https://doi.org/10.33271/nvngu/2024-3/072

I. F. Alrefo*!,
orcid.org/0000-0002-5626-7121,
M. O. Rawashdeh!,
orcid.org/0000-0001-7241-5000,
0. Matsulevych?,
orcid.org/0000-0001-5553-709X,
0. Vershkov?,
orcid.org/0000-0001-5137-3235,
S. Halko?,
orcid.org/0000-0001-7991-0311,
O. Suprun?,
orcid.org/0000-0003-4369-712X

DESIGNING THE FUNCTIONAL SURFACES OF CAMSHAFT CAMS
OF INTERNAL COMBUSTION ENGINES

1 — Al-Balga Applied University, Amman, Jordan

2 — Dmytro Motornyi Tavria State Agrotechnological Univer-
sity, Melitopol, Ukraine

* Corresponding author e-mail: ibrhem@bau.edu.jo

Purpose. Automation of the process of designing the profile of gas distribution mechanisms (GDM) of internal combustion
engines of all types, ensuring the reliability and durability of their operation.

Methodology. The speed and acceleration of the GDM pusher were determined by applying discrete differentiation. This en-
abled forming a differential band of values of the first and second separated differences of the original coordinates of the pusher’s
movement schedule on the basis of which the average speed and acceleration graphs of the GDM pusher were constructed. The
SolidWorks CAD system was used to automate computer simulation of the cams’ functional surfaces to obtain a 3D model of the
camshaft, which can provide the required accuracy.

Findings. In order to form plane contours of the GDM functional surfaces of internal combustion engines, which are given with
the necessary accuracy, the authors propose algorithms for obtaining linear elements of computer models of the projected surfaces.
The proposed method was tested using CAD to optimize the geometric shape of the cam to obtain a computer model of the cam-
shaft in order to increase the performance of the GDM of the internal combustion engine.

Originality. The original method is provided for determining the values of speeds and accelerations of the GDM pusher’s mo-
tions of internal combustion engine, which is based on constructing a band of differential projections of the first and second sepa-
rated differences of the values of its movement coordinates. This method ensures the absence of oscillation of the obtained speed
and acceleration graphs of the pusher’s movement by determining the values at the beginning and end points of the graph, which
was not possible by using the traditional method.

Practical value. The methodology of automated design of the working surfaces of distribution shafts of all types with ensuring
reliability and durability of their operation has been developed.

Keywords: internal combustion engine, distribution shaft, pusher, cam, discrete differentiation, separated differences

Introduction. The camshaft of the internal combustion en-
gine (ICE) is responsible for opening and closing the inlet and
release valves, that is, for gas distribution directly in the com-
bustion chamber of the engine. The design features of the en-
gine and the camshaft itself, as well as the correct adjustment
of the gas distribution mechanism (GDM), depend on the ef-
ficiency of the engine: power, dynamics, efficiency.

Its operation enables synchronization of engine cycles of
fuel-air mixture and exhaust gas inlet and release.

The construction of the camshaft changes in shape while
retaining its functionality, and the camshaft remains a con-
stant part of the ICE.

The camshaft is an extremely wear-resistant part that can
last the vehicle’s entire service life. However, there are situa-
tions when the camshaft fails, which can lead to negative con-
sequences. This happens for the following reasons:

1. Aggressive driving — active manoeuvring, sharp braking
and dynamic acceleration.

2. Low oil level, which increases the wear on the movable
components of the ICE including the camshatft.

3. Using poor-quality oil — the presence of abrasive parti-
cles in the working fluid leaves damage on the surface, result-
ing in accelerated wear of camshaft cams.

4. Vibration of the cam/pusher system.

When operating, the ICE is heated to high temperatures,
causing parts to increase in size. Bearing this in mind, engi-
neers provide a thermal gap designed to increase the size. If
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this gap is adjusted incorrectly, the cam will hit the valve tap-
pet instead of pressing it.

Another factor in ensuring the smooth operation of the
GDM, including the camshaft, directly depends on the qual-
ity of lubrication of their working surfaces. The main criterion
of the surface lubrication quality is the continuity of its supply
to the working surfaces of the engine.

Oil shortage can cause the parts to overheat, which causes
the metal to distort and entails breakage of the adjacent parts
of the ICE (sheave, chain or GDM belt).

