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ERGONOMIC ASPECTS OF TEST OBJECTS OF THE SPATIAL STRUCTURE ON
THE VIBRATION RELIABILITY

In-process on the base of the use paradigm of ergonomics approach a «man-machine-environment» is created
structures of the systems of tests on multicoordinate external mechanical influence as it applies to the objects of
spatial structure. Thus systems of oscillation tests parameters of multicoordinate vibration of platform of stand
reproducing of extreme properties of multidimensional vibrations of object is provided affecting. Reproducing at the
stand tests of the most dangerous from point of refuse object is in this case provided on oscillation reliability of the
mode of tests. Amplitudes of vibrations of object in the direction of both basic and attended co-ordinates become
maximally possible. The underscores of indexes of oscillation activity of object are eliminated, which are diagnosed

at stand tests, and, consequently, and unforeseen refuses on oscillation reliability in exploitation.
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Problem statement

The majority of apparatus and assemblies, devices of
machines, constructions, industrial buildings and
structures that are created and produced by energy,
machine engineering, transport, aviation, aerospace,
radio, electronic, instrument engineering, shipbuilding,
electrical industries represent a set of installed on the
supporting structure (housing assemblies) units, blocks,
and belonged to the class of spatial structure objects
(SSO), which mechanical scheme is considered to be
spatial reference system of inertial, elastic and
dissipative elements. This scheme shows the nodes,
assembly units of products of fine-precision mechanics,
electromechanical devices that are fitted into the
housing via dampers and experience the negative impact
of the current spatial multi-axis vibration in the process
of exploitation [1, 2].

In our time the study of parameters of vibration
velocity and vibration survival of structures, parts of
structures, buildings and units, which belong to the class
of spatial structure objects and experience the impact of
vibration load in real world conditions is based on
single-axis amplitude-frequency and amplitude-time
characteristics, and the research and testing of such SSO
on vibration reliability are connected with single-axis
(vertical horizontal, vertical) vibration stands. As a
result, the parameters of SSO vibration reliability do not
consider the mechanisms of synergistic effect, and their
tests are inadequate to operational conditions, which
leads to erroneous estimation of the parameters of
vibratory activity of structures, components, assemblies,
their stress state, reduce the quality of research in the
physics of vibration failures, and the reliability of the
results of research and testing, leads to unexpected

failure of SSO as for vibration reliability in operation
[3.4].

Analysis of the recent researches and
publications

Nowadays, the structures of vibration test systems
are commonly used in single-axis stands of horizontal,
vertical and oblique vibration [1]. In this case the
structure of vibration test system during its creation
includes: a method of bench testing, the way of
representation of a given vibration, methods of
reproduction and bench testing adjusted for structural
parameters of the platform, test object, as well as types
of vibromeasuring converters. Thus in the works [2,4]
it was shown that the non-use of stands and VTS for
multi-axis mechanical effect leads to an increase in 2
and more times of the vibrational load duration to the
test object, and also reduces the fidelity of its
operational vibration condition. This research shows
only the features of the further use of VTS for SSO and
is considered to be a fundamental principle for further
development of this scientific field.

In addition the results of two-axis and multi-axis
loading in comparison with testing methods of single-
axis vibrostands for three-dimensional SSO show that
the amplitudes of the translational vibration of the
object have differences of 1.5 times or more in
parameters of the amplitude spectrum of the
translational vibration of the object [2-4]. However,
these studies are purely analytical and do not give a
response to features of structural and technical
identification.

It is known (modification D of the US standard
MIL-STD) that more than 55% of aviation equipment
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failures are due to incomplete consideration of the
factors of simultaneously acting external mechanical
and climatic influences, that is, ignoring the synergistic
effect of amplitude, temporal and frequency parameters
of the components of exposure, that is due to the lack of
conditions of the synergetic (mutually reinforcing)
impact of individual factors. These principles were
tested and their application had a positive effect. For
example, their usage in testing of fatigue performance
and stability of electronic equipment of the Apollo visits
to the moon by a Shuttle vehicle upon the program
"space Shuttle", as well as reliability testing of aircraft
equipment according to the program CERT [2-4]. But
the nature of the use of the synergetic effect of these
external influences in terms of bench laboratory tests at
the level of technical support is not considered here.

