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Analyzing the profilograms we can draw the follog/izonclusions

1) the surface roughness machining by block-moduldlingicutter below, indicating tool work is
smoother and has less vibration,

2) profilogram of surfaces machining by block-modulamilling cutter no explicit jump
microroughnesses values, which may indicate moeeige positioning of the cutting block in the hagsi
module and less elastic forced off of the cuttimggrts.
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STIFFNESS OF THREADED CONNECTIONS IN MODULAR BORING TOOLS

ANDREW GERASIMQV, NIKOLAI POPOK
Polotsk State University, Belarus

Modeling of precision treaded connections in Solidk¥ Experiments were carried out to reduce the
backlash in threaded connections of boring tools.

Introduction. Important advances in electronics, electrical eagiing and machine tool industry in
recent years have helped to create automated neatdais with numerical control (CNC), which becawidely
used in the series, and even small-scale productioey have given possibility not only to improverformance
but also production flexibility through fast changfecontrol programs on the machine. Due to theaiSgNC
machines multioperational machines (machining eehteere created, which have made it possible tallea
parts in a single setup with automatic changegreater number of tools installed in the machiragpsh

The unification of the individual elements of cagfiand auxiliary tools has created tool system<C
equipment that can quickly and easily be readjustechanging the nomenclature of manufactured parts

Aggregate-modular design principle of modular tooits can be illustrated by an example of the areat
of tools for bore holes (Fig. 1). Unit is connecteidh the spindle by means of cartridge 1 with cah24.
Extender 2 of enlarged diameter helps to increti§aess of the mandrel. Adapter 3 is for adjustthg length
and number 4 is the boring head.

4 3

Fig. 1. Tool boring block of standard modules:
1 - insert; 2 — extension; 3 — adapter; 4 — boniead

The disadvantages of modular tool units are thesluced stiffness and accuracy as compared witl soli

tools. The more modular elements are in the bltwk,lower is stiffness and accuracy. In order towéase the
accuracy of blocks, it is recommended to use elésrfen adjusting the size of the cutting tools [1].
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In metal treatment, where it is necessary to getipe holes, boring heads are finding increasing
application. They allow setting the size of theltadh high precision and achieving high-qualitydaaccurate
processing. The ability to control the size of thel can improve the processing efficiency by redgdooling
costs and improve performance through the use tihguteeth made of modern instrumental materibbrd
metal, mineral ceramics and super-hard materiall®ying the use of higher cutting data [2].

Boring heads have higher performance as comparethés boring tools.

Formulation of a problem. There are many ways to make the preload in theomietric threaded
connection of microbors. [3]. However, the easiesy to get the resilient member is to use a slatp@thg.

Development and new design of boring tools withromgetric adjustment blades solved the problem of
sample backlash (it was reduced to the requiredeyah the threaded connection of the boring hétadias
found that the amount of movement and the samgeatiected by several factors: the parameters espit
grooves on the sleeve housing and the effortsgfri-compression or wedging (to provide preloadl) [

Modeling and experiment. Initially three-dimensional solid models of spliighings and screws were
created in the program SolidWorks (Fig. 2).

Fig. 2. Connection, broken into finite elementSlidWorks

After analyzing the structure, using FEM programlid®Works (Fig. 3), we can make preliminary
conclusions about the acceptability of this typdatklash in the threaded connection of cuttindstoo

Fig. 3. Map of stresses distribution, resultinghia program SolidWorks

Having conducted research and having made necessdculations, using SolidWorks software,
experiments were performed on real samples of sipkves.

For the purpose of estimation of slots influencetlmaccuracy of the thread connection the plarbmat
of the complete factorial experiment (CFE) was médeur case there were three factors: width efdlot, step
and depth of the slot. To reduce the number of hsode used two levels of each factor. Thereby we &a

modelsn = qk =23 =g [5]. The plan-matrix of CFE is shown in table.
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Plan-matrix of CFE

Sample #| The width of the groove, mm The step efgifoove, mm| The depth of the groove, mm
1 1 1 18
2 1 1 21
3 1 1,5 18
4 1 1,5 21
5 1,5 1 18
6 1,5 1 21
7 1,5 1,5 18
8 1,5 15 21

During the experiment, while screwing and unscremihre screw, torque that occurs in the threaded joi
was measured (Fig. 4).

Fig. 4. Measurement of torque with a torque wrench

The rigidity of sleeves is measured using the ZAR8Q (Fig. 5).

Fig. 5. Measurement of bushing hardness using B{B2D
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Conclusions.Having analyzed the structure using the finite @etrmethod in the program SolidWorks,
we can draw preliminary conclusions on the admilisitof this type of gaps compensation in the tded
connection of micrometer screws in precision cgttiools. However, due to the nature of the caléutatin
SolidWorks Simulation it is impossible to set thempression of split bushing and then to screw threvs.
Thus, further simulation was carried out on realdeis. It turned out that there are moments wheevsog
screws into the sleeve propped with insufficienptteof the groove. Suitable torque observed bothetvidth
of grooves and step values in the interval of @nevb pitches of the thread. Rigidity of bushingekases with
increasing of depth and width of the grooves indleeves.
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We consider the problem of approximation of theultssof linear and angular measurements to
refixation of staking grid. Based on the least sguaethod the new coordinates of controls are cdetpin the
coordinate system of building site.

Let staking grid lines of the building are fixedtlwvh controls, and line (x) are fixed withcontrols and
the line (y) are fixed witlm controls. The controls have only one coordinater(x) based on what line they fix.
For example, for the staked grid depicted in Fag, dontrolsa, a’, b the coordinates of are known, and for
pointsl, 2’, 3' the coordinates gfare known.
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Model of the staked grid

From the new measurements the coordinates x’ arad &Il controls in arbitrary coordinate system are
received. It is known that the accuracy of thethetaposition of controls in the arbitrary systesnhigher than
the coordinates in the system of the staking grid.

That's why the problem of coordinate transformatitom the arbitrary system to the coordinate system
of the building site with possibility of their reement with least square method (OLS) is posse3sag, the
problem can be solved in two stages:

1) coordinate transformation;

2) correction of the coordinates and estimatecofieacy.
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