Laboratory work No4

Moving-map ground position indicator

Learning objectives:

· study the functionality, structure and principle of action of Moving-map ground position indicator ИНО-2;

· investigate the operation of indication channels for linear and angular coordinates of aircraft position in  ИНО-2;
Background

Moving-map ground position indicator ИНО-2 is used to train the civil aircraft crew for specific operations (procedures) required during its normal operation or in case of failures.

Moving-map ground position indicator ИНО-2 provides the solution of following problems:

· determination and indication of the current aircraft location on the map;

· determination and indication of the heading, drift angle, track angle, true bearing of landmark;

· supplying the crew with supplemental information, modes of indicator operation and required actions of crew.

The laboratory-scale plant consists of Moving-map ground position indicator ИНО-2, КПУ (control equipment), control display unit, other devices.

Moving-map ground position indicator ИНО-2
Functionality 

Moving-map ground position indicator ИНО-2 is included into the structure of FNS of aircraft ИЛ-86 and it is intended for indication in the explicit form of the following parameters: aircraft position and its angles in the horizontal plane.

Moving-map ground position indicator ИНО-2 provides the solution of following problems:

· determination of aircraft current position on the map  and prediction of aircraft position during the flight with fixed navigational parameters;

· determination of navigational angles: heading (, drift angle DA, track angle TRKA, true bearing of landmark TBL.

· supplying the crew with additional information required for performing the flight mission;

· review of map and supplemental information during pre-flight procedures;

· decoding of radar landmark;

· dynamic check of flight plan;

· testing the different navigational systems;

· on-line change in flight program if it is necessary.

Technical data of Moving-map ground position indicator ИНО-2
Power supply of Moving-map ground position indicator ИНО-2 is =27 V, ~36V 400 Hz and ~200V 400Hz. 

The power consumption does not exceed 80 Wt in =27V, 130V*A in ~36V 400 Hz, 300V*A in ~200V 400 Hz.

Moving-map ground position indicator ИНО-2 is serviceable in the temperature range: -40(C (+50(C, air moisture up to 98% under the temperature 40(C. 
Maximal available linear acceleration – 4. 

Continuous operation time – 6 h.

Principle of flight problem solution

Principle of operation 

The indicator is the optical mechanical device, where the indication of aircraft position is performed by moving the map picture. Map is made on the microfilm, and is placed on the backlighting screen of diameter in 160 mm relatively the moving marker in the center of screen or displaced from the center in 60 mm in vertical direction.
The map scale can be either 1:20,000 (20 km/cm) or 1:40,000 (40 km/cm) during the en-route flight and 1:5,000(5 km/cm) during the flight near the aerodrome. The map scale can be changed by the corresponding knob. The map microfilm is made on the perforated film 35 mm wide and 12 mm longwise.
The image of map microfilm on the backlighting screen is formed by the special projection optical system.

The displaced marker is projected on the screen with the help of flexible fiber(-optic) guide and projection lens.
On the rotating screen there are indicator ПУ(track indicator) and central marker. The central disc with indicator ИПО (true bearing of landmark).
rotates around the screen. The scale and index also rotates relatively the screen.
The motion and rotation of map image on the screen which simulate the motion of aircraft relatively the ground surface is performed as the motion of microfilm in the longitudinal direction (Y-coordinate), in the lateral direction (X-coordinate) and the rotation of map image optically by using prism.
Automatic control of motion and rotation of microfilm, of rotation of the indicators ПУ(track indicator) and ИПО (true bearing of landmark), of rotation of scale and index are carried out by servo systems according to the command of navigational systems.
Manual control of motion and rotation of microfilm, of rotation of the indicators ПУ(track indicator) and ИПО (true bearing of landmark), of rotation of scale and index are carried out by operator with the help of corresponding controls.

There are two main modes of indication: “View of ground from the aircraft” (mode “TRACK”) and “View of aircraft from the ground” (mode “NORTH”).

