BURAN Experimental Working Out

Shabanov V.K.
Methods of experimental working out of BURAN, its units and systems designed in NPO MOLNIYA and other organizations are explained. The milestones of experimental working out, and the scope and kinds of tests for provision of the 1-st orbital flight of BURAN are considered. Characteristics of test laboratories of NPO MOLNIYA verifying the conformity of test conditions to actual ones of BURAN operation are displayed. The areas of application and list of accomplished works are shown, which are possible to executed using the experimental base of NPO MOLNIYA for the purpose of working out modern flight vehicles and other complex technical systems.

The Tasks of Experimental Working Out

The experimental working out BURAN was a complex of organizational and technical measures ensuring actual confirmation of its quantitative and qualitative indices and included experimental and research works and development tests (Figure 1).

The main targets of experimental and research works (research tests) were: studying problem issues of design and properties of new structural materials, and checking out manufacturing process. The main scope of research tests was carried out at early stages of BURAN creation.

During the workout tests, which completed the process of its creation (autonomous and complex) the correctness of engineering solutions was checked up, designer and fabrication documentation was specified and the compliance of BURAN characteristics with the requirements of TS was confirmed.


All newly developed, upgraded or modified assemblies, units, systems and other components of an vehicle, which had a separate purpose, were subjected to autonomous tests. The purpose of these tests was the working out of operation in conditions close to real, assessment of the characteristics conformity to the preset ones, in particular the reliability assessment.

Units, assemblies, systems and other parts of an vehicle were subjected to complex tests with the purpose of their joint working out and check of operation and interference under conditions close to real. The working out of BURAN stipulated the accomplishment of basic scope of tests in ground-based conditions. At flight tests only the workout was conducted which would be impossible or economically inexpedient in ground-based conditions, or would be necessary for confirmation of laboratory-stand tests results.

The novelty of BURAN experimental working out was primarily connected with its reusable application and large overall dimensions, which required the development of new testing techniques and creation of complex testing systems. A scope of tests and testing procedure were determined by the reliability programs (RP) and complex programs of experimental working out (CPEW), proceeding from the optimum by quality, terms and costs philosophy of tests at all stages of BURAN creation. For example, for working out a set of all units of friction established on BURAN together with the Institute of Engineering the ‘leading units’ were determined, the technique of their tests and use of obtained results for functionality assessment of the appropriate groups of units of friction was created.

With the purpose of reducing the terms of tests and costs of their realization, the preliminary and final tests were usually combined and the reliability tests were integrated with the tests for operation and confirmation of characteristics’ compliance to the preset parameters. The tests were carried out on four especially important samples of units of each name and on three samples for other systems.

Stages of Experimental Working Out BURAN Airframe and its Systems
The milestones of BURAN experimental working out are shown in Figure 2. At the first stage, the following experimental and research works were executed:

· aerodynamic, gas-dynamic and thermal on the scale mockups in wind tunnels and on BOR-5 flying model;
· acoustic - on mockups;
· mathematical modeling and semi-natural simulation on flight stands;
· study of heat protection and heat resisting materials in gas-dynamic systems and on BOR-4 flying model;
· checkout of strength and rigidity of construction elements on samples (~10 thousand);
· other researches on mockups and samples (lightning resistance, air-tightness, etc.).
The second stage of experimental working out consisted of accomplishment of autonomous tests including working out the components, systems and units on special stands and versatile test equipment (strength, functional, vacuum-temperature, climatic, tribological tests and leak test).

At the final third stage the complex tests were conducted:

· flight tests on TU-154, TU-22, IL-76K, IL-20D, MiG-25 planes-laboratories;
· horizontal flight tests of BURAN analog;
· electric, radio and hydro-mechanical tests of systems and equipment on complex KS-GLI (FSSE, PRSU, ISU, UGSS) stand;
· static strength tests of BURAN airframe and units of its construction;
· thermal strength, acoustic and vibration strength tests of the components of the airframe on the stands and facilities;
· frequency tests of BURAN on special stands;
· vibration-acoustic tests on the UKSS start-stand;
· electric and radio tests of equipment on the complex stand OK-KS;
· thermal-vacuum tests in the chamber of vertical tests;
· mockup-technological, ventilation and biomedical tests.
Volume and kinds of tests of BURAN Orbiter’s airframe and the systems 
of development MAP for provision of the 1-st orbital flight 
                       Table 1
№ 
 Object of tests 
 Kinds of tests and scope of testing 

