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ABSTRACT

Mathematical simulation of dynamic processes ofragssemblies instrument devices elements is amlact
issue, allowing accept design and technologicaltgols to ensure the required level of vibratioremsgth and vibration
stability of micro-assemblies in operating condisoin the early stages of design. The aim of thekvi® to increase
reliability and provide tactical and technical cheteristics of the instrument devices through tbsigh and technological
methods. Micro assembly is considered as a spgatarogeneous structure subjected to the vibrétimaing. Modeling of
dynamic processes in micro assembly elements Wweahfulfillment of numerical methods using finiteeedent software
package ANSYS. There was developed a modeling aoftwomplex and numerical study of the spectrunnattiral
frequencies and the stress-strain state of theonasissemblies’ elements under the vibration loaging carried out. The
effect of different typical sizes of micro assereblon the wave shapes and spectrum of naturaldnetgs was studied, as
well as the position of the most loaded zone ofrtiiero assemblies’ elements where emergence arelguent of latent
defects is possible. Numerical studies which haenlcarried out showed that in order to provideatibn resistance and
stability of metrological characteristics of micassemblies it is necessary to carry out mathenhatiodeling of micro

assemblies elements state under real operatidieat®ht the design stage.

KEYWORDS: Instrument Devices, micro-assembly, Heterogenedaugt®re, Natural Frequencies, Wave Shape, The

Stress-Strain State, Vibration Resistance, Vibra8trength
INTRODUCTION

One of the most important tasks for the develoghghe scientific principles of design and the tealogy of
manufacturing the articles of various applicatismshe creation of adequate mathematical modeleritérsg the state of
structures and their elements in their manufactyri@sting, transportation, storage and operafite. analysis of failures
relating to devices and their components provesdiadic, dynamic and thermal effects arising bstages of the product

life cycle are the main types of effect. [1, 2].

The analysis of the design features of modernunsnt making devices and theirs components shoaisthie
majority of them are heterogeneous structure combithe materials with different physical and metbal properties,
that ensure the required reliability and safetythef device in the specified operating modes [3fJorder to study the
processes taking place in the structures of sueficele under the influence of the external factirss necessary to
develop the mathematical models and complexes olfl@m-oriented programs for simulation experimesitswing

describing adequately the processes and straisssitate (SSS) at all stages of their operatidfietinhe.
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MATERIALS AND METHODS

Micro assembly is considered as a spatial hetemmenstructure subjected to the vibration loadiigdeling of
dynamic processes in micro assembly elements Wwahfulfillment of numerical methods using finiteeslent software
package ANSYS.

Model Used for the Study of the Dynamic Characteriscs

Let us explore micro-assembly of rectangular tyyz have a wide practical application in instrumemgineering
and radio electronics devices. The circuit boans @esistive elements are located on one or sepdmaks inside the
micro-assembly providing the required output patanseof micro-assembly. These micro-assemblies nanétilayer
heterogeneous systems that are exposed to vahersal and mechanical effects during their manufacand operation.
In order to check their impermeability during maatfire, they are exposed to the technological presesting with
external excess pressure; as a result of such théedeformation of planes of the case and ttauitiboards with resistive

elements; that affects the change in their metickdgarameters.

For the analysis of S.S.S. and their micro assemtdlements there have been offered various maalksjing
to explore their status during pressure testingrtelogy of the case and determine the maximum albdev pressure
considering their design features [5,6] being ddienlly proven. Similar researches were carriatt ander thermal
technological and operational effects on the massemblies [7]. Issues relating to simulation andysng the dynamic

processes taking place in micro assemblies uneéevilination are not enough investigated nowadals [8

Let us consider an external dynamic effect on miassembly. Standard design for micro-assembliethef
rectangular type is shown in Figure 1. Micro-assgnibfastened by screws to the device in four miand has overall
dimensions of case on axes Xx,y,z respectively axbwtére axb are dimensions given in the plan ; Ease height . The
circuit board is located on the base of the caggu(E 1b) with thicknesh and dimensions given in the plagxh,. The
circuit board is connected to the base with soldes®ams or adhesive joints with thicknegs hhe material of circuit
board is characterized by the elastic modulyaril Poisson's ratig; the material of the seams are characterized &arsh

modulus G, and Poisson's ratig, .

In general case, it is considered that the plarfemioro-assembly case are made of various matetfes
mechanical properties of which are characterizedlagtic modulug; with thicknesses;, wherej = 1, 2, 6 the number of
the plane. To be specific, assume {6 corresponds to the case coyer,1 — base with the circuit boaids 2...5 to the

side walls of the case.

It is considered that harmonic vibration effects thicro assembly from the case in the z directimaler which
while being operated on resonance phenomena isbpms¥he latter can take place in the micro asdgmlements

(covers, side walls, a base, a circuit board, enyea
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(@) (b)

Figure 1: The Design of micro assembly; a- Generdliew; b- Base With The
Circuit Board: 1-Base, 2-Seam, 3- Circuit Board

