bottom of the
instrument: 1left - with narrow handle and right - with wide.
The positions of the handles (flags) are fixed by labels in the
viewing windows located under them, respectively: in the left -
"ARK1" and  "VOR1," in the right - "ARK2" and "VOR2."

Depending on the position of the left narrow switch the
narrow pointer of the instrment will show either the KUR of the
radio station to which the ARK1l 1s tuned, or the azimuth of the
VOR beacon, working with the first KURS-MP-1 subassembly. Depend-
ing on the position of the right wide swivch the wide pointer
will shew the KUR of the radio station to which the ARKZ2 is tuned
or the azimuth of the VOR beacon, working with the second sub-
assembly of the KURS-MP-1 equipment,

The radio-system selection panel 1s designed for the selection
of the radio systems, by which air navigation and pilcting will
be accomplished in navigation and landing conditions (RSBH, VOR,
ILS and SP-50).
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On I1-18 aircraft the panel is located over the middle
instrument parel in the cockpit and has three switches. In the
upper left corner of the instrument panel there 1is a switch, which
determines the system by which the landing approach is per-
formed. It has two positions: "ILS" and "SP-50." In the upper
right corner of the instrument panel there is ihstalled the marker

switch, which in route flight must be placed in the "landing"
position.

In the bottom of the panel 1is a switch with five fixed
positions:

1) "RSBN" - to the pilot and copilot NKP-U instruments are
fed signals from the "Svod" systemy

2) RSBN/"SP-50" - to the aircraft commander's NKP=4 are
fed signals only from the "Svod" equipment, and to the copilot's
NKP-4 only from the SP-50 system of the first KURS-MP-1 subassembly.
With malfunction of the first subassembly of KURS-MP-1l equip-
ment the copilot's NKP-4 instrument is automatically switched to
the second subassembly (for this it is necessary on both
subassemblies to set the frequency of the SP-50 of the landing
airfield);

3) the "1" position - on the aircraft commander's and
copilot's NKP-4 only the first subassembly operates. In the case
of its failure the second subassembly is automatically connected.

This operating condition of KURS-MP-1 equipment is the main
one during landing approach using ILS and SP-50 systems;

4) the "combined" position -~ the signals proceed to the
aircraft commander's NKP-4 only from the first subassembly, and

to the copilot's NKP~4 - only from the second subassembly. In
this position redundancy is not provided.
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5) position "2" - signals proceed to both NKP-Y4 only from
the second subassembly. In this position the second subassembly
is not reserved automaticaldly by the first, since it has been

provided in case of breakdown of the first subassembly and the
automation of switchovers.

A control unit is located in each subassembly and is designed

for tuning this subassembly tc the operating frequencies of VOR,
SP-50 and ILS ground beacons.

Beacon frequencies in the 108-118 MHz range are established
with the aid of a drum and flag. VWhen setting odd frequenciles in
the 108.1-111.9 MHz range the ILS mode is automatically turned
on, and when setting the 112.0-117.9 MHz range and even
frequencies in the 108,2-111.8 MHz rangz - VOR mode.

The azimuth selector 1s in both KURS-MP-1 subassemblies and
serves to facilitate flight in a certain direction (azimuth),
strictly oriented in space relative to the ground beacon of the

VOR system. This is accomplished by setting the value of this
azimuth on the selector.

Its second purpose is determining the precise value of the

azimuth qf the VOR beoacon during the solution of navigational
problems.'

At the top of the selector are located two light signal
panels: on the left - "To," and on the right - "From." On the
lighting of one of them it is possible to judgé the heading to the
heacon or from it, In the center of the selector is a window,
behind which 1s located a drum, numbered from 1 to 360° with scale
value 1°, 1In the lower right corner of the selector is located
a handle, with the ald of which theré ls set the given value of
the azimuth, along which flight is accomplished by the null
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indicator, while in the left lower corner - a flag for change of
azimuth to 180° with simultaneous phase transfer.

Automatic phase transfer occurs during flight past the VOR
beacon. Thls provides the correct readings of the pointer of the
NKP-U4 null indicator with further holding of the aircraft on the
LLP (pointer on the right - LZP to the right, pointer on the left -
LZP on the left). Consequently, at the moment of flight past the
beacon it suffices with thé aid of the right lower handle to only
refine the value of the new azimuth, by which further flight of
the aircraft will be performed.

The manual transfer of the flag and change of the value of
the azimuth 180° are performed only when the aircraft, without
flying to the beacon, made a turn close to 180° for further flight
in the opposite direction. 1In all other cases the flag should be
dropped down.,

The Operational Capabilities of
KURS~-MP~1 Equipment

1. Simultaneous operation by two different VOR beacons -
basic version during flight along routes equlpped with VOR
systems. The indication of azimuths and KUR of both beacons is
accomplished on RMI instruments, and Zndications of azimuths on
the outer scale of the navigator's indicator - only with setting
of the switches (narrow and wide flags) of RMI in the "VOR1"®
and "VOR2."

2. Simultaneous operation. of one subassembly in the VOR
mode, and the second - in the ILS mode 1s used in accomplishing the
prelanding maneuver, if the VOR beacon is located near the landing
airfield., 1In this case 1t is more expedient to work in the
"Combined" mode. The first subassembly is tuned to the ILS
beacon, the second - to the VOR beacon. At the moment of entry into
the zone of *the ILS course localizer the switch on the radlo-system
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selection parel is placed in the posiftion "1™ and for reservation
of the landing channel the second subassembly is changed over to

the ILS beacon by setting the frequenc: at which it operates on
the control units.

2t Pl A SRt Ay ¢ e W

radio-system selection panel is placed in position "1." To both ‘
NKP-4 navigational course instruments signals are fed from the
first subassembly of KURS-MP-1l equipment.

: 3. Simultaneous opération of two subassemblies in the mode : 3
i of SP-50 cor ILS localizer beacons - main version when : ‘é
PR accomplishing the landing approach by the course and glide-path : E

.! beacons. P %
l Both subassemblies are tuned to the frequency of the landing é ”E
( system of the given airfield. s i

\ 4
{ ' :%
% For reservation .of the landing channel the switch on the ’ i
{

s %A{ﬁ&@i‘

The Problems Solved by KURS-MP-1
Equipment in the Navigation Mode

o . s i e B S

1. Determining the magnetic azimuth (bearing) from the air-
craft position to VOR ground beacon,

2. Flight along the equisignal zone of the given magnetic
. azimuth of the ground beacon (with its agreement with the LZP)
with the use of the null indicator.

§ 3. Determining the aircraft position from the magnetic azimuth

of two VOR beacons and determining the navigational elements during
steady-state aircraft flight.

e .
S i,
o 13
s

If the aircraft ls equlpped with "Svod" equipment, then
the solution of all problems orovided by this system is possible.
In this case, with the establichment of mode "RSBN" "SP-50,"
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on the radio-system selection panel, the aircraft commander's
JKP-4 will operate similar to the KPP-M of the "Svod" system.

Turning on the KURS-MP-1 equipment and determining its
readiness for operation:

1. Turn on the power supply of the equipment with the five
AZS on the navigator's TsRSn: "XKURS-MP signal," "KURS-MP-1,"
and "KURS-MP-IL," "RMI-T." and "RMI-IL." It is necessary to
remember that the equipment should be turned on 5-10 min before
the beyginning of operation for warming up its elements, stabiliza-
ticn of operation and final adjustment of servomechanisms in
~ne initial position.

.. Place the function selector on the radio-system selection
panel in position of the system selected for use, and also place
the "IL =8P-50" switches and "Route-Landing" marker in the
appropriate positions.

2. On the control units set tue frequency of the selected
VOE, JF-%0 or LLS Leacon.

N, 3et the aziruth on the selector.

£, tlace the switches on the alreraft commander and copilot
RML in *ihv: appropriate position:  "ARKL,"™ "VORL," ARK2," "VOR2."

(. fur *he navigator set the switeh "ARKL," "VOki" and
"ARK2," "VOL:" in the necessary position,

The readiness of the subassemblies of the equipment for
operation in the navigation mode is determined by:

the course ("K"; signal lamps going out on the radio-system
selection panel (left - the first subassembly, right - the
second)
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coverage of the white course blinkers on NKP-U instruments.

The readiness of the subassemblies c¢f the equipment for
operation in the "Landing" mode is determined by:

the course ("K") and glide-path ("G") signal lamps going out
on the radio-system selection panel;

by coverage of tue white course and yellow glide-path
indicators on NKP-U4 instruments.

In the "Navigation" and "Landing" modes on the signal panel
located on the pilot's and copilot's control panels the signaling
of the selected operating mode should light up: VOR, SP-50

or ILS.
The Use of KURS-MP-1 System
During flights by VOR beacons:
1. Check the connection of the power supply of the equipment,.

2. Set the frequency of the selected VOR beacon on the
control unit. In the commander's and copilot's light signal panel

the label VOR will appear,

3. Listen to the call sign of the VOR beacon, having placed
the switch of the subscriber's set of the SPU in the "RK1"
position for the first subassembly and in the "RK2" position -~
for the second, and set switches "ARK1l, VOR1" and "ARK2, VOR2" in
the "VOR1" and VOR2" positions. In this case on the KUR scale of
the USh it is possible to read the azimuths of VOR beacons,

indicated by the ARK pointers.
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%% 4. On the radio-system selection panel set the operating ﬁ
% mode of the equipment ("1," "Combined," "2"), ‘E
y

i 5. Place the RMI flags in the "VORL" and "VOR2" positions. :
{ ?
{ 0. For flight to the VOR beacon or from it on the selector g
: set the magnetic auimuth taken from the chart. 1In this case 9
the label "To" or "From" respectively should light up. ;

i

In all cases, regardless of whether f£light to the beacon or 3

from 1t is accomplished, the magnetic azimuth will be close to ' f ?

the magnetic course and be different from it only by the

ma,ritude of convergence of meridians, by the difference of magnetic
declinations of the aircraft position and the installation point

of" the Leacon, drift angle and error in the course system,

After setting the given azimuth by the position of the course
var of the N&P-4 the alrcraft position is determined relative to
the LZP, approach to it 1s performed and it is followed with the
ala of the null 2ndicator in the usual order. With this the
polaters i the RMI during the entire flight show the azimuth of
tne VOR beacon, to which the subassemblies of KURS-MP-1 equipment
have been tuned.

Lol U weh MYt At B T e Nt i Mg B 1 et T g

Approacli to the YOR beacon is e- .€d in the following

%

manner: there Ls taken the MK, equ.: tov The azimuth taken from .
the RMI, it is set opy the a ambth selector and the alrcraft is
pileted by the course bta» ¢ the NKP-U,

When taking the a..auth to the VOR beacon by the outer fixed

scale of the USh opposite the sharp ends of indicator pointers it
is necessary to place the switches "ARK1-VOR1" and "ARK2-VOR2"
in the "VOR1" and VOR2" positions.

[




Landing by the ILS system:

1. Before switching on the power supply of the equipment
check that the NKP-4 bars are in the cross-hairs of the scales,
if not, then set them in this position with the mechanical
correctors. One should remember that with power supply of
equipment connected the indicated correction is forbidden,
since this will lead to distortion of the NKP-U readings.

\}

2. Connect the power supply of KURS-MP-1 equipment.

3. On the control units of both subassemblies set the
operating frequency of the ILS beacon.

4, On the control units of both subassemblies the operating
frequency of the ILS beacon.

5. Place the switches on the RMI in the "ARK " and ARK2"
or "VOR1" and "VOR2" positions depending on which radio aids will
be used in the prelanding maneuver.

The readiness of the subassemblies of KURS-MP-1 eguipment
for operation with ILS beacons is determined by:

a) the course ("K") and glide-path ("G") signal lamps
going out on the radio-system selectlon panel;

b) coverage of course (white) and glide-path (yellow)
blinkers on NKP-lI instruments.

Landing by the SP-50 system:
1. Correction of the null indicator is performed exactly

as when landing using the ILS system. One should remember that
here correction is also forbidden with the power supply of
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equipment connected, in order to avoid incorrect readings or
UHEE=-4 inctruments.

2. Cunnecc‘the power supply of the ejuipment.

3. On the radio-system zelection panel place the swltches

in the "8P-59" positions, "Landing" and "1" positions.

4. Ui the countrol units of both subassemblies set che

op

wraiing frogquency off the JU=50 beacon of the landing adrfield.

S. mothe RMI piuee tne swltches in the “ARK1I" and  “ARK2Y
pouitions,

Lo owinoell the elcetrical null of equipment.

The alceralt vommander should check tne placement of the switch
levers on the radiv-cystem celeetion panel in the "SP-50" and “1"

rosition and preds the "Balance-I" knob on the  balance board.
[ A

S 'n thlis case the course bar of the [IKP-4 is net plsced in tue

center =P toe null-indicotor seale, then by rotutliung the

"Balance-11" b wo the right and left set the bar in

A

Lt rSaed

the cente
of’ the cross-halre, then release the knob.

With tne "Balance-1I" knob do the same operations for 'he
second cabts, ~whly of eyuipment, having preliminarily placed the
switeh on e oudio-system celectlon panel in the "% poesition.

remenber Lhac the electrical null can te
checked onvy 1ot 2 zone of coverage of the SP-50 rpadlo ran»
bLeacon with, deflected course bars, slgnal lamps oul and dKI-4
blinkers closed.

b Is necessary to

The readiness of the subassemblles of KURS-MP-1 equipment
for cperation with OP-50 bescons is determined by:
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a) course ("K") and glide-path ("G") signal lamps out on
the radio-system selection panel;

b) coverage of course and glide-path blinkers on NKP-4
instruments.

During piloting with the NKP-4 on the last straight line using
both the SP-50 and ILS systems the usual procedure for landing
approach by the course and glide-path systems is used.

AIRBORNE SYSTEM BSU-ZP

The BSU-ZP airborne control system consists of the following
main parts:

1. Flight system "Put'-U4MPA," providing:

a) aircraft control by the command pointers of the PP-1PM

flight instruments during landing approach from the beginning of
the 4th turn;

L) sending of command signals to the autopilot AP-6YeM-ZP
through BS-3 coupler;

¢) indication of the basic aircraft location parameters.

2. The AP-6YeM-ZP autopllot, which accompnl‘shes:

a) stabllization of center of gravity of the aircraft

relative to a glven trajectory, using the signals of the altitude
corrector and "Put'-UMPA" system;

b) stabillzation of the angular positions of the aircraft

around the center of gravity under all operating conditionsz, start-
ing with altitude 200 m, including during acceleration and braking.
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During stick control "Turn" or "Descent-Climb" the pilot can
maneuver in horizontal and vertical planes, namely: go into a turn
with bank up to 22° or change the pitch up to 10°.

3. Automatic trim control AT-2, which provides indication and

automatic removal of forces by the elevator in the control system,
which appear with change in the flight mode and the center of
gravity position of the aircraft. The automatic trim control 1is
turned on simultaneously with actuation of the longitudinal channel
of the autopilot and it operates throughout the flight under the
autopilot. When ac¢éomplishing automatic landing approach it is
switched off simultaneously with cutoff of the autopilot by the
rapid cutoff knob.

The BSU-ZP system solves the following problems:

aut matic and command aircraft control during landing approach
by the signals of radio beacons of the SP-50M system or ILS
system up to altitude 60 m (from the beginning of the fourth turn
on course; and by the longituydinal cnannel -~ from the moment of
entry into the glide path);

the automatic stabilization of the angular position of the
aircraft in space and the barometric flight alitude, and also
the aircraft control through the autopilot in all ranges of
operational altitudes, beglnning with an alitutde of 200 m.

Furthermore, the BSU-ZP system makes 1t ppssible to accomplish
combined aireraft control during the landing approach:

a) on course - automatically, on the glide path - on a
directional pointer;

b) on course - on a directional pointer, on the glide
path - automatically.
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3 Also possible is a ¢ombination of automatic control on one
‘& of the channels with piloting on position strips on another channel.

; Action of the Crew in the Case of
Failures of the BSU-ZP

E In the casc of fallures of the BSU-ZP the crew has to turn
K- off the autopilot or to distontinue piloting by command pointers,
ifs . .

oS B e Bt b s din SRt DAY S A e

i the signaling of failures of the BSU-ZP operates;

the bank of the ailrcraft when using the erank “Turn" is more
than 25°;

e e g

the deviation of the aircraft from the course and glide
path zones exceeds the permissible limits when passing the outer
marker beacon and the inner marker ‘beacon;

after inscription into the equisignal sector of the course
the banks exceed 10°;

after inscription into the zone of the glide path the
vertical rate of descent is greater than 6 m/s;

E Jerks or twitchings of the controls appear;

vertical overload changes by more than +0.5.

In the absence of visual orientation in the mode of autcmatic
or command landing approach, having detected the fallure of the
BSU-ZP, it is necessary to turn off the autopilot by the rapid
disconnect button and switch to manual piloting. If the auto-
pilot is not switched off by the rapid disconnect button it is
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necessary to immediately turn off consecutively the switches
wAP podg," "Transverse," and "Longitudinal."

T "

In the case of failure of the BSU-%ZP the action of the ‘
crew should be the following.

In the mode of automatic landing approach:

1. The triggering of signal panel "TsGV" with the simultaneous
. triggering of signal panel "AP lat." or AP long." and signal
panel "Path lat." and "Path long." in the case of diconnection
of the appropriate channel of the automatic machine with the

delivery of sound signaling indicates the failure of one of the
. TsGV,
#

'Qﬂ&ﬁﬁﬁ@ﬂwam&ﬁﬁakammmﬁ

With the triggering of the signal panel "TsGV" the crew
has to:

disconnect the autopilot by the rapld disconnect button;

) compare the readings of the PP-1PM instruments with the

3 AGD-1 and EUP-53, determine if the PP-1PM is operable, i.e.,

the TsGV is operable and change over the switch key on it}
turn off the switches "AP podg," "Transverse," and

4 "Longitudinal," whereupon the siren and signal panel cease to

3 operate;

in forward flight correct course system;

. in the condition of manual control for working with the
E PP-1PM and AGD-1 complete the landing approach.

On aircraft which have the BKG-1 approach is solved in an
E automatic mode in the event of failure of cne of the TsGV.
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2. The triggering of the signal panel "AP lat." or "AP long."

with the deiivery of sound signaling attests to failure and
disrépair of the appropriate channel of the autopilot. In this
case the actions of the crew are the following:

disconnect the autopilot by the rapid disconnect button;

compare the readings of the instruments of the PP-1PM with
the AGD-l and EUP-53, being certain of thelr soundness;

be certain of the soundness of the KS.

Repeated connection of the autopilot is permitted only if
there is confidence that the disconnection was false, as
occurs during the control from the cranks "Turn" and the
"Descent~-Climb" or during the lowering of flaps. [t there is a
repeated signa® response of faillure on the -same channel it cannot
be used and it 1s necessary to switch to manual piloting.

3. The prolonged (more than 6 s) burning of the AT-2
warning lamp with the simultaneous presence of non-trimmed forces
in the elevator channel (on indicator UAT-3) attests to the
failure of the automatic trimmer. On aircraft with an improved
system in this case the signal panel "Automatic trimmer" and the
tube for indication of forces burn. In this case it is
necessary:

to turn off the longitudinal channel of the autopilot by
the switch "Long." on the control panel while Holding the

control wheel by handj;

to remove the forces from the elevator by the mechanical
trim tab;
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to complete approach in the command mode of control on the
longitudinal <¢hannel (at the moment of the entry intc the glide
path press and release the "Glide-path" button-lamp).