1. 
Full-scale OK-M vehicle
· Static strength tests for support of horizontal-flight test of Orbiter’s Analogue vehicle
· Frequency tests: I-II; IV

2. 
OK-GLI vehicle
Flight tests:
· Main program - 16 flights

· Additional program - 8 flights

3. 
Full-scale OK-KS vehicle
Electric and radio tests of systems and equipment on OK-KS complex stand

4. 
Full-scale OK-MT vehicle
· Static strength tests

· Fitting-adjustment works

5. 
Full-scale OK-TVA bays 
· Thermal strength tests:

- external and internal elevon

- vertical tail

- balancing flap

- nose spinner

- sections of wing edges (№ 11, 12, 13 from right wing 

 - thermocycling)

- medium part of fuselage with right wing

· Vibration-strength tests:

- internal elevon

- medium part of fuselage

- rear part of fuselage

- forward part of fuselage with cockpit

- nose spinner

· Repeated static tests:

- sections of wing edges (№ 7(13)

- nose spinner

· Acoustic and strength tests:

- external and internal elevon

- vertical tail

- balancing flap

- left wing

- sections of wing edges (№ 7(10)

- medium part of fuselage with right wing.

6. 
Full-scale vehicle for strength tests
Static, strength and  и repeated static tests of balancing flap, doors, joints

7. 
Full-scale OK-TVI bays
Thermal-vacuum tests of vertical tail, medium and rear parts of fuselage

8. 
Undercarriage
Working out functioning and service life on the ISU stand for undercarriage (executed ( 2200 undercarriage release and retraction)

9. 
Doors, radiators and locks control system, (DRL-CS)
Working out functioning on full-scale STVOR-2 stand

10. 
Systems of life support and temperature modes 
Working out functioning and temperature modes on 

 35st7 and 35st7/9 stands

11. 
Complex of airframe onboard equipment 
· Complex tests on OBCN-DSS, PNS, FSSE stand (incl. semi-natural mockups, 1248 implementations, working out of DIL - 149 tests, etc.)

· Tests on TU-154 flying laboratories (total 498 works in auto-mode: of passage - 334, landing - 108, in m/u 11284 - 56 works) 

12. 
BOR-5, BOR-4 flying mockups


· Flight tests of BOR-5 mockup for testing aerodynamic performances   (4 works)

· Flight tests of BOR-4 mockup for testing temperature performances     (5 works) 

13. 
Units and assemblies of the systems developed by aircraft industry enterprises 
Tests for all kinds of exposures (204 names of objects of tests, 900 objects, (5000 tests – at NPO MOLNIYA, 450 objects – at allied enterprises)

Structure and basic characteristics of test complex of NPO MOLNIYA  

                                   

 Table 2

№  
 Laboratory  
Simulated external effecting factors
Reproduced exposures
Characteristics of tested objects
Performed works and areas of application of experimental base

1.
 Tribological tests 
 Operational loads (power and temperature) in real units of friction of the type: shaft - bushing, roller - rail 
 Loads up to 330 kN 
Temperature 
Т = -130…500oС 
Pressure 
up to Р = 1…10-6 mm Hg. 
Speed: 
-rotation of shaft up to 60 grad/sec, -displacement of roller up to 60 mm/s 
 Outside diameter of: 
-body - up to 100 mm 
-shaft - up to 60 mm 
 Determination of time and costs optimal strategy of experimental working out of all set of units of friction used in technical articles. 
Determination of ‘leading’ units of friction and techniques of their test. 
Accomplishment of service life tests of units of friction. Issue of the guidelines and conclusions on operation conditions of units of friction.

