
SPACECRAFT STRENGTH AND KINEMATIC TESTS 


Peculiarities of strength and kinematic tests of “Phobos-Grunt” space complex are determined by complexity of structure consisting of separate series-connected functional units, presence of many pyromechanical systems for separation and deployment of flexible structure elements, strictly determined astronomical launch terms, etc.

Laboratory workout tests, development tests, qualification tests of units and systems and integrated tests, i.e. qualification strength test (vibrodynamic tests and static tests), take place in the development phase.

A diversity of check tests, starting with technological vibration tests and static loading of separate assemblies and finishing with technological vibration tests of flight SC, is performed during the production process.

Results of qualification strength tests along with other kinds of tests (electrical, thermovacuum, radio, form fitting, prototyping, etc.) are form the ground for making conclusion about strength to clear SC for normal operation.

In the course of ground workout, vibrodynamic and static tests, centrifuge tests, and functional tests for deployment and separation of flexible structure elements have been conducted, and each of these tests has its peculiarities.

Vibrodynamic tests are performed on electrodynamic vibration tables made by LDS, England (V984 – 2 shakers of 16 t each and V-440T – 6.5 t) equipped with SCADAS III multichannel control systems made by LMS, Belgium, and overloads on test object are measured by the measuring computer complex based on MIC-503 made by NPP Mera and rated at 200 channels.

This equipment allows to simulate practically any dynamic loads from harmonic oscillations at fixed frequency to broad-band random oscillations, as well as various vibroshock loads.

Technological aids for these tests possessed not only necessary strength but also appropriate rigidity, had no resonances in low-frequency range and had minimum quantity of intermediate joints for lost-free transmission of loads from the shaker to the article under test.

During lateral axis test, technological aids made it possible to move the article only in the excitation axis direction, and overturning moment should be taken up by special devices (running rollers with tie rods or slide table on hydraulic bearing).

The weight relief system should be low-frequency one with flat force-displacement characteristic and should make it possible to joint the technological aids with the shaker without misalignment.

During flight situation test, we proceeded from the fact that loading conditions in flight and in ground tests are significantly different, i.e. forces are transmitted to the structure in flight by ultrasonic way (boundary layer pressure oscillation) and mechanical way (LV PP vibrations). During vibration tests on EDVS, loads are transmitted only by mechanical way; therefore, there is a risk of underloading the spatial structural elements and overloading the elements with sharp resonances. A special testing procedure is developed to avoid non-standard destruction and provide the greatest feasibility of predetermined conditions. It consists in step-by-step output to predetermined conditions, starting with low safe levels, with continuous analysis of structure responses and analysis-based correction of to predetermined conditions either by introduction of limitations of maximum overloads on separate structural elements or by introduction of additional sensors of test bench measurements in control loop (along with setting sensors set by the program) (Figure 1).
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Figure 1. Test on V984LDS Shaker. Longitudinal Axis

Tests of articles for short-period damped low-frequency vibrations that occur in case of emergency landing of transport airplane or separation of LV stages were conducted on mechanical test bench of short-period cyclic loads. Natural frequency depends on moving part weight (object under tests + adapter + test bench platform) and stiffnesses of replaceable springs, and maximum overload value depends on initial amplitude of cocking of springs. After the locking device operates, free damped vibrations along the article longitudinal axis start. To exclude parasitic oscillations relative to transverse axes, the centre of mass of the moving part was aligned with the test bench longitudinal axis (with resultant of forces in contracted springs) during test set-up assembly (Figure 2).
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Figure 2. Test on Short-Time Cyclic Load Test Bench (SKTSN)-10000 in Transport Container in Case of Aviation Landing

Centrifuge tests were performed on centrifugal test benches, which appeared more effective than conventional methods of static tests, when the object under tests should be placed in 3D overload field.

Hermetically tight reservoirs, intratank pressurizing and intaking systems, equipment compartments with equipment, dimensional nonbearing structures such as antennas, panels on short-time cyclic load test bench (СКЦН), and spacecraft as a whole were tested in that way (Figure 3).

Actual overload is determined by shaft rotation rate, distance from rotation axis and orientation of object under tests relative to carrier axis.
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Figure 3. Transfer Module Test on SU-268 Centrifuge in Case max “nхI” in Longitudinal Axis

The most interesting tests within “Phobos-Grunt” subject were conducted in the kinematic test sector. In particular, an original test bench was designed and manufactured for laboratory screening test of soil sampling tool to test possibility of vibrostatic sampling of loose soil. Here, optimum frequency of vibrations for one of structural options was determined and other interesting results were gained. However, work was stopped because of change of soil model, though its results can be used to solve analogous problems in the future.

Development tests of landing gear support made it possible to confirm strength characteristics and determine landing gear and thrust journal compression curves and friction forces having effect on thrust journal at various soil analogues which is necessary for calculating the landing dynamics.


Tests of separation systems, considering wide experience of designers and small weight of separable elements, were conducted as per one of conventional methods in vertical position. However, the special system required to provide constant weight relief force along the considerable path to work out the separation system of the Chinese subsatellite placed inside the truss structure (Figure 4).
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Figure 4. Test of Separation of Re-Entry Vehicle from Transfer Module

Besides, static tests for experimental evaluation of structural strength and rigidity characteristics of SC, separate assemblies, units and their joints and determination of stress and strain state of the most loaded elements to confirm methods of theoretical calculations were performed within full scope.

Loading equipment made it possible to apply design loads without breaking local strength of article. Applied loads, displacements, and indications of strain sensors and internal pressure in hermetically tight reservoirs were continuously recorded during all tests.

All tests were completed with positive results.
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