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KOJIEHHOT' O CYCTABA YEJIOBEKA

Purpose. Computer-aided design of the NC data for 3D surface manufacturing of prosthetic of human knee-joints on CNC machine
with the management by the feed for stabilizing of process of cutting along of all shape-generating trajectory.

Methodology. The new module of CAM system of preparation of the NC data for 3D surface of prosthetic of human knee-joints is
created on CNC machine. The module provides preparation of the controls programs for three methods of shaping: milling by a
spherical and cylindrical milling cutter, grinding wheel in the form of torus. All three methods can be realized on CNC machine at
the use of only three axes. The module automatically executes planning of shape-generating trajectories and on the basis of results
designing process of cutting allowance expects the management by the questioner serve so that to stabilize a cutting process in the
manufacturing. At planning of management by the serve on lines approach which provides the identical (set) roughness of all surface
is used. At planning of management for grinding the border algorithm of cutting allowance is used on passage-ways, and also the
trajectory of lost motion is optimized on the criterion of minimum of the dynamic loadings on the drives of machine. All of it results
in the increase of the productivity of manufacturing and providing regular quality of 3D surface both for roughness and on the
structure of surface layer.

Conclusion. The presented results of practical approbation of functioning of the module for 3D surfaces manufacturing of three
types of prosthetic appliances of human knee-joints confirm efficiency of the created module of CAD/CAM system.
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Introduction

By a main problem there is cutting of a complicated 3D form of working surface at producing of prosthetic of
human knee-joints. The cutting process complicates not only difficult form but also that prosthetic appliances are made
from hard cutting materials (titanic alloys, alloys on the basis of cobalt) of detail and the knee-joint of everybody has an
especially individual geometrical form. All of it conditions the necessity of application of flexible technologies, CNC
machine and high requirements to accuracy and roughness of working surface require application of finishes operations
of grinding.

For automation of preparation of the NC data for CNC machine in modern production widely use computer-
integrated CAD/CAM system, and at programming of cutting of working surface of prosthesis in general it is
impossible to do without them. At the market of high technologies is present much computer-integrated CAD/CAM-
system, among which it is possible to select more known and more widespread:

- program technological planning (CAM subsystem) in composition the PLM-decision of the UGS company;

- CAD/CAM system of Mastercam to the company CNC Software;

- CAD/CAM system of CATIA of the company Dassault Systems;

- program system of planning of technological processes of manufacturing, created by the CNC Sotware
company POWERMILL;

- package of programs of CAM (PTC company) for a lot of axial cutting, controls programs development for
CNC machine for three-dimensional by models CAD-system created in Pro-Engineering;

- program system of planning of technological processes of manufacturing, created by the Siemens PLM NX
CAD/CAM,

- system automated planning of technological processes ADEM.

Such systems provide everything automation of creation of the NC data for cutting of 3D surfaces, however
abandoned majority from them is by opened by the questions of setting of the cutting condition [1]. On such reason
modern CNC machine, which are able to change the cutting condition in a wide range, at cutting of 3D surfaces use the
programmed permanent modes of cutting, that considerably reduces efficiency of their application.
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The analytical review of the modern state of technology of producing of prosthetic of human knee-joint is
conducted, to the necessity of medicine in area of prosthetics, and also research in area of management by CNC
machine confirm actuality and importance of problem of creation of the system of the automated programming of CNC
machine for cutting of prosthesis of human knee-joints, that automatically will determine all parameters of cutting
process.

In a theoretical plan there is actual the problem of development of conception of optimum cutting (by grinding
and milling) process control, creation of informing mathematical model of cutting process adequate, to automation of
process of technological preparation of grinding and milling cutting of prosthesis of human knee-joints on CNC
machine the CAM-system of technological preparation of the NC data. Absence of reliable mathematical algorithm
which would be used for the design of grinding process for creation of intermediate file of management with the
automatic calculation of trajectory of shape-generating motions with determination of the optimum mode of cutting and
it would be realized at modern programmatic level restrains the process of introduction of front-rank technologies in
this direction.