The vibration that occurs when the cam and the pusher
interact is caused by the interrupted lubrication between their
surfaces and by the cam surface damage.

One of the factors in ensuring reliable engine operation is
the uninterrupted supply of lubrication to the working surfaces
of the camshaft. This can be achieved by improving the geom-
etry of the working surface of the cam.

Literature review. Cyclic impact loads on the surface of the
cam and the pusher often cause premature wear of the cam
profile and affect the camshaft rotation speed, valve movement
and torque. Also, in cyclic bending and torsion, fatigue failure
of the camshaft occurs when loads are concentrated. This re-
quires the camshaft to be not only wear-resistant, but also to
have sufficient impact resistance [1, 2].

Solidworks and ANSYS 17.0 software for simulation based
on finite element method (FEM-simulation) was used in [3] to
investigate the breakdown causes of a specific ICE camshaft
on Kijang LGX. The analysis of the test results showed that the
camshaft breakdown occurred due to extreme temperature dif-
ferences in the transition zones, which potentially affects the
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formation and spread of cracks and reduced load capacity of
the camshaft.

Special attention is paid to the study of causes of failures of
camshafts manufactured using the hydroforming technology
(HFT) of pipes and ways of their elimination.

The difficulty in operating these prefabricated camshafts is
due to the fact that the profile cam is the assembly unit when
connected to the hollow shaft (tube) under hydraulic pressure.
Experiments with orthogonal torsion and laser measurements
have revealed the main causes of camshaft failure.

In [4, 5], methods for estimating the quality of assembled
camshafts manufactured using the pulsating HFT are dis-
cussed. The novelty of the design of such camshafts consists in
applying a pulsating hydraulic pressure to the inner part of the
hollow shaft so that, after deformation under pressure, it pro-
vides a cam-strapping fit (cam holes of non-circular structure).
It has been determined that the camshaft quality depends on
the pulsation amplitude, pulsation frequency and hydraulic
pressure as well as the quality of the working surfaces. The ob-
tained research results lead to the conclusion that the cam-
shafts assembled using pulsating HFT are more difficult to
manufacture than the camshafts produced by casting or stamp-
ing. In addition, the reliability of such shafts is dubious [6].

One of the primary causes of camshaft failure is insuffi-
cient cam/pusher lubrication and poor cam surface condition.
Thus, in the best case, vibrations, impacts, etc. occur, which
affects the stability of the cam mechanism. In the worst case,
this results in the separation of the cam and shaft, resulting in
the failure of the camshaft [7].

The accuracy of camshaft cams plays an important role in
the reliable operation of the GDM. The stability of the entire
ICE depends on their reliable and uninterrupted operation.

The authors of 8, 9] examine the influence of the accura-
cy of manufacturing rotor functional surfaces on the reliability
of the operation of hydraulic positive-displacement machines.

The article develops a calculation scheme, as well as the
geometric and functional relationship of location of contact
points of hydraulic motor rotor profiles and control methods
for error of shape of internal and external rotors of the hydrau-
lic motor. This method can be applied to determine the gap
between the working surfaces of the ICE cam mechanisms.
This gap can be used as a parameter for determining the tech-
nical state of the cam mechanism, and its limit value can be
used as a basis for normalizing the functional parameters that
determine the performance of the ICE. However, fluctuations
in the shape of the cam work surfaces are chaotic and cyclical
and have a significant impact on the change in the maximum
allowable gap.

A new approach to designing the cam profile for the devel-
opment of a high-performance new class ICE is described in
[10]. The recuperated split cycle engine (RSCE) has unique
requirements for valve lift, duration and phasing compared to
the conventional 4-stroke engine.

But to ensure the high efficiency of such an engine, an in-
creased control of the release valve opening is necessary, which
can only be achieved by the high-quality design and manufac-
ture of camshaft cam surfaces. In [10] requirements for cam
profile, functions, design, analysis and test results of heavy
engine with recovery and separated cycle are presented. For
light- and middle-class engines, this method requires im-
provement and adjustments to the working conditions. Par-
ticular attention should be paid to the curvilinear surfaces of
the cams of the ICE camshaft, which can provide the required
opening and closing quality of the engine valves.