With the first mode – indication “View of ground from the aircraft” (fig. 1) the map image automatically aligns itself with the desired track. The desired direction of flight is shown by the indicator ПУ(track indicator), directed upwards in the vertical line of screen. The point MC corresponds to the central or displaced marker. The heading indication is done by scale relatively the index. The value of true bearing of landmark and of track angle is indicated by the indicators ПУ(track indicator) and ИПО (true bearing of landmark) relatively the rotating scale.
With the second mode – indication “View of aircraft from the ground” (fig. 2) the map aligns itself with northern direction, that is the direction “North-South” is set along the vertical line of screen. The map moves translational in the directions “North-South” and “West-East”. The heading indication is done by the rotating index relatively the scale which is automatically set into zero position (zero division of scale is aligned with the upper label of screen). 
The distance towards the landmark in map in both cases can be defined according to divisions on the indicator ИПО (true bearing of landmark).
Connection of indicator with navigational systems
The indicator can operate with the following systems: navigational computer directly, Dopller navigator, compass system, radio system of short-range navigation.
Principal structure of control systems

The control over the microfilm movement is carried out in the indicator by the servo systems separately in each coordinate. The triaxial Y-coordinate sensor with three types of reading (precise, average and coarse) and biaxial X-coordinate sensor with coarse and precise readings are used to control the movement of microfilm.
Modes of control over the movement of microfilm

Automatic control

Automatic control of microfilm movement is performed when there is a signal “исправность НВ” (navigational computer is serviceable) and with the knob КАРТА(MAP) in position MC(aircraft position) according to signals from navigational computer (NC). 
Manual control

The manual control of microfilm movement is done with the help of control knob. The movement of microfilm corresponds to the direction of deviation of control knob from the neutral position.
The short-term manual control is performed when the knob КАРТА(MAP) is in position MC (aircraft position) by pushing the knob along its axis. After the knob releasing the map returns its initial position. 

The long-term manual control is performed when the knob КАРТА(MAP) is in position РУ(manual control). After the returning the knob КАРТА(MAP) in the neutral position the selected part of map is shown in the screen. With setting the knob КАРТА(MAP) in the position MC (aircraft position) the position of aircraft will be shown on the map.

Test

This mode is intended to test the accuracy of indication of aircraft position and carried out by setting the knob КАРТА(MAP) in the position КОНТР (TEST). 
The accuracy criterion is defined by the position of frame center inside the central or displaced marker.

Input of information

This mode is intended for input of object coordinates into the onboard computer. The knob КАРТА(MAP) is set in the position РУ(manual control), the control knob aligns the object with central marker on the screen and then the button ВВОД (input) is pressed on the panel of indicator.

Help

To indicate some supplemental information on the screen the knob КАРТА(MAP) is set in the position СП(help), and the onboard computer obtains the command “СПРАВКА”(HELP).
After the movement of microfilm finishes the the knob КАРТА(MAP) is set in the position РУ(manual control) and with the help of control knob the required frame of microfilm is selected.

Marker displacement

To increase the overview of screen the indication of aircraft position can be done with the help of marker that is displaced in the screen bottom. The indication of aircraft position with displaced marker is performed by setting the knob МАРКЕР (marker) in the position “(”. The marker has the square form, and indicator ИПО (true bearing of landmark) is set at the bottom of screen.
Initial settings

This mode is used to set the initial position of microfilm and to read and eliminate the initial error of MC, if it exceeds the pre-defined value.

If the center of initial frame does not coincide with the central marker on the screen when the knob КАРТА(MAP) is in the position КОНТР (TEST), then it is necessary to set the required position of microfilm in the mode of manual control.

En-route flight

The mode “МАРШРУТ”(en-route flight) is used to orient relatively the ground surface and to control the navigational parameters during en-route flight.
This mode is turned on by setting the knob КАРТА(MAP) in the position MC and by pushing the button 5,20(40) until the scale 20(40) is lighted when the indicator panel НЗА (нахождение в зоне аэродрома – location within aerodrome zone) is off.

The screen image will be oriented along the vector of ground speed (mode “TRACK”) if the text ПУ(Track mode) is lighted on the button С,ПУ(North or Track modes). The indication of current track angle is performed by rotating scale relatively the unmoved index ПУ(track angle), directed upwards along the vertical line of screen. The indication of heading is performed relatively the round scale by rotating index. The drift angle is evaluated relatively the round scale between the positions of index and indicator ПУ(track angle).
To turn on the mode “NORTH” the button С,ПУ(North or Track modes) must be pressed until the text C(North mode) is lighted on it. Then the map on the screen will move only in two orthogonal directions. The indication of current track angle is performed by rotating indicator ПУ(track angle) relatively the unmoved scale. The indication of heading is done by the rotating index relatively zero of scale.