Spatial model of micro-assembilies in the form dEhegeneous structure together with the finite elethmethod
is used as an adequate model allowing exploringlyfmamic processes in the elements of micro assesnibphplemented
in the software package ANSYS similarly [6]. Thiedel allows considering the mutual influence of tase planes, the
real sizes of the boards and their location onbidme, and the influence of physical and mechanitalacteristics of the
materials used in the boards, the seam and casespl@he model allows to take into account sevardtilayered circuit
boards put inside the case, including those onashwéwe located on different case plane. It canl lEathe lack of
symmetry in the design of micro-assembly and tlss lof its S.S.S simplicity. The offered model iatsd and the most

common in comparison with models described in [2].
RESULTS AND DISCUSSIONS

According to the proposed model the dynamic chargstics of various types and sizes of micro-assielwere
studied. It is found that the wave shapes of massemblies, their natural frequency and the locatfothe most loaded
zone of their elements where the occurrence andldgment of defects is possible essentially demanthe dimensions
of micro assemblies and features of their desigmbers and sizes of the boards, the micro asseneidjt. In particular
while increasing the height of the micro-assemldyural and torsional shape of natural vibratioress@curred, where the
most loaded zone are located on eyelets througlechmmicro-assembly is attached to the device. Téidlue to the

displacement of mass center of the micro-assembliewncreasing its height.

As an example we can take some results of the noahesimulation of dynamic characteristics for timécro
assembly with the following dimensions: ax bx H8xX34x5) mm. The circuit boards are located in theter of the base
and fixed thereto by gluBK -9. The case is manufactured of aIonHI@(EJ-:1,4.1(§ MPa , v=0,3 while j=1,2,. ..,6) ;
circuit boards are made of pyroceram=9,693.16 MPa, v,=0,25), and the properties of the seams are cleized by
the shear modulus &100MPa. The thicknesses of the micro assembly elemekésitas follows: }+0,4mm (pu j=1, 2,

6); h =0,6mm ;h=0,1mm . Two micro-assemblies were considered:
| design: the circuit board has the dimensigpdha= (30x20) mm;
Il design: the circuit board has the dimensiopsha= (15x10) mm.

Table 1 for the considered micro-assemblies shiwsvalues of the first eight natural resonant fesgpy and

indicate to the most loaded micro-assembly resngaiements corresponding to each frequency.
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The analysis of the spatial animated picturesterdeformation of micro-assembly elements showed:
The main resonating elements are the cover andase with the board;
The main wave shapes of the cover and the basecindthit board are their flexural vibrations;

At frequencies marked with an asterisk (*) there haen observed flexural and torsional vibrationthe whole
micro-assembly at axis x: for micro-assembly. I=f;= 10938 Hz, and for micro-assembly Il flexural atwsional

vibations occur at a higher frequeneyf,4,= 14967 Hz (Figure 2);

Figure 2: Flexural and Torsional Vibrations of the micro-assembly | (f = 10938 Hz)

The value of the resonant frequency of the micgeawly elements and their corresponding wave shafptbe
most loaded elements depend essentially on theoiee circuit board installed on the basis. Wiigereasing the circuit

boards size the value of resonance frequency dexsebecause the rigidity of the base with theuttibmards decreases;

The most dangerous phenomena are the resonanicey @tithe base with the circuit board, becaushimcase
the occurrence and development of defects in thma @ micro-cracks in the adhesive (or solderednseare possible, as
well as deterioration of the metrological charastars of the micro-assembly because of the ine@adrain resistive

elements located on the surface of the circuitd®ar

Figure 3 for micro-assembly Il shows the first fim@vemode shapes, characterizing vertical defledtiothe

direction of the axis z. The side walls of the ciasEigure 3 are not conventionally shown.

In Figure 4 there have been shown SSS of the maments of micro-assembly Il for the first five plea of
natural vibrations and the point in which the eagiewt stresses calculated by Mises criterion [2chethe maximum
value. Acceleration amplitude acting on the micsseanbly in the direction of axis z, is taken as,ibgre g is

acceleration of gravity. The side walls of the mi@ssembly are conventionally not shown in Figure 4
The numerical simulation of the SSS carried outvBmious frame sizes of micro assemblies showddllasvs:

Depending on the external frequency most loademhexiés of the micro assembly are the cover, the, ihse

circuit boards and the seams connecting the bo#hdthe base;

SSS depends essentially on the geometric dimensibtise case and the board as well as the frequehfcy

external influence;

The place of the most loaded zone structure isfgigntly determined by the wave shapes, impleniethe

structure under the dynamic influence as well assthe of the board and the micro-assembly case.
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Table 1: Natural Frequencies fFand Resonating micro-assembly Elements

1 3252 cover 3210 cover
> 5234 cover 4028 cover and base with the circuit
boards
3 5671 base with the circuit boards 5181 cover and %%Z? dV\S"th the circujt
cover and base with the circuit
4 7362 cover 6286 boards
cover and base with the circuit
5 8478 cover 7301 boards
6 10010 cover 8454 cover
7 10125 base with the circuit boards 8769 cover and %%;? dvglth the circuit
" cover and base with the circuit
8 10938 boards 9953 cover
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Figure 3: Wave Shapes for micro assembly Il
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Figure 4: SSS for micro assembly Il Elements

CONCLUSIONS

The development and application of the mathematicatiels and program oriented computer systems allow
providing the required reliability and vibrationsistance of the structures at the earliest stadgedesigning and
implementation of the technological processes & thanufactured micro-assemblies which provide thecified
performance characteristics of the devices in fierational mode. The selection of simulation matiéeral model and its
level of complexity (one-dimensional, two-dimensagnthree-dimensional, with the consideration ofehegeneity and
other design features) are determined by the siraicteatures and the required accuracy of the &8%ysis in regard to

the designed structure.
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