Лабораторная работа 2

Synthesis of the accuracy requirements of analog-digital measuring parameters in the control system of electricity supply in flight
Purpose: Determination of the accuracy characteristics of analog-to-digital measuring instruments of the board system diagnostic parameters of the  AC power supply system .
Brief theoretical information.
As the object of technical diagnosis it is considered a system of electrical equipment of the aircraft as one of the most responsible for the safety of the flight.

None of the aircraft systems (flight control and navigation, life support, management of aircraft engines and so on) can not operate without electricity. Therefore, during the history of aviation, no one plane took off without onboard electrical equipment.
The structure of electrical equipment includes electrical power system supplies of all types of aircraft, onboard electrical generators of direct and alternating current, equipment management, protection and control, switching equipment, rectifier and converter unit voltage on-board computer, power and servo actuator, electrical systems, electric motors, aircraft engine starting system, a system controlled deceleration, anti-icing systems, material handling systems, power systems and components for land-based systems.  In none list of faults with which taking off can be permitted _ _ faults of onboard electrical equipment is not included.
It is obvious that the accuracy of diagnosis of the power supply system as built-in controls in flight and ground automated control system should be very high, and the probability of making mis-fit solutions must meet the improbable events [1].

Established [4, 7] that the error monitoring, quantify estimated the probabilities ( and (, affects a number of factors, which include:

– dispersion observed parameter, characterized (х;

– measurement error (;

– designated (service) admission (;

– number of diagnostic parameters m;

– dependability (reliability) means of diagnosing;

– Organization diagnostic algorithm Ад.

The influence of (х, ( and ( the errors ( and ( for a single measurement of one of the diagnostic parameter investigated in lab. 1. Real systems of avionics contain more parameters that affect the technical condition of the systems. In particular, the digital board Ан-148 contains (4000 of monitoring parameters [5], while the flight of Boeing-787 it is realized contineous monitoring 65 thousands of parameters [8]. Intuitively clear that increasing the number of the DP, by which is determined technical conditions, of complex airborne systems, leads to a decreasing of the accuracy of control.
Therefore the reliability of the control system is always less than reliability monitoring of its some parameters. Set dependencies control the technical accuracy of the system on the number of diagnostic parameters

It is also clear that the right decision on the technical state of ФС (complex event) will take place if and only if the right decision will be made in the control of each of the m the diagnostic parameters (simple event).
Accept the assumption that the accuracy of diagnosis of m parameters is equal. According to the theorem of multiplication of events, the probability of a complex event is the product of probabilities of simple events [3]:
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 (1)
where  (j + (j  = 1– Dj = Рн.р.j – probability of the wrong decision at the control of a diagnostic parameter, or the total permissible error in the control of any parameter ((+( = (j + (j for a given monitoring system accuracy DC . 

The required accuracy of the monitoring Dj for every of m parameters of power supply system is defined by the dependence (1) by formula:
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                                      (2)

Permissible total error diagnostic parameter monitoring of power supply system
(((j = (j + (j = 1 – Dj .                          (3)
The probability of making an incorrect (total error) decisions on the technical condition of the reliability of the control of each of the parameters and scope of the monitored parameters is shown in Fig. 7. Due to graphs ((((m, Dj) it follows that m = 100 To obtain reliable monitoring system, for example, 0.96, which corresponds to the error of control ((( = 10–6, necessary to ensure reliability of the control of each parameter Dj = 0.98, i.е. two orders higher. With increasing number of control parameters to m = 1000 и D = 0.96 reliability of the control of each parameter must be Dj = 0.99, i.е. three orders higher. For these values accuracy monitoring in erroneous conclusions about the technical state of the system becomes, according to aviation rules,  extremely improbable [1,11].[image: image4.png]BePOATHOCTL MPWHATHA HEBEPHOTO (OWMBOUHOO) pelueHiA Tap
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Fig. 7. Расчётные зависимости ((((m, Dj)
In the laboratory research of power supply system shows the number of diagnostic parameters m = 5, a sufficient method for mastering the tasks requirements for the accuracy of analog-digital gauges DP.

Each measurement channel m  under the influence of a series, of the  internal and external factors, many of which are the case in nature, there are error (, which are also random variables.

As a result of measurement r DP lies some error (, then r  is only an estimate of the measured value, having a specific true value  xи
r = ( + xи  .
As a true value xи  in this expression is unknown, it is replaced with the actual value хд. Then the absolute error of measurement
( = r – хд.
In solving the problem of technical diagnostics as law distribution of the total measurement error takes on the normal law (Gauss), which is most commonly encountered in practice. [7]

When statistical analysis of random errors differ in the average error (с (systematic component) and root mean square deviation σ( of the constituent random error.