4. The triggering of the signal panel "Path lat." or
path long." indicates a breakdown of the command system. The
crew should disconnect the appropriate channel of the autopilot

and through this channel carry out the landing approach using the
strip of position NKP-4.

The repeafted connection of the autopilot is permitted if there
is confidence that the signal response wes false.

5. 'The triggering of the warning lamps "KRP" or "GRP" (in
the modified system - by the signal panel "KRP," "GRP") and the
dropping wut of the appropriate indicators on the NKP-1

indd.cates the failure of buch assemblies of XKURS-MP-1 or the failure
of ground beacons.

With this failure the appropriate channel of the autopilot
is switched off and the crew performs the landing approach using
the CSP and RSP systems [Translator's note: BSP - expansion
unknoun].

In the mode of command landing approach:

1. The triggering of the signal panel "TsGV" with the
simultaneous triggering >f the signal panel "Path lat." or
"Path long." indicates the failure of one of tnhe T. iV. In this
case 1t io necessary:

50 ciscontinues piloting on . .and pointers;

to compare the readings of the PP-1PM with the AGD-1 and
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EUP-53, determine the operable TsGV, and set the TsGV switch

on it;

in forward fiight to correct the course system;
to set the "STU" switch in the "Off" position;

on the working PP-1PM and AGD-1 to complete the larding

approach,

2. The triggering of the signal panel "Path lat." or
"Path long." indicates disrepair of the command system. In this

case Lhe crew must:
discontinue piloting on command pointers;
set the "STU" switch in the "Off" position;

be convinced of the FP-1PM, having compared their readings

with the readings of the AGD-1 and EUP-53;
complete the landing approach on the XKGG, 0SSP, and RSP,

3. The triggering of the warning lamps "KRP" and "GRP" and
the fzlling out of the appropriate drops on the NKP-h attests to

the failure or both KURS-MP-1l assemblies or the ground beacons.

With this failure the crew should make the landing approach using
the OSP, RSP and the working channel of the KGG.

In the mode of automatic stabilization and aircraft control

through the autopnilot:

1. The trigrering of the signal panel "TsGV" with the
simultaneous triggering also of the signal panel "AP lat." o=
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AP ldng.“ and the disconnection of the corresponding channel of
the autopilot with the delivery of sound signaling indicates the
failure of one of the TsGV.

Having seen the triggering of the signal parnel "TsGV" the
crew 1is obliged;

to disconnect the autopilot by the rapid disconnect button;

by a comparison of the readings of the PP-1PM with the
AGD-1 and EUP-53 to determine the operable TsGV and to set on
it the switch "TsGV";

to turn off the switch "AP podg." having thus terminating
the signaling of the siren and signal panel;

in forward flight to conrrect the KS;

if or the aircraft there is a BKG-1, to again connect
the automatlc machine. 1In the absence of BKG-~1 repeated starting
of the autopilot as forbidden.

2. The triggering of the signal parel "AP lat." or "AP long."
with the delivery of sound signaling attests to disconnection
and disrepair of the corresponding channel of the autopllot.

The crew should:

turn off the appropriate swivch "transverse" or "long.";

compare the readings of the PP-1PM with the AGD-1l and EUP-53
and be certain of their soundness;

be convinced of the soundness of the course system,

165

e e

-

S

e aFe e T e




? - 3““'5’%‘.%:“" ;}Jﬁ?ﬁ'@"%ﬂ@{r%‘m i > A B ol
A L Sy SN

v e

»

N N ot S o w R S o
7 S S AP el i R DRI X
;3% “.i}m:.mN.g:._ﬂluu!Mm“»;u&.&'m.fm..m.'am.;v:.-.mo'.t,.’_u,‘_,Jk,.osa,ssﬁ.‘m«:ﬁrm.m,té G RN e i arenrses s ot

If the crew if confident that the signal response of raillure
was false, repcated connection of the autopilot is permitted, but
without its use in the event of a seuondary sig. al response.

3. Prolonged, more than 6 s, burning of AT-2 warning lamps
with the simultaneous presence of untrimmed forces in the
elevator channel (based on the UAT-=3) indicates the failure of the
automatic trimmer. If on the aircraft the system has been
modified, then in the event of failure the signal panel of the .
"Autotrimmer"” and the tube for indication of forces light up.

In the event of fai. .re of the automatic trimmer the crew
must

turn off the longitudinal channel of the autopilot while
holding the steering control manually;

{ remove the force from the steering cont ol by the mechanical
elevator trim tab;

% turn off the AZS~-AT-2;
|
| again turn on the longitudinal channel of the autopilot; 3

After thils acceleration and .wraking are carried out with the ?
longi.udinal channel of the autopilot turned off. ’ 4

o,
&gt L

In 1-1.5 h switch the autopilot off and on, thus removing
the forces from the elevator control and the mechanical trim tab.

~r

.,
e LI B

NAVIGATION COMPUTER

The navigatlon computer is intended for automatic air
navigation on route and in the zones of airports Tor departure
and landing. It ensures:
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the continuous aubtomatic determining of the pre: -nt-
position data of aircraft in the main c¢r particular coordinate ) y

system by the method of dead reckoning;

£

the conversion of calculated coordinates of the aircraft;

S dPe i S

a) in flight in the main orthodrome - relative to the intro-
duced coordinates of the intermedlate points of the route;

N o
BT 2 I T

b) in fMight in a particular orthodrome - relative to the
following section of route;

flight by the shortest distance to any point of the route,.

e BV o g

the correction of calculated coordinates according to the
radio equipment of the RSBN system (automatically) and based on
radar reference points using the RPSN radar (semi-automatic);

the interpretation of radar unidentified reference point
according to data from the RPSN;

the determining and display of wind velocity and wind

direction;

the delivery of ZPU signals to the NPP and USh-3 indicators;

Torming and delivery into the automatlic device of the ready
signals of the lateral deviation and course angle of the OZPU,

In calculator the digital method is used for the indication
of all parameters, except thevalues of IZPU, O0ZPU, U and §,
which are counted off on the sliding scales of master indicators.
The calculator ensures the motor installation, automatic input,

and indication of the f{ollowlng parameters:
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the coordinates of the aircraft Xc and Yc - on the
calculator-indicators of units P-2-1 and P-3-1;

current calculated particular orthodromic coordinates Z and
S relative to assigned course - on counters on which the lamps
with the symbols "Z" and "S" are 1lit up;

the current orthodromic coordinates of aircraft X and Y in
the main orthodromic coordinate system - on the counters with
display lamps "X" and "Y";

the current particular orthodromic converted coordinates
f the alrcraft an and Snp relative to the following assigned
course 1ine - on counters without the literal signaling of
coordinules;

the coordlnates of intermediate point )(n(Z)I_I and Yn(S)n on
counters with display lamps whicn have the appropriate designations;

coordinates ch(&p), Spc(sp),XpC\Xp) and lpC(Yp), the beacons
of the R3BN c¢r the radar reference points relative to the current
assigned track or main orthodrome - on counters on which the

display lamps with the appropriate images are 1it up;

the given course angle OZPUl of the current specified track
on scale No. 1 and the given course angle OZPU2 of the follmwing
specifled trock on scale No. 2 of the masbter-indicator of the
0ZPU of unit P-12, true given course angel (IZPU) or the orthodromic
track angle of the meridian (OPUM) on the scale of the IZPU
controller unit P-9;

the velocity and direction of wind - on the scale of the

wind controller (unit NV-2P), the distance which remains to the
PPM, and number of the nearest PPM or TPM on unlt P-33.
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The Preparation of Data for
Programming of Flight

For the accomplishing of flight using the navigation computev

the navigator has to prepare the following data:

given course angles;

the middle latitude of the sections of route;

the length of the sectlons of route;

the rectangular coordinates of radio correction aids;

the azimuths of orthodromes relative to the meridians of the

RSBN ground beacons.

The given course angles of the sections of route are

determined from the formulas:

NV, =a, toy-+8
31y = 311Y, = V1

............

30V, =30V, _,+ V1,

where ZPUl, ZPU2, ey ZPUn -~ the given course angles
of route; '

g
KPM;

of sections

g — the total convergency of meridians between the IPM and

o - the magnetic declination of the landing airfield;

MN

a, - the azimuth of the orthodrome relative to the meridian

of the IPM;
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Fig. 94. The system of turn angles (UP).

Departure from the airflield zone can be accomplished by two
methods. If aircraft before leaving on the IPM (the last point
of the exit corridor) should pass over several sections of small
length, then the mnde of the main orthodrome ("GO") and shortest

distance ("KR") is used. In the remaining cases the mode of

varticular orthodrome ("ChO") is used.

Departure of the Aircraft from the
Alrfield Zone in the Mode "GO"

1. Before taxiing out for a takeoff (after turning on the

A78):

set the "G(-ChO" switch in the position “GO";

turn on the toggle switch "Network";

on the Xe and YC indicators set the values X = 0 and ¥ =

on the master-indicator of the OZPU set the value of the

magnetic heading of takeoff;
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on the master-indicator of the PPM coordinates set the
value of PPM coordinates in the zone of the airfield;

BT e e i £ RN el

turn on the toggle switch "KR" on the P-14 unit,

On' the master-indicator of the OZPU2 the ZPU on the first
PPM from the center of the RW should be developed. .

On the counters of present-position data "Z" and "S" Z = 0
and S should be worked out equal to the distance from the center
of the RW to the PPMl. One shouild compare this value with that :
taken from a map and on the master-indicator fcr the coordinate
of correction and IZPU the data for correction is set. ;

2. After taxiing to the axis of the RW carry .out the initial
display of the TKS~P gyro-assemblies.

Set the switch "Users" in the position "Counter."

Place switch "Calculate" in the position "Anal." (during
take-off run).

3. At an altiftude of 1000 m connect the calculator.

4. During approach to the PPM, at a distance of 10-20 km
from it:

turn on the toggle switch "KS" on the P-14 unit;

on the indicators of PPM cocrdinates set the value of the
next PPM coordinates.

5. After flight over the PPM the toggle switch "KS" is turned
off', The alrcraft will follow to the next PPM. The correction
of coordinates according to the RGBN is performed when necessary.
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6. After turaing on the IPM (the last PPM in the zone of
the airfield) switch to the calculation of coordinates in the mode

"ChOU" for which:
toggle switch "KR" on unit P-14 is turned off; "
the switch "GO-ChO" is set in position "ChO";

on the master-indicator of the 0ZPU of unit P-12 set
the 7PU value, and on the PPM set the distance to the IPM.

7. After fllight over the IPM on the master-indicator of
the PTM of units P-U and P-5 set the value 2 = 0 and S equal to
the length of the second section of the route.

The order of operation in the following stages is analogous.

The Departure of an Aircraft from the
Zone of an Alrfleld and Flight Enroute
in the Hode "ChO"

As the TPM the center of the RW of the airfield of takeoff

ls taken.
1. Before taxiing:
the switch "LZP-1-LZP-2" is set in the position "LZP-1";
the switch "GO-ChO" - in the position "ChO";
the toggle switch "Network" is turned onj;

vn bthe counters of the present-position data of units P-2
and P-3 set the values 2 = 0 and S equal to the length of the

first section of route;

172

i

~ N

.
T RIS

VALY W Ty




e

r‘laruwmm. 7

e R A B AR T D M S AT

on the master-indicator of unit P-12 set the valueg of ZPUl

o R s e s b

and ZPU2; -
on the controllers of the PPM coordinates of units P-4 and f
P-5 set the values 2 = 0 and S equal to the length of the second 5"

section of route;
switeh "LZP-1"-"LZP-2" is set in a neutra” position.

2. Having taxied to the axis of the RW, set the initial
display of the TKS-P gyro-assemblies ahd set the switch "Users" in
the position "Contr." o4

3. During the take-off run in the center of the RW the switch

"Calculate" on unit P-14 is set in the position "Anal." or
"Pulsea."

4. During the ciimb to 2000 m follow the PPM, having hooked
up the calculator.

On the master-indicator of the QCZPU of unit P-12 advance
the value of the ZPU of the next section of the LZP.

On the controllers of PPM coordinates of units P-4 and P-5
set the value Z = 0 and S equal to the length of the next section

of track.

Flight on the Shortest Distance with
Calculation of Coordinates in the Mode
"Cho"

The mode "KR" (shortest distance) is used if necessary for
changing the route and going te a new PPN,

For this it follows:
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on the controllers of the PPM coordinates of units P-4 ?
and P-5 set coordinates Z and S of this PPM relative to the i
{
¥
4

current track.

The given course angle of new PPM should be worked out on
the free master-indicator of the O0ZPU, and on the free counters
of present-position data values Z = 0 and S equal to the distance
to the new PPM should b2 developed; .

R

switch "LZP-1-LZP-2" is set in a neutral position.

With this the aircraft will follow the shortest distance !
to the new PPM,

oo TR e o e ARk R AR AR T W YT e
IR s S A

Correction of Calculated Coordinates
According to the RSBN

PN g‘ai m; i: """_’§ < sm PP,

i On the controllers of correction coordinates of units P-6
and P-7 set :the value of the rectangular coordinates Zp and Sp
relative to the current assigned track.

On the master-indicator of the IZPU of unit P-9 set the
azimuth of the current orthodrome relative to the meridian of the
ground beacon,

[N

Turn on the toggle switch "Plot" (plotting).

O

If the "plotted" azimuth and distance, projected on the
PPDA-Sh, differ considerably from actual, projected by the RSBN,
it 1s necessary to make a correction:

-— -

turn off toggle switch "Plot";

the "Correction" switch of unit P-14 is set in the position
"RSBN-500."
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On the navigator's signal panel the label "Coord. RSBN"
will light up.

When the signals of the azimuth and distance of the RSBN
are present in 3-5 s the label will go out and the correction
of coordinates calculated in the NV will occur, Affter this it
is necessary to turn off the correction switch of unit P~14,

If after this "plotting" the azimuth and distance again differ
conSiderably from actual, one ought to check the correctness of
the advanced data for correction and with the help of the other
means to determine if there actually is a considerable error
in the NV-PB in determining the present-position data of
aircraft, whereupon correction from the RSBN is carried out.

The Correction of Calculated
Coordinates of an Aircraft
According tc Airborne Radar

On the controllers of fthe correction coordinates of units
P-6 and P-7 set the rectangular coordinates of the selected radar
reference point relative to the current specified track.

The correction switch of unit P-14 is set in "RLV calc."

On the radar screen an electronic crcss will be shaped in the
form of an azimuthal mark and distance ring. The non-coincidence
of the center of the cross with the mark of the selected
reference point will be equal to error in determining the
coordinates of the ailrcraft. With considerable errors one ought

to make a correction of the coordinates of the aircraft;
the correction switch is set in the position "RLV corr.";

with the control lever of the electronic switch combine the
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:i % center of the cross with the mark of the radar reference point
b on the screen of indicator;

k- 4

L |

i V% based on the correction performed the correction switch is
T set in the "Off" position.

&

E

3 ! Approach to .an Airfield with Calculation

23 of the Coordinates of the Aircraft in

b the, Mode "GO

% 1. During approach to the first PPM of the entry corridor ’
g of the landing airfield or to tle KPM at a distanie of -
1 50-70 km;

; on the free scale of the master-indicator of the OZPU of unit
2 P-12 set the magnetic heading of landing;.

z on the master-indicator of the PPM of units P-ll and P-§

9 ; set the rectangular coordinates of the PPM and KPM relative to

E- the center of the RW of the landing airfield;

5‘ the switch "GO-ChO" is set in the position "BO";

4

1 toggle switch "KR" is turned on.

% 2. During approach to the PPM at a distance of 15-°0 km;

3 the toggle switch "KS" of unit P-1l is turned on;

? on the master-indicators of the PPM of units P-l and P-5

i set. the rectangular coordinates of the next PPM i.. the zone of

3 f

C ) the airfield;

ke

4 turn off toggle switch "KS.“
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3. During approach tc the first point of the large

g ] rectangular route use the coordinates in the mode "GO" relative X

P g to the center of the RW based on the counters of current g

E “ coordinates of units P~2 and P-3, on which the symbols "X" and

B w .

b ¥ "y" are 1lit up. .

;%l. :
¢ i

) 4 THE NAVIGATION SLIDE RULE NL-10m s

? 1 The purpose of the scales on the navigation computer

S S (Fig. 95):

: L. :

1, 2 ~ for the calculation of path time, of ground speed, ;
; { for the solution of multiplicatlion and division problems; ;

la - for the calculation of the parameters of turn;

2, 4, 5 ~ for determining the trigonometric functions of
angles, values of products a sin a and b tg 8, for the solution
of navligational triangle by the theorem of sines, and for the
calculation of the radius of turn {(roll angle);

AR (1

£ - for squaring and taking the squars root (jointly with

-

scale 5 or 1 and 2);

7, 8, 9 - for the recomputation of flight altitude at H <
< 12,0270 m;

10, 12, 1%, 15 - for the recomputation of flight altitude at
B> 12,000 m;

11, 12, 14, 15, 16 - for the recomputation of airspeed with
the usual (non-combined) speed indlcator

11, 13, 14, 15, 1o - for the recomputation of airspeed with
a combined speecd ilndicator;
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17 - for the measurements of distances on a map.

The Solution ot Basic Problems on
the NL-10m

1. The calculation of horizontal range by height and slant

range. Key - Fig. 96,

Example. Given LD = 26 km; N = 9 km [Translator's note:
H4 = ND and H = NJ.

Find: @ = 20.2 and then GD = 24.3 km.

2. Determining the radius of turn based on angle of bank
and rate of turn. Key - Fig. 97.

5 o so-o
@ i i D E A
| | - v T
@ U ! @ ol "‘) Raldisw) '
re - RS DU
@ lll "E’ L ko101 ®& =
r g
Fig. 96. Flg. 97.

Example: L. Given: V = 500 km/h; 8 = 15°. Find: R =
7.35 km.

2. Given: V = 250 km/h; 8 = 50°, Find: R = 415 m,
Note. Using the foregoing keys for the solution of problems,
it 1s poszible to [ind the value of any magnitude entering into

the given provlem based on two known values.

3. Calculation of the corrected altitude of flight accord-
ing to the reading of a pressure altimeter.
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Note. The value of temperature of height of flight taken
from a thermocouple during all calculations of altitude and
velocity must be corrected for the heat absorption of the
sensitivity of the element of thermocouple according to scale 16
and calculated according to the formula rfound on the right of
scale 16

tyenp = tap— AL,

For altitudes up to 12,000 m (Fig. 98;.

Example. Given an = 2200 my ty = +25%; tnp H +18°; V =

= 560 km/h.

We find:
qruM”—M=+w—9=+?;
fyity = +25-49= 4-31%;

Hyenp = 2270 u,

4., The caldulation of true airspeed according to the reading
of a speed indicator for speed indlcators of the type KUS=-12 !
(Flg. 99) [Translator's note: HYC = KUS = combined airspeed

indicatoir].

@ A '.‘~" 03
Ottt Frur”? ® e ®
@ @ ';" @ ®"»
Fig. 98. Fig. 99.