The impact of parameters on the harmonic resonance
and conversely, as well as changes in the amplitude
resonant harmonics are reviewed in the works [5-12].
However, the innovative component of integrating the
results obtained in these studies is not introduced.

Besides in the work [4] the research does not define
the structure of VTS that provides SSO testing as for
multi-axis vibration adjusted for the synergy effect and
its parameters. This limits the application of VTS in
practice.

The objective statement of the article.

In the work the structures of test systems of multi-
axis external mechanical effect concerning the objects
which belong to the class of spatial structure objects
based on the paradigm of "man-machine- environment"
ergonomic approach are developed. In this context
vibration test systems influencing the parameters of
multi-axis vibration platform stand provide the playback
of the extreme properties of the SSO spatial
fluctuations. In the case of bench testing the playback of
the most dangerous test mode in terms of failure of the
object on vibration reliability is provided. Vibrational
amplitudes of the object in the direction of the main
(active forced) and coincident (unactive forced)
coordinates become  the highest ~ possible.
Underestimation of indicators of oscillating activity of
the object that are diagnosed at bench trials, and,
therefore, unexpected failures of the vibration reliability
in operation are excluded. As a result the reliability of
studies of the SSO vibration failure physics as well as
their operational reliability are increased.

Presentation of the basic material.

We define block diagrams of the VTS, providing
scientific research statements, respectively as: Structure
1 and Structure 2.

Let’s consider the schematic synthesis for three-
dimensional VTS using the Structure 1. In the case of
frequency transfer function of the mechanical system,

including three-axis vibration stand and three-

dimensional test object, it has the form
Vi(jo ) =W, (je,)-q; +
+;sz (jo)-ay,(jo) Q)
(i=1,2,3),(N,=2,3,13; 1,2)’
where V;(jay )= B,e" el _ the SSO vibration
W, (jo, )= |\/Vii (i )| gt

transfer functions, ¢ = A, -e'% -e!*' @ — block
phase with  the

signals, SSO

response transfer  function

V\/ikph =1-e in the i-input channel of the system.
Block diagram of the VTS, which corresponds to

equation (1) at the frequency of the tests @, ,is shown in

Fig.1. Here, each of the input Q; and output coordinates

V; has its own excitation frequency @, , in which,
9 wlih ’| Wi Q A\
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Fig. 1. A block diagram of the VTS

B, = Ai*k =max.

Analyzing the functioning of the VTS under given
condition we’ll receive the following: if as a unit W"f
apply adjustable phase-shifter signal of the i- frequency
channel @, = o,

\res

7ii(a’k)+ D= ﬂ“iu(a)k)’

the performance ratio is

where the phase characteristic function is

NZVViNZ(J'wk)'qNZ(J'wk),

the oscillation amplitude of the mechanical system in
the direction of the output coordinate V; is maximum.

VTS scheme shown in Fig. 1 implements SSO test
method (Method 1), which algorithm can be formalized
in the following set of steps.
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Step 1. At the lower range value ¢, of the

operating frequency Q:[a), —a)u] at the test point of

vibration stand platform a multi-axis
predetermined amplitude

the spatial
vibration of a

!
qn:{qnl,_,,,qu} is reproduced. In this case the

phase displacements between the coordinate

components (|, are supported by zero points.

Step 2. At the same time changing the frequency of
excitation @ make the determination of the resonant

frequencies of the test object @, .

by analyzing its

amplitude and characteristics

v, (@) (i =1,_N)When a, (@)|=const .