Objective

Thus, creation of computer-integrated CAD/CAM system of computer-aided design of the NC data is the primary
objective of work for CNC machine, development of the simplified scheme of shaping, providing of flexibility and
possibility of NC data design both for milling and for grinding of 3D surfaces of prosthesis of human knee-joints.

For achievement of primary objective the successive decision of the following tasks is needed:

v'to develop the scheme of shaping of 3D surfaces of artificial human knee-joints on CNC machine, which
minimize the amount of co-ordinates which are managed;

v to develop the method of task of basic data which describe 3D surface, in accordance with the system of shape-
generating co-ordinates as a three-dimensional numerical array and presentation them as splines;

v to develop the mathematical models of shaping of 3D surfaces of artificial joints to millings and grinding;

v to develop the algorithms of automatic choice of strategy of shaping, that provides the necessary roughness of
3D surfaces and to project the optimum (after the minimum of the dynamic loadings of drives of CNC machine)
trajectories of moving on single motions, taking into account application of HSM of cutting, in particular, at grinding;

v to create the application programs of design cutting processes, that automatically will determine all parameters
of process which are necessary for planning of management with the purpose of stabilizing of cutting terms for to all
shape-generating trajectory;

v’ to create the module of the system automatic programming of CNC machine for producing of 3D surfaces of
artificial human knee-joints;

v to conduct experimental researches with cutting by all developed methods of shaping of working surfaces of
prosthetic appliances on CNC machine with NC data which are projected in created CAD/CAM system, to conduct the
estimation of quality of the cutting surface and its accuracy;

v to develop practical recommendations to the use of created CAD/CAM module of NC data for producing the
prosthetic of human knee-joint.

Solving the problem

The conducted analysis of possible schemes of shaping of 3D surface of prosthetic give opportunity to choose the
optimum (after the least of co-ordinates which are managed) schemes of shaping [2, 3]. All these schemes are provided
by cutting on three co-ordinate CNC machine and differentiate by the form of initial instrumental surface and
kinematics of process.

Shaping by tool with spherical instrumental surface. Such shaping scheme is typical for spherical end milling.
For getting given 3-D surface, which on fig.1 show two sections (cross section — A-A), spherical mill move by
equidistant.

Synchronized movement by two equidistant is implemented by scheme of cutting «by line» from C coordinate
which is set.

On fig. 1: 1 — cross section of prosthesis; 2 — longitudinal section of prosthesis; 3 — spherical mill; 4 — equidistant
in longitudinal section; 5 — equidistant in cross section; Ry, — radius of mill; R, — radius of mill which are in contact
with prosthesis in especial points; R,, — coordinate of equidistant on longitudinal section; R, — distance to equidistant in
polar coordinates system; R — radius vector before points of profile; X,. — coordinates of X axis of mill position; X, —
coordinate of contact points of tool and profile; r, — radius vector in contact point; y — contact angle; ¢ — polar angle; p —
contact angle in cross section; o — polar angle in cross section.
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Fig. 1. Geometric scheme of interaction of shaping with spherical instrumental surface

Equidistant 4 determine in Cartesian coordinates system and calculated by formulas, which are got from
geometrical relation of scheme of shaping (fig.1):
R.,=r.+R Cosy
o (1)
Z.,=2.-R,,Siny
where R,, — radius of spherical mill, and angle y are determined from plan of speed: y =arctan(/,./V.), where
V.=dx/dt, V,=dz/dt.

From scheme of shaping — spherical mill by R,, radiuses which are contacted with profile in certain point, that
determined certain radius of mill in A-A section (fig.1):

RK)C = RKO - RKO (1 - COS7/) ’ (2)
Equidistant 5 determine in polar coordinates system (see A-A on fig.1) and calculated by the next mathematical
dependence:

R, =y/R? + R, +2RR, Cosp

' . 3)
p=a- arcsm(RKXSmP/Re)

where ¢ — polar angle, p =arctan{/,. /V,,) , where V, =dR/da , V,, =da/dt.