Example. Given: tnp y = +50 Vuye = 650’km/h; an =

- . = - - 0. -
= 4500 m. We find: ty +5 - 11 6°; Vchp 660 km/h.

5. Determining the time of turn and on an angle different
from 360°.

180
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Example 1 (Fig. 209). Given:
=2 min 17 s; typ = 38 s.

YP = 100°. We find: ¢t

1

360

Example 2 (Fig.. 10i). Given:
We find: ¢t,, = 23 s.

ypP
® e
1
]
Q@ 100 10 } t3e
@ #am) Rx100em) tg=?  L3€0°=?

Fig. 100.

6. Determining the time of turn of an aircpaft on 360° from

Y5 R Y1 b 4% st

V = 500 km/h; R = 3000 m;

t360

o v
o a0 i150m
»

Pig. 101.

the angle of the bank and ratve of turn and on an angle different

from 360°.

Example 1 (Fig. 102). Given:
We find: t360 = 290 s.

Example .2 (Fig. 103). Gilven:
We find:t ty, = 89 s¢

rJS)’ P
1ne
A —
ey r

@ (.!(.G'r’ v

Fig. 102.
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V = 600 km/h; B = 20°,

tag0 = 290 s3 YP = 110°.

G e ' e

K LY
'0) \ L e
(2) . ':r? ':"0
Fig. 103.

= 2 min 17 s; YP = 60°.,
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Determining the relationships between
flight speed and M number with. the help
of the NL-10M

On scale 12 of the "Indicated altitude (km)" slide iule a
graduation line is;pidtteQ'Whiqh corvésponds to the fiight altitude
3250 m, the continuation of which is designated by & -circular
index. When the air»@emperabure at fie altitude of" £1light accord«
ing to scale 11 "Témperature at altitudz for speed" is set against
this rererence line, on scalés Il "Corrected :altitude and speed"
and 15 "Altitude ahd indicated airspeed the reXationship between
air speed in kilometers per hour (scale 14) and M number (scale
15) is automabically calculated. On scale 15 the Mach humber,
equal to a unit, has a corresponding rectangular index with
numbering 1000 (airspeed on scale 14 against this index is equal
to the speed of sound?).

In order to deftermine the speed of sound expressed in meters
per second on scale 15 1t 4s necessary to plot the graduation
mark which corresponds to division 277.5, and designace it by
index "a." Opposite this index according to scaie 1l the speed
of sound In meters per second is read off.

At the end of scale 14 1t is necessary to place a supplementary
designation "1" (true spced), while at the end of scale 15 -~ the
designation "M." .

Example., Ailr speed is limited by M number = 0.83, the air
temperature at the flight height -45°C, determine the maximum
value of airspeed.

Solution. Opposite the round index on scale 12 we set the
air temperature according to scale 11, equal to -45°C. M number =
= 0.83 corresponds to an air speed of 900 km/hr. The speed of
sound at this temperature is equal to 1085 km/hr, or 302 m/s.
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Calculation of landing approach on a
rectangular route with a left~hand
turn in a cross wind from the moment
of passing the outer marker bedcon
[DPRM]

e i, e i A S s W e = 3

1. Determine the valué of the wind angle to the runway

[ RW]} (BNN) - ¥YB . using the formula

c

DAV RIHEST En g S RN S »
il ot ISR et
«

YBpoe = §~NIMIY.,

ACEW D

[landing (magnetic) tradk angle [PMPU] (NMMNY) ]

2. Determine the value of the lateral component of wind ¢
velotity to. the landing strip - AU, (Fig. 10H4) i
|

AUg=U sin ¥Bpoc.

e Fig. 104, ‘

DOW
<

< o
Oy
o

3. Determine the value of the counter component of wind !
velocity to the RW -~ AU (Fig. 105)

AUy =U sin (30—~ ¥YBpoc).

~ e

90-¥8)
(99 V%: Fig. 105

1
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4, Det:irvine the value of the drif't angle for a straight
line from thé beam of the outer marker beacon to the beginning of
the third turn (Fig. 106)
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5. Determine the value of lead for thé beginnihg of the
third turn (Fig. 107)

P AUs (tnp+-1pass)
b 4 R~ )

. Wop
where tynp - lead time;
tn - flight time from the beam of the outer marker beacon
P in a calm;

tpaae“ time for the third turn;

Wn -~ ground speed from the beam of the outer marker
P beacon before the beginning of the third turn

(VH +"‘VB).

6. Determine the time of onset of the third turn using the

formula
tuas. pazs = fuay, paow, wr—lyap.

7. Determine the value of tﬁe drift angle for a straight
line from the third to the fourth turn - US3 [yc3] (Fig. 108)

8. Determine the value of magnetic course for a straight
line from the third to the fourth turns - MK3 = MPU3 [Mny3] - US3.

9, Determine the KUR for the beginning of. the fourth turn -
KURu by the formula
R¥Pe-= KYPiar | Y3321 (Bgy)s

AKUP" is determined on the NL-10 (key see on Fig. 109),
wheve S - the distance from the beam of the outer marker beacon
to the straight line between the third and fourth turns;
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BU [BY] -~ (lateral deviation) - the product of the time of turn

(tpasa) by the lateral component of wind velocity to

the landing pattern (AUG);

A - is taken with the "plus" sign at AU, incidental and

"minus" - 4t AU6 counter to the straight line from
the third to the fourth turns.

KUR

10. Determine the value of 'the drift angle for the last
straight line - USnoc (Fig. 110).

‘g }'Cnoc = e;lio' .
Vep
11. Determine the value of the magnetic course for the last

straight line - MKnoc using the formula

MKuoc = NIMITY —'ngoc.

12. Determine the distance to the RW from the entrance

point to the glide path = STsr (PFig. 111)

s =”ux:ra
T8I =g YHI'

[TBI - entrance point to glide path]

where HBX I altitude of entry to glide path;

UNG [YHIr'] ~ angle of tilt of glide path.

13. Determine the time of flight frém the outer marker
beacon to the RW - Tnon (Fig. 112)

N

Tm""'";:; .

14. Determine the vertical rate of descent from the outer
marker beacon to the RW (Fig. 113)

H
V"pt“—i' .
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Fig. 113,
NRK~-2 NAVIGATIONAL COMPUTER

Purpose and performance data

Thé NRK-2 navigational computer developed oy M. V. Kalashnikov
is. a computing instrument intended for making navigatiocnal
calculations during preflight operations and in flight.

With the help o the navigatlonal computer the following

problems are solved:
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the calculation of drift ang.:, ground speed, the angle
between course and wind direction, flight course or actual track

course based on the known wind vector;

determining wind from the known angle of drift and ground
speed, from two drift angles, and from two ground speeds;

determining the route traversed, speed, -and flight time;

determining the radius and time of turn on assigned angle
based -on known velorities and anglé of bank; cecalculation. of
true speed into instrument ond instrument into true in the
range of 100-2500 km/hr;

determining the M number which corrésponds to the assigned
flight speed and vice versa;

de:srmining the correction for air compressibility into

readings of the wide point: on the aerodynamic speed indicators;

conversion of true altitude into indicated and indicated into
true ian the range ¢l 100~25,000 m;

determining the values of trigonometric functions,
multiplication and division of numbers into the trigonometric

fun¢tions of angles.

Farthermore the navigational computer makes it possible to
carry o.t some other mathematical calculationsy and also to
convert nautical and English miies into kilometers, feet into
meters, millimeters of mercury column into miliibars, degrees

into radians, and vice versa.

The over-all dimensions of the navigational computer are
130 x 11 mm.
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Table 29. . Scales and nomograms on. the NRK-=2. ?
05 Name (purpose) of the Intervals of gradu- Scale value i
25; scale Or nomogram ation of the scales Smallest |Greatesu| é
v : *
1{Speed (Km/h)eeeeeeineesese]l=2,560 km/h 0.1 km/h|50 km/h é
2} Tangents of angleS........|1-85° o 1° 1° :
3| Percentages: y i
of rélative ground speed|70-130% 1% 1% §
: of rélative wind ;
X VEIOCity................»u-30% Onl% : 1% : . z
3 i YlRate/velocity.ieevvevraanas| 1-2,500 km/h 0.1 km/h|50 km/h |
1 N A »
s x: 'Route..Cl.ll..'....'.'l’.. 1-2’500 km km 1 km ' - %
i 5|Time: - . : :
% in séconds and minutes..| 1-100 min (s) ¥ 1/6 s 10.5 min |
3 in minutes and hours....| 1-10 h 1.0 s 0.5 h '
Nomograms : !
5 a) concentric circles !
1 for the reading of r
E relative wind ‘ ‘
VeCtOI"S......v.....-. 0"30% . l% 5% ’
o b) arcs for the reading
: of relative vectors ,
3 ¢) vertical lines for o
E the reading of drift
pe angleSooo.o'o'ooocooq 0"'170 10 50
: } d) heading lineo.sQQQUOQ 70"‘130% l% 5%
> e) scales for angle
o between course and *
X wind direction
(KUV)-c.o.ooooocoovtb 0-3600 100 ’300
3 1 £) scale for wind disk..{ 0-~30% or m/s 1% (m/s)|5% (m/s) <
| 6|'sines of angles in degrees| 6-90° 10 S 1° ‘ ‘
j’ 7 True air Speedso......o... 100"'2,500 km/h 2 km/h 50 km-h .
; 8}Indicated, equivalent
3 airspeeds and M numbers...} 100-2,500 km/h 2 km/h| 50 km/h
Co
3 188
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Table 29. Sca;es and nomograms wii the NRK-2, (Continued)

%<p Name (purpose) of the Intervals of gradu-~ Scale value
,gfscaie or nomogram lation of the scales}
28 Smallest{Greatest|
9} Correction in the
readings of the
electrical outside-
air temperature gauges:
fOPTUEuo-oooo-‘uooo'oo u"‘loop 20 100
fOl" ‘I‘Nvuou-oo.o'o.cccog 2"‘1"}09 220 200
10} Indicated altitudes...... 0~11 km 1 km 1 km
11] Indicated altitudes...... 0-25 km 0.5 km 0.% km
12| Insicated altitudes...... 0-11 km 1 km 1 km
13}Values of outside air '
t@mperatur’e..u.........-. FI’OIﬂ +30 tO "800 100 ]_00
lUyCorrection in speed for
compressibility of air... 10-170 km/h 10 ka/n} 10 km/h
15} Indicated airspeeds...... 400-1,300 km/h {100 km/h|100 km/h
16]Indicated altitudes...... 2-25 km 1 km 1 knm
17{valués of the true or
corrected barometric
height less than 12,000 m} 10.0-12,000 m 100 m 100 m
18] Indicated altitudes...... 1000-12,000 m 100 m 106 m
19} Indicated altitudes...... 100-1200 m 10-50 m
20fSums of the air
Ttemperatures at the
ground and at that
altitude. ® 8 & 0 6 6 %5 5 0 0 st e 0 From +80 to .‘1200 100 lr)o
21{Air temperature at that
altitUde............-‘. (3N FPOH\ "‘30 tO "900 200 200
22]Values of the true or
corrected alvitude
above 12,000 m..ovve v vee s 312,000-25,000 m 1100 m 200 m
23|Values of indicated
altitude above 12,000 m 12,000-25,000 m 100 » 200 m
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K side of the NRK-2.
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Construction and: the principles of
operation

The NRK-2 navigational computer (Fig. 114, 115) consists of
four disks which rotate around a common axis. The disks have
logarithmic and other scales and a nomogram plotted on them and
also indices and transparent windows for reading the corresponding
scales of assigned or desired values. One disk is the -base
navigational computer, scales are plotted on both sides, the
other disks (two - on the face side, one - on the reverse) have
a smaller dilameter and are movable., For reading there are
aiming rules (Fig. 116).

On the face side of the navigational computer (see Fig. 114)
on the base and on the two rotating dlsks there are scales,
nomograms, and indices which form a drilft computer and ensure the
graphical solution of the navigational velocity triangle.

The principle of solution of navigational velocity triangle
on the drift computer of the NRK-2 is based on the fact that the
vectors of air and ground speeds and wind are represented in

relative values. Thus the vector of alrspeed V is accepted as
100%, and the vectors of ground speed W and wind U correspondingly

as

100 and

?
v

<l

Fig. 116. Rules for the rule
(a) and face (b) sides of the
NRK-2
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Signs and indices on the face side
of “he computer

B it

; : - round lndices, colored black on a gray movable :
: 3 :é:; disk on scale 2 (tangents) for determining the :
; 3 turning time of an aircraft on any angle up to !
: 3 360°

- triangular index on scale 5 (time) serves for the
solution of problems connected with determining
A the flight time,dlistance covered, and ground speed.
Corresponds to a division of 60 min or 1 h

s Sl £t

A TN P i ¥ M
.

; (60 s or 1 min)

_:;

; - triangular index, colored black against a gray .
E 5 ' background on scale 2 {(tangents), which corresponds -
? i ‘{ to a division of 45° for the solution of problem

% with the trigonometric functions of the tangents of

? angles.,

s

-~ figure index, colored black on scale 2 (tangents),
\qf serving for the solution oI prcblems on the
determinations of radii of turn of the aircraft

- - rectangular index on scale 5 (time) is used as
© the initial prime of the scale

- ¢lrcular index on scale 5 serves for the conversion

* of velocity expressed in km/h into velocity expressed
in m/s. It corresponds to a division of 36 (3.6).

On the back side of the computer

- triangular indices. Upper - on the base of the

:?:,::': computer, lower - on the gray movable disk on scales

7 and 8. They serve for the designation of decimal
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intervals of the scales and are used during
multiplication and division of numbers

it "““W?Wﬁa AT

indices on the base of computer on scale 7 for the

am mm
£ conversion of kilométers into English and nautical
% miles and vice versa
f T - 1index of the relationship of the clrcumference
‘ J length to the radius on scale 7, used when determining .
s the circumference length '
%, m - 1index on scale 7, used for the conversion of feet )
2 / into meters and vice versa i
E f
E a m/s =~ 1index on scale 8 for determining the speed of sound i
in m/s 5

a km/h - index on scale 8 which corresponds to M-1 number. {
Airspeed against this Index, equal to the speed of
sound in km/h, is calculated according to scale 7 :

6 - rhembic index on scale 18 which corresponds to a §
division of 11,000 m and serves for determining H ‘

- triangular index colored black on scale 19. Is
1 installel for reading scale 20, which corresponds
XJ to the sum of the temperatures at the ground and
at the altitude of [{light

Q) = circular index on scale 21 which corresponds
to temperaturc at altitude of flight
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- [figure index on the base of the computer on
bﬁ’ scale 17, serving for determining of M number
based on assigned airspeed and vice versa

oo W vaso el e b taenett QORI Sl

-~

- [figure index on the base of the computer on. scale
15, serving for determining the correction in '
velocity for compressibility

mm Hg em - 1index on the basis of the computer on scale 7,
serving fror the conversion of millibars into mm lg
and vice versa,

On the rotating disk of the back side, furthermore, there
are formulas, by which the conversion of altitude and speed is
conducted. The upper row of signs in the formulas is used in the
conversion of the indicated values Into true, the lower row -
during the conversion is conducted with the navigational computer%

help.,
The order of solution of problems

1. The conversion of speeds expressed in km/h into the
speeds expressed in m/s, and vice versa, and also the calculation
of sweep, speed and flight time is accomplished by the same
rules as on the NL-10m with the help of scales 4 and 5 (see ‘
Fig, 115). 1

2. Calculation of the flight course and ground speed based

on the known wind vector.

On the wind computer set the triangular index of time scale
5 on the division of speed scale 4 which corresponds to the "\
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value of assigned airspeed V km/h. On the scale of percentages!® 3
based on the wind velocity U km/h determine the value of relative
wind velocity U% (or U/V 100).

Expand the course dial so that opposite the pointer of the
course line of the nomogram the division of the course scale
which corresponds to the magnetic wind bearing 6 would be set,
and opposite the division of the heading line which corresponds to
U%, on the dial with a pencil place a mark which is the end of
relative wind velocity.

Opposite the pointer of heading line set the value of
given magnetic course angle (ZMPU). On the nomogram opposite the
mark which was made count off the value of the drift angle (US).
Determine the assigned heading of the aircraft by the formula
ZMK = ZMPU = US and set 1t opposite the pointer (or expand the
dial on the hour hand - in the case of right drift, opposite the
hour hand - in the case of left by the value of the US). Opposite
the wind mark, using lines a and arcs b of the nomogram, measure
off the refined values of US and relative ground speed? W%. (If
the new value of drift angle is different from the first by more
than 1°, set the magnetic heading taking this US into account
opposite the pointer of the heading line.)

!7he scale of percentages has numbered divisions from 4 to
30, and the divisions which correspond to 7, 8, ..., 13, are
numbered respectively 70, 80, ..., 130 and the intervals between them
are divided into ten parts. Thanks to this with the help of the
scale 1t 1s possible to convert the values of relative ground
speed W% (or W/V 100) into absolute values and- vice versa within '
the limits of 70-130%, and U% within the limits - 1-30% (for
example, opposite the division 100% the velocity which corresponds
to 1 and 10% can be measured off).

2pivisions on the upper part of the heading line of the
nomogram are enumerated 5, 10, ..., 25%, which when reading
values relative to ground speed correspond to 105, 100, ...,
125%.
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Having -checked that the triangular index of the time scale
is set at the value of airspeed, from the value of W% obtalned.
with ‘the help of the scale of percertages determine the Value of

ground speed in. km/h.

120 km/h
385 kiit/h;

Example. ‘Given: the V = 900 kwm/h; & = 85°%; U
ZMPU = 335°. Find: U% = 13%, US + 7°; WH = 954; W
MK = 3289,

3. The calculation of actual track angle and ground speed

) based on d khown wind vector.

T S ek i B 1 St o s b s 5

Set the triangular index of the time scale on the Aivision of
the veloclity scale which corresponds ¢o actual ailrspeed. With the
help of the scale of percentages on U km/h determine U%., Opposite
the pointer of the heading line set the division which corresponds
to the magnetic bearing of the wind, and, having noted the end of
the vector of relative wind velocity, set the value of the average
actual (or calculated) magnetic course, Measure off against the
mark on the nomogram the value of the drift angle 1n degrees and ‘
the value of relative ground speed, after which with the help f
of the scale of percentages determine the value of ground speed
in km/h. The actual (calculated) magnetic course angle is
determined from the formula FMPU = FMK + US. [FMPU = &dctual

B e UV,

magnetic course anglel.

4, Calculation of wind according to ground speed and angle

of drift.

Set the triangular index of the time scale at the value of
airspeed., With the help of the scale of percentages based on
W km/h determine the value of WE. Opposite the pointer of the
course lineé set the mean value of the magnetic {light course and P
based on the values of W§ and US plot on the course dial a mark |
which will be the end of the vecter of relative wind velocity.
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Expand the course dial to agreement of the mark made with
the course line, measure off the values of magneti¢ bearing and
relative wind velocity U%, whereupon with the help of the scale
of percentages determine U km/h.

5. Calculation of wind according to two drift~angles measured

on two courses.

Set the triangular index of the time scale on- the value of
airspeed, and opposite the pointer of course line -~ the mean value
of the first magnetic heading. Along the line of the nomogram
which corresponds to the value of the first measured US draw a
line with a pencil on the course dial. Having established the
mean value of the second magnetlic heading, draw a line which
corresponds to value of the second US. The pointer of intersection
of the lines is the end of the vector of relative wind velocity.
Direction and wind velocity km/h are determined just as in p. 4.