Step 3. At the resonant frequencies of the test
object make the change of phase shift (for the

frequency

coordinate V; the phase shift varies in the "own"

channel (, and the value ¢, Iis determined),

enforcing the conditions under which the amplitudes of
the object vibrations in the direction of the i-analyzed
coordinate take the largest value.

Step 4. In testing the control point of the vibratory
stand platform reproduce vibration process with the set

values of the resonant frequencies of the object @,

\res
and the phase shift ¢, between the vibration

components of the platform.
The VTS, which is implemented according to the
scheme in Fig. 1, differing by simplicity of technical

implementation, because for each coordinate V; no
more than one unit with the transfer function V\/iph in
the channel Q; is applied, achieves the required results
only if the magnitudes 73y, (a)k) when N, =var do

not depend on the magnitude N, . This is done in the

spatial mechanical systems [1-4] related or close to
symmetrical class.

These drawbacks are excluded in the VTS, which
block diagram (Structure 2) has been built with regard
to the statements of Method 2. In this equation (1) is
reduced to the form [4]:

B, - e =W, (e, )|- €™ A,
e et S W (o, ) x
N,
xej}’iNz(a)K) . AN2k jwwzk A eja)kt

(i=1,_3), (N,=2,3;1,3;1,2. @

The VTS block diagram corresponding to the
equation (2) at the frequency @, , is shown in Fig. 2.

In this scheme, the condition B, = A;; =max is
achieved by the impact on the magnitude Do which

should satisfy at a frequency @,

VN, (a’k)+¢N2k _7ii(a’k)_¢ik =0.

In addition, for each coordinate V; N — 1 blocks

the equation

with transfer function 1-e'% are applied. For example,

for the frequency @, ., of the coordinate V; in the

\res

channels ¢, i ¢, ofthe scheme in Fig. 2 we use
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Fig. 2. A block diagram of the VTS

the blocks W' i W', where the index k

corresponds to the frequency of testing O, res - A

Similar functions are performed by the blocks Wzle!

Ph \p/Ph \p/Ph
Wi Waa . W, of the structural scheme.

The algorithm of the test method (Method 2),
which technical implementation approach is shown in
Fig.2, is formalized in the following way.

Steps 1 and 2 of the Method 2 are coincided with
steps 1, 2 of the Method 1.

Step 3. At the resonant frequencies of the object

@, Pperform the change of phase displacements in

turn at all N = N — 1 of the connected channels Q,,

("connected" shifts of phases), ensuring the fulfillment
of the conditions under which the oscillation amplitude
of the object in the direction of the i-analyzed
coordinate at each stage of the phase shift regulation
becomes maximum.

Step 4. Testing the control point of the vibration
stand platform reproduce vibration mode with set object
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resonance frequencies @

\res and "connected" phase

shift w,

W res between the components of the vibration
platform.

Technical implementation of the marked regime
tests is carried out using the systemvibrotesting circuits
play amplitudes and phases of vibrating processes,
search and playback re-resonance vibrations of the
object.

One of the options the systemvibrotesting system
presented in Fig.3-where 1, 2, 3 - according
vibrofeeders and two-coordinate translational vibration
platform; 4, 5 - vibrofeeders control units 1, 2; 6 - tested
object spatial structure; 7 - measuring transducer
angular vibrations of the object; 8, 9, 10, 11 -
translational vibration transducers object platform 6 and
3; 12 - switch; 13 - vibrotester; 14 - Analyzer
amplitude-frequency characteristics; 15 — frequency
tester; 16 - faze tester; 17 - harmonic oscillations
generator; 18 - managed faze rotator; 19 - Key; 20 -
Operator researcher; Uy, Uy - generator output 17; Us -
15 freqvency tester output signal proportional to the
current frequency; Uop1, Uop2, Uops - control signals
operator 20.

12
0, Tz, )
7 8 @ U

Yp 2p % Iy' Y
z
10 o,j;]s— 15
T
11
| - |

L | o= »
Uop

Un

|18I

t Uon ]

Fig. 3. A block diagram of the VTS

Vibration test system operates in three modes:
resonant frequency search mode; resonant phase shift
search mode; mode you-trials on vibroreliability.