A new conceptual cam for infinitely variable adjustment of
gas distribution phases is proposed by the authors of [11, 12].
A series of experiments with 13 camshafts with the same curvi-
linear cam surface and different distribution angles was carried
out and processed. Based on the synthesis and processing of
the experiment results, it was determined that the cam with the
calculated profile provides the necessary characteristics of the

gas exchange process in the engine. But, at the same time,
more rapid wear was observed, both on the flat and hemi-
spherical tips of the pusher.

Such problems are usually caused by insufficient lubrica-
tion of the working (functional) surfaces of the machinery.
This applies not only to ICE gas distribution mechanisms but
also to other mechanisms of this type. For example, the analy-
sis of the design and operation of the rotary-planetary mecha-
nism [12] revealed a major lack of its operation reliability, spe-
cifically the jamming caused by a self-induced vortex of re-
verse dry friction when the rotor/stator system interacts. It is
proposed to correct this deficiency by improving the geometry
of the rotor and stator working surfaces.

Similar approach to elimination of defects can be applied
to other mechanisms [ 13, 14]. For example, to gas distribution
mechanisms of the engine.

While preparing the article, it became necessary to analyse
the dynamic behaviour of the cam pusher system for different
values of valve lifting and operating speeds and accelerations.
In [15], the research was carried out using methods of analysis
in temporal and frequency domains. Two cases were tested for
maximum valve lifts with appropriate operating speeds. It has
been observed that with the increase in the pusher working
speed, the value of the displacement amplitude increases.
However, an increase in the probability of the pusher-cam sys-
tem failure due to insufficient lubrication of the working sur-
faces was also observed [15].

The valve lift design of the cam pusher system is very im-
portant for improving the dynamic characteristics of the ICE.
Potential problems due to inadvertent vibrations in the high-
speed engine are the jump of the pusher, and the contact sur-
face of the valves and the seat, which cause collision in the
pusher-cam system. The degree of collision depends on the
valve lift and valve closing speed. When the cam and the push-
er collide, great forces and tensions arise. This can lead to pre-
mature system failure due to unwanted vibration. Another
problem is that the rotation speed of the camshaft is not con-
stant in the case of continuous operation of the ICE.

Purpose of the article. The aim of the paper is to develop a
universal method for designing working profiles of cam mech-
anisms of ICE of heavy, medium and light types.

To achieve this aim, it is necessary to solve the following
tasks:

1. To analyse the calculation method of cam profile used in
engine building.

2. To identify the deficiencies of the traditional methodology.

3. To propose a method for obtaining the coordinates of
the working profile of the camshaft cam of the ICE based on
discrete differentiation of the tabular function.

Methods. The main structural elements of the camshaft
(Fig. 1) are cams, which open the valves directly or via push-
ers. The supporting elements (necks) are mounted in sliding
bearings (inserts) on which the camshaft rotates due to the oil
wedge effect with minimal friction.

Consider cam profiling of the GDM for the ICE. The cam
profile of the valve DGM is set in the polar coordinate system,

Cams of inlet and outlet valves

Camshaft support necks

Fig. 1. Main structural elements of the camshaft

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2024, N2 3 73



the centre of which belongs to the camshaft rotation axis. The
plane of assignment is perpendicular to the shaft axis. Each i
point of the cam profile has o, coordinates (cam angle from the
polar axis passing through the highest point of the profile) and
pi coordinates (polar radius).

The main task of cam profiling is to determine the coordi-
nates of the polar radius p; and the rotation angle of the cam o;
of its points, depending on the pusher’s motion law. This law
determines the movement of the valve, which provides a pre-
set opening time-section and a change in the working medium
in the engine cylinder. Thus, the pusher’s motion law is deter-
mined by the thermodynamic calculation of the processes in
the ICE cylinder [16, 17].

At this stage of profiling, it is considered to be specified in
the form of the table of movements of the pusher S through the
cam rotation angle o.

At present, many design schemes of motion transfer from
the cam to the pusher have been proposed. The most common
one is when the axis of the pusher passes through the centre of
rotation of the cam, and the disc of the pusher is perpendicular
to its axis and has a flat shape (Fig. 2). When profiling, the
rotational motion of the pusher plate around the axis is not
taken into account. The method adopted in engine building
for calculating the cam profile, as well as its manufacturing by
milling and subsequent grinding, does not require other data
than the pusher’s motion law. It is assumed that the angular
speed o of the camshaft is constant (arbitrarily accepted in cal-
culations as non-negative) [16].