6. Calculation of wind according to two ground speeds
determined on two courses.,

Sct the triangular index of the time scale on the value of
airspeed and with the help of the scale of percentages based on
known values of wl and w2 in km/h determine Wl% and w2%. Opposite
the pointer of the course line set the mean value of the first
magnetic course and on the course dial draw an arc which

.corresponds to the value wl%. Set the mean value of the second

maghetic course and draw an arc which corresponds to the value
wg%. The point of intersection of arcs is the end of the vector
of relative wind velocity. Direction and wind velceity in km/h

are determined just as in p. 4.

7. Determining the longitudinal and transverse components

of the wind vector.
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The problem is solved with the help of a rectangular grid
applied on the sector of the aiming rule. For this first it is
necessary to set the trilangular index on the value of airspeed &and .
to plot, as shown in p. 2, on the course dial the vector of
relative wind velocity. Having established the magnetic course,
for which it is necessary to determine the wind component,
combine the movable sector with the sector on the nomogram in
which the wind vector is found. With the help of rectangular
grid determine the wind component in percentages and their

signs. Component wind velocities in km/h are determined with the ‘
help of the scale of percentages.

N

-

8. Determining the vector by its longitudinal and transverse
components.

Set the triangular index of the time scale on the value of
ailrspeed, and opposite the pointer of the course line - the value
of the magnetic course to which the values of wind components
correspond. With the help of the scale of percentages determine
the relative longitudinal and transverse components of wind
velocities. Combine the movable sector with the sector on the
nomogram in accordance with the signs of components; using a
recrangular grid based on the values of relative compon.hts plot
on the sector the mark which is the end of the vector or relative
wind velocity. §

The magnitude nf relative wind velocity can be deteramined %
with the help of concentric circles, and the velocity in km/h -
with the scale of percentages. The wind direction is measzured
off on the course scale, having continued with a pencil the wind
vector up to the edge of the sector.

9. Determining the correctlion in the readings of the
outside-air temperature gauges of the type TUE and TNV.
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Corrections are measured off on scale 9 (see Fig. 115) against

the values of %rue airspéed on the scle of velocities. 8,

10, Calculation of the true flight altitude according to
fhe readings of a barometric altimeter and, on the contrary;
below 12,000 m,

The account of the systematic error in the altitude indicator
which appears as a result of the nonconformity of the actual air
temperature at altitude :of flight to the standard value is
conducted just as on the NL-10m., For this scales 17 and 20, 18
and 19 and the triangular index are used.

The formulas, ‘which are applied on the rotuting disk, show
the order of solution of problems on the conversion of altitudes
and velocities. The upper row of signs in the formulas is used
in the conversion of indicated values into true (the course of
solution is from left to right), the lower row - in the conversion
of true values into indicated (the course of solution - from
right to left). The designation "NR" shows that henceforth the
conversion is conducted with the help of the NRK-2.

- 11, Calculaticn of the true altitude of flight according
to the readings of a barometric altimeter and, on the contrary,
for altitudes greater than 12,000 m.

Systematic error is considered with the help of scales 3 and
21, 23, and the triangular index, just as on the HL-10m,

The correction AHll, which considers the deviation of the
position of the tropopause from the standard value, equal to
11,000 m, is determined with the help of scales 17, 20, and the
triangular and rhombic indices on scale 18, For this opposite
the triangular index set the value of the sum of the temperatures
at the earth and at altitude of flight. The rhombic index will
indicate the magnitude and sign of the correction AHll reckoned
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on the scale HH«(17) to the right and to the left from the
division which corresponds to 11,000 m. 1
i

12, Calculation of the true flight speed according to the
readings of the airspeed indicator and vice versa.

5 - Lt

The account of the systematlc error of the wide pointer of
the speed indicator which appears as a result of the nounconformity

of the actual air temperature at the altitude bf flight.to its g
standard value is fulfilled with the help of scales 7 and 11, 8,

- -3
13 or 12 on the computer. ‘ ;

If flight is performed at a spéed greater than 400 km/h ard
altitude above 5000 m, then during the conversion of velocities
it 1s necessary to consider the correction for air compressibiliiy.
In this case (just as on the NL-10 m) on scale 8 the value of’
equivalent, and not indicated airspeed is set or measured «ff, i
i.e., the velocity not allowing for correction for air qompress-

tbility.
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Correction for air compressibility is deverminiad on the
navigational computer the the help of scale 15, tue figure
index and scales 14 and 16. TFor this it is necessary that
opposite the figure index "an“ the division is set which ,
corresponds to the indicated flight altitud», and opposite the
vaiue of indicated airspeed read off vhe v4lue of correction. .

The order of calculating the correction is shown by the
formula, applied on the rotating disk,

13. Calculation of the true velocity of flight according
to the readings of the narrow pointer of the KUS and vice versa,

Systematic error is considered with the help of scales 7,
10, 8 and 13 just as on the NL-10 m,
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14, Determining the M number according to the value of true
£1ight speed.

Thé problem 1s solved with the help of scale 10 and index 13
and scales 8, 13, or 12. TFor this opposite index "M" 13 set the
value of actual air temperature on scale 13 or indicated altitudé
on scale 12. Opposite the division which corrisponds to true

airspeed in km/h (on scale 7), read off on scale 8 the value of
M number.

In the same order the true airspeed is determined based on
M number,

15. Determining the radius of turn with an assigned angle
of bank and speed on the turn.

The radius of turn is determined with the help of scales 1,
4 and the scale of tangents 2., For this Set the value of bank
angle according to the scale of tangents oppusite the value of
true speed in km/h on scale 2.  Opposite index "R" on the distance
scale U read off the value of the radius of turn in. kilometers,

Determining the bank angle from a known radius and flight
speed on the turn is the reverse problem.

16. Determining the time of turn on ail assigned angle with
assigned bank and speed.

The time of turn on an assigned angle 1s determined with the
help of scale 4, the scale of tangents 2 and the indices marked
on it. Tor this the division of the tangent scale which
corresponds to the value of assigned bank is set opposite the value
of alrspeed in hundreds of kilometers per hour on scale 1.
Opposite the index which corresponds to the value of the angle of
turn read off fthe time of turn in seconds or tens of seconds.

202

[




Ziin

VETaey T ‘ﬁ‘t‘""

Ldaces

s

A Ay

el

el AL

=

e e

T T s 3 aron T e 3 1

© e -

T

ST men e I R e

17. 1t 1is more convenient to carry out the multiplication
and division of numbers with the help of the logarithmic scales
of true and equivalent speeds 7 and 8.

18. The squaring of numbers and extraction of square root
from numbers is possible with the help of scales 1 and 4.

19. Determining the values of trigonomatric functions,
multiplication and division of number into trigonometric functions
of angle and the solution of a right triangle is conducted with
the help of the scales of sines and tangents and their adjacent
seales,

20. The conversion of nautical and English miles into
kilometers, feet into meters, and millimeters of mercury co’umn
into millibars and back is carried out with the help of scale 7
and the indices plotted on it and scale 17. For this it is
necessary to set against one of the indices (mm, am, 1b, mm Hg)
the division 100 and 1000 of the scale of equivalent airspeeds
9. In this case on the lower scale the values expressed in

miles, f{eet, or millimeters g are read, on the upper - respectively

in kilometers, meters, or mililbars.

For the conversion of degrees into radians division 180 is
set opposife the index,.

Example of the calculation of actual flight altitude higher
than 12,000 m based on the readings of barometric altimeters.

H

Given: an

AHp = +400 m; tﬂ

15,000 m; AH“HC

~70%; &g = -10°.

= =150 m; AHaap = +250 m;

]

Salution. 1. Into Jhe reading of indlicated altltude, btaken
from the barometric altimeter, corr ctions are introduced for the
instrument and for Lhe excess ol the zirfield relative to sea
level:
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Hyon = Hpp = 8H, o+ AH, = 15,000 + (-150) + (+250) = 15,600

2. Into the altitude obtained a systematic correction is
introduced with the help of the navigational computer and a result
of 15,300 m is obtained.

3. Into the altitude obtained a correction is introduced
for the excess of terrain relative to the airport of departure

and the corrected altitude Hﬁcn is obtained

Hyp= 1530 —q = 110 »,

k., A supplementary correction H is determined from the
formuls

Mi - 900 2008 2 ty). KR
ve 20 am 11 mm 7U)r -t AN

This correcticn can be calculated on a navigational computer
and with a great deal of accuracy. For this, having set the
triangular index of scale 19 on the sum of temperatures on scale
20, on scale 17 one should take a reading ”ch = 10,150 m. Then
correcticon All;; is fcund. (¢ will be equal to:

My = My = 110002 10 130~
11000 .- =850 &,

5. With the introduction of correction AH,;; into the
resulting altitude H;Cp the value of the desired flight altitude
is obtained:

H,, th ”l.uu & (= 830) -2 14900 -
s (= 830) = 14050 &,
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Calculation of magnetic flight
course, drift angle, ground
speed, and the angle between
course and wind direction
according to a known wind
vector

For the solution of this problem it is .aecessary to know the
following data:

true airspeeds;

\'
4]
ZMPU -« given magnetic course angle;
8§ - wi~1 direction;
U - wind velocity.

When solving the problem with the help of a navigational
computer the following scales are used: U - route and velocity,
5 - time, 3 - percentages, Course angles of wind disk, nomogram
of the base of the computer, transparent wind disk, and the
triangular index of scale 5.

The order of soulution:

1. By rotatlo of the movable disk the triangular index
of scale 5 is set at the value which corresponds to the
calculated true velocity Vn km/h. according to scale 4., The thread
of the aiming rule is set according to scale 4 on a reading equal
to wind velocity U km/h, and opposite this reading, according
to scale 3 (percentages), relacive wind velocity 1s determined

(Y
14

=U%.

2. The transparcnt wind disk is turned so that the division

of the course scale of the disk which corresponds to the magnetic
bearing of wind 6° is set opposite the course line of the
nomogram &nd on the course line of the nomogram, computing on
concentric elrcumferences a, with a pencil a point is plotted
which determines the end of the vector of relative wind velocity

U%.
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By rotation of the wind disk the division which
corresponds to assigned magnetic course angle is set opposite the
course line. As a result the point of the end of relative vector
will be misaligned and opposite 1t on nomogram on straig@t lines
"b" the drift angle (US) is read off.

Y. The wind disk is turned to the right in the case of right
drift, to the left - in the case of left drift by the value of the
US obtained. Opposite the course line of the nomogram the value
of the calculated magnetic heading (MKpacq) Is read. COpposite
the end of the relative wind vector the value of the rerined
drift angle is counted off. From the point of the end of relative
wind vector mentally a line is drawn parallel to arcs "b," on the
course line the value of relative yground speed in percentages
(W%) 15 read off, and on the scale of course angles of the
nomogram -~ the angle bLetween course and wind direction (KUV).
Opposite the value W% obtained, which 1s located on scale 3
(percentages), below on scale I the desired W km/h is read.

Example.
Given: VH = 750 km/h; & - 1U6°; ZMPU - 262; U = 130 km/m.

Solution: U% - 17.2%; W4 = aQl1%: U3 = ~10°%; MKpaOLl = 272°;
W= 680 km/h; KUV = 235°; refined US = -9°,

Note., & defalled desceription ¢. the navigai.lonal computer
and a larye number of examples which illustrate the operation
with it are civen in the textbook "Navigational computer NRK-2,"

compiled vy 1. I, Baranovsikiy.

NOMOGRAMS AND CHARTS,THEIR JSE IN
AVIATION

It is convenienv to use nomograms when it 1s necessary to
repeatedly perform a computational operation of one and the same
kind, but each time with different numerical data.
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For addition and subtraction of any physical quantities it
is possible to compile nomograms of two types.

1. If any physical quantities (for example the speed of the
aircraft and the incidental or counter component of wind velocity)
X and y (Fig. 117), measured with the help of some scale, are
plotted on the appropriate coordinate axes, then under the
condition AC = y and A0 = x slopes drawn from point C at angles

of U5° toward the x axis will intercept segments x + y and x - y
on it.
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If on millimeter graph paper we draw a family of slopes,

: then we will obtain a nomogram for addition and subtraction. For
using the nomogram there is no need to draw new lines, but it

% suffices with the tip of a pencil to follow those already made.

PETY

2. If on two parallel lines 1 and 2 (Fig. 118), beginning
from zero line MN, we plot in the form of segments measured with
the help of the same scale, the value x and y, which are to be
added, then straight line AB will cut off on the third parallel
line, passing in the middle between straight lines 1 and 2, the
segment LC, equal to 5—%—1. Straight line DK, drawn parallel to
AB, will cut off on scaie 1 a segment equal to x ~ y. All three
parallel lines are called the scales, and points A, B, and C -
the adjusted points.
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In order to read immediately on straight line L7 the desired
answer x + y, and not 5—%—L it is necessary to take for 1t a

different scale than for straight lines 1 and 2.

Example. x and y have been plotted to a scale of 1 cm = 20
km/h., I for straight line LZ we take a scale of 40 km/h, then
on it we will immediately have the desired answer,

The first method 1s called the grid method, the second -~ the
method of adjusted points,

Multiplication and division are performed in the following
manner: the values x and y being multiplied are plotted as
usual on the X and ¥ axes (Fig. 119). From the terminal point of
segment X a perpendicular is erected to axis X and is continued
to its intersection with a horizontal line drawn parallel to axis
X at a distance y = 1. The intersection of the extenslion of ray
0C with a horizontal line drawn from a point which ceorresponds
to value y give us the desired xy value.

In addition and subtraction it 1s possible to operate only
with values given in the same measurements. It is posslble to
multiply and divide the values which are measured by heterogeneous
measures,
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With the help of the logarithmic operation multiplication
can be reduced to addition, and division - to subtraction. For
this on the scales (see Fig. 118) we plot not the numbers them-
selves, but the so-called "dividing points" which correspond to
the logarithmic values of the numbers., However, at the points of
division obtained in a special manner the logarithms of numbers '
are not written but the logarithmized numbers themselves. Such
scales are called functional scales (Fig. 120). If scale L%
passes strictly along the middle between functional scales 1 and 2,
then, on the strength of the fact that on it the results of the
multiplication of numbers x and y are found, the squares of the
nambers which correspond to the divisions of numbers of scales 1 ;
and 2 lie at the points of intersection of scale LZ with the
horizontal lines which connect the identical divisions of scales

P

1 and 2. In order to find sum or diff'erence, product or quotient,
when using a prepared nomogram there is no need to draw the
connecting straight iine AB, but it i1s simpler to add a ruler or

a tightly drawn thread.

Since with the help of a nomogram not only the simplest
preblems of addition and subtraction, multiplication and division,
raicing to & power and root extraction are solved, but also the
more complex problems of the graphical solution of numerical
equations with any coefficients, in aviation nomograms have
recelved wide distribution.
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A number of values determined during aircraft tests by
experiment can be plotted on nomograms in the form of a family
of curves., Thils considerably increases the field of application
of the nomogram. Still more expanded are the possibilities of
their use by the introduction of nomogram with auxiliary scales.

In their daily operation not orie crew on a turbojet can
manage without the use of nomograms for determining the takeorff
and landing runs taking into account meteorological conditions,
at various take-off weights, on conerete and on soil, at different
state and gradient of RW, etc. Nomograms are also used for
determining the required distance of a prolonged takeoff (Fig.
121) depending on the takeoff conditions and a number of others.

Examples 1. Initlal data: ¢, 0° C (1), Pg = 760 mm Hg
(2), Gaan = 21 T (3), counter wind component W = 4 m/s (4), slope
Yy = 0 (5).
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Fig. 121. Nomograir for determining the required distance
for a prolonged takeoff depending on the takeoff conditions
(take-off weight from 2 to 21 T).

KEY: (1) - Abmos. pressure, mm Hg; (2) - Air temperature
at ground; (3) Take-off weight, T.; (4) By an angle;

(5) Under an angle; (6) Head wind m/s; (7) Tail wind;

(8) Required distance for prolonged takeoff.

Answer: Required distance for preclonged takeoff is equal to
1670 m (6).

2. Initial data: to = 5°C (7), Py = 760 mm Hg (8),
avallable distance for prolonged takeoff is equal to 1550 m (9),
slope vy = 0 (10), head wind W = 6 m/s (11).

Answer: Take-off weight should be no more than 20.5 T (12).

The indicated nomograms are obtained during aireraft tests
and are sent to the operational enterprises of civil aviation.
In proportion to the changes in the characteristics of airceraft in
connection with lss refinement and modification in seriles the
nomograms also undergo changes, Therefore it is not expedient to
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place in a handbook all the nomograms used, especially because
each crew has the capability to use them constantly in airports
during preflight operations and aboard.

In addition to nomograms in civil aviation wide used is also
made of all possible graphic representations. In traffic control
rooms they use a movement chart based on the following principle:
along the X axis at the appropriate distances, taken in a specifie
scale, will be plotted the intermediate points through which an
aircraft flies during its movement on route. On the Y axis and on
a straight line parallel to it and drawn from a point on the X
axls which corresponds to KPM, also in the necessary scale the
time of day is plotted (most frequently Moscow). Knowing vated
speed or scheduled speed, 1t is possible to draw a straight line
between the point which corresponds to the take-off of the aircraft
from the IAM and a point which corresponds to the time of its
arrival at the KPM. Dropping to this line perpendiculars from
points on the X axis which correspond to check points on route,.
and then carrylng to axis Y the obtained points of intersection
of the perpendiculars with the straight line of the calculated
movement, we will obtain the calculated time of flying over the
KO. Obtaining from the aircraft a report about the tlme of actual
flight over the KO, the dispatcher can always draw the line of
actual aircraft movement, determine the time of its actual rlight
over subsequent KO's, and introduce corrections to movement as
needed. ©On such a graphic representation it is easy to determine
the rendevous of aircraft, the catching up or overtaking of one
by another, and also the time of encounter of the aircraf't with
darkness or dawn.

Most widely used by the crews of civil aviation are cruising
charts (Fig. 122) for all types of aircraft. The schemes (keys)
for the solution of problems with the help of such charts are
given on them or are given in the manual of flight operations
for the given type of aircraft.
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Fig. 122. Cruising chart for IL-18 aircraft with AI-20K

engines.

ABBREVIATIONS AND CONVENTIONAL
SYMBOLS USED IN AIR NAVIGATION

; Points and lines

;- MS - aircraft position
IPM departure point :
. |

3 KPM - flight point of destination
falso can mean route check point] ;

3 I°0M - initial point of return flight
?7 KE - control stage *
% KO - reference landmark

LZP - specified track

LFP - actual track

LRP - locus of equal bearings
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LRA -
ALP -
LRV -
RNT -
RVS -
PSBN -~

line of equal azimuth

astronomical line of position

line of equal altitudes

radlo navigation point

radio broadcasting station
short-range navigation radio system

Angles and directions

IK, MK, KK -
IPU, MPU, PMPU ~

ZPU, FPU - assigned and actual course angles g
A, - magnetic declination §
AR - deviation §
A - variation i
Ap - radio deviation ;
PK -~ ailrecraft course correctlon
DP - supplement to correction (for the remaining
distance)
US - drift angle
UV - wind angle
KUR - radio station angle of approach
0K - orthodromic course
OPU - orthodromic course angle
OMPU - orthodromic magnetic course angle
KURnpen - precaiculated heading of RNT
KUO ~ reference point angle of approach
IPO, MPO, KPO - true, magnetic, and compass bearings of
reference points
OP - supporting meridian
IPR, MPR ~ true and magnetic bearings of RNT
IPS, MPS - true and magnetic bearings of aircraft (from
reference point or RNT)
~N\, ~ reference landmark (IPM, PPM, IPOM, KPM)

true, magnetic, and compass courses

true, magnetic and landing (magnetic) track
angles

target
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: HM - stationary homer (KM - call sign, i
: 2425 425 - frequency).