All derivative which are used in formulas (1), (3) are calculated by numerical methods as separate difference of
numeric massif [1, 4].

Shaping by tool with cylindrical instrumental surface. Such shaping also characteristically for milling by an end
milling cutter, but after the new layout scheme of the systems of co-ordinates. Here it is also possible to take advantage
of scheme, where set 3-D surface presented by two sections, and a cylindrical milling cutter must move for equidistant
(fig. 2). Motions are synchronized for both equidistant is carried out on the scheme of cutting «on lines» from a co-
ordinate C, that sets.

On the fig.2 showed longitudinal and cross section of prosthesis with equidistant of movements of end mill. On
the scheme accepted next key: 1 — cross section of prosthesis; 2 — longitudinal section of prosthesis; 3 — end mill; 4 —
equidistant in longitudinal section; 5 — equidistant in cross section; Ry, — radius of mill; R, — radius of mill which are in
contact with prosthesis in especial points; R,, — coordinate of equidistant on longitudinal section; R, — distance to
equidistant in polar coordinates system; R — radius vector before points of profile; X,, — coordinates of X axis of mill
position; X, — coordinate of contact points of tool and profile; r, — radius vector in contact point; y — contact angle; ¢ —
polar angle; p — contact angle in cross section; a — polar angle in cross section.

Equidistant 4 determine in Cartesian coordinates system and calculated by formulas, which are got from
geometrical relation of scheme of shaping (fig. 2):

R.,=r.+R,Cosy @
X, =X,-R,Siny’

where R,, — radius of cylindrical mill, and angle y determine from plan of speed: y =arctan(/,/V,), where

V.=dx/dt, V.=dz/dt.
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Fig. 2. Geometric scheme of interaction of shaping with cylindrical instrumental surface

From scheme of shaping — cylindrical mill by R,, radiuses which are contacted with profile in certain point, that
determined certain radius of mill in A-A section (fig. 2):
RKX = RK - RKO (1 - COS}/) ’ ®)
Equidistant 5 determine in polar coordinates system (see A-A on fig.2) and calculated by the next mathematical
dependence:

R, =R-cosp+Ry,
fr-x:
a=p+p
= arctan ld—R @)
P R dp)’

where ¢ — polar angle.

Shaping by tool with form of torus instrumental surface. Such scheme of shaping answers the select chart of
grinding of type of prosthetic, when cutting is carried out at the rotation of detail about technological axis and moving
of grinding wheel from a passage-way to the passage-way.

The task of creation of mathematical model of geometrical co-operation of instrumental surface in the form of
torus and detail consists in determination of geometrical parameters of equidistant and decides from the analysis of
geometrical correlations of scheme of shaping (fig. 3). For formation of the set 3-D surface, that on fig.3 presented by
two sections, a grinding wheel must move for equidistant on the co-ordinate of Z and for equidistant on a co-ordinate X.
Synchronized motions for both equidistant is carried out on the scheme of cutting «on lines» from a co-ordinate C, that
sets.

Fig. 3. Geometric scheme of interaction of shaping with grinding wheel with a shape of torus

76



Cepiss MawmnHoG6yayBaHHs Ne67

Mathematical model of shaping are got from geometrical scheme on the fig.3, where 1 — cross section of
prosthesis; 2 — longitudinal section of prosthesis; 3 — grinding wheel; 4 — equidistant in longitudinal section; 5 —
equidistant in cross section; Ry, — radius of rounding of grinding wheel; Ry, — radius of grinding wheel, which is in
contact with profile in certain points; R,, — coordinate of equidistant on longitudinal section; R, — distance to equidistant
in polar coordinates system; R — radius vector before points of profile; X, — coordinates of X axis of grinding wheel
position; X, — coordinate of contact points of tool and profile; r, — radius vector in contact point; y — contact angle; ¢ —
polar angle; p — contact angle in cross section; a — polar angle in cross section.