Aerodrome

The mode “Аэродром”(aerodrome) is used top orient relatively the ground surface and to control the navigational parameters during flight within aerodrome zone.
The mode is turned on by setting the knob КАРТА(MAP) in the position MC and by pushing the button 5,20(40) until the scale 5 is lighted when the indicator panel НЗА (нахождение в зоне аэродрома – location within aerodrome zone) is on.
The screen image will be oriented along the direction of vector of ground speed – mode “TRACK”. When using the maps with standard maneuvers within aerodrome zone it is recommended to use mode “NORTH”.
Control equipment of Moving-map ground position indicator ИНО-2
Functionality
The control equipment of moving-map ground position indicator ИНО-2 is used to test the output parameters and characteristics of moving-map ground position indicator ИНО-2 in laboratory conditions.
Technical data

Power supply of control equipment is =27 V, ~36V 400 Hz and ~200V 400Hz. 

The power consumption does not exceed 15 Wt in =27V, 35V*A in ~36V 400 Hz, 40V*A in ~200V 400 Hz.

Control equipment is serviceable in the temperature range: -30(C (+50(C, air moisture up to 98% under the temperature 40(C. 

Principle of operation

The principle of operation of control equipment is based on the simulation of real signals that are applied to moving-map ground position indicator ИНО-2 from the onboard computer and also based on quantity estimation of output signals and characteristics of indicator.
The basic parameters and characteristics of indicators that are under control are the following: error of aircraft position indication, error of navigational angles indication, the operation of controls of indicator, maximal speeds of movement and rotation of test microfilm.

Laboratory-scale plant preparation 

1) Set the controls of moving-map ground position indicator ИНО-2 and control equipment in the positions given in Table 1 and Table 2.
Table 1
The initial positions of controls of moving-map ground position indicator ИНО-2
	No
	Controls
	Position of controls

	1
	Knobs:
КАРТА(MAP)
МАРКЕР(MARKER)
ЛАМПА (LIGHT)
	MC

0

1

	2
	Handles:

Ф(sharpness)
ЯРКОСТЬ(brightness)
ПОДСВЕТ(lighting)
	Left extreme position


Table 2

The initial positions of controls of control equipment
	No
	Controls
	Position of controls

	1
	tumbler switches:
+27V, ~36V, ~200V
	OFF

	2
	Knobs:

Команды ИНО (commands of ИНО)
Команды НК (commands of navigational computer)
Команды КПУ (commands of control equipment)
Зона (Zone)
ДУ
	Manual

Readiness A

OFF

3

OFF

	3
	Sensors:
Angle

X

Y
	0

0

0


2) Turn on the power supply =27 V, ~36V 400 Hz and ~200V 400Hz with the help of corresponding tumbler switches and wait 3 minutes in order to warm up the laboratory scale plant.
3) With the help of handle ПОДСВЕТ(lighting) set the brightness required to observe the texts on buttons. Texts like ПУ (track angle), 20, АУ (automatic control), ИПО (true bearing of landmark) must be seen on the buttons.
4) With the help of handles Ф(sharpness) and ЯРКОСТЬ(brightness) set the sharpness and brightness of the screen required to observe the coordinate grid in zone 3 (frame 152) of test microfilm.

The center of zone must be within the range of screen and frame counter must show the frame 152.
5) Set the knob КАРТА(MAP) in the position РУ(manual control).
6) With the help of control knob align the point with coordinates ________ with the central marker.
7) Set the knob КАРТА(MAP) in the position MC(aircraft position).
Researching the operation of channels of aircraft position indication

1) Perform the test of operation of controls according to Table 3
Table 3
Operation of controls and indications

	No
	Controls
	Positions of controls
	Required indications

	1
	Knob КАРТА(MAP)
	PK
	The microfilm image moves and rotates according to the position of control knob and is fixed after the control knob returns in the neutral position. The indicator ИПО (true bearing of landmark) is unmoved.

	
	Button АУ, РУ(automatic or manual control)
	АУ
	

	
	Control knob
	Must be pressed along axis and deviated leftwads-rightwards, downwards-upwards, rotated clockwise or counter-clockwise
	

	2
	Button АУ, РУ(automatic or manual control)
	РУ
	Same

	3
	Knob КАРТА(MAP)
	MC
	The indicator ИПО (true bearing of landmark) rotates according to the rotation of control knob and is fixed after the control knob returns in the neutral position.