' s
- ' ’E
e T T ._MW:X: - mobile homing radio station i
: ;
; 3
] 4
: Zi - stationary communications ¥
; radio station

PR L. SR

-~ statlionary and mobile radio direction
finders (inside is written: K - command:

~ .

\Y4
D3

B - lateral, 0 - without a communications )

.

radio station).
stationary and mobile VHF radio direction !
finders

- statlionary and mobile
radic beacons ‘

2]
Y
e

pl BX X
>X

Y
Oy
<D

g

o B Py TP AR T S Al TR A RS BT T T RTINS R e

- hyperbolic radar
installation

radur detection station }

- stationary radio system

- mobile radio landing system

.= course or glide path radio '
beacon (inslde it is designated by
the let*er K or @)

radio wuarker
beacon

- code neon light beacon (transmits
P the letters KR)

P - >
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BU
LBU
$°
A0
50

rotating light beacon (rotation
5 rpm, operation 1 min, interruption
2 min)

magnetic declination (with its sign)

altitude mark of locality over
sea level

mark of excess (+) and decrease (=) in
the locality of the landing airfield

track

line of bearing from the reference
point to aircraft (time 11 h 08 mid)

line of bearing from RNT to
aircraft (time 8 h 36 min)

line of equal altitudes (astronomical
line of aircraft position, time 14 h
05 min)

calculated and actual time of
passage of reference point

numerator (S = 150) 1is distance in the
kilometers between reference pointsy
denoniinator (tn = 0,30) is the fiight
time between reference points;
magnetic course angle (MPU = 14¢) for the
flight between reference points
lateral deviation in degrees

course line deviation in kilometers
latitude of station (point)

longitude of station (point)
correction for the convergence of
meridians (for the maps with a

conical projection)
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UUR

LUR

60

AH

AH
p
AH
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loxodromic correction (for maps with
an isogonal cylindrical projection)
vertical angle

angle of turn (change of course)
time of turn

angle of a bank

iead angle of turn

radius of turn

lincar lead of turn

angular veloeclity of turn

wind direction (meteorological - from
which 1t blows)

instrument correction of altitude indicator

correction to barometric altitude on a
pressure change
correction for terrain relief

systematic temperature correction of
altitude indicator

mark of aircrarft position determined by
flight over a reference point or over the
point 7203 (visually or with the help of
instruments) [20S - ground aids to
navigation]

mark of aircraft position obtained by plotting
and by the dead reckoning (including with
help of automatic plotters and calculators)
mark MS, obtained from the

ground by request of the crew

normal turn
(left)

broadezsting station with an indication of the
heipght of the tower
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MKl’ MK2, - magnetic landing patterns:

MK3, MKQ

Velocity, distance, and altitude

first, second,
ate.

‘H - true airspeed

» Vnp ~ indicated airspeed
é f W - ground speed

g : U - wind velocity

Z GD - horizontal range

! ND - slant range

S - distance between two points in kilometers

B - base (the distance between RNT)

D - distance on earths surfaces from the place
of the projection of alrcraft to some point
in km

HH ~ true altitude
Né - barometric altitude
NO - relative altitude (the altitude of
alrerart relative to any level)
Naﬁc absolute altitude (the altitude of
aircraft relative to sea level)
N6/760 saf'e altitude for a pressure of 760 mm
Hg
Nﬁ/aap - safe altitude based on the pressure

at the alrfield
H_ - absolute altitude of point of

P
relief
Naap - the airfield elevation relative to
seu level
th - indicated altitude (readings of
altimeter)
N760 - conditional altitude (vertical separation)
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Elements of time

T - the local (eivil) time

M
Trp - Greenwich time
Tn ~ loecal time

T -~ standard time
tn - ¢ourse time

- time of flight
u_ - correction of chronometer (watch)

N - number of time zone

w - daily variation of watches
T - time for measurement of astronomical altitude
T® - true solar time

¢ - . 2 Iy
ng mean solar time

n - the equation of time
S ~ sidereal time
S ~ sidereal Greenwich time

S = sldereal local time

D - correction for movement of
alrerafg

Elements of aviation actronomy

Z - zenith

Z' - nadir

Y - the vernal equinox

K - the point of summer solstice

lp

the autumnal equinox
L - the winter solstice
z ~ the zenith dlstance of a celestial body

n° - the astronomical altitude (measured, corrccted)
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astronomical altitude (measured by
aircraft sextant)
computational altitude (tabular)

the altitude of Folaris

altitude difference of celestligyr bLody
azimuth of celestial body, navigav:ional
declination of celestial body

right ascencion of celestial body

hour angle of celestial body
(trp - Greenwich, tm - local)

correctlor for relraction of earth's

atmo phere

dome refraction

parallax

correction for a dip of the horizon
correctlion for sextant (instrument)
correction for rotation of earth

correctioh for movement of aircraft (during
the obrevvation of Polaris it is designated
Dﬂ )

correction for the altitude of Polaris

(It 15 added to the altitude of Polaris
when determining the latitude of a place)

Meteorologlical c¢lements

rpag

atmospheric prescure at the earth
atmospheric pressure at altitude
the temperature af earth
temperature at altitude

temperature average
¢ [0 -+ ‘"
eprt Ty

- vertical temperature gradient.
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INFORMATION ABOUT ATIRBORNE RADARS

:BASIC INFORMATION ON RADAR

Radar is the name of the field of radio engineering which
uses for the detection and pesition {finding of alrborne, above-
water, and ground-based objects the phenomenon of the reflection
and radiation of electromagnetic waves by these objects.

Radar Methods

Pulsed radiation. In such a method short-lived signals with
long pauses between them are periocdically sent out and then the
reflected signals from the object are received during the periods
between the nexv sending of signals (pulses). Distance to the
object can be caleculated from the following formula

where ¢ - the propagation velocity of radio waves; ¢ - the delay
time (passage of the signal from the station to the object and
back).
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The pulsed method is characterized by: the pulse duration
13 the period T or frequency F of pulse repetition; pulse
energy wH; power in pulse PH and by average power PC . !

Distance to distant object should not be more than

Thé minimum range c¢f detection for a radar station is

dmin =%t .

The energy being transferred by the imoulse of radio waves
is celled pulse energy. The power being developed by a trans-
mitter during the pulse duration is called pulse power P“.

The power in a pulse 1is connected with pulse energy by the
relationship

The average power of a transmitter is the pecwer which it

would develop while working continuously and maintaining the same
energy of radio waves

Pcp-’:“"uF'—’-P"TF:‘—Pu::- .

Continuous radiation consists of the fact that the transmitter
and receiver work in frequency, whereupon the degree of distinc-
tion depends on the distance to the object. Tor a decrease in
the influence of transmitter on receiver in similar stations two
antennas are used one for transmission, the other for receiving.
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The Doppler effect amounts to the fact that in the case ;

of movement of a transmitter relative to a receiver or the
receiver relative to a fixed transmitter the frequency of
vibrations being received by the receiver does nct coincide with
the frequency of the radiated radio waves.

The difference frequency

29,
1]

s, f-'—"orp",np.z'—’ ﬁ’umi‘""";
gl

where v - the radial velocity of an object in the direction
toward the radar station.

If we express Vi in kilometers an hour, and the wavelength

A in centimeters, then

f-=i$5.5-£-cosa.

g' where v - the velocity of the object; o - the angle between the
? velocity vector of the object and the direction to the radar

; station.

4 By means of measurement of f it is possible to determine
é: Vo, of the discovered object. With the help of this method it
A is possible to find only moving objects, but it is not possible
to determine the objJject distance and the quantity of other
smaller objects found in it.

3 This principle ls used in aircraft radio navigation stations
3 for determining the ground speed of an aircraft and drift angle.
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The- formula for determining the ground speed of an aircraft
from Doppler frequency takes the form:

where R - the angle between the direction of the vector of
ground speed of the aircraft and the direction of the axic of
the beam of the station.

The drift angle {(US) is determined by rotation of an antenna
device in a horizontal plane relative to the vertical axis
at constant angle between the left and right beams, attaining
an equality of frequencies of reflecved signals.

DETERMINING THE POSITION OF AN AIRCRAFT
AND NAVIGATIONMNAL ELEMENTS WITH THE
HELF OF AIRBORNE RADARS

Airborne radars make it possible to sclve all problems of
air navigation.

It is most convenient to identifly landmarks at scales of
operation of radars which are close to the scales of flight
mavs. For example at a screen radius of 55 mm an image scale
of 1:1,000,000 is obtained at a range scale of 55 km in the
radius of the screen,

When using maps with a scale of 1:2,000,000 it 1is most
convenient to use a radar scale of 110 km, 1If it has been
provided for ty the construction of radar, if it has not been
provided for, then use a scale of 100 km.
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With the help of the selection of contrast by the separate ?
strengthening of signals of high and low levels, by the selec- ;
tion of the slope angle of the antenna and luminance of the %
scanning beam the clearest isolation of radar reference points %
on the screen of radar is attained. 3
i

. 4

The position of the aircraft (MS) is determined with the 3

.k

help of a circular scan radar with a rotating bearinrg scale by
plotting on a map the bearing and distance from the réference
point to the aircraft taking into account the correction for .

the convergence of meridians, if the difference in longitudes ;
of the reference point and MS is considerable.

If omboard there is a circular scan radar then the bearing
of aircraft is obtained as a result of the summation of the
heading of the reference point and the course of the ailrcraft.

Since radar measures not the horizontal, but slant range,
at distances to the reference points less than fivefold the flight
altitude the correction AR should be introduced into the measure- ;
ments., This correction always has a negative sign. For the
introduction of these corrections it is recommended to use

Tablie 30.
Table 30. Correction for the slant range (-4R).
(il“)md".- ( 2 ) ﬁuc:ou AL, AN ) . ) o ) .
Hot¥ JaAhe .
HUvib, AN t b4 ' 3 { M l v i ‘7 ‘ ! 9 ' 1) ! L }] ! 12 '
5 [ ojos| 1t |2 =l =] = =] =] -
1] 0 0 {od) 1 {1.5) 2 3 1 G n — -
A 5 tolof-otoust i fis]2l2sl 314156
o mrloflo]of|o|os] i jt,s] 2]28]3145]4
R s cloalojola]lotloes] v rs] 2]25)23
e mlolololofolololes] t tisluloes
c 23 olotololoflole]oles) 1 lis]2
k: w lojotole]jojo]lalolovlos)]i 1S
> 13 alJovjloftoleltojgotalo]dolios]
g [ plolololo]lo]lolojololo}oe
1§ KEY: (1) Slant range, km; (2) Flight altitude,
& km.
226
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When the slant range is equal to the flight altitude, then
the horizontal range is equal to zero. This is explained by the
appearance in the center of the radar screen of a dark spot
with a sharply designated border, the distance of which from
the center of the screen is equal to the actual flight altitude

over the particular locality. Therefore this spot is called
altimetric.

Airborne radar can serve directly for determining orthodromic
MS coordinates. For this purpose the bearing scale of the
indicator should be set on the lead angle (UU) of the aircraft
relative to its assigned orthodromic track angle (PU) (Fig. 123).

a)
¥ v 230
— \/,m, Fig. 123. The determination
and calculation of the t{rack
\\\\ bearing of the reference
b) ~ point: a) with a positive
o US; b) with a negative US.
\; 220
)\ ¥y
nn
Py

Examples., 1. If drift is positive and UU = -15°, the
bearing scale is set with the division 245° opposite the course
line. Then in the case of a heading of 35° for the reference
point its track bearing (PP) will be equal to 20°.

2. If drift is negative, UU = +8° and the heading of
the reference point is equal, for example, to 17°, then the divi-
sion of 8° on the bearing scale of indicator 1s set oppozite
the course line. Then the PP of the reference point will be
equal to 25°.
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Knowing the orthodromic coordinates of a reference point
relative to the intermediate point of the route (PPM), and also
the track bearing and the distance from. the alrcraft to the
reference point, on the NL-10 rule it is possible to calculate

the orthodromic coordinates of the aireraft relative to the

last PPM. For this the triangular index of scale 4 (Fig. 124)

1s combined with the distance of the reference point from the

aircraft R on scale 5. The aiming hair is combined on scale

3 with the value 90° - PP and on scale 5 the value R sin (90° -

PP) is read; then the hair is combined with the value PP, reading

on scale 5 the value R sin PP. After this the first value

obtained is subtracted from the coordinate of the reference
point xop’ and the second -~ from Zg

D and the x and z of the
alrcraft are obtained.

Oum Y 0
©®x sin (50*-n) K
e_1r Y O
©/e sin 'ﬂll }'

Fig., 124,

This same problem, but considerable simpler and with a

greater deal of accuracy, 1s solved during flight over the beam
of a reference point, i.e., when PP = 90°,

In this case

op

Such a particular case of' the solution of the problem is
rarely encountered when using a sector scan radar.

When usilng a sector scan radar for determining the ortho-
dromic coordinates of an aircraft the track bearing of the
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reference point is calculated according to formula PP = KUO + UU
and the problem is solved just as for a circular scan radar.

In this case it is recommended to sight the reference points
with the largest possible headings.

The ground speed and drift angle of aircraft can be deter-
mined most simply by successive MS, but this method is frequently
insufficiently operative for determination of the US, since it
requires a consideravle base for measurements.

It is possible to use several differsnt methods if in the
field of view there are unidentified sighting points which do
not make it possible to determine the MS.

Sighting of a point near the course line. If a sighting
point which 1s very noticeable on the radar screen ls transferred
near the course line, then W and US can be measured by sighting
the run of this point. It is recommended to make such a
sighting within the limits of a distance from 60 to 30 km in
order to avoid altitude errors.

At the moment of intersecti-~n by the point of the 60 km
range mark the time is noted and the bearing scale by point
"O" is set opposite the course line, and the line of sight -~
parallel to the movement of the point. When point intersects
the 30 km range mark they again note the time and count off the
time of flight of the base whereupon on the NL-10 W is determined
while adding to the length of the base the correction for the
flight aititude for a distance of 30 km. The drift angles are
reckoned according to the bearing scale whereupon negative
angles are taken as a supplement up to 3560°,

This method is sufficiently precise for the measurement of
drift angle. Ground speed due %to a too short of a base of
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measurements is determined with large errors. For example at a
flight speed of 900 km/hthe error in the flight time of a base
of b s gives an error in measurement of W up to 30 km/h.

The method of & right triangle. This method is more precise
and convenient than sighting the point near the course line and
presents greater possibilities for the selection of reference
points for sighting.

Having set the zero on the bearing scale opposite the
course 1lire and having measured with the help of the sight the
heading of the reference point, and based on the circular marks <
its range, it is necessary to turn on the stop watch. After
this, without changing the position of the sighting device,
it 1s necessary to follow the movement of the reference point
on the screen up to intersection of this reference point with
the perpendicular line of the sight. At this moment the stop
watch 1s stopped and again the range of the reference point is
determined based on *4e circumfrrential marks (Fig. 125).

After this, having introduced intc both measured slant ranges the
corrections for flight altitude from a table, the NL-10 is used

" to calculate the angie o between the poslition of the sighting

line and the direction of movement of the reference point (key
see in Fig., 126a), and also the length of the base of measure-
ment S (key see in Fig. 126b); o and S can also be calculated
from the formulas:

Ra

==t §mmm b

R’ $in (90°—a)

In this case the drift angle is defined as the difference
between the first heading cf the reference point and angle «

YC= KYO;~—«,
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and the ground speed as the relationship of the base length to
the time or its flight

Fig. 125. Determining of

navigational elements by
the method of a right
triangle.

®._« Y

@ & a
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Fig. 126.

The ‘twofold direction finding of sighting point at equal
slant ranges. This methed is most precise when determining US
. and W by the method of sighting, bui requires greater expendi-
tures of time than tphe previous one.

In the case of passage by a readily noticeable sighting
point of some circumferential range mark .n the forward section
of the screen the timer 1: turned on and the heading of this
point .s measured (Fip. 127).
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Fig. 127. The twofold direction
finding of sighting point at
equal slant ranges.

At the moment of the secondary intersection of this sighting
point with the same range ring in the rear end of the field of
view the timer 1is turned or'f and for the second time the heading
of the sighting point is determined.

It is evident that if Rl = Rz, then the 1line of movement of
the sighting point from A1 to A2 is perpendicular to the bisector
of the angle between Rl and R2 and this means that with the
passage of the sighting point more to the right of the course
line of the aircraft

L KVO.
e KYOULRYO;

- —90%

in the case of passage of the same slighting point to the left
of the course line

, KY0, - KY0,

¥YC.s - 270°
C 2 270°,

where KUO - reference point angle of approach.
After introduction into the slant range of the correction

for flight altitude the length of the base of measurement is
determined according to the formula

[3%]
w
2}
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(key see Fig. 128a), and ground speed W - by the usual method
on the NL-10 (key see in Fig. 128o0).
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Fig. 128.

Determination of US based on the secondary Doppler effoct
by the method of "stopped antenna." In the case of a certain
experience in the selection of strengthening of the recelver

e

and slope angle of antenna the US can be measured by this method
in several seconds, especlially as scme airborne sector scan
radars have for this purpose a special mode and supplementary
indication. The essence of this method lies In the fact that
during the circular rotation of the antenna the pulsations of
frequenclies are not noticeable to the eye, since every flowing
point 1s passed rapidly by the scan beam and is depicted on the
screen as an individual flash with subsequent afterglow. ‘lhe
weak visual impression from the secondary Doppler effect remains/

also with a fixed radar antenna in the case of considerable
noncoincidence of the direction of its radiation with the

direction of movement of the aircraft. In this case the scuntilla-
tion of points occurs with a high frequency and it is smoothed

out by the screen afterglow., But if the direction of the

antenna is slow to approach the direction of movement of the
aireraft, then the glowing points begin to flash with increasingly
less frequency and with increasing amplitude.
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In this way the most gradual, but the brightest flashing
of the glowing points on the screen indicates the agreement of
the antenna bearing with the direction of movement of the air-
craft.

The drift angle is defined as the angle between the position
of the sweep trace on screen in the case of maximum secondary
Doppler effect and the course line. .

Nete. When determining the US by any -of four methods
examined here the bearing scale can be set not on zero, but on
the aircraft course. In this case in all the calculatdions the
KUO is replaced by the bearings of the reference points and as a
result of the solution the US is not obtained, but the actual
course angle (FPU) of the aircraft (for example, the ortho-
dromic FPU of the aircraft, if the bearing scale is set on the
orthodromic course of the aircralt).