In accordance to the developed method, basic data of geometrical model of 3-D surface will be transformed in
digital arrays: r,=f(z,), R=f{a), what correspond to the chosen scheme of shaping on a CNC machine. Due to this
approach discrete geometrical models which are used in further calculations for the program design of shape-generating
motions are created.

Equidistant 4 determine in Cartesian coordinates system and calculated by formulas, which are got from
geometrical relation of scheme of shaping (fig.3):

R, =r.+R,,Cosy g
Z=Z,-R,Siny’ ®
where R,, — radius of grinding wheel, and angle y determine from plan of speed: y =arctan(/,/V,), where

V. =dx/dt, V,=dz/dt.
From scheme of shaping — grinding wheel by R,, radiuses which are contacted with profile in certain point, that
determined certain radius of mill in A-A section (fig.3):
ch:RK_RKo(l_CO‘W/)’ (9)
Equidistant 5 determine in polar coordinates system (see A-A on fig.3) and calculated by the next mathematical
dependence:

R, = \/Rz +R_>+2RR_Cosp

(10)
p=0- arcsin( KxSinp/Re)

where ¢ — polar angle, p =arctan{/, /V,) , where V, =dR/da , V,, =da/dt.

In accordance with the method set forth above it is necessary to provide the continuous simulation of process of
shaping with the generation of NC file. Therefore presented higher than dependence (8) - (10) make the mathematical
model of the proper procedure of planning of trajectories of shaping of 3D of surface of prosthetic appliance of knee-
joint grinding wheel with an instrumental surface in the form of torus and exactly they will be fixed in basis of the
proper module of computer-integrated CAD/CAM system.

The new method of control program design is offered for CNC machine, including the special kinematics of
shaping, which consists in the design of geometrical co-operation of 3D surface with an instrument by numeral methods
with the use of regenerate in the three-dimensional numerical arrays of 3D form, that is processed, in the set system of
co-ordinates of machine.

Such method allows not only to project the NC data of shaping but also mortgages possibilities of subsequent
design of cutting allowance (taking into account the form of workpiece) for the automatic planning of cutting process
control at shaping on the following stages:

1. Stabilizing of cutting condition along a shape-generating trajectory;

2. Optimization of cutting process;

3. Correction of shape-generating trajectories.

Thus, NC data design of cutting process of working surface of prosthesis on CNC machine must be conducted on
the generalized scheme which is presented on fig.4.

Introduction of initial is the first stage, where a working surface is set by the text file of 3-D of geometrical model
in the Cartesian system of co-ordinates [2, 3], and also co-ordinates of technological axis and geometrical parameters of
initial instrumental surface, thus in the case of cutting by grinding except for the radius of rounding off Ri it is necessary
to set the radius Rx of wheel. It is necessary to notice that technological information, which will determine both the
level of stabilizing of the cutting mode and parameters of quality of the cutting surface, will may need on the next
stages. On the second stage there is the count of initial file in the polar system of co-ordinates and interpolation by the
functions of spline [2]. The file of digital arrays which present that surface in the arctic system of co-ordinates of
machine-tool with the set (chosen) step of change of argument is the job performance of the proper procedures.

It is farther executed geometrical calculations, which determine technological trajectories on preliminary passage-
ways on the chosen strategy of cutting allowance and, eventually, equidistant for a finish passage-way. The calculation
of trajectory of shape-generating motions is executed on an algorithm which determines the terms of geometrical
shaping of a difficult 3-D surface of prosthesis of human knee-joint. An algorithm foresees determination of digital
arrays, which present the intermediate file of management of CLDATA on all co-ordinates which are managed.
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For determination of feed on a line which will provide the necessary roughness of cutting (height of scallop, that
appears between the neighboring passage-ways of instrument), all charts of shaping were considered [4]. As on-the-spot
prosthesis places are present with different curvature (from protuberant to concave) the algorithms of calculation must
engulf everything such cases.

The determine part of roughness of the cutting surface appears at crossing of two neighboring positions of
spherical instrumental surface, for example milling cutter, at the change of curvature of surface of detail. The decision
of such task will allow to expect step of change of feed «on a line», that is needed for forming of the program of
planning of shape-generating trajectories for the Z axis.