As can be seen from Fig. 2, the position of the pusher plate
relative to the camshaft axis is determined by the distance §

S:p0+S,

where p, is the radius of the cam occiput (appointed from
constructive, technological durability, etc. considerations);
s — pusher lift at a specific point in time.

The kinematic analysis of the mechanism determines the
following parameters.

The sliding speed of the pusher on the cam vy,

Uy = S- [ON
where o is angular cam rotation speed;

TN
0o=—,
30

where 7 is camshaft rotation speed, rev/min.
The speed of movement of the contact point on the pusher
I3 is

Iy =—=s", (1)
®

where S is the pusher’s acceleration (second derivative of
motion s through time 7); s''— acceleration analogue (second
derivative through cam rotation angle ¢).

With the appropriate choice of the reference point, angle ¢
coincides with angle o, which determines the position of the
cam and the pusher in the coordinate system associated with

arc1g y' Iy, b

s N 7o u

\,..B\.< 4 XY
< T X
S
< ARG
X/

X

Fig. 2. Structural scheme of motion transfer from the cam to the
pusher

the cam. As a rule, the a angles are calculated through the ra-
dius-vector of the cam apex (Fig. 2).

The speed of the contact point on the cam profile
d’s
L=l+v,=|S+— |- o.
C P sl [ d0(,2 )

This speed is proportional to the curvature radius 7 of the
cam profile at the contact point [16].

It =r-o.
Then
r=py+S+s". 2)

The coefficient of the specific slide of the cam and the
pusher, respectively, is found as the ratio of slip velocity v, to
the velocity of the contact point

V)
A= sl .
C - S’
-
r

L

— sl

Ap=

lpfy

These coeflicients characterize the heat intensity and wear
of the conjugate surfaces.

Hydrodynamic efficient speed vy in conjunction with
characterizing the conditions under which the oil wedge is
formed

v, =+ =(r+s")o.

The faster the module of the speed vy, the better the con-
ditions for oil wedge formation, the less wear of the pusher-
cam system.

When designing the cam, attention is drawn to the fact that
in the position where the acceleration of the pusher is equal to
zero (at the beginning and end of the valve lift and at the point
of change of the acceleration sign) the coefficient Ap increases
indefinitely (1), hence increases the thermal tension of the con-
nection. Therefore, it is not desirable to have an area of constant
pusher lift the at the top of the cam in the cam profile. A cam
profile as an arc of an involute circle is also undesirable, because
the speed of the pusher is constant, and the acceleration is zero.

The ratio vy/® in the negative acceleration section of the
pusher is much smaller than in the positive acceleration sec-
tion, since the curvature radius in the first case is much small-
er (2). Therefore, the conditions for keeping the oil wedge in
the first case are significantly worsened, and at v;/0 = 0 —
non-existent.

The filling of the cylinder is determined by the area F un-
der the curve of the pusher on the rotation angle of the cam. It
was proved in [18] that

F=L-2n-p,,

where L is the full length of the cam contour.
When analysing the pusher’s motion law, the coordinates x
and y of the cam profile points are determined by the formulas

x=8-sing+s cose: y=S5-cose—s'sing,

or at polar coordinates
p=vS?+s?; \y:(p+arctgsg. 3)

The coordinates Ry, and B, (Fig. 3) of the centre of the
grinding wheel for cam profile processing, respectively, are equal

Ryy=(S+ry)/cosCy;
Be=a+Cp;
Cw=vy-a,
where ryis the radius of the grinding wheel, (Fig. 3).
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Fig. 3. Coordinates Ry, and By of the center of the grinding
wheel for cam profile processing

If the pusher’s motion law is presented graphically by some
curve [18, 19], graphical differentiation of this curve shall be
used for calculations [20].

In the tabular presentation of the pusher’s motion law,
numerical differentiation of the tabular function is used if the
table of the pusher’s lift is specified with an accuracy greater
than the accuracy of the cam profile manufacturing and con-
trol.

S= (S - Si)/2 - Mg
8" = (81— 285+ 8- )/Ad?,

where Aa is an argument step on a uniform grid of o; angles.

Otherwise, numerical differentiation is used, with prelimi-
nary smoothing of the original data, aggravated by rounding
errors that occurred when compiling the Table. In particular,
the formulas from [16] may be applied.