Upper (н and lower (в limits of total measurement error DP, the corresponding probability (( + (), connected with characteristics  ( and σ with the following dependences: 

(н  = (с – 3(σ(;       (в = (с + 3(σ(,
Under the compensation for systematic component of the error ((с = 0) limits  (н  and  (в random error calculated as:
(н  = – 3(σ(;       (в = 3(σ(,
with a guaranteed risk 0,27 % («Rule of Three Sigma »). 
Measuring instruments for electrical parameters relative error is often expressed in the form of reduced error γ:

γ = (( / XN)⋅100,
where ХN – normalizing the value equal to the span.

To estimate the maximum value given error normalizing value equate the lower limit of measurement case (Хmin):

γmax = (3((( / Xmin)⋅100.
Any means of measuring accuracy class established - generalized description, define the limits of admissible error-Kai. Accuracy class characterizes the accuracy of the instrument. Accuracy - is the quality of the measurement, reflecting the closeness of the results to the true value of the measured quantities.

For measuring instruments that have basic error norm miruyut as the limit of reduced error γ, accuracy class of the device Кп numerically equal to the maximum permissible given error, expressed as a percentage:
Кп  = γmax .

Класс точности присваивают (назначают) из ряда [7]: 

1⋅10n;   1,5⋅10n;   2⋅10n;   2,5⋅10n;   4⋅10n;   5⋅10n;   6⋅10n,
( n = 1;  0;  -1;  -2;  -3  и т. д. )
After selecting the accuracy class Measuring instruments diagnostic parameters appropriate to ensure the implementation of the set-level monitoring reliability of power supply system. In this case, the absolute value of the maximum permissible error of each of the m emax analog-digital Measuring instruments should be calculated based on its class of accuracy depends on:
(max = ± Кп⋅ Xmin /100,
which follows from the above relations for  γmax и Кп.

The task for the laboratory investigation
Determine the necessary accuracy class of analog-digital Measuring instruments (aci) of each of the controlled parameters m power supply system which provide the required reliability of diagnosis DСЭС  of power supply system

Basic data
1 Object of diagnosis characterized by: 

· number of monitored parameters m; 
· nominal values 
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· field of dispersion  
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· permissible limit (upper and lower) values ​​of the control parameter determining the operational admission to parameter 
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Values ​​of diagnostic parameters in the control points of control and protection of the power supply system and the input terminals of consumer control object, and the values ​​of operational tolerance monitored parameter defined option the tasks (see Appendix), and the example given in the Table.1.
Table.1
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2 Built-means of admission control characterized by:

· - A single measurement of diagnostic parameters of the System of power supply;

· - Accuracy class of analog-to-digital measuring instruments that provide diagnostic parameters measurement error not exceeding 
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3 Specify the desired value of reliability of power supply control system, for example, at least DCЭС = 0,96. 

Sequence (algorithm) of the research
1. Determine the required reliability of the control and Dj and total permissible probability of forming a wrong decision ((j + (j) for each of the parameters m of power supply system.

2. Calculate the relative values ​​of the tolerances on the diagnostic parameters of power supply system of the aircraft  on initial data option chosen laboratory work.

3. Define zj given parametric uncertainty for each parameter power supply system which provide the required accuracy of the of diagnosis the power supply system.

4. Based on the results of the Section 3 calculate maximally permissible measurement error ((j each of the m parameters of the power supply system.

5. Calculate the absolute maximum permissible errors of measurement  (max. j  which of m parameters of the power supply system.
6. Calculate the maximum permissible relative error given (max. j.  
7. Choose from standard range accuracy classes KTj diagnostic parameters for measuring of power supply system.
8. In order to verify the correctness of the assignment studies evaluate each parameter error probability (j and (j in designated classes of accuracy analog-to-digital meters and make sure you specify the source data value sufficient fidelity control of power supply system provided.
9. Formulate conclusions on the results of the pp 1 - 8, conclusions illustrate the numerical values ​​obtained by submitting a summary table of the results.

10. Arrange a protocol of the research and preparation of epoxy answers to test questions.
Guidelines  of research
1. Given parametric uncertainty zj for each diagnostic parameter according to claim 3 can be determined by computing unit Given / Find (Listing 1). The results of calculations of the total error of control shown in Listing 2.
Listing 1. The structure of the computer unit Given / Find
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2. Calculation of error control for designated classes of accuracy measuring instruments of claim 8 is reasonable to make a computer program, as shown in Listing 2.

Listing 2. Program and the matrix computation error control
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3. The conclusions on the results of Section 8 should indicate the actual value of reliability limit test of power supply system received for designated accuracy class measuring instruments (fox-ting 3).

Listing 3. Checking the purpose of accuracy classes

                     analog-to-digital measuring instruments ДП СЭС
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Test questions for Lab 2
1. State the definitions of "diagnostic option", "measurement error", "accuracy".