POSSIBLE BREAKDOWNS IN THE OPERATING
CONDITIONS OF THE RBP-U4 AND

METHODS FOR THEIR ELIMINA-

TION IN FLIGHT

Disruption of the AFC in rear sector. In operation fairly
often disruption of the AFC is observed in the rear- sector
(170-180°) with the formation of blackout. In this case the
current of the crystal "0Osn." in the case of passage of the rear
sector by the antenna falls on zero. This phenomenon is connected
with the intense reflection of antenna radiation from the rear
wall of the hatch. With the emergence of the indicated defect
it i1s necessary to increase the slant of tThe antenna, which
decreases the iantensity of irradlation by reflected beams.

[Translators Note: AMY = AFC = automatic frequency control;
OcH. = Osn.
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Periodic disruption of the AFC. In the case of erratic

operation of the AFC-1t is necessary to be guided by the follow-
ing: )

L e s e e A W R

check the voltage level of the AFC and ascertain that the
voltage is within normal limits; i

check the presence of symmetric drops in the currents of
crystals and if necessary attain their symmetricalness with
. the potentiometer "Napr. AFC" [Hanp ANY].

If the operation of th. AFC is not restored it is necessary
to switch to manual adjustment, for which the rotation of the
antenna is turned off and adjustment is conducted on the maximun :
image brightness on the 1C0 km scale. 1

During operation .of the radar on manual adjustment the
switch key "Control" [HowTtpons] should remain in that position
in which adjustment was carried out. Its changeover requires
supplementary tuning. E

[

Frequent switching off of the transmiftter usually occurs
as a result of interelectrode breakdowns in the pradio tube
of the GMI modulator, failure of the magnetrons, and a change
in the charging in the transmitter. In the case of frequent
switching off of the transmitter it 1s necessary to switch to
the 10-70 scale (with a smaller pulse duration).

It must be borne in mind that switching off of the trans-
mitter 1s observed in the case of insufficient warming up.
Viarming up of the set before switching on the transmitter should
take 5-7 min in the summer and no less than 15 min in the
winter,
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The spontaneous misphasing of scan is exhibited outwardly

. in the jamming of scan in the lower sector. 1In this case it .

is necessary to turn off the circular rotation of the antenna,
and, rotating the antenna in the search mode to botn sides to

B h ey —ta g "

S

R R R R S R T

T i deviins

360°, achieve its smooth rotation.

Sector scanning. The phenomenon of sector scanning consists i

; of .an alternation in the luminance of scanning, as a result of

which during rotation its screen is covered by fan-shaped
Sector scanning can occur fer the followlng reasons:

AT

1 sectors.

defects in the circults for forming the scan;
defeets in circuits for strengthening the scan;

misphasing of the selsyn system.

In the emergence of sectoring it 1s necessary to be certain

which of these three causes caused the sectoring.

In the case of unstable phasing sectoring usually occurs
in the rear sector, and the course line is displaced. 1In this

case 1t is necessary to phase the selsyn system. If sectoring

is caused by the other reasons, it 1is necessary to completely
withdraw the knob "Amplification of receiver" opposite the

hour hand.

When sectoring is caused by the abnormal operation of amplifi-

cation circuits, then it disappears; if the cause is in the
defects of the scan-forming circuit, then sectoring will continue.
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Table 21, <Jharacterirtic signs of the rfailure of fuses (in the table the
fuses aps appanced in the same order as in the regulating box).
L « * .
L) Goe .
S o] [ . t
3 . <
3 en 1Y . |lNo. of !
S Protected untt G2 |~o|fuse in Outward signs 1
i . 00 PV Rls N
ik [~
: Ot ] (&= ! N
L 0 ,
i
? Rarge unit 115 2 |Prl5-1 }Scan absent, In the center of the .
3 - screen a glowing point. ‘
¢
Synchronizer v 1118 2 |Pri5-2 |Scan absent. No luminous spots in the i
center of screen, No illumination of :
indicator scale .
Indicator 115 5 |Pri5-3 [ Scan rotates with jamming in the rear b
- .. lsector . '
Regulated 115 | § |Prl5-U4 |Scan atsent. Glowing spot in the cente:
rectifier of screen, but 1t is not controlled ;
in brightness, there are no currents !
and +300 and -300 V voltages | :
High-voltare 115 2 | Prl15-5 | Scan gbsent. Ne¢ luminous spots in ‘
) rectifier center, Illumination of indicator .
4 works i
i Not working - - |Pr15-6 . - .
k Transmitter and 115 |10 | Prl5-7 | No image of terrain. No currents for
B modulator erystals and magnetron
. Antenna 115 | 5 |Pri5-8 |Scan rotates with Jamming in the rear
ﬁ : «sector and 1s - hot phased
¥ Control of 27 {15 Pr15-9 | Scale marks knocked off. During the
; range unig Jrotation of the delay potentioneter
4 and panel for altitude the marks do not go into
; : the center of the screen, but from
- the center
[ Not working - ~ | Prl1s-10 -
X Transuitter- 27 {15 | Fris-11] Arve no currents of crystals and magne- :
K . receiver and tron. When starting the transnitter
b modiulator . oit scan there is no sounding pulse E
s Antenna and 27 10 Pri5-12] Scan does not rotate. The indlcator {
b, ) indicator of inclinatlon goes off scale upward
{ Azimuth 1 27 1 | Pr15-13] No sector fluctuation
¥ Avimy 2 21 1 | Fr15-14) o seector fluctuation
] '
E
i
X
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The basic causes in the latter case are:

faulty contact in the high-voltage sucking disk on the
tube;

faulty contact in the high-voltage connector of the high-
voltage amplifier; '

erratic operation of the system for amplification of scanning.

Wiith faulty contact in the sucking disk the contrast sectors
are observed on the screen and their flare angle is changed with
a change in the luminance of scan.

The same is observed with faulty contact in the connector
of the high-voltage amplifier.

When defect 1s detected it is necessary to turn off set,
free the wing nut securing the forward section of the housing,
and carefully remove it without damaging the wire for illumina-
tion of the indicator. After this the suction disk 1is set by
pressure on it. With the correct installation of the suction disk
a distinet click will be audible. If the suction disk has been
installed correctly, and sectioning continues, it is necessary
to check the reliability of connection of the high-voltage
rectifier,

In the case of erratic operation of the scan amplification
system it 1s necessary to interchange the position of tube 6P3

in the synchronizer.

Sectoring because of the abnormal operation of the signal
ampllfication circults is difficult to eliminate in the air,
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This sectoring will be less, the less the potentiometer
"amplification of receiver" is put in.

In the case of incperation of stations due to the breakdown
of fuses it 1is necessary to be guided by Table 31.

In the case of burning out of %he general 115 V fuse in the

fuse board of navigator the voltmeter on the control panel will
not show a voltage of 115 V.

The Order of Replacement of Radio
Tubes in the Units of a Radar Set

During the replacement of radio tubes in units it is necessary
to be gulded by the following:

replace radio tubes only after testing the soundness of
fuses;

based on the nature of defect determine in which unit it
is not necessary to replace the radio tube;

unscrew the locks securing the unit; pull out the unit and
open the upper 1lid;

based on the brightness of the incandescent filaments of
glass radio tubes ascertain that the incandescent fllaments

are whole; be convinced by touch that metallic radio tubes are
warm;

check the rellability of installation of radio tubes in
the tube panels;
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when replacing a radio tube it is necessary to take it out
of the panel carefully and to insert the new tube; having
ascertained preliminarily that the key of tube fell into the
slot.

In the case of failures of radio tubes it is necessary to
be guided by Table 32.

POSSIBLE FAILURES OF THE RPSN-2 PEMBLEM"]
RADAR SET AND METHODS FOR THEIR
ELIMINATICN IN FLIGHT

Set not connected. Power not supplied to set. Upon connec-
tion of the disc-type switch key "Control" into the position
"~115 V" on the control and regulating panel the dial instrument
does not show ~115 V.,

It is necessary to check the connection of the following
switches:

on tne panel of the circuit breaker the switch keys "Power
for "Emblem" set" and "Contrsl of "Emblem" set," should be set
in the "On" position;

the switeh "ground-based power supply for "Emblem" - power
supply of "Fmblem" from SGO-8," located on the radio operaztor's
panel, should be set in the position "power supnly of "Emblem"
from SGO-8";

switch "On-Set~High" on the control and regulating panel
set in the position "Set" (mid-position).

If with the setting of the switches in the indicated positions
the set is not turned on it ls necessary to check the conditions
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of the fuse for the 115 V circuit on the radio operator's
panel and the 10A fuse in unit No. 9.

Failure of the AFC system. During operation of the set
‘in. the mode "Scanning" strong sectoring on the indicators appears
and in the dark places of sectors signals are aosent. With the
setting of the "Control" switch in the position "Current of
crystal 1F amplifier" and "Currenf of crystal AFC" fluctuations

4 &
. PR v xt ke WL

of the instrument pointer appear.

’
o el o o

For elimination of the indicated defect it is necessary
that the "AFC-MFC" switch located on the control and regulating
panel be set in the position "MFC." Slowly rotating' the "MFC"
potentiometer, which is located over the "AFC-MFC" switch strive
for a peak signal of luminance from the earth's surfa&e on the ;
indicators for the pilot and navigator. 1In this case the set
should operate in the condition "Scanning" or "Aircraft" and
the antenna should be tilted down by 6-8°, [APY-PPY = AFC-MFC,
automatic frequency control-manual frequency controll].

P

The "MFC" system should be adjusted after a 20-minute
warm-up of the set. After adjustment do not rotate the "MFC"

potentiometer. i

It is necessary to remember that the optimum signal from
the earth's surface can be obtained in two positions of the
"MFC" potentilometer. These two positions will correspond to the
two different values of crystal current.

P

It is necessary to select the position of the "MFC" potentiom-
eter which corresponds to the greater value of crystal current,
equal to 0.4-1 mA (4-10 divisions on the scale).
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Scan absent on indicators. In this case it is necessary
to check the fuses on the fuse and adjustment panel - unit No. 9
to the right of the pilot and on unit No. 5. If fuses are
blown replace them. If the fuses are operable, then check the
presence of scanning on the other scales. If there 1is a scan
on another scale then it is necessary to work with this scale.

Deviation in the value of the magnetron current from the
norm 14-21 mA. For the elimination of this it is necessary with
the voltage regulator of the second engine, located on the radio
operator's panel, to change the voltage level ~115 V within the
iimits of #+4%, in order that with a change in voltage ~115 V
to set the magnetron current within the reyuired limits.

Note: It is necessary to remember that in the conditilons
"Drift" and "Drift accurately" and at a scale of "50 km" during
control from the navigator the magnetron current can be different
from the value of current during overation of the set in the
other modes.,

Gyrostabilization system does not work. On the navigator
or pilot's indicator periodic illumination of the left and right
edge of the indicator appears. It 1s necessary to be convinced
of the soundness of the 36 V and 400 Hz frequency fuses on the
radio operator's panel. Replace inoperative fuses.

In the case of nonoperating gyrostabilization switch to the
operation of radar without gyrostablilization. On the RPSN-2
control panel the switch is set in the position "gyrostabilization
off" and in the case of bypassing thunderstorms in c¢limb and descent
make platforms for the survey of the sphere,

Absence of one of the rectified voltages in the case of
measurement by the dial instrument on unit No. 10. It is necessary
to be convinced of the soundness of fuses in unit No. 8. Replace
inoperative fuses.
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On the screen of the navigator's indicator the sweep length
of one of the scales is considerably decreased. The potentiom-
eters "displacement of X" and "displacement of Y" on the CW
unit are maladjusted. Adjust the length of the scan lines on
the navigator's potentiometers "displacement of X" and "dispiace-
ment of Y" with the help of a screwdriver.

There is no magnetron current and a scale marks of set
synchronization. Fuses blown out in unit No. 3. Check and
replace fuses in unit No. 3.

Note. Replace fuses only 1 time (in all units and by the
appropriate ratings); in the case of repeated blowing out' it
is necessary to turn off the radar set.

THE ATRBORNE RADAR "GROZA"

The radar set "Groza" serves for a survey of the terrain
in front of the aircraft for the purpose of navigational orilenta-
tion. The radar image on the indicator is close to the image
of the terrain on a map c¢f the appropriate scale.

The bearing sector of survey of the "Groza" radar is #100°
on both sides from the longitudinal axis of the aircraft. The
division of the azimuthal indicator scale 1s realiized every
10° with numbering every 20°. A supplementary graduation every
2° for measurement of drift angle is given in the sector #20°
from the longitudinal axis &f the aircraft.

The "Groza" radar, besides the assemhly with one transmitter-
receiver and one indicator, exlsts in other assemblies:
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¥ with one transmitter-receiver and two indicators;

;(

% with two transmitter-receivers and one indicator;

’ with two transmitter-receivers and two indicators.

- The controls are located on the face panel of the main
v indicator (Fig. 129):

3 1. The on-off keys of the radar. The radar begins to
operate normally in 3-5 min after switching on when its units
and elements are sufficient'y warmed up. This delay takes place
even ¥n the case of a temporary disconnection of the radar. .

Ak

yor Jas 2

- Fig. 129. The face panel
: of the main indicator of the
"Groza'.
KEY: (1) Frequency; (2) Marks
{3) Antenna scale; (!l) Brightness;
z (5) Mode; (6) Isolation; (7) Radar
; on; (8) Cut off.

%
o
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2. The swit~h key for operating conditions marked by the
label "mode" has the positions. "Ready," "Earth," "Thunderstorm,"
"Iso-Echo."

With the setting of the switch key in the "Ready" position;
if 3-5 min prier to this the power supply of the locator was
turned on, it is found in a state of revadiness for immediate
operation, although the radiation of the radar is absent.

With the setting of the switch in the "Earth" position the
radiation of the locator is turned on and in the antenna the fan
beam which is necessary for surveying the Earth's suriace is
formed. In this position the possibility is ensured for increasing
the contrast of the marks from the necessary ground-bhased objects
(cities, rivers, basins, against the general background of the
earth's surface. This is accomplished with the regulator
"isolation."

In the position "thunderstorm" a narrow beam is formed in
the antenna and there is a changeover in the indicator which
ensures the obtaining of the rudar image of thunderstorms without
interference from the earth at flight altitudes greater than
1000 m and with a luminance lndependent of the distahce to the
thunderstorms. In this mode it 1s possible to evaluate, {rom the
viewpoint of safety, the magnitude of excess over the peaks.

In the pouition "Isc-Echo" the beam remains narrow, but
because of changeovers in the indicator there is a subtraction
of signals which exceed the assigned value in amplitude. This
m~kes 1t nossible based on the width of the darkened sectilons
inside thunderstorm exposuras to determine on indicator the
probable turbulence.

In the position "Drife¢" the beam of the lccator is fan-shaped,

but the automatic azimuthal antenna rocking is switched off. All
the necessary movements of the untenna beam in azimuth
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are accomplished by means of pressure on one of the keys located
on the left of the indicator, whereupon the rate of movement of
2 the antenna beam of the locator can be cnanged wiih the help of

5 the regulator "Isolation."
é ? 3. The band switch tor scanning is marked "Km" and has
: ¢ five positions: "30," "s50," "125," "250," and "400." With thi:
% § . switch key the scale of the radar image on the indicator is changed.
;
? In the first four positions the scanning for ranse ic bhepun
- at the moment of radiation of the radar and terminates at “he
moment of arrival of the radar from the ranges indicated on these
positions. In the fifth pc.ition scanning is bepgun at the moment
! of the arrival of reflections {rom a distance of 200 km from the
} aireraft and terminates upon their arrival from a distance of 400
i 1.
% kn
g An inecrease in the observation range of ground echoes and

rround-based objects while preserving the continulty of image for

gcanning at 250 km in the nods "Earth" is uchleved by the
automatic deformation of the antenna beam inte fan during movement
of the reflector f{rom the left to right and narrow during movement
from right to leflt.

At the seanning range "B00" in the mode "Earth" scanning is
. accomplished by a4 narrow beam, zutomatically oriented in a
vertical plane in such a way that it overlaps the entire range
of distances being scanned on the indicator., By this an increase
is achieved in the detcecltion range of cities and especially lorge
industrial and administrative centoers,

s R b e e o e T i VB OO s 5 e

I, *fhe clant coutrol marked by the label "Slant" makes it
possible to alant [be antennsa beam relative to bhe plane of the
horizon in a ran.-v oF apties 210°,
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5. The brightness control marked by the label "Brightness"
is designed in sueh a way that a change in brightness does not
j require the simultaneous brighiness control of the range rings
or the position changs of the knob "Isolation." All the
necessary ccorrections are introduced automatically.

6. The brightness control of "Marks" is used for changing
the brightness of marks relative to the radar image.

1 7. The regulator "Isolatlion" during operation in the mode

"Farth" ensures an increase in the image contrast of the objects .
which most interest the observer. An lncrease in contrast i1s

attained by means of the elimination of the images of small ground-

based objects which do not yield teo or are difficult to identify

i A T
P TP T

e e
o4k

from the general radar image.

b
X v 0 5> 3 g, T

In the mode "Drift" thisz regulator is used to change the rate
of azimuthal movement of the antenna. An increase in contrast
in the given mode, I in it there ls no necessity, is automatically

R 4 S

T AT T

eliminated.

L 8. The ropulator "Frequency" serves for a frequency shift in
the local oscillatur of the radar set and ensures the manual
frequency control In the case of fallure of automati, . j.lation,
and also if necessary for the input of Yretercar - frequency into
the zone of the 2apture of the system o' aut nacvion after turning

X

on of the radur.

9. The keys for manual control of the azimuthal movement of

? the antenna are intended for the measurement of drift angle. They
are arranged on the left of the main indicator symmetrically to
' the keys for the turnine on and off of the radar and are marked

: by special marks.

The assembly with two indicators. With installation on the
aireraft of a radar with two indicators all the control of the
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operatlon of the set, and also the cselection of the optimum sweep
length are accomplished from the main indicutor,

For the individual control of radar image on the cupplencontary
indicator there are three regualators: "Brightness," "Is.lavien,”
and "Marks."

The assembly with two transmitter-receivers. A supplcementar,
transmitter-receiver, if the radar has one, zuar be ilmm-diately
put into operation by means of chang-over of the tugple switeh
"transmitter" "thunderstorm" lnco the position "Keserve." This
is done in the case of maifunction of .he muin tranmitter-
recelver. The supplementar, viantniticr-recciver plavs Lhe nurf
not only as a hot reser.., but Ls uccd during the operation of
radar on scan at 400 km, somowhat inereazsing the deteetion range
of objects. 1In thic case it connvctlon ocoure cuatomatlically.

Vitn any of the asscmblies of the "droza" radar on an aireraflt
the switch key "Reserve-3tab,”" ean bte inctalled additionully.
With ite setting in the coverhead pesiclon it switches ¢ff the
stabilizaticon cystem of the autenns trom the atreraft pyro Lorizon
when it goes ocut of order. This suiteh hey is installed moot
freguently on the pilois' control paucl in the acves of tLhe
arrangement of the bank and piteh Indicator o the aireraft.