2.
 Crio-thermo-vacuum tests 
 Space environments: 

 -high vacuum 

-“blackness” and cold of space 

-radiation of the Sun and other planets 

High-temperature loading from a flow of air plasma 
Vacuum up to Р = 5x10-8 mm Hg. Temperature 
Т = -160…1800oС 
Radiant fluxes: 
-density (100…4000) W/m2 
-spectral range (0.2…0.4) mcm Non-uniformity of irradiation is not more than 5% 
At tests objects can be subject to vibration-loads 
Diameter up to 2.5 m Length up to 9 m 
Thermal-vacuum tests
High-temperature tests of heat protective coatings 
Test for leakage at complex acting of vacuum and temperatures 
Spectral analysis of substances emanated by materials at tests 
Metrology checkout of devices and sensors of pressure and heat flows 
Vacuum melting and spraying 
Obtaining of ultra-pure materials 
Sublimation drying of medicinal preparations and food staffs

3.
 Static strength tests 
 Static loads on articles:   
-concentrated 

-distributed  

-variables in time  
External temperature fields varied in real time 
Loads in directions up to 20,000 kN 
Speed of loading in 64 independent channels - up to 20% of maximum. Temperature conditions reproduced in 64 zones at power of each up to 100 kW 
Heating up to Т = 800oС 
Objects of overall dimensions of 50 ( 30 ( 15 m 
Determination of design loading conditions 
Tests of bulky construction for: 
-static strength 
-service life 
-rigidity 
-operation under load 
-strength with heating and chill-down of constructional units 
Test of samples of materials and constructions for stretching, compression and bending. 

 Table 2 (continued)  
№  
 Laboratory  
Simulated external effecting factors
Reproduced exposures
Characteristics of tested objects
Performed works and areas of application of experimental base

4.
Dynamic  tests 
 Dynamic loads acting on articles during their maintenance 
 Range of reproduced frequencies (1…3000) Hz, dynamic loads up to 200 kN. 
Loading through  6 channels 
Loading realized: 
-on fixed frequencies 
-with frequency scanning with the rate of (0.01…100) oct/min 
Noise signal of the required shape of a spectral density.
 Objects of overall dimensions of 10 х 6 х 5 m 
Mass of objects at vibration safety and frequency tests to 300 kN 
Mass of objects at impact tests up to 1 kN 
Determination of dynamic strength of full-scale bulky constructions 
Determination of frequency characteristics of objects (fundamental frequencies, oscillation modes) 
Shock test 
Processing of results of measurements under algorithms of spectral and correlation statistical analysis 

5.
 Environmental tests 
 External climatic conditions at different combinations of values of temperatures, pressures and moisture. Rain, hoarfrost, dew and marine fog. 
At tests the operation of tested articles is provided (electrical, hydraulic, pneumatic).
Temperature Т = -70…300oС Pressure up to Р=1.5 mm Hg. 
Moisture up to 98% 
Cinematic heating in normal climatic conditions up to Т=1300oС with rate up to 50oС/s 
Maximum overall dimensions 2.0 х 1.8 х 1.5 m 
Mass up to 400 kg 
Development of the guidelines, techniques and conditions of environmental tests of standard components of construction 
Accomplishment of high-temperature tests with cinematic heating of construction 
Issue of the conclusions and guidelines on operation conditions of articles 

6.
Tests for air-tightness 
Operation conditions of articles: provision of required gas filling of the composition of propulsive mass, internal pressure in systems and units. 
Determination of a degree of a leakage: 
-for gas medium - to 1.3x10-8 m3Pa/s 
-for liquid - to 10-12 m3/s 
Internal volume of cavities up to 3 m3 
Tests for leakage by gas-analytical and compressive methods using mass-spectrometric, acoustic, vacuum and other equipment, and precision measuring aids. 