2. Give the definitions and explanations of legal terms and concepts of the "probability of a false rejection", "probability undetectedfailure", "reliability of diagnosis."

3. Give the characteristic in this work of the error measurements and record them in mathematical symbols.

4. Classify the causes of errors in diagnosing functional avionics.
5. Describe the effect of the error on the meter ВСК ( probability of forming wrong decisions when diagnosed vanii avionics in flight.

6. Record the analytical expression for the density distribution of the random component of the measurement error in the distribution ceyaniya. Explain the physical meaning of the distribution parameters.

7. The analytic dependence for calculating the probability of making the right decisions on the technical state of the avionics, which has m  diagnostic parameters.

8. The analytic relation for calculating the probability of undetected failure for a single measurement of the diagnostic parameter.

9. The analytic relation for calculating the probability of false rejection for a single measurement of the diagnostic parameter.

10. Justify the need for a relative (normalized) coordinates for solving technical diagnostics.
appendix
Variants of basic data
	Диагностический  параметр 
	Номинальное

 значение
	 Поле

 рассея-

ния
	Эксплуатационный допуск

	Вариант 1

	1. Амплитуда пульсаций выходного напряжения 

     импульсного стабилизатора, мВ
	275
	265 – 285
	10,0

	2. Фазовый сдвиг (  напряжений в преобразователе     

    тока перем. частоты в ток  f = 400 Hz , град.
	60
	6
	2

	3. Нижний предел  Um  подключения генератора, В
	372
	± 6
	8,0

	4. Нижний предел частоты  f  подключения 

    генератора,  Гц
	178
	12
	8,0

	5. Задержка (  на отключение генератора,  с
	6
	± 1
	0,50

	Вариант 2

	1. Амплитуда переменного напряжения,  В
	115
	105 – 125
	3,33

	2. Постоянное напряжение аккумуляторов, В
	26,5
	± 2,5
	0,75

	3. Рабочая частота  f ,  Гц
	400
	± 40
	12,0

	4. Постоянное напряжение выпрямителей, В
	28,5
	± 4
	1,20

	5. Задержка (  на отключение генератора,  с
	6
	5,0 – 7,0
	0,60

	Вариант 3

	1. Постоянное напряжение аккумуляторов, В
	27,0
	0,70
	0,515

	2. Частота  f  переменного тока ,  Гц
	400
	38
	11,40

	3. Верхний предел частоты отключения генератора, Гц
	424
	5
	4,17

	4. Задержка (  на подключение генератора,  с
	6,00
	1,50
	1,10

	5. Нижний предел  Um  подключения генератора, В
	180
	10
	6,67


Продолжение прил. 1
	Диагностический  параметр 
	 Номинальное

 значение
	Поле

рассея-

ния
	Эксплуатационный допуск

	Вариант 4

	1. Постоянное напряжение аккумуляторов, В
	27,0
	0,70
	0,515

	2. Частота  f  переменного тока ,  Гц
	400
	( 30
	( 20

	3. Верхний предел частоты отключения генератора, Гц
	424
	5
	4

	4. Задержка (  на подключение генератора,  с
	6,00
	1,50
	1,10

	5. Нижний предел  Um  подключения генератора, В
	180
	10
	6,67

	Вариант 5

	1. Амплитуда переменного напряжения,  В
	36
	± 2,0
	1,465

	2. Постоянное напряжение аккумуляторов, В
	27
	± 0,35
	0,233

	3. Рабочая частота  f ,  Гц
	400
	36
	30,0

	4. Фазовый сдвиг  (  в схеме стабилизации  

    тиристорных выпрямителей,  град.
	60
	   59,5 – 60,5
	0,37

	5. Задержка (  на отключение генератора,  с
	6
	± 0,25
	0,333

	Вариант 6

	1. Верхний предел  Um  отключения генератора, В
	225
	± 10
	± 5

	2. Верхний предел частоты  f  отключения 

    генератора,  Гц
	424
	± 7
	± 5

	3. Частота  f  тактового генератора импульсного 

    стабилизатора вторичной СЭС, кГц
	50
	2,0
	1,4

	4. Задержка (  на отключение генератора,  с
	8,0
	2,0
	1,6

	5. Амплитуда пульсаций выходного напряжения 

    импульсного стабилизатора, мВ 
	250
	28
	20

	Вариант 7

	1. Амплитуда пульсаций выходного напряжения 

    импульсного стабилизатора, мВ 
	200
	20
	14,65

	2. Фазовый сдвиг  (  в схеме стабилизации     

     тиристорных выпрямителей ,  град.
	60
	1,00
	0,416

	3. Частота  f  тактового генератора  импульсного     

     стабилизатора вторичной СЭС, кГц
	100
	1,00
	0,50

	4. Нижний предел  Um  подключения генератора, В
	180
	12
	3,60

	5. Задержка (  на отключение генератора,  с
	7
	± 0,5
	1,667

	Вариант 8

	1. Амплитуда переменного напряжения,  В
	200
	32
	26,65

	2. Постоянное напряжение аккумуляторов, В
	27,6
	1,00
	0,30

	3. Задержка (  на отключение генератора,  с
	6
	1,50
	1,125

	4. Нижний предел частоты  f  подключения G,  Гц
	376
	± 5
	7,335

	5. Фазовый сдвиг  (  в схеме стабилизации     

     тиристорных выпрямителей ,  град.
	60
	± 0,5
	0,306


Продолжение прил. 1

	Диагностический  параметр 
	Номинальное

 значение
	Поле

рассеяния
	Эксплуатационный допуск

	Вариант 9

	1. Постоянное напряжение выпрямителей, В
	28,5
	3
	0,90

	2. Задержка (  на подключение генератора,  с
	6
	1,50
	0,250

	3. Верхний предел частоты  f  отключения G,  Гц
	424
	12
	2,0

	4. Нижний предел  Um  подключения генератора, В
	180
	10
	2,0

	5. Фазовый сдвиг  (  в схеме синхронизации  

    тиристорных выпрямителей ,  град.
	120
	18
	5,40

	Вариант 10

	1. Частота  f  переменного тока ,  Гц
	400
	16
	11,75

	2. Постоянное напряжение выпрямителей, В
	28,5
	3,0
	2,50

	3. Задержка (  на подключение генератора,  с
	6
	1,50
	0,450

	4. Верхний предел  Um  отключения генератора, В
	180
	10
	3,00

	5. Фазовый сдвиг ( импульсов в цифровой  схеме 

    управления трёхфазным преобразователем, град.
	120
	± 3
	2,085

	Вариант 11

	1. Фазовый сдвиг напряжений в преобразователе 

    переменной частоты в ток  f = 400 Hz , град.
	120
	6
	2,00

	2. Постоянное напряжение аккумуляторов, В
	27,0
	1,40
	1,166

	3. Частота  f  переменного тока ,  Гц
	400
	12
	10,00

	4. Задержка (  на отключение генератора,  с
	6
	1,50
	2,50

	5. Амплитуда пульсаций выходного напряжения 

    импульсного стабилизатора, мВ 
	300
	40
	33,35

	Вариант 12

	1. Амплитуда переменного напряжения,  В
	36
	33 – 38
	2,0

	2. Задержка (  на отключение генератора,  с
	10
	2
	1,0

	3. Нижний предел частоты  f  подключения G,  Гц
	386
	8
	2,40

	4. Фазовый сдвиг импульсов в схеме управления 

    трёхфазным преобразователем, град.
	60
	± 2
	3,40

	5. Частота  f  тактового генератора импульсного 

    стабилизатора вторичной СЭС, кГц
	50
	± 0,5
	0,50

	Вариант 13

	1. Амплитуда переменного напряжения,  В
	36
	33,5–38,5
	1,67

	2. Задержка (  на отключение генератора,  с
	8
	2
	3,336

	3. Нижний предел частоты  f  подключения G,  Гц
	376
	8
	2,40

	4. Фазовый сдвиг ( импульсов в схеме управления 

    трёхфазным преобразователем, град.
	60
	± 2
	3,335

	5. Частота  f  тактового генератора импульсного 

    стабилизатора вторичной СЭС, кГц
	75
	± 0,5
	0,300


Закінчення дод. 1

	Диагностический  параметр 
	 Номиналь-

ное

 значение
	Поле

рассея-

ния
	Эксплуатационный допуск

	Вариант 14

	1. Амплитуда переменного напряжения,  В
	115
	108 – 122
	2,80

	2. Частота  f  тактового генератора импульсного 

    стабилизатора вторичной СЭС, кГц 
	80
	± 1,25
	0,36

	3. Частота  f  переменного тока ,  Гц 
	400
	8
	6,20

	4. Фазовый сдвиг  (  в схеме синхронизации  

    тиристорных выпрямителей ,  град.
	60
	± 2
	1,20

	5. Задержка (  на отключение генератора G,  с
	6
	1,78
	0,52

	Вариант 15

	1.  Амплитуда переменного напряжения,  В
	115
	105 – 125
	2,30

	2. Частота  f  тактового генератора импульсного  

    стабилизатора в составе вторичной СЭС, кГц
	90
	±  0,50
	0,840

	3. Частота  f  переменного тока ,  Гц
	400
	12
	10,00

	4. Фазовый сдвиг  (  в схеме стабилизации  

    тиристорных выпрямителей ,  град.
	120
	±  4
	2,40

	5. Задержка (  на подключение генератора G,  с
	10
	2,40
	1,86
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The result of calculating the probabilities of error control
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