Turning on the radar in flight. £Belore turning on the
radar the controls on the main and supplumentaey Indicutore should
be in the followingy positions:

the switeh koy "Moue™ of the muln indleator - in the "Ready"
position;
the "Freqa.iey" e u

L

Srter L the maln oinalentcr ~ tn Lhe end

position clockwiac,
the "Brigttneoa" o pate s o0t ol Innteators ~ v the
mid-position;
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the "Slant" repulator of the main indieator - in the zero
position;

the "Isolation” regulator of both indicators - in the end
position counter clockwise;

the "Marks" regulator of both indicators - in the mid-position;

the switch key for the scanning length of the main indicator -
in the position "50" or "125"

With the radar assembly with two transmitter-receivers the
switenh key "Transmitter "Groza," located in the crews cabin,
should always be located in the down position.

For turniug on the radar it is necessary to press to the
detent the key "hadar on™ on the right from the main indicator,
having preliminarily turneg on the circuit breaker. The units of
the locatur, having warmed up, will be turned on automaticelly in
3-5 min.

In 3-5 min at'ter preccing the keys it is necessary to set the
necessary "modes," whereupon on the screen of the locator the
range rings should be 11t up, 1 In this cace even one of the
indicators of tue range ring does not appear, it is necessary to
rotate the "Bripghtness" regulators of the appropriate indicators
to a position in which the rings will appear. In case it is not
possible to obtaln the range rings by rotution of the "Brightness™
regulators, tihls 1ls accomplished by the regulators "Marks" with
the setting of the "Brightness" regulators in the mid-position,
and also by setbting the switch key of sweep length of the main
indicator in the poosition "4Q0" and vice versa.

The absence of rings at all accepbed measures only on one
of the two indicators attests to the breakdown only of this
indicatnr while the effleiency of the entire radar as a whole is
maintained.
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Further after the appearance of rings it is necessary to
be certain of the normal cperation of the locator, for which by
rotation of the regulator "Slant" counter clockwise (antenna
slanted down) an angle is set equal to 7%, and the scanning range
equal to "30" - in flight at altitudes of 1,000-3,000 m. During
flights at altitudes 3,000-5,060 m, 5,000-12,000 m, and higher
than 12,000 m ranges "“50," "125," and "250" respectively are set.

In case of necessity by rotarion of the "Frequency" knob
counter clockwise 1t is possiole to galn the appearance of an
image of the earth's surface on the indicator,

If after rotation of t.. "Frequency" regulator counter clock-
wise up to the detent the imuce does not appear, adjust the "mode"
switch again from the position "Earth" to the position "Ready"
and again set the necessary operating conditions, having set the
"Frequency" regulator intov the original position. Repeat the
operations described above and al'ter the appearance of an image
unless it is necessary do not touch the "Freguency! regulator.
With sufficient operating experience on tne locator 1t is possible
for the return of the "Frequency" regulator to the citreme clock-
wise position not to transfer the "Mode" switch into the "Ready"
position and vice versa, but to simply rotate the "Frequency"
regulator with a sharp jerk.

If with the help ot the deseribted operations it is not possible
to obtain a radar image 1t i1s necessary to increase the angle of
slant of tne antenna to ¥-9° and to repeat the check.

During flights over 2 calm seu at altitudes of 5,000 m and
" tgher the obtalining of an image on the indlicator may not be
possible, which doe. not always indicate the disrepair of the radar.

Turning on the radar on the ground prior to takeoff. After
starting the ailreraft enjines the radar chould be turned on with
the help of the "Kuuar On" key oo this was deserlbed earlier. ‘ihe
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"mode" handle should be meved from the "Ready" position to the
"Earth" position only in the absence in an azimuthal sector with
a magnitude of 100° on both sides from the longitudinal axis of
the aircraft at distances less than 100 m of any large reflecting

objeets (hangars, large structures, etec.). Otherwisc the radar
can be put out of order.

With the approach of the aircraft toward the end of RW
directly before 1lift-off the switch key "Mode" should be
transferred to the position "Earth," the switch key for scanning
duration - into position "30," and by rotation of the "Frequency"
regulator if necessary the "mage of large objects in the area of
the alrport should be obtained. The inclination of the antenna
is zero.

After this it is possible to begin the inspection of cloud
formations in the area of the proposed trajectory of climb, for
which the antenna is raised upward to an angle equal to the angle

of c¢limb, and the switch key for mode is transferred to the
position "Thunderstorm."

Switching off the radar. During normal operation of the
radar, in the case of the absence of a need for it, but with a
desire to preserve its readiness for operatioh at any moment, it
is necessary to turn off the transmitter receiver, having set the
mode switch in the "Ready" position. As soon as it is required
to use the radar again 1t 1s necessary that this switch be moved
to the required mode and the radar will operate whegeupon the
delay ror warming up the equipment will not be required.

If the equipment will not be needed for a prolonged period
of time or in the case of its failure it 1s necessary to turn the
radar off completely, for which the "Off" key on the main
indicator is pressed. Moreover, with the subsequent turning on,
no matter how short the interval between turnings on was a 3-5 min
delay will be required for warming up the equipment and an image
can be obtained on the indicator only after this perioed.
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AIRBORNE RADAR ROZ-1

The ROZ-1 1s a panoramic circular scan radar set which has
four scales of scan: 20, 55, 110, and 200 km. The ROZ-1 has
been provided with a sweep delay relative to the sounding impulses
(30 and 160 km), making it possible to examine radar reference
points at more distance ranges than at a scale of 200 km.

In this way with a delay of 30 km the first 50-km mark will
be 80 km, and with a delay of 160 km - 210 km (Fig. 130).

Fig. 130. The sweep delay.

Reversible control of antenna rotation ensures the determining

of the drift angle by the method of "Stopped antenna,"

On the right side of the indicator below are the knobs
intended for the control of the picture quality (Fig. 131) with
the labels "Isolation" and "Foc." These knobs control the
tonality of the image: dark tone -~ from a water surface, light -
from terrestrial surface, and bright - from individual objects.
These knobs separate the weak signal against the background of
nosies or strong by retraction of weak, and also emphasize the
signals reflected from a water surface. More to the right is a
knob with label "Illumination of scale."

KEY: (1) Scale; (2) Isclation;
(3) Background; (4) Illumination
of scale; (5) Reg. foc.

253

Fig. 131. Right side of indicator.
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On the left side of indicator below (Fig. 132) are the
knobs with the labels: "Bright. Séreen," "Bright. Mark," a switch
with the label "Azimut. mark," intended for turning on the signal
of the azimuthal mark. On the front of the indicator are: tb the
right @ knob with the label "Scale" for control .of the scale and
on the left ~ a knob with the label "Sight" for the control of
the sight of the indicator.

The remaining knobs are intended for operations on the
maintenance of the locator.

Fig. 132. The left side of
indicator.

KEY: (1) Regulator W; (2)

Regulator of screen brightness;

(3) Azimuth. mark; (4) Bright. mark;
(5) Bright. screen; (6) Sight.

On control panel (Fig. 133) there are: switch 1 for power
supply of the radar with the label "power supply;" it has two
positions" "On" and "Off;" switch 6 for high voltage of the
transmitter with the label "transmitter;" it has two positions
"on" and "off;" switch 18 of the control device for the control of
operating conditions: the measurement of rectified voltages of
the currents of crystals, the current of the magnetron and
voltage of the pressure sensor in the pressurized section of the
transmitter. On the switch there are the approbriate labels;
switch 15 for scanning scales with the label "Scale" and four
positions: "20," "55," "110," and "200;" switch 11 for delay of
scan with the label "delay" and with three positions: "0," "30,"
and "160;" knob 9 for slant of antenna dish with label "Antenna
slant" and two directions of movement "Up" and "pown." Over this
knob for controlling the setting of the antenna angle is indicator
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} with the appropriate numbering; switch 10 with the label

"Rotation of antenna' has two positions:

"On" and "Manual," 1In

the ‘overhead position of the switch ("On") the antenna has
continuouz circulation, while in the down position of the switch
("Manual') t.e antenna ls stopped and changed over to manual
control; knob 13 of the switech for rotation of the antenna by hand

with the label "Left-right.

" In this mode the direction of

rotation of the antenna will be determined by the dilrection of

preéssure on the knob; knob

12 for regulating the rate of rotation

of the antenna during the manual control with label "Rate. manual;"

knob 17 for the regulation

of receiver amplification with the

label "Amplification of receiver;" knob & for the manual tuning
of frequency with the label "Tuning;" knob 7 for turning on the

AFC with two labels:

knob 14 for the brightness

"ARC" and "MFC;" knob 16 for turning on the
beacon with the Jabel "Beacon" and two positions:

"On" and "Off;"
control of dial lights with the labe™

"illumination;" monitor 3 with switch 18, intended for the
measurement of the basic supplying voltages and currents with the

approprlate setting of the

switch; warning lamps: turning on of

the power supply of station - green 2 - on the left above, the
turning on of high voltage - red 5 -~ on the right above and
red dial lights for the face panel.

POWER Ol

7Y

°N RECEIVER
78

SCALE rIL!.Vf'j

<::::>\3
BEACON aupriF,

@*9
Q, / CUR (.:RYS Rhc [ﬁ)‘m:
5 CUR. CRYS,
\ Arcl

RFCEIVER 0‘! i

7 A

N ’ TUNING AFC
ANTENHA SLANT
Ched CI35

o, &,

IGUR. ¥AG
voir. FRYS.
SEESOL

BARVAL l
lM"l ﬁ{ RIGHT rm.l AY

@/w
30d
Au'mm (R0 i [ 6

Fig. 133. Control panel of the radar set.
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The turning on and functional
check of the ROZ-1
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Before take-off when connecting to the aircraft electrical

,
g
.
»
*
g
3
‘
H
:
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i

f g system of the airport power source or after starting the engine é
: the operation of the R0Z-1 is checked in this sequence: ;;
? : x
% § 1. The contrcls before turning on are set in the following j§
A manner: power switch - in the position "Off"; the switch - f‘
% "transmitter" - in the "Off" position; the switch "Delay" - in zé
% the "0" position; switch "Rot. ant." - in "Manual" position; L
5 switeh "Beacon" in the"Off" position; switch "AFC-MFC" - in the §§
§~ position "MFC;" knob "Amplification of receiver" - in the extreme %é
g left position by counter clockwise rotation; knob for antenna ;?
§ rotation rate by hand ("Rate. manual") - in extreme left position :
g ) by counter clockwise rotation; knob for "Illumination" of panel -
§ % in extreme left position by counter clockwise rotation; switch
; { "Azimut. mark" - in the "Off" position; knob "Bright. screen" - in o
k- - the extreme left position by counter clockwise rotation; knob b
’ "Background" - in the extreme left position by counter clockwise '

rotation; knob "Isolation" - in the extireme left position by
counter clockwise rotation; knob "Illumination" of scale - in the :
extreme left position by counter clockwise rotation.

T P S

2. After setting the control knobs in the indicated positions
check on the voltmeter the voltages 115 V (400 Hz) and 27 V.

3. Turn on the radar, having placed the switch "power

. supply on" in the overhead position. 1In this case the dial lights
on the face panel and the green warning lamp on it (next to the
toggle switch "power supply on") should be 1it up. By rotation §
of the knob "Illumination" adjust the illumination of the panel.

i, On the monitor on the control panel check the basic supply
voltages (pointer should be within the limits of the appropriate
sectors).
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5. Regulate the luminance of the brightness of the sweep
trace by clockwise rotation of the knob "Bright. screen.

6. Rotation of the antenna is turned on by setting the
switch "Rotate antenna' in the overhead position.

7. For determining the efficilency of the receiving circuit
"based on noises" on the screen of the radar it is necessary to
set the "background" knob clockwise in the extreme right position
and by the rotation of the knob "amplification of receiver”
attain the appearance of "noises" on the #*ndicator screen. After
this the knob "Bright. screen" is used to attain such a luminance

of brightness of scan at which "noises" remain still visible on
the screen.

8. Attain the appearance of scale marks in the form of bright

fine rings by rotation of the knob "Bright. mark" clockwise to the
right.

9. Check the correctness of the range scales. For this fthe

"Scale" knob is set successively in the positions "20," "55," "11l0",

and "200." After testing the knob is set in. the "20" position.

10. Change in the slope angle of the antenna dish is checked
by instrunent, for which the switch "Antenna slant" is held
successively in the "up" and "down" positions.

11. Check the manual rotation of the antenna, for which the
switeh "Rotate antenna" 1s placed in the position "Manual" and
by pressure on the "right" and "left" be convinced of the rotation
of the antenna. Then the switch "Rotate antenna" 1s returned to
the "On" position.

12, Check the currents of the crystals of the receiver and
the AFC, for which the switch of the control device on the centrol
panel is set in the position "Current cryst. receiv'" and by
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rotation of the "Tuning" knob attain the peak value of the
current of the receiver crystal. After this set switch key in the 1
position "Current crystal AFC." The pointer of the instrument '
should be located within the limits of the established sector.

13. Check the current of the magnetron. For this place the
switch "Transmitter on" in the overhead position, whereupon the
switch of the control device is placed in the position "Current
of magnetron." At this its pointer should be located within the : ‘
limits of the appropriate sector. o

14, By rotation of the "Tuning' knob attain the appearance
of reflected signals from reference points and maximum luminance
of their brightness.

With the setting of the "AFC-MFC" switch in the position
"AFC" there should be no deterioration in the brightness of radar
reference points,

15, Check the operation of the video amplifier by means of
setting the "Isolation" knob in the extreme right position by
clockwlse rotation. The brightness of the radar image should
increase.

16. Check the presence of scanning at various delays, setting
the "Delay" switch in turn in the positions "30" and "150." On
the termination of testing return the switch to the "0" position.

When taxiing for takeoff from the flight line the navigator
is obliged to set the switch "Rot. antenna" in the dcwn position
and only after the lift-off of the aircraft from the RW to transfer
it to the overhead position for the superstructure.
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Some Breakdowns in the Operat:on
of the ROZ-1 Radar in Flight &nd
Thelr Elimination

During operation with ROZ-1 equipment 1t must be borne in
mind that:

l. In the AFC system search is absent. In the case cf the
disappearance of display (when Zhe current of magnetron, mixers
and noises exists) i. is necessary to set the "MFC-AFC" switch in
the position "MFC," with the "Tuning" knob adjust the radar to
the maximally observed distance based on the background of the
earth, and after this return the switch to the position "AFC."

If with this the image dampens or disappears, then continue the

operation of the radar with the toggle switch in the position
"MF\C . "

2. On TU-124 and TU-134 aircraft the pressurized part of the
radar 1s boosted from the pressurized cabin and with a lowering of
pressure in it to less than 500 mm Hg the transmitter should bé
turned off to avoid breakdown.

In the cases of disruption of scan on the radar screen and
variations of magnetron current it is necessary to set the control
switch on the control panel in the position "Volt. pressure
sensor." If the polnter of the control device is located left of
the vertical line of the dial face, then thls attests to a lowering
of pressure in the pressurized section below 500 mm Hg and the
transmitter should be turned off.

The transmitter can be turned on only when the pointer of
the control device is located to the right of the vertical
graduation mark, i.e., when pressure in the pressurized section
is above 500 mm Hg cm.
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3. In the ROZ-1 there is the possibility of the random
blowing out of fuses due to their aging.

Switching Off the Radar

™

1. Before landing it is necessary to stop the rotation of
the antenna and to turn off the high voltage.

2. After the landing turn off the power supply of the
radar,

§ 3. After switching off of the radar all control knobs and
i controls should be placed in the original position.

Table 33. Failures in fhe ROZ-1 in the case of blowing out of
fuses.

The signs of
Number of fuses lCircult, V. Unit failura

Pr-1 0.25A n11Y ’ LT5-6 There is no scan,
the azimuth scale
is not illuminated

Pr-2 1A +27 LPs-21 Set not turned on

. ‘with the power
switches in the "On"
position

Pr-3 2A +27 LPe=1 and Sh-1H-5 |Slant of antenna
Pr-5 5A | B LTs-28 does not wevrk.
Azimuth maxas

absent on the screen
of the indicator
with the "Azimut.
mark switch turned
on

Pr-6 2A V115 1L88-6, PR-1. Tr-2 {On the monitor of

in unit LTs-15 the control panel
all supply voltages
are absent.
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£ Table 33. Continued
¥ The signs or
: Number of fuses Circuit, V Unit Failure
Pr-7 10A +37 LTs-1, LTs-2-12, |Slant of antenna
¢ Lrs-21 does not work, the
4 range scales are
g not changed ovsy,
b there is no
B . Jllumination of
3 5 the scale of unit
7 ' LTs--21, therse is
3 no high voltage,
3 L transmitter not
4 tucrned on
k- Pr-8 10A V115 LTs-2-12 There is no
‘ magr.etron current
3 Pr-9 24 vl1lh LTs-1 Antenna does not
2 rotate along
aximuth
3 If after the renlacement of a fuse its repeated burnout occurs,

the radar must be turned off.
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THE ORDER OF CPERATION WITH A
PERISCOPIC SEXTANT

Using the observations of celestial altitude it is possible
to solve the following navigational problems:

to lay one astronomical line of position (ALP) on the sun
for the control of course for distance or direction during
daylight flight;

to locate the aircraft position (MS) by plotting two ALP
on a chart based on two navigational stars or one star in a
complex with Polaris in flight at night.

In the daytime in flight to the east or west control of the
course for distance (on the sun) can be accomplished .n the

morning and evening hours, control of the course for direction -
at noon,

In flight to the north or south, on the contrary, the control
of the course for distance is 2asily accomplisihed at noon, and
for direction - in the morning or evening h. wurs.

In cases when ALP passes to the track at an anple close

to 45°, then it can be used only in conjunction with some other
position. 1line.

If in night flight the NS is determined by the altitude of
the Polar and other navigational stérs? then the second star
should be found in the east or west.

When determining the MS from any ancther pair of celestial
bodies it is important that their azimuths differ by an anrle
close to a straight line. The calculation of one ALDI' tased on
the sun, moon, or a planet ls carried out in a form ac shown in
Table 38. For this:
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1. Record the time of measurements of the celestial
altitude T,

2. Record the measured celestial altitude huam‘

3-4. Record the longitude and latitude of enumerated
point A and ¢.

fe Y M = - N
5. Determine er according to the formula Irp Tn N.

6-7. From the AAE (Air Almanac) write down the star
declination § and its western hour angle trp for a whole number
of hours. For the moon alsc record the parallax.

8. On an interpolation table find and record the correc~
tion for trp for minutes and seconds lrp.
9. Determine the local hour angle of the celest..al body
tm, and adding the trp correction to it for minutez and seconds

Trp‘and A, in this case increasing or decreasing A of the
enumerated point is attained in order that tm would be expressed

by the whole even number of degree:,

If the western hour angle is obtained greater than 180,
then a supplement to it up to 360° is taken and the hour angle

is considered eastern.

10-11. Extract from the [TVA] (TBA) [Tables of altitude
and azlmuths of stars] the values hB taking into account the
corraction for the minutzs of deelination and value A, If the
hour angle is western, then as azimuth assume the supplement
of its tabular value to 3607,
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g Table 38. Calculation of one
; ALP based on the sun, the moon
4 or a planet.,
? . Celestial
Order of Date body
i operation W, H
*: iy an
§
i 1 T
‘% m
| ;
i 6 bp
E 8 Correction
T Atrp
: I
"o
\ 9
i tM
3
*q
7
o
. 2 hHSM
13 ¢
; 14 r
15 q
. 16 hHCI'l
i 10 hB
: 17 Ah
i
|
18 shy o,
| 11 A
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12. Determine the course bearing of the celestial bodies:
A - 1Y,

n

13-15. Urite out on a form the corrections: sextant C,
for refraction r, for the rotation of the earth q.