Input initial data Transformation of 3D Designing of Designing of cutting
surface geometrical allowance
interaction .
3D surface in file Polar system Parameters of cutting
*.xt process
Interpolation by Cutting trajéctory and — —
Coordinates of | spline function N shaping ||| For grinding — limit
technological — — ] low
Step of numeric
Tool: massif Equidistant NC data with
for mill — R; stabilization cutting
for grinding wheel - Numeric three- Step by lines condition
Ri, Rk dimensional massif

Fig. 4. Enlarge algorithm of designing NC data

Consequently, for the decision of this task it is necessary to have the array of radiuses of curvature of surface, that
is processed. As the surface of detail is presented as digital arrays, for the calculation of arrays of radiuses of curvature
it is expedient to take advantage of numeral methods [1] which settle accounts derivative from a digital array as separate
differences.

Thus, the location of trajectories of shaping for the axes of Z in the developed module concerns on procedure
which automatically expects the array of radiuses of curvature of surface and on set in basic data of parameter of Rz of
necessary roughness calculates the necessary feed on a line.

On the last of stage there is the design of process of cutting allowance at motion of instrument (in the chosen
chart) for equidistant. The parameters tied to the shape-generating co-ordinates become the job performance of such
procedures layer of allowance that is cut away on every step of design at the even change of managing co-ordinate. In
the internals of co-ordinate, that sets, an polar corner is adopted in the polar scheme of shaping. Thereon the stage the
calculation of management coefficient is executed by the serve on condition of stabilizing of cutting process on all
shape-generating trajectories.

At the control program design for cutting by grinding certain procedures are added.

At first, as grinding is a cutting process with the high level of selection warm, that can result in undesirable
structural transformations of superficial layer and, in addition, being the finish operation, which must provide not only
the necessary roughness of working surface but also quality of superficial layer, application of maximum law of
management by speed of cutting allowance is obligatory on all cycle of grinding. Consequently, such law must be
experimentally certain and entered in the algorithm of planning [5].

Secondly, taking into account that at grinding of 3D surface of prosthetic for stabilizing of quality it is necessary
to provide the meeting (passing) grinding, in the trajectories of shaping necessarily there are the areas of single motions.
At in relation to high speeds of feed, that sets, (rotation on an polar co-ordinate), the task of planning of such
trajectories appears. A trajectory must provide as possible smooth transition from one position of wheel (on leaving
from the maximal radius of 3D of surface) in the second position for grinding at a minimum radius. This task in the
created module decides automatically during minimization of the dynamic loadings on the drives of machine-tool with
the use of the special developed algorithms [6].

So that, the intermediate file of management, which is processed by the module of post-processor for the proper
CNC machine, is automatically created as a result. All procedures of algorithm are built on the use of numeral methods,
which does him universal, able to design the NC data for any forms of prosthesis of human knee-joint.

On the presented method and mathematical formulas, which present the application program of CAD/CAM
module of the automated NC data design for CNC machine at cutting of prosthesis of human knee-joints. In the
CAD/CAM module the automated NC data design is foreseen for implementation of the following operations of cutting
of 3D surface of prosthetic:

- milling by an end spherical milling cutter;

- milling by an end cylindrical milling cutter;

- grinding by wheel, in the form of torus.
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On fig.5 the interface of the developed main module of CAD/CAM system is showed, which 3 images are located
on (possible scheme of shaping). Every image has reference to the separate module of CAD/CAM system (milling by a
spherical milling cutter, milling by a cylindrical milling cutter, grinding by wheel in the form of torus).