	
	Control knob
	Must be rotated clockwise without pushing along its axis
	

	4
	Control knob
	Must be pressed along its axis and rotated clockwise and counter-clockwise 
	The microfilm image rotates according to the rotation of control knob and returns in the initial position after the control knob returns in the neutral position

	5
	Button АУ, РУ(automatic or manual control)
	АУ
	The indicator ИПО (true bearing of landmark) is not controlled by the control knob

	6
	Knob МАРКЕР (MARKER)
	(
	At the bottom of screen the image of marker is lighted. The indicator ИПО (true bearing of landmark) is not controlled by the control knob

	7
	Control knob
	Must be pressed along its axis and rotated clockwise and counter-clockwise
	The microfilm image rotates according to the rotation of control knob and returns in the initial position after the control knob returns in the neutral position. The indicator ИПО (true bearing of landmark) is unmoved.

	8
	Knob ЛАМПА (LIGHT)
	1,2,3,4
	The screen dies down and then is lighted during time ( 6 sec.


2) Perform the test of operation of controls according to Table 4
Table 4
Operation of controls and indications

	No
	Moving-map ground position indicator ИНО-2
	Control equipment

	
	Controls
	Position of controls
	Controls
	Position of controls
	Lamp  ИНО  of commands

	1
	Knob КАРТА(MAP)
	MC
	Knob Команды ИНО (commands of ИНО)
	НУ
	No light

	2
	Knob КАРТА(MAP)
	НУ
	Knob Команды ИНО (commands of ИНО)
	НУ
	Light

	3
	Knob КАРТА(MAP)
	МС
	Knob Команды ИНО (commands of ИНО)
	СП (help)
	No light

	4
	Knob КАРТА(MAP)
	СП (help)
	Knob Команды ИНО (commands of ИНО)
	СП (help)
	Light

	5
	Knob КАРТА(MAP)
	МС
	Knob Команды ИНО (commands of ИНО)
	КОНТР (test)
	No light

	6
	Knob КАРТА(MAP)
	КОНТР (test) 
	Knob Команды ИНО (commands of ИНО)
	КОНТР (test)
	Light

	7
	Knob МАРКЕР (MARKER)
	(
	Knob Команды ИНО (commands of ИНО)
	МАРКЕР (MARKER) (
	No light

	8
	Button С,ПУ (North or Track modes)
	C
	Knob Команды ИНО (commands of ИНО)
	North
	Light

	9
	Knob МАРКЕР (MARKER)
	(
	Knob Команды НК (commands of navigational computer)
	Operation of computer
	Light

	10
	Knob МАРКЕР (MARKER)
	(
	Knob Команды ИНО (commands of ИНО)
	МАРКЕР (MARKER) (
	No light

	11
	Knob КАРТА(MAP)
	MC
	Knob Команды НК (commands of navigational computer)
	Readiness A
	Light

	12
	Knob КАРТА(MAP)
	РУ
	Knob Команды НК (commands of navigational computer)
	Readiness A
	Light

	13
	Button ВВОД (input)
	Released 
	Knob Команды ИНО (commands of ИНО)
	INPUT
	No light

	14
	Button ВВОД (input)
	Pressed
	Knob Команды ИНО (commands of ИНО)
	INPUT
	Light

	15
	Knob МАРКЕР (MARKER)
	(
	Knob Команды ИНО (commands of ИНО)
	МАРКЕР (MARKER) (
	Light

	16
	Knob КАРТА(MAP)
	MC
	Knob Команды НК (commands of navigational computer)
	Operation of computer
	No light

	17
	Button 5,40
	40
	Knob Команды ИНО (commands of ИНО)
	Aerodrome
	No light

	18
	Knob МАРКЕР (MARKER)
	(
	Knob Команды НК (commands of navigational computer)
	Readiness A
	No light

	19
	Knob МАРКЕР (MARKER)
	(
	Knob Команды НК (commands of navigational computer)
	НЗА (location within aerodrome zone)
	No light