8.076 8.098 8.076

80 90

e
0 10 /16.511 40 50575 70

Fig. 4. Motion graph of the diesel engine pusher

However, this method for defining derivative analogues
has significant disadvantages:

1. Calculated values of sjand s/’ are highly dependent on
the rounding errors in the Table.

2. The more the table of the values is adjusted, the more
the pusher’s law is distorted.

Thus, the methods of discrete differentiation of the tabular
function have greater reliability.

Results. Consider the solution of this problem using the ex-
ample of the motion graph of the diesel engine pusher (Fig. 4).

The graph is a symmetric relative to oo = 57°30" discretely
represented curve with the step of the base grid of Aa.=5°. It is
obvious that, according to the above, the calculation of s} and
s;" should be done by formulas (4 and 5). The data of these
calculations are shown in Table 1.

As can be seen from Table 1, the proposed method for de-
termining the speeds s/ and the accelerations s/ of the pusher
does not involve determining their values at the starting and
end points impossible.

The present article offers a method for determining the

$i 2 [2(S;42=Si0) + 8i 1 = §i-1]/10 - Ao ) speeds s/ and the accelerations s/’ of the pusher’s movement
based on the construction of the band of differential projec-
' HSia+ 83— =S 55+ 8, )} /100 Ad?. (5) tions on the basis of the /' and 2" separated differences of val-
! +S,,,-S8,,—-10S; ues of S;(a). The speed s; and acceleration s/’ values arranged
Table 1
Data of calculations s; and s;’
No o S; S s/’ No. o S; S s/’
1 0 0 - - 15 60 8.076 —0.01746 —0.00693
2 5 0.352 - - 16 65 7.905 —0.05204 —0.00687
3 10 1.051 0.17376 - 17 70 7.554 —0.08634 —-0.00676
4 15 2.094 0.2146 — 18 75 7.036 —0.11996 —0.00642
5 16.511 2.475 - - 19 80 6.352 —0.1525 —0.00618
6 20 3.473 0.22648 0.000155 20 85 5.507 -0.17944 —-0.00543
7 25 4.506 0.211 —-0.00342 21 90 4.506 -0.211 —-0.00342
8 30 5.507 0.17944 —-0.00543 22 95 3.473 —0.22648 0.000155
9 35 6.352 0.1525 —-0.00618 23 98.489 2.475 — —
10 40 7.036 0.11996 —0.00642 24 100 2.094 —0.2146 -
11 45 7.554 0.08634 —0.00676 25 105 1.051 —-0.17376 -
12 50 7.905 0.05204 —-0.00687 26 110 0.357 — —
13 55 8.076 0.01746 —0.00693 27 115 0 — -
14 57.5 8.098 0 - - — — - -
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within the resulting band can ensure that the solution does not
oscillate [20].

The set of values of the first approximation according to
the proposed methodology [21, 22] is given in Table 2 in col-
umn 6. Composite smoothing with discretely represented ref-
erence curves is applied to this set to obtain a non-sampling
discretely represented curve of values of s/, since the oscilla-
tion of the graph of the I*' derivative will lead to oscillation of
the values of p and y from (3) and, consequently, to the oscil-
lation of the theoretical cam profile [23, 24]. The smoothed
values of s/ and s/’ are presented in column 7 of Table 2, and
the corresponding points [25], as well as the points of co-
lumn 4, are inscribed in a band of thelst separated differences
(Fig. 5).

The final values of S; should be clarified based on the anal-
ysis of the process in the cylinder (dynamics of valve opening,
time-section, etc.).

‘We shall consider that such adjustments have been made,
and new ordinates of the adjusted points of the motion graph
as well as the adjusted values of the I*' derivative are presented
in Table 2.

To calculate the acceleration analogue (the second deriva-
tive of s/") in the traditional way we use (5) for the corrected
discretely represented curve S, The results are presented in
Table 2 (column 8).

0--=0-—0- suggested method

--4==t- traditional method

16.511

20 25

50 515/

Fig. 5. Graph of dependence of values of s{ on o

0 5 1015 30 35 40 45

The calculation of the proposed method is based on a dis-
cretely presented curve based on Fig. 5 according to the ap-
proximation for the corrected values of S,. Fig. 6 presents a
graph of dependence of s/ values on the values of o calculated
according to both the traditional method and the proposed one.