Table 2 (continued)

№  
 Laboratory  
Simulated external effecting factors
Reproduced exposures
Characteristics of tested objects
Performed works and areas of application of experimental base

7.
Nondestructive  examination 
 Tests are carried out on real  articles, materials and constructions 
 Determined by the customer of works 
 Not limited 
 Development of techniques and implementation of means of nondestructive examination 
Assessment of permanent joints quality (welded, soldered and others) 
Measurement of hetero-density of nonmetallic materials 
Quantitative detection of moisture content in loose, porous and other materials and constructions 
Structural inspection of materials 

8.
 Tests for electromagnetic compatibility
Real conditions of electric equipment and avionics operation in normal climatic conditions 
 Tests are carried out in screened anechoic chambers with efficiency of screening not worse than 82 dB 
Values of reproduced parameters are determined by the customer 
 Without limitations 
Development of tests techniques and programs for onboard equipment, electric and electronic equipment, devices of general and special purpose for electromagnetic compatibility 
Measurement of radio disturbances created by equipment and instrumentation: 
-in circuits of control, current supply and information transmission 
-on electromagnetic field 
Estimation of operational capacity of equipment at influence of magnetic induction fields, impulse and harmonic interference of electrical fields on the equipment, circuits of current supply and information circuits. 

9.
 Laboratory gasdynamic tests 
Physicochemical effect and aerodynamic heating of the surface in subsonic zone of an impact layer appropriate to flight parameters of a ram airflow in an interval of speeds V=4,000…10,000 m/s 
Enthalpy of braking is 10…40 mJ/kg 
Temperature of plasma jet: Т=5,000…10,000К 
Temperature on surface of sample is up to 2,300К 
Time of continuous work is up to 40 min. 
Operating gases: air, argon, nitrogen, helium.
 Samples of cross section 0.3 х 0.3 m 
Research of non-equilibrium heat exchange with allowance for catalytic processes 
Research thermal chemical effect of pure plasma on heat protection of space flying vehicles.
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Figure 2. Stages of experimental working out
The data of the tests for the 1-st orbital flight of BURAN are displayed in Table 1.

As is visible from Table 1, the tests for influence of different factors were carried out on different samples of the vehicle. The optimum integration of tests for different units and bays was provided. Thus, for example, at tests of OK-TVA vehicle, the external elevon was subjected to tests for thermal strength and acoustic tests, nose spinner – to tests for thermal strength, vibration resistance, repeated static and other tests. It reduced the scope and terms of tests, costs of their performance and gave the necessary information for an assessment of operation capability of the construction.

Experimental Base 

For experimental working out of BURAN orbiter ensuring the high reliability of its systems and units operation, it was necessary to create an experimental-stand base appropriate to the novelty and complexity of this task. With this purpose, in 1977, “Development of technological base of SRI, design bureaus and pilot plants of the branch for the period till 1990” plan for experimental working out of aerospace vehicles was developed. The section concerning the experimental base of NPO MOLNIYA has made the fundamentals of this plan and was performed by NPO MOLNIYA and GIPRONIIAVIAPROM with consideration of proposals on reconstruction and development of the experimental base received from TsAGI, SibNIA, LII, TsIAM, NIAT and other organizations of the branch. 

Technical specifications of creation of unique test facilities were developed at NPO MOLNIYA, in which the required characteristics of the facilities and simulated external exposures and factors were preset. Some of the largest test complexes of NPO MOLNIYA – complex of thermal vacuum tests, laboratory of tribological tests – had no analogs in the USSR and Europe.

At all stages of experimental working out of BURAN airframe and its systems, 370 stands and facilities, including 248 existing and renovated, 122 newly created, including 64 for testing the objects designed at NPO MOLNIYA, 58 - for the objects designed by allied manufacturers were involved. The unique test equipment was equipped with the automated system of experiment control, systems of measurement and control, and necessary metrology aids.

Performances of test equipment of NPO MOLNIYA experimental base verifying the conformity of test conditions reproduced by test equipment to the real conditions of BURAN operation, and the areas of application of NPO MOLNIYA experimental base are shown in Table 2.

The test complex can be upgraded and re-equipped for the tests of particular vehicles. All test laboratories are accredited State Standard of the Russian Federation according to the System of Certification of GOST-R for technical competence and independence as test centers of Russia. The certificates are registered in the State Register of GOST-R System of Certification.

The methods of experimental working out of BURAN and the created modern test base allowed to provide, with high quality and in short terms, confirmation of the orbiter’s performances which stipulated the success of its orbital flight and automatic landing.
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Figure 1. Block diagram of experimental working out
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