16, Amend the measdred celestial altitude by the extracted
corrections.

17. Calculate Ah' = h ~ hB‘
18. Convert &h into kilometers.

After the operations conducted plot the ALP on the chart,
for wnich:

plot the enumerated point with the corrected longitude;

through the enumerated point plot the azimuth line of the
celestial bodles. If ah > 0, then vlot the segment equal to
Ah 1in kilometers in the direction from the enumerated point to
the celestlal body. If h < 0, then the segment is plotted in
the direction from the celestial body;

through the end of the plotted sepment perpendicular to
the azimuth line construct the ALP.

When determining the MS from the intersection of the ALP
from vwo navigational stars the order of calculation remalns
as previous., Exceptions are:

the measuremente and recordinr of the %time of reading are
carried out consecutivelv for two celestlal bodies;

e U




IS
o e e S e o e 5 oyt LT e L

instead of Greenwich and local hour angles trp and tM
the Greenwich and local sidereal times Sfp and Sm5

instead of the TVA tables the TVAZ tables comniled on
sidereal time are used. With this the value of azimuth is
always obtained rezl without supnlements up to 360°;

as a result of the time difference in the measurement of
the altitude of the first and second celestial body it is
necessary to introduce the correction E for movement of the first .
ALP during the time between measurements;

the position of the aircraft is defined as the point of
intersection of the two ALF.

The order of accomplishing the recordings and calculations
is numbered in the first column of Table 39.

Determining the MS by the altitude of the polar and one
navigational star is most favorable from the point of view of
the effectiveness of astronomical calculations. The order of
calculation is shown in Table 40.

For western or eastern star 1t almost comoletely coincides
with the order of solution by two navigational stars, while for
polar the number of recordings is reduced,

Correction D for the movement of the aircraft between the
moments of measurements is taken for Polaris baced on the
correction card E, but with a reverse sign, since the altitude
of Polaris is measured later than the altitude of the first
celestial body.
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g Table 39. The calcula-
: tion of two ALP based on

: on stars for determining
the MS.
3 £
j ;."5 (B.)l 18 . .
(A)g_g FARui I PR R 1 R
&2
n 1 enenitan 2 eneriae
un(c)[un(c)
. 1| T ' )
5 Tep
6 S
7 | A%,
4 A
8 S
3 :;“
2 e
1
13 -t
14 q
15 L
16 fucn
Q hy
17 Ak
18 LY.
10 A

KEY: (A) Order of
operation; (B) Date;
(C) Celestial body.

If navigator considers that the course of aircraff during
the operating time of the averager was not changed, then instead

ol correction E it i3 more convenient to take a correction for

the rotation of the earth (in km). In this case the MS should
he shifted by the indicated correction in the northern hemi-

sphere to the right, in the southern - to the left from the

track.
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Table 40. Determining
MS by altitude of
polar and one naviga-
tlonal star.

(BT -

""'
(A) :::' ”'1_'"_" w... iy, .
=z g

13 | Lesonao| 3uesna Hoanpuay

"Miee)| (D) | ~(E)

- PN el e emee————

1. n '

2 hapsng )
I Cc
16 r

18 Myen

21 Iy
%N Ah
1 A

(k)

'} ’_’. HouIp
15 C
17 —

i9 ;l)ucu

12 Atioa

i

KEY: (A) Order of

operation; (B) Da‘~;
(C) Celestial body ;
(D) Star; (E) Polar.
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ASTRONOMICAL CALCULATION AIDS

The aviation astronomical (AAE annual) is intended for
obtaining the equatorial coordinates of the Sun, Moon, Venus,

Mars, Jupiter, Saturn, and the brightest stars and for the
calculation of the conditions of natural illumination, and also
the rising, setting, and phases of the moon at assigned points
and enroute. The AAE is put out yearly and consists of excerpt
tables for every day which contain:

the moments of the visible rising and setting of the upver
solar limb on the meridian of Greenwich for an observer who
1s located at sea level and their diurnal variations;

the duration of civil and nautical twilight for an observer
who 1s located at sea level;

the moments of the visible rising and setting of the upper
1imb of the moon on the meridian c¢f Greenwich for an observer
who 1s located at sea level and their diurnal varlations;

Greenwich hour a: les trp for the moon;

quasi-difference 4 between two successive tabular values
for the Greenwlch hour angles of th. moon;

declination of the moon § and difference A between two
successive tabular values of the declination of the mocn;

correction of parallax p to the measured sltitude of the
moon;

the moment of onset of one of the fo.r main ohases of the
moon;
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Greenwich sidereal time Srp;

3
; Greenwich nour angles trp, declination & and the right
X ascension a of the sun;
Greenwich hour angles tro and the declination § of the
3 planets Venus, Mars, Jupiter,'and Saturn.
b
3 The AAE makes 1t possible to solve the problems:
3
: determining the moments of rising and setting of the sun
3 and moon;
by

determiaing the moments of onset and termination of twilight;

gt Dasa gt

deterwinin the areas of a nonsetting and nonrising sun;

detero'n" e 1 toeal hour angle ¢ and the declination §
of the usumn, 2> m nd plonets at an assigned moment;

detecninines the mement., of culmination of celestial bodies;

determining of the right ascension o of stars, the sun,

moon, and planets;

determining the position of planets among the stars.

The tables of altitudes and azimuths of celestial bodies
(TVA) and (TVAZ). For the calculation of the altitude and azimuth
of celestial bodles the "Tables of altitudes and azimuths of
the sun, moon, and planets" (TVA) and the "Table of altitudes

and azimuths of stars" (TVAZ) are used.
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™WA-1 ~ for latitudes

i
g The TVA is published in three books:
and TVA-11I - frou

from 0 to *30°, TVA-II .- from %30 to #60°9,

MY

PRV LY Lot R
R T SNV SN -

+60 to x80°.

th.: ee books for north

: The TVAZ is published in six books:
latitudes and three for south. The TVAZ-T - for latitudes from

0 to 32°, TVAZ-IX - for the latitudes from 28 to 60°, TVAZ-TIL1I -
from 56 to 88°, TVAZ-S-I - for the latitudes from 0 to -32°,

TVAZ-S-TI ~ from -2f{ to -60°; and TVAZ-S-III - from -56 to -88°,

Input data for the determination of the altitudes and ‘
azimuths of celestial bodi-s with the help of TVA ave: ~

whe latitude of the place ¢, expressed by an even number

Rk R ot A gt Y e TW T

of whole degraes;

~ D i lae ax s gre L -

the western or eastern loeal hour anple of the celestial

body t, expressed by an even number of whole degrees;

P ST

the deeclination of the heavenly body o, expressed in degrecs

and minutes within the limits of +29°. b

e ks aedl T

are constructed for whole degrees of declination

The tables
within the limits of ¥29°. The declinations, similar (on sign) ‘
with latitude, are gsiveu ia the upper part of the tables, ana )

' dicsimilar - in the lower.

23

Every column of & pame corresponds to one of the even latituder, "

1t is aul rided into three parts: in the firsi the astronomical 3

‘ altitudes are given, in the second - factors { which are input i

. data feor the correctlon of altitudes for minutes of declination, ?
and in the third - the sziveths of celestial bodies. Altitudes
are glven te within 1', and aziwuths - $o within 1.

o

a4
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In the appendices toevery book correction cards are given
for the astronomical altitude for minutes of declination, correc-
tion cards for the refraction of the atmosphere, for the rotaticn
of the earth, for the movement of the aircraft, and tables for
conversion of arc minutes of the great circle into kilomzters.

The TVA are not connected with the continually changing
concrete values of the equatorial coordinates of celestial bodies,

therefore they 2an be used at any time regardless of the year
of publication.

The input data for determination of the altitudes and
azimuths: of the stars with the help of TVAZ are:

the latituue of place ¢, expressed by an even number of
whole degrees:

local sidereal time S, expressed by the integer of degrees;

the nanme of the star,

Along with the altltudes and azimuths of stars the TVAZ

also contains corrections f'cr the altitude of Polaris (A¢ ).

nonasap
The altitudes of stars and corrections for the altitude of Polaris

are given to within 1', and the azimuths of stars - to within
1°, When using the "Tables of the altitudes and azimuths of

stars" one ought to focus attention on the year of the publica-

tion for which they are compiled. 'The tables can be used for

tli years from that year for which they were published.

Airborne celestial charts. For studying the celestial

sphere and selection of and searching for stars the airborne

celestial charts (BKN) are used. They are compiled for the
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northern latitudes in three versions: BKlI-TI - for latitudes
from 30 to 44°, BKN-II - from 46 to 60°, and BEN-III - from
62 to T0°.

With the help of BKN it is also possible to determine the
approximate equatorial and horizontal coordinates of celestial
bodies, the moments of riring, setfing, &nd culmination of
celestial bodies,

USE OF DAK-DB-5 ASTROUCOMPASS IN
FLIGHT

The DAK-DE~5 astrocomp.ss ensures in rlight the measarement
of the true or orthodrowic course gf’%he alverafs.
o

A condition for bthe corbect measurement of true courge
is the compensation gﬂﬂtﬁe rotation of the aircraft. In view
of ‘the fact thapmiﬁ'the DAK-DB-5 acstrocompass for compensation
2f bank a pendulum bank corrector Lo vied, it is nocessary to
measure the true course'only under the conditicn of forward
flight ov¢ under the conditions of uniform climb or descent.

Ancther condition for the precioion measurement of true
course relative to the meridian of fthe pesition of the ailrcraft
is the fine adjustment on the instrument oy yoographleal coor-
dinates ¢ and ». with thls the measvring ervror of true course
of the flight of the aircraft ir alco found in direct dependence
on the solar angle.

Error in determinin~: frue ccure reaches the maximum values
at high levely of the stun because of the inaccurate establish-
ment of longitude. %Whe permissible values of crrov iu determin-
ing the position ¢f an aireraft in the meacurement of the flight
course of an aleersft ave chown in Table ki,
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Table 42, Permissible Aycn -

- X .
geners

6o | 80 | 83| 85| 86 | 87

xe | 18| 28| un | s8 | 8y

The DAK-DB-5 astrocompass ensures the continucus determining
of true course and its feeding to the dndicators. By maintaining
on the indicator a constant value of ccurse, the airplane crew
cen perform flight on an assigned directicr The assigned route
is usually plotted either with true (magnetic) course angles
(IPU), or with orthodromic course angles (ORU),

For accomplishing flight from an IPU(MPU) the coordinates
of the aircraft pesition are introduced into the astrocompass
periodically by hand. In this way the aircraft is established
on the calculated loxodromic course (logarithmic curve arund
PN) only at the moments of the setting of the actual ccordinates
¢ and A on the calculator. In the intevvals between the intro-
duction cf cocrdinates the aircraft will begin to deviate from
the assigned heading and flight will occur on a certain curve
similar to a rhumb lYine,

The magnitude of greatest deviation Z of the aircraft
from the assigned route, indicated in Table 43, in flight on
a rhumb line depends on the solar angle and length of stages
of the route.

The calculations are made for a range of latitudes
uO"?OO .
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Table 43.
2 (nu) Y
K 7]
k. ceg .;.Tnl 40 :"':;T-t—(:(;' 1600
t \ | H {
10 io0.4i 0,9 1,8 2,81 4,1
30 31,00 4,8 Lﬁlmﬂtnﬁ
o ala] 406 1005 195] 20l
70 ‘&1“L%2LOP3ﬁ 63,0

From Table 44 it follows that at the solar angles up to

30 at 700 km stages of route the lateral deviations are so low

that they can be disregarded. With an increase in solar angles

the stages of the routes, on which the lateral deviations do
not exceed 5 km, decrease: at solar angles of 30-50° - to 500
km, and at altitudes of 50-70° -~ to 300 km.

Table UU4. Frequency of input
of coordinates into the calcu-
lator of the astrocompass
(hour min).

Type of alrcraft
I1-18|An-10|Tu-104]Tu~114

h, deg

10 3.00 3.00} 2.30 2.30
30 {1.40 1.201 1.00 1.00
50 1.00 1.00} 0.45 | 0.45
70 {0.40 0.40f 0.30 0.30

From the indicated relatlonships it 1s possible to determine
the frequency of input of coordinates into the calculator of '

v'\\M. the astrocompass during flight on a rhumb line (Table 44). 1In

Ee i By e s
B kit S e

i

this case it 1s proposed that the flight course of the aircraft
is calculated taking wind into account.

For accomplishing flight on the great ciircle the astrocompass
DAK-DB-5 contains a special instrument which compensates the
movement of the aircraft in flight.
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As a result of the operation of the course correctors
the axis of search rotation of the plane of direction finding
of the sighting system 15 always retained parallel to the
vertical line of the departure point. With any turn of ailrcraflt
in a horizontal plane the axis of sighting system will depart
from the correct position, since it will not be parallel to th.
vertical lines of the departure point. With this the sighting
system will obtain supplementary rotation which will lead *o
an error in the course., This error will obtain the greatest
value during flight to the sun or from it. In Table 45 the
permissible angles of turn of an aircraft are indicated at wt "
the error in the course does not exceed 2° on sections of thy
great circle of various léngth. The calculation vias conduct 7
for the solar angle h, equal to 45°, and the heading KU
equal to 0 or 180°,

conn’

Table 4%: The permissible angles of the turn
of an alreraft. ,

Length of the
section of ortho- 200 | 400 |600 {800 {1000
drome, km

Permissible angle of
turn, degrees 64 | 32 | 2

L=}

16 | 12

Error in the measurement of course during flight along the
great circle appears also when there i1s a drift angle which is
not considered by the course correctors. If we take the orthu=-
drome section S = 1000 km, drift angle US = 10°, and solar
angle h = U5°, then the error in course will not exceed 1.6°,
With an increase in the solar angle and in presence of drift
angle the error lIn the measurement of course increases.
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Astronomical numbers and dates

The visible apparent diameter of the sun
and moon..".'.‘.‘.........x’l.O..f..'."..’...0'5°

Tilt of ecliptic to equatéori...vvvvneveee. . 23927
The mean radius Of €arth....eeeeeeeeeeeseseee6.371 km

Thé mean circumference of the
earth's sUPrfaCe.vieeseroorevssnnsomsenserses 40,000 km

Difference in the equatorial ang
polar radius of earth...cievereesdioncrsarsreocl km

The average distance from earth to
lnoon.l..OD‘llQ‘..ll...t‘...'0..0.‘:.‘C“‘Olll'.38u?l;00 km

The average distance from earth to
Sun."..'.O.l‘l.obio..‘....0.00..0.0000'.6.0 11"9 500 000 km

The distance from the solar system to the
nearest star (a Centaur)...ceeveeeeeeeesaoast.3 light years

The distance from the sun to the
center of the galaXy.evrerverresesssssesesess23,000 1light years

The diameter of the galaxy.eeveseetrossess.s.100,000 light years

The distance from the earth to the
nearest galaxy - Andromedia nebula...........1 million light years

Rate of movement of noon around
tl]e ear‘th.l-\.'.'l'l.'...t"t‘.~0""'..00'00."1 kln/s

The period of revolution of moon
around the earth and the period of
1ts rotation around 1ts axis.seeveveevsiveee27.5 snlar days

Rate of movement of earth around
f.l']e Sun'.'.l‘.Q.'lt...Q'.l..Ot."O..‘.‘0..'0030 km/s

Rate of movement of the sun with the
solar system relative to stars (to the
constellations of Lyra and Hercules).........20 km/s

The rate of rotation of the sun and
its surrounding stars around the
galactic cenbter...eeveveserosssenssssasesessd00 km/s

The period of rotation of the sun
around its axis (at equator)...cceeeeeesees..25 days

Mass ()f earth'-oooootoll0000000'0000‘010000-06'1021m

The mass of the sun 1s greater than
themass Ofear'th by;.'oooooooobnio‘oooc.otcso’cooo times
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The diameter of the moon. 1s. less than:
the diameter Of the APt DF. c.suvessiiw swes i tliies

The diameter of the sun is greater
than the diameter -of the éarth Bj....wueeyes 109 times

The number o6f stars visible to-the
naked,eye (on the éntire celestial
Sphez‘e).......‘....".‘...ll...'.........'..labol)t'6000

B g s ot cn et

The surface temperature of‘sunia...n"r...%g..6,00D°C

The temperature-of'starsJﬂromh.u,m..,@.Wpuu;.330C0~to 30,000°C
Vernal eQUIENOX.«ee e s o osesoeensiaeas eneass2l March

Summer SOLSELCEe. tvntrrrsisnsnnssesssnsenssvnedl JUne

Autumnal eqUINOX.sssssvesreisenssvansasesressa3 September
WANter SOLStLeeuussssesesiersononasesonsassis2? Decémber

The replacement. of the cycle of ]
lunar phases OCCUPS EVELY'.vssendoassos s nald, D days

Duration of day at nérth poié.um...na*.u...,,189 days
Duratlon of night at Horth pole...is.see.e...176 days

The general duration of crepuscular
time at the pole in snring ana in
autumn (solar angle from 0 £0 =T7%) .. uiveviai9 days

Orbital velocities of artificial
bodies (at the earth):

CiI’CLllaI’g..........................:6..;....7.9 km/S

P

S e o it e B o e e MO e

pPlanct €SCAPC..tvesrt meinnsrssranserssssssll.2 km/s
SOlar' escapeotoc.oovfiQacto—ol'otl'oauro»olioa16or7 km/S

THE INTERNATIONAL SYSTEM OF STANDARD
TIME

The entire earth's surfaces is divided into 24 time 2zones
by meridians distant from one another by 159, which corresponds
to a difference of one hour in time. The numbering of time
zones is conducted from the zero zone, included between meridlans
7°30' east I'rom the mean meridian of this zone -~ the Greenwich
] zero wone. To the east from the zero zone the zones are numbered

—— e xw
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-1, =2, =3, ..., =~12; their mean meridians respectively 15°,
30°, 45°, ..., 180° east from the Greenwich imeridian; to the
west from the zero. gone the zones are numbered from +1 to +12.

Within the limits of every zone the hours should indicate
mean solar time of the mean meridian of this zone (with the
exception of the cases when 1n any state or area to the deter-
mined period of time it 1s 1ntroduced the so-called "summer
time" or the hour hand is constantly moved forward with respecg
to the time of the given zone.

Readings of time in every two zones should differ
by a whole number of hours equal to the differerice in the
numbers of these zones (the more eastern the zoné the lavger

the readings of time).

Examples: 1. An aircraft is located in Zone -2 and has
on 1ts clocx the time of this zone. The clock shows 10 hours
5 minutes 10 seconds. What 1s the time in Greenwhich? The
answer: 8 hours 5 minutes 10 seconds,

2. In the zone +5 the time is 14 hours 51 minutes 9 seconds. ;
What is the time in zone +3%? 'The answer: 16 hours 51 minutes
9 seconds.

In practice the boundaries c¢f time zones coilncide with the
boundary meridians only in open parts of the oceans and seas
and in sparsely populated territories. On dry land, as a rule, 5
they coinclde w"th the state, administrative, or natural 9
boundaries. The boundaries and the numbering of zones appear
on fhe map of time 2zones.
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