	20
	Button 5,40
	5 (blinking)
	Knob Команды НК (commands of navigational computer)
	Readiness A
	No light

	21
	Button 5,40
	5
	Knob Команды НК (commands of navigational computer)
	НЗА (location within aerodrome zone)
	Light

	22
	Button С,ПУ (North or Track modes)
	ПУ (Track mode)
	Knob Команды ИНО (commands of ИНО)
	NORTH
	No light

	23
	Button С,ПУ (North or Track modes)
	C (NORTH mode)
	Knob Команды ИНО (commands of ИНО)
	NORTH
	Light

	24
	Knob МАРКЕР (MARKER)
	(
	Knob Команды ИНО (commands of ИНО)
	NORTH
	No light


3) Make the conclusion about the serviceability of indicator ИНО.
Research the speed of work out the aircraft position indicator on the screen

1) Set the controls of moving-map ground position indicator ИНО-2 and control equipment in the position marked in Table 1 and Table 2, but tumbler switches must be turned on.
2) The knob КАРТА(MAP) must be set in the position РУ. 
3) Set the coordinate X equal to +5 with the help of sensor X.

4) The knob КАРТА(MAP) must be set in the position MC, then turn on the stopwatch. The time of X-coordinate work out must not exceed 22 sec.

5) Set zero value of X-coordinate and after its work out the knob КАРТА(MAP) must be set in the position РУ. 
6) Set the coordinate Y equal to +5 with the help of sensor X.

7) The knob КАРТА(MAP) must be set in the position MC, then turn on the stopwatch. The time of Y-coordinate work out must not exceed 6 sec.

8) Set zero value of Y-coordinate. 
9) Make the conclusion about the speed of workout of aircraft coordinates by comparing the obtained results with required values.
Research the INSTRUMENT ERROR of aircraft position indication relatively the central marker
1) According to the Table 5 perform the setting of sensors of X-coordinate on the control equipment in order to align point with given coordinates with central marker: first direct reading ((), then inverse readings (().
Complete Table 5 with errors of X-coordinate indication. The sign of error must be assumed as negative if rightwards from cursor, and as positive if leftwards from cursor.
Table 5
Error of coordinate X and Y indications relatively the central marker

	No
	Xgiven
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2) Set zero value of X-coordinate.
3) Repeat paragraph 1 for Y-coordinate. 

Research the INSTRUMENT ERROR of aircraft position indication relatively the Displaced marker
4) Set the knob МАРКЕР (MARKER) in the position (, and knob КАРТА(MAP) is in the position НУ. 
5) The center of zone 3 (point with coordinates 0,0) of test microfilm must be aligned with the displaced marker witht the help of control knob.

6) The knob КАРТА(MAP) must be set in the position MC. 
7) Complete the measurements according to the Table 6 in the same manner as for the previous procedures for central marker. 

Table 6
Error of coordinate X and Y indications relatively the displaced marker

	No
	Xgiven
	
[image: image3.wmf]X

D

, divisions
	Ygiven
	
[image: image4.wmf]Y

D

, divisions

	
	
	(
	(
	
	(
	(

	1
	-5
	
	
	-10
	
	

	2
	-4
	
	
	-8
	
	

	3
	-3
	
	
	-6
	
	

	4
	-2
	
	
	-4
	
	

	5
	-1
	
	
	-2
	
	

	6
	0
	
	
	0
	
	

	7
	1
	
	
	2
	
	

	8
	2
	
	
	4
	
	

	9
	3
	
	
	6
	
	

	10
	4
	
	
	8
	
	

	11
	5
	
	
	10
	
	


8) Set the knob МАРКЕР (MARKER) in the position (, and knob КАРТА(MAP) is in the position НУ. 
9) The center of zone 3 (point with coordinates 0,0) of test microfilm must be aligned with the central marker witht the help of control knob.

10) The knob КАРТА(MAP) must be set in the position MC. 
11) Set the controls of indicator in the positions required in Table 2.
Processing the results of measurements 
1) For Table 5 and table 6 (separately) it is necessary to define:
a) absolute errors of X and Y coordinates indication in the scale of indicator:
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b) expectation (mean value) of errors:
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c) mean-square deviation of errors:
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d) confidence interval for mean values:
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where 
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 with p = 0.95, tp = 1.96.

e) confidence interval for mean-square deviations:
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Table 7
Error of navigational angles indications 
	No
	Given value of angle
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