For the points of this graph, once again we calculate /*
separated differences and construct a differential band of val-

Table 2

Data of smoothed values s and s/’

No. « 5 Traditional method First approximation Smoothed Fi.rst approxim_e;— Smoothed V:azlue
! 5! s+ 1072 of s/ value of s/ tion of 5/ - 10 of s/ - 10
1 2 3 4 5 6 7 8 9
1 0 0 - — 0.0357 0.0357 1.4339 1.4339
2 5 0.352 - - 0.1051 0.1051 1.385 1.385
3 10 1.051 0.16976 - 0.1742 0.1742 1.2872 1.2872
4 15 2.094 0.2126 - 0.2303 0.23382 1.19249 1.1925
5 16.51 2.475 - - 0.2547 0.25184 0.40099 0.40099
6 20 3.373 0.22648 0.0555 0.242 0.238212 —0.4813 —-0.481
7 25 4.506 0.213 —-0.326 0.2134 0.209612 —0.574 —0.574
8 30 5.507 0.18344 —-0.547 0.1846 0.180812 —-0.605 -0.622
9 35 6.352 0.1525 -0.634 0.1529 0.149112 -0.62997 -0.641
10 40 7.036 0.11996 —0.658 0.1202 0.117815 —0.63074 -0.659
11 45 7.554 0.08634 —0.676 0.0869 0.086038 —0.66352 —-0.676
12 50 7.905 0.05204 —-0.687 0.0522 0.051463 —0.68326 —0.688
13 55 8.076 0.01746 —-0.693 0.0215 0.017712 —0.69175 -0.702
14 57.5 8.098 0 - 0 0 —0.70848 —-0.706
15 60 8.076 —0.01746 —0.693 —-0.0215 —-0.01771 —0.69175 —-0.702
16 65 7.905 —-0.05204 —0.687 -0.0522 —0.051463 —0.68326 —0.688
17 70 7.554 -0.08634 —-0.676 -0.0869 —0.086038 —0.66352 -0.676
18 75 7.036 —0.11996 —0.658 —-0.1202 —-0.117815 —0.63074 —-0.659
19 80 6.352 —0.1525 -0.634 —0.1529 —0.149112 -0.62997 -0.641
20 85 5.507 —0.18344 —-0.547 —0.1846 —0.180812 —0.605 -0.622
21 90 4.506 -0.213 —0.326 -0.2134 —0.209612 -0.574 -0.574
22 95 3.373 —0.22648 0.0555 -0.242 —0.238212 —0.4813 —0.481
23 98.48 2.475 — - —0.2547 —-0.25184 0.40099 0.401
24 100 2.094 —-0.2126 - —0.2303 —0.23382 1.19249 1.1925
25 105 1.051 —0.16976 - -0.1742 —-0.1742 1.2872 1.2872
26 110 0.352 - — —-0.1051 —0.1051 1.385 1.385
27 115 0 - — -0.0357 —-0.0357 1.4339 1.4339
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Fig. 6. Graph of dependence of values of s’ on a.

ues of s/’ through a, and Fig. 6 presents comparative accelera-
tion schedules of the pusher, calculated traditionally and using
the proposed method. The values obtained, smoothed accord-
ing to the proposed methodology, are presented in Table 2
(column 9).

Conclusion. The analysis of the publications revealed that
cyclic impacts on the surface of the cam and pusher caused
premature wear of the cam profile and affected camshaft rota-
tion, valve movement and torque. The jump of the pusher
upon contact of the surfaces of the valve and seat causes colli-
sion in the pusher-cam system. This leads to the destruction of
the cam’s working surface.

In order to solve the problem of geometric modelling of
the working surfaces of cam mechanisms, the analysis of the
accepted (traditional) calculation method of the cam profile
has been carried out, and its deficiencies have been revealed.

The traditional method for determining derivative ana-
logues has significant disadvantages — the calculation values
of the analogues of speeds s/ and acceleration s;" of the push-
er’s motion are highly dependent on the rounding errors in
the Table.

The article offers a universal method for designing work-
ing profiles of cam mechanisms of the ICE, specifically by
obtaining the cam profile surface coordinates of the camshaft
of the ICE on the basis of discrete differentiation of the tabu-
lar function.