7-* Modul CAD/CAM system of manufacturing of knee endoprothesys -1of x|
Help Exit

Milling by ball mill Milling by end mill Grinding

Fig. 5. Common view of interface of module CAD/CAM system

On the left above every interface a window is located for introduction of basic data necessary for the NC data and
design of process of cutting allowance: radius of instrument (radius of rounding off of grinding wheel or spherical
milling cutter), to the necessary roughness of the treated surface which concerns by the parameter of Rz, of allowance
which it is necessary to cut away for the last passage-way. Farther, at pressure on the button of «Control law» the
maximum algorithm of management (for grinding is maximum law is admittance-speed of cutting allowance, for
milling is cutting force - speed of cutting allowance) is entered, and at pressure on the button of «Lost motion» - single
motions are used at grinding, in case if it not is pushed-in treatment is carried out by «swingingy.

For introduction of basic data it is necessary to press the key button of «*txt», whereupon a dialog box will be
opened for the choice of input file with the co-ordinates of a working 3D surface of prosthetic, which it necessary to
process.

After such manipulations button of «Apply» is pushed and application of all entries parameters is carried out, and
in the graphic window of a 1 interface appears 3D model of surface of prosthetic with the certain system of co-
ordinates, and down is oscillograph, where line 1 presents the type of prosthesis in the longitudinal section, line 2 is law
of change of radius of curvature, line 3 — projected equidistant, after which the center of instrument will move with the
risks which correspond to the step between passage-ways (fig.6).

I’ Modelling of cutting process human knee endoprothesys =10l x|
Initial data

 Tool parameters

Radius of mil. mm |18 3-

[ Detail. workpiece
Rougthness Rz, mkm
20 3

Allowance, mm |0.2

1 Control

Control law il

“Input data
= txt CHC
[ Dscilogtaph
@ Variable feed

" Constant feed
~ Contact arc in cross section,
mm

~ Intansiy of material emoval,
mm2/rad

" Contact patch

Piocess | Pausa PRaa o ¥ P e L o0 o e poeeeed
Help Reset Exit | 20 -0 o 10 2 30 40 50 80 70 80 % 100 10 120

Fig. 6. Interface of program after inputting initial data
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A step between passage-ways is expected so that to provide even set before roughness of surface on the height of
scallops which appear between passage-ways. Appearance of such images testifies to faultless introduction of basic data
and program readiness to the subsequent actions.

For initializing of design it is necessary to press the button of «Process». During implementation of design there
are the calculations of parameters necessary for determination of management layer of allowance, that is cut away on
every step of designing, and the animation image of process of cutting appears in the graphic windows of interface
(fig.7). Thus, as function specially designed numeral procedures, on the animation image hatches really graphic image
of the state of workpiece and instrument. The animation image allows at any point the designs to multiply any area, for
example, in the area of contact with an instrument, as it is showed on fig.7, d. It is possible to look after formation of
surface of detail with the scallops of height of R, between the lines of cutting by the coordinate Z.
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Fig. 7. Graphic window of designing cutting process:
a — spherical mill; » — cylindrical mill; ¢ — grinding wheel in shape of torus; d — area of contact
(1 — workpiece, 2 — allowance, 3 - tool)

At pressure on the button of «Pause» the design is temporally halted, for continuation of designing it is enough to
press the button of «Process». After pressure of the button of «Reset» the process of design is stopped and all
parameters of design must be entered at first. The key of «Help» will open a dialog box in which short description of the
developed application program and instruction is presented on pressuring of all buttons. For a program exit it is enough
to press the key of «Exit».

In addition, during the design the program allows at choice to look after the change of major parameters of
process cuttings allowance, which are calculated also on the special numeral procedure and is used for the automatic
planning of management with the purpose of stabilizing of cutting process on all shape-generating trajectory.

The arc of contact (cutting arc) of instrument and workpiece is such parameters in the cross section (fig.8, a),
intensity of cutting allowance (and more precisely its analogue) is a size which depends on the volume of material of
allowance, that is cut away for one radian of change of corner of co-ordinate, that sets (fig.8, b), and also form of spot
of contact of instrument and workpiece in accordance with its location on an instrumental surface (puc.8, c). After the
arc of contact and intensity of cutting allowance the management by feed, that sets, for stabilizing of process, and the
location of spot of contact after an instrumental surface gives possibility to forecast the wear of instrumental surface.

At planning of management by the feed, that sets, speed of cutting allowance sets to the criterion of stabilizing of
cutting process (MRR - Rate Removal Material):

1 2
MRRza)CIE(LK ) bdl, (11)
where o¢ — feed, which are set, (L,); — arc of contact on the elementary section b, round by the length /.
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Fig. 8. Condition of oscillograph during designing

After ending of all cycle of design, inscription of «Save» appears and the key of «CNC» is activated on the panel
of interface.
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Fig. 9. Interface of CAD/CAM module for saving NC file
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After pressing on her possibility to write down the file of the NC data is given. On fig.9 the interfaces of the module
CAD/CAM system are represented for storage of file for CNC machine, structure of the control program and scheme of
co-ordinates. A program structure is divided into beginning of the program (the so-called «begin» of the program is here
entered, where the name of the program enters, choose the instrument which are used, gets out attachment of machine
and other), program body (essential part of the program, where the co-ordinates of shape-generating motions and speeds
of serves are presented) and end of program (feed out of instrument from the detail, switch off the spindle or emulsion,
and others like that).

With using of the developed module of CAD/CAM system the NC programs were projected for manufacturing of
three different type of 3D surfaces of knee-joint prosthesis on CNC vertical milling machine by Schaublin 60. As a
result it was made 3 experimental model of human knee-joints prosthesis, the general view of which is presented on
fig.10.

The design NC data allows stabilizing a cutting process, that was marked on the sensor indication of loading
CNC machine during cutting process, and the made 3D surfaces respond to request both for accuracy and for roughness.

b

Fig. 10. Common view of produced 3D shape of prosthesis:
a — stretch, 6 — left, c - right

Conclusion
1. The module of CAD/CAM of the system is developed in order to automate preparation of the NC programs for
treatment of 3D of surfaces to prosthetic of human knee-joint after three types of shaping: by spherical and cylinder
milling cutters and grinding wheel in the form of torus.
2. Projected of running the program of machine-tool from CNC provides not only geometrical shaping but also
stabilizing of cutting terms on all areas of shaping of trajectory due to the management by the serve, that sets.
3. NC program for grinding of 3D surfaces to prosthetic appliance of knee-joint of man takes into account the
maximum algorithm of cutting away of admittance after passage-ways, and also provides minimization of the dynamic
loadings on the areas of single motions.
4.  Approbation of the developed module of CAD/CAM of the system proved possibility to provide the NC programs
design for all three charts of shaping, and making of 3D surfaces of prosthetic appliances by the projected NC programs
practically confirmed its efficiency.

Anomauia. [Ipeocmasnenuii Hoguii mooynrs CAM cucmemu agmomamus08anoi nio2omosKu ynpasiaouux npoepam oopoodaenns 3D
POOOUUX NOBEPXOHb NPOME3I8 KOAHHO20 cyenoba noounu Ha eepcmamax 3 YIIK. Mooyne 3abe3neuye nio2omoeky ynpasisiouux
npoepam 05 mpbox cnocobié hopmMoymeopents. (hpezepysanis ciheputHor i YuriHOPUUHoW dpe3oro, wnighyeants Kpyeom y Gopmi
mopa. Bci mpu cnocobu mooicna peanisyeamu Ha eepcmamax 3 HIIK npu euxopucmawui 6cb020 mMpboX KOOPOUHAM, WO
ynpasnaomvcs. Mooyns asmomamuuHo GUKOHYE NPOEKMYBAHHA QOPMOYMEOPIOIOYUX MPAEKMOPIl | HA OCHOBI pe3ynbmamie
MOOeN0BAHHSL NPOYECy 3PI3Y8aAHHs NPUNYCKY PO3PAXOBYE YAPAGIIHHSA NOOAYel0 MAKUM YUHOM, Wob cmabinizyeamu npoyec pizanHs @
yurai 0bpobrenns. Ilpu npoexmyeanui YnpasiinHa 3a nooauelo no psaoKax 3ACMOCOBYEMbCA NIOXIO, wo 3abe3neyye 0OHAKOBY
(3a0any) wopcmricme 6cici nosepxui. Ilpu npoexmysanHi ynpasuinHs O WLQY8aAHHS SUKOPUCTIOBYEMbCS 2PAHUYHULL ANCOPUMM
3pI3VBAHHSA NPUNYCKY 3d NPOXOOAMU, A MAKONC ONMUMIZYEMbCA MPAEKMOPIA XOL0CMUX PYXI8 30 KpUMepieM MiHIMYMY OUHAMIYHUX
HABAHMAMNCEeHb Ha npueoou eepcmama. Bce ye npusooums 00 nidsuwgenns npooykmuerHocmi 00poOieHHA npu 0e3yMOBHOMY
3abesneuenni pignomiproi skocmi 3D nogepxwi. Ilpedcmaeneni pezyrvmamuy npaxmuunoi anpobayii yyHKYioHy8anHs Mooy 0ns
sucomosnentss 3D nogepxonb mpbox munie npomesié KOIHHUX cyen00is.

Knrouosi crosa: CAM cucmema, sepcmamu 3 YIIK, 0bpobnenns 3D nogepxui npome3y Koninnozo cyenoba aoouHu
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Annomayun. Coszoan nogwiti modyne CAM cucmemvl nodzomosxu ynpasnsioueil npocpammsl odopabomku 3D nosepxnocmu
npome306 KONEHHbIX Cycmagog ueinogeka na cmankax ¢ YI1Y. Mooyns obecneyusaem nod2omosKy yRpagisiiowux npocpamm Os
mpex cnoco6o8 popmoodpazosanus: gpeseposanue cghepureckoli u YuIuHOpUecKol gpe3ou, waugosanue Kpyeom 8 gopme mopa.
Bce mpu cnocoba mooicno peanuzosame na cmanxax ¢ 9I1Y npu ucnonvzosanuu ecezo mpex ynpagiiemuix koopouram. Mooyne
agmomamuyecku BbINOTHACH NPOEKMuposanue QopmooopazyIoumux mpaekmoputi U HA OCHOBe pPe3VIbMamos MOOeIUpO8aAHUs.
npoyecca cpe3anus NPUNYcKa paccuumoleaem ynpagieHue 3a0aioweti nooaiel maxum oo6pazom, ymoobvl cmaduIu3uposams npoyecc
pesanus 6 yukie obpabomku. IIpu npoekmuposeanuu ynpasienus nooauei no CMPOUKAM NPUMEHSeMCs HOOX00, KOMOpblil
obecneuusaem 0OUHAKOBYIO (3A0AHHYIO) UePOX08amocmy 6cell nogepxHocmu. [Ipu npoexmuposanuy ynpaeienus Oas Wau@oeanus
UCHONL3YeMCsL 2PAHUYHBLLL ANI2OPUMM CPE3AHUS NPUNYCKA HO NPOX0OAM, A MAKdHce ONMUMUSUPYEMCs MPAeKMOPUA X0JI0CMbIX X0008
no Kpumepuio MUHUMYMA OUHAMUYECKUX HAZPY30K HA Npueoobl cmauka. Bce amo npusooum x noeviuienuro npousgoo0umenbHoC
0b6pabomku npu 6e3ycioeHom obecneveHuu pasHoMepHo20 Kavecmea 3D nosepxHocmu, Kax no uiepoxoeamocmu, maxk u no
cmpyKkmype nogepxHocmuozo cnos. Ilpeocmagnennvie pe3yibmamsl npakmuyeckol anpobayuu QyHKYUOHUPOBAHUS MOOYAA O
uzeomosnenuss 3D nogepxnocmeii mpex munog npome3oé KONEHHbIX CYCMABO8 uenoseKka noomeepiicoarom spghexmusHocms
co30anno20 mooyasi CAD/CAM cucmembi.

Kniouesvie cnosa: CAM cucmema, cmanxu ¢ UI1Y, obpadbomka 3D nogepxnocmu npomesa KoIeHHO20 CYCMasad 4eno8exka
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