Search mode resonant frequencies.

In this mode, the search and definitions for each
coordinate  yi, z;, 6y object test their resonant

frequencies @

yires? @,

res' Dgres - 10 do this, the output
signals Uy, Uy of the same generator frequency
serves 20 operator input device 4 and control unit 5
through faze rotator 18 and the key19 Next key via the
operator vibrotester 13 20 U signal OP1 is installed on
the bottom of the range of operating frequencies

specified normative document mentioned oscillation

amplitudes A*, i A: and platforms, providing the help
of faze rotator 18 (signal operator Ugp, ) zero phase

shift between the signals y i z. This evidence: Ayp i

Azp is controlled through the chain: Switch -

vibrotester (vibrotester 13 has one input, so the switch
12 has connected to it the desired signal), and the
testimony phase shift between processes y iz — through
the chain: chain: Switch — faze tester. Next, the operator
20 performs simultaneous scanning frequency signals
Uin, Uoy block 17 in the range of operating frequencies,
supporting, affecting the amplitude U;y i Uy, of the

amplitude A, i A, amplitude A: i A’ and set and
levels affecting faze rotator 18 - Zero-headed phase shift
and analyzing unit 14 frequency characteristics

A,l(a)) Azl(a)) Agl(a)) of the object connecting it

with the switch 12 and outputs vibrotester converters 7,
8, 9. in this case, the input signal analyzer 14 Uy, is

proportional to the current frequency
O ros1 Oy ros 1 Wy e take freqvencies @, with which

A, (@), Azl(a)) Agl(a)) are  maximumi. The

frequency are measured by freqvency microtron 15.
Then comes the search mode resonant phase shift.
In this mode, the operator 20 for generator 17
originally set for both signals and Uy i Uy, for

A=A

A, =A i 6 =0 Then performed using 18 faze

example-freqvency @, .. and  ratio:

7,res

rotator varying phase shift range (0 < 0 < 2n),
maintaining :%P =A;, A =A: and analyzing for
vibrotester using 13 characteristics Azl' As the

resonance phase shift o taking phase shift, AZl in

its maximum value. The value of the phase shift is
tested with faze tester16..
This operation is repeated similarly for frequencies

z,res

@, . iand determining accordingly &, o i Oy -

The next test is vibrosafety mode.
In this mode, stand on the platform for each
channel reflect vibration excitation signals.

y=A,sin (a)ylrest + Qe )+
+A/2 sin (a)zlrest + e )+

A, SiN (@t + X )

t

Z= Azl SIn a)ylres res-?

t+A sinw,

,res

t+A;sina)
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1,3) — set normative document

where A;k,A: (i =
object amplitude at the resonant frequencies.

a)y1res ! a)zlres ’ a)lees ’

This output signal generator U,y fed to the input
control device 5 passing faze rotator 18. . Provides
operator 20 is a result of the relevant switching key 19.
This object 6 is being tested simultaneously on the three

resonant frequencies @, The result is a three-

Vi.2,6res
dimensional test ops at vibrosafety mode, the most
dangerous in terms of the parameters of vibration
rejection and vibro strength that excludes understated
performance assessment vibrosafety facility in
operation.

Conclusions. The importance of the work carried
out in the pre-research is established features of display
synergistic effect in relation to the spatial structure of
objects with a multi vibrating influence of the
supporting structure of relatively-vibrosafety to
problems. The results obtained which is built on the
base of paradigm-ergonomic approach "man-machine-
environment” that must be considered when
determining operational regulatory regime, and the
object. Ignoring synergistic effect-they coordinate
components in the case of a multi-vibro pressure
reduces the durability and reliability of the facility.