The speed and acceleration graphs of the pusher, con-
structed by the proposed method, are of non-oscillating char-
acter, with a smoother change of the indicators and fully cor-
respond to the motion graphs of S;

Using the obtained data, it is possible to calculate the pa-
rameters that determine the kinematic analysis of the GDM of
the input data: ¢, — cam angle; S; — the distance of the cam
axis from the pusher plate; s/ — pusher speed; s;” — pusher ac-
celeration.

By comparing the values of s/ and s/’ obtained using the
traditional method and the proposed one, we can state the fol-
lowing:

1. The smoothed values of s/ and s/’ are located inside the
band (unlike the traditional ones), which indicates that there is
no oscillation.

2. The proposed methodology enables obtaining the values
of s/ and s}’ at all points as opposed to the traditional method,
which does not have the required values at the first and last
four points.

Discretely presented curves of values of s/ and s;" have bet-
ter dynamics of passage of points where the acceleration of the
pusher is equal to zero (points of change of acceleration sign)
in which the thermal tension of the connection increases sig-
nificantly.
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IIpoekTyBanHsa yHKIiOHATbHUX NMOBEPXOHb
KYJIA4YKiB PO3MOALILYOro BaJly IBUTYHIB
BHYTPIlIHbOTO 3rOPSIHHS

1 @. Anvpegpo™', M. O. Pasawidex', O. €. Mayyneeuy?,
0. O. Bepuikog?®, C. B.Ianvko?, O. M. Cynpyn?

1 — YHiBepcuret An-Banka, M. Aman, MopnaHist

2 — TaBpiiicbKuii qep>KaBHUI arpOTEXHOJIOTIYHUI YHiBepCH-
teT iMeHi JiImutpa MoTtopHoro, M. Menitonosb, YKpaiHa

* ABTOp-KOpecnoHIeHT e-mail: ibrhem@bau.edu.jo

MeTta. ABTOMaTM3allist MPOLECy MPOEKTYBAaHHS MPOMIII0
KyJIauKiB Ta30po3nofiibHux MexaHidmiB (['PM) nBuryHiB
BHYTPIIIIHBOTO 3TOPSIHHS BCiX TUIIIB i3 3a0e3MeYeHHsIM Ha-
NIMHOCTI i JOBrOBIYHOCTI iX pOOOTH.

Metoauka. BuszHaueHHsI WIBUAKOCTI Ta MPUCKOPEHHS
nepeMileHHs1 mropxaya ['PM 3nilicHIoBaocs 3 BUKOpUC-
TaHHSM AMCKpeTHOro audepeHiitoBanHs. Le namo moxm-
BicTb 3a0e3neyuTy (opMyBaHHS nubepeHIiaIbHOI CMYyTH
3HAYeHb MEPIINX i IPYTUX PO3MIIEHUX Pi3HULIEBUX KOOPAU-
Hart rpadika rnepeMillleHHsI IIITOBXaya, Ha MifACTaBi IKUX Oyau
Mo0yIoBaHi ycepeaHeHi rpadiku IMBUAKOCTEN i MPUCKOPEHb
wroBxaya I'PM. [lnsg aBTomMaTH3allii KOMITIOTEPHOTO MOJIe-
JIIOBaHHS (PYHKIIOHAILHUX TIOBEPXOHb KyJIauKiB 3 OTpPUMaH-
HSM TPUBUMIPHOI MOJENi PO3MOMiIbYOro Bajly Oyjia BUKO-
puctana CAD-cucrema SolidWorks, 1110 y 3M03i 3a0e31e4n-
TU HEOOXiIHY TOUHICTb.

PesyabrarTn. /11 ¢hopMyBaHHS IIJIOCKMX KOHTYPIiB (DyHK-
LIIOHAJIbHUX TTOBEPXOHb ra30pOo3MOAiIbHUX MEXaHi3MiB IBU-
TYHIB BHYTPILLIHbOTO 3TOPSIHHS, SKi 3aJaHi 3 HEOOXiaTHOMO
TOYHICTIO, aBTOpaMU 3aIIPONIOHOBAHI aJITOPUTMU OTPUMAHHS
JIHIMHUX €JIeMEHTIB KOMIT IOTePHUX MOJejell MOBepXOHb,
IO MPOEKTYIOThCS. ATpoOallisi 3aIpornoHOBaHOI METOAUKU
nposeneHa 3 BukopuctaHusaM CAIIP npu onTumisartii reo-
MeTpUYHOI (hOpMU KyJlauka JUIsl OTPUMAHHS KOMIT IOTePