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METHODOLOGY OF AIRBORNE METERING AND CONTROL SYSTEMS  DYNAMIC CERTIFICATION USING MOTION SIMULATION COMPLEXES

Main aspects of methodology of the process of airborne cybernetic systems dynamic certification have been regarded successful development of compatible airborne complexes of future moving objects is greatly based on it.

Dynamic conditions which are getting more complicated and the requirements for automation of great number of modern aircraft and spacecraft different essential modes of flight put evergrowing demands on the accuracy airborne measuring instruments systems  and complexes.

Airborne measuring instruments (AMI) must be regarded as complicated multi‑dimensional multi‑connectional dynamic systems which are under the influence of a number of operational disturbances. The factors of disturbance have a stochastic character; which means that the quality analysis and optimization of such systems and complexes can be done on the basis of statistic dynamics of control systems.

The methods which are proposed by this theory, can serve  for the development of technological processes for designing, finishing, adjusting, regulating and certification of airborne measuring instruments.

The dynamic certification of airborne measuring and control (cybernetic) complexes of moving objects means the process and results of experimental determination of transfer functions matrix (frequency characteristics) of the device itself and matrixes of spectrum and mutual spectrum densities of signal vectors which characterizes inputs and outputs of a cybernetic device, actions applied to it and disturbances in measuring of analyzed parameters of the airborne device under dynamic conditions, close to real operational on the basis of data obtained during experimental research of complexes using simulators of motion . It is supposed that with the help of simulators used in researches real movements of these objects are made with enough level of approximation to the real conditions. In other words, the complexes of motion simulation must be multistaged dynamic test benches with sophisticated infrastructure of control.

The dynamic certification of airborne measuring complexes accuracy under conditions which are close to real operation is the basis for the development of new optimum and modernization of existing means of navigation and control of aircraft and spacecraft flight.

The advanced firms of the world spend much money which are comparatively quickly realized in design and development of more sophisticated generations of airborne cybernetic complexes. But only modern, expensive complexes of motion simulation are not sufficient for the development of new devices for navigation and control.

At the same time it is quite necessary to create new science intensive technologies with the help of which it becomes possible to modernize complexes of motion simulation to meet evergrowing requirements of accuracy to the perspective movable objects navigation and control processes as well as to the simulation of motion. It is required to create and to develop new science intensive technologies of the process of dynamic certification of complex dynamic systems.

Among them, for example, there are methods and algorithms of structural identification of a complex object models and uncontrolled disturbances acting on an object under normal mode of motion, methods of optimum evaluation of stochastic conditions of an object under normal mode of motion etc.

It is necessary to have data bases about models of existing objects dynamics of navigation and control systems and their parts, disturbances and actions in navigation and control loops, evaluation of models of real angular and space motion of objects or their  prototypes, other information. Finally it is required to evaluate results of different stages of dynamic certification of the given objects.

The theoretical basis for dynamic certification can include methods  and algorithms of structural identification of models of a device under research and disturbances acting on it under normal or close to normal modes of an object motion. Besides, methods and algorithms of the optimum observation (evaluation) of signals vectors which characterize stochastic conditions of inputs  and outputs of a complex dynamic device should be applied. One of the main peculiarities of the identification and evaluation algorithms is their scientific accuracy and simplicity while using them in practical engineering cases.

The definition of dynamics models of multidimensional cybernetic systems is rather complicated process. It is due to the fact that, firstly, it is necessary to have multi‑stage test bench generator which can simulate the predetermined space motion of an object with high quality. Secondly, the development of Specialized algorithms and methods of testing is strictly required.

The thing is,  that in electro‑mechanical multidimensional test benches and devices, the interconnection between their partial movements can be taken into account in the model only in case when specially developed test methodology is applied.

The most complicated are problems for the definition of measuring device disturbances dynamic characteristics in the modes then the movement of the test bench simulator are close to operational movements. It is connected with a number of factors. Firstly, the movement of the test bench must be realized as a multidimensional stochastic process with prescribed dynamic characteristics. Simulation of these movements with the highest accuracy by a test bench‑generator is achieved by some stages of development [1,2] of the structure of the bench control System, the main of which must be the dynamic designing of the control system which should be done with  taking into account the dynamic characteristics of a test bench as an object of control, signals of programmed motion, test bench internal effects, noise of measuring devices etc.

The research base for this stage should be in the form of practical algorithms of optimum stochastic systems synthesis.

Secondly, it is required to make optimum evaluation of inputs and outputs of a device under research, to make necessary transformations of measured coordinates of the test bench conditions in comparison with the initial system of coordinates, to make necessary analysis of the device in order to find the disturbances vector in the modes of measurements close to real operational conditions.

Statistical processing of received measurement disturbances in some modes of operation and approximation of experimental results by means of mathematical expressions must be done at the final stage of the work for determination of noise models of airborne measuring device under dynamic condition as close to the operational modes as possible. It is necessary to have the algorithms for the optimum evaluation of stochastic condition of complicated dynamic object (for example [1]) as well as the correct problem formulation for every case.

The development of optimum evaluation systems determine stages of their dynamic designing process.

It is necessary to stress that the test bench‑simulators can serve for the definition of measuring devices  characteristics and noise of measuring process. Optimum control structures must be readjusted depending on the character of the problem and modes of flight simulation.

To visualize the problem of complexes used for dynamic certification of complicated airborne measuring instruments, it is worth to demonstrate a version of a bench‑generator block diagram which has predetermined. Random angular movements and can be used for dynamic certification, for example, of gyroscopic systems. (Fig. 1).





Figure 1. Bloc‑diagram of a bench generator for dynamic certification of airborne measuring devices

The symbols used on this bloc diagram are as follows: TD — tested device; TB —  test bench; SS — system of servomechanisms; OCS‑I and OCS‑II— optimum control systems for the modes of determination of dynamic characteristics of generators for modes (I) and (II); SMG‑I and CMG‑II — systems of master generator for  I and II modes; SMD — system of the measuring devices test bench; F — filter for estimation of program signals vector  

; OES — optimum estimation system of the test bench 

 as a result of measurements obtained SMD (

 —  measuring devices test bench noise SMD, 

 — vector of the “true” condition of the test bench); SET — system of closeness evaluation of test bench real movements simulating flight mode; STTB — system of transformation of test‑bench evaluation to condition of the tested device; 

 — vector of the device recording Conditions; 

 — evaluation of are item condition; 

 — product outputs vector; 

 — vector of the measurements noise, which should be taken into account; 

 — evaluation of measurements noise vector of the product. The principle of the test bench generator operation is clear from Fig. 1.

Let us consider the optimal observer algorithm of synthesis as an example of science intensive technology. It is necessary to make optimum evaluation of airborne measuring devices test bench generator conditions during stochastic actions practically in all modes of simulated or real flights.

At  present these evaluations are very often based on Kalman optimum filtration. In this case disturbances and object  conditions are not correlated. But in practice there are many other cases. For evaluation of an object steady conditions and for the simplicity of realization a number of spectral methods of optimum evaluation  [1,3] have been proposed. We can explain this by one example.

Let us assume that we know a priori: the dynamics of a steady object O, the condition and stationary disturbance 

, acting on object output, having been measured in an actual test by means of some measuring system UC with matrix, having transfer function 

 (Fig. 2). 

These measurements are accompanied with a disturbance 

 which has known dynamic characteristics. It is required to determine a structure (matrix of transfer functions) 

 and parameters of linear steady system of observation OH in such a way that to minimize evaluation dispersion error 

. The proposed algorithm for the case evaluation is the following.

If the movement of an object under the action of disturbances is described by the system of simple differential equations with Laplace’s transformations



,

and a measuring signal is determined by the equation



,

then the algorithm [1] for the determination of transfer function matrix evaluation on the basis of initial information will be written as follows



,
(1)

where 

 is the result of factorization of the transposed matrix 

 of spectrum densities of summarized disturbance 

; matrix 

 is the result of separation of the matrix



,


;

where 

is the transposed matrix mutual spectrum densities signals and  

 and 

, “*” is the sign of Ermitov’s conjugation, “(” — the symbol of transposition.




Figure 2. Block‑diagram for optimum estimation

If we substitute initial information (matrixes  

,

 and 

) into the algorithm (1) and make all necessary transformations we can get at once the unknown matrix of transfer functions of optimum observer. Realization of an observer structure by means of modern computers is quite easy.

Optimum observers are necessary for evaluation of stochastic conditions of airborne measuring devices in the process of real‑scale and bench tests of aircraft, test‑bench generators of space movements As well as for the closed loops of optimum control which are designed on the basis of separation theorem.

Proposed algorithms of optimum synthesis and structural identification of dynamic systems are given in the papers mentioned in the Reference.

The methodology for the dynamic attestation of airborne cybernetic complexes is developed. This methodology is a necessary condition for the creation of optimal control and navigation complexes.
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