It should also be noted that during bench testing on
vibrosafety consider options fluctuations hull product
sold vibration platform two-co, development and
implementation belongs to the urgent problems of
modern testing equipment. In practice the results are
used to work at solving vibro stability problems, vibro
strength vibration and the spatial structure of objects
that are exposed to a multi mechanical load.
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3PTOHOMMYECKHE ACIEKTBI CUCTEM HWCIIBITAHUA OBBEKTOB IPOCTPAHCTBEHHOWM
CTPYKTYPbI HA BUBPOHAJIEXKHOCTD

B.IIL LHnaqul, B.B. I[yz[Koz,I/I.B. KocTeHko?

1XapKiBCLI(PIfI HaI[IOHAJIBGHUHA YHIBEpCHTET Michkoro rocrnoaapctsa iM. O.M. beketoBa, XapkiB
?Jlepkasue mignpuemcteo "XKBM" im. 0.0. Mopo3osa, Xapkis

Co30amnbl cmpykmypsvl cucmem UCCIe008aHULl U MemoObl UCHLIMAHUL HA BUOPOHAOEIHCHOCb, KOMOpble
80CNPOU3600SIM NPU CMEHOOBHIX UCTLBIMAHUAX HAUOOIee ONACHDBILL ¢ MOYKU 3D EHUsL OMKA3068 00bEKMOo8 Ha GHEULHee
MexaHuyeckoe UOPAYUOHHOE B030elicmeue 6 OSKCALYAmayuu, d mMaKice 3P2OHOMUYECKUX mpeOO8aHUll 6
axcnayamayuu. Ilpakmuueckoe 3HaueHUe NOJYYEHHbIX pe3YIbIanmos NpPOsAGISsemcs Npu peuleHul 3a0ay
8UOPOYCNOUYUBOCTU, GUOPONPOUHOCTIU 00BEKMO8 NPOCMPAHCMEEHHOU CMPYKMYPbl, NPeOHA3HAUEHHbIX OJisl
IKCNIYAMAUUU 8 VCI0BUAX MHO2OKOODOUHAMHO20 HA2DVIHC EHUSL.

Knrwuegvie cnoea: subponadexcnocmvs, 3p2OHOMUKA, obvekm ucnelmauuil, Memoo UCHbIMAHUIL
CMPYKMYPHAsL CXeMa yYCMAaHOBKU .

FEPTOHOMIYHI ACIIEKTH CHUCTEM BWIIPOBYBAHb OB'€KTIB IIPOCTOPOBOI CTPYKTYPH
HA BIGPOHAIIHICTD

B.IL HInaqyxl, B.B. )Iyleoz,I.B. Koctenko?
lXapKiBCLKI/H‘/'I HaI[lOHAJIFHUHA YHIBEpCHTET MiChbKOro rocniomapceta iM. O.M. beketoBa, XapkiB
2I[ep>1<aBHe nimpuemctBo "XKBM" iM. O.0. Mopo3oBa, XapkiB

Cmeopeno cmpykmypu cucmem OO0CHIONCeHHS ma Memoou Sunpooysaws Ha 6IOPOHAJIUHICMb, WO
810MBOPIOIOMb NPU  CMEHOOBUX ICRUMAX HAUOIIbUL HeDe3neyHull 3 noeasdy 6ioMoe 00'ckmieé HA 306HIWHIL
Mexauiynuil iOpayiuHUull 6NAUG, A MAKONC epeOHOMIUHUX UMO2 6 eKxcnayamayii. Ilpaxmuune 3HAYeHHs . O MPUMAHUX
pe3yibmamié nposGISECMbC NPU  GUPIWEHHI 3a0ay 8ibpocmiukocmi, 8ibpomiyHocmi 006'ckmie npocmoposoi
CMpYKMypu, npU3HA4eHUx OJi eKCnayamayii 6 ymogax 6azamoKkoopOUuHamno20 Ha8AHMANC eHHS.

Kniouosi cnosa: sibponadiunicmo, epeonomixa, 06'ckm eunpobysanb, memoo GUNpoOyeanb, CMpYKmypHa
cxema yCmaHo8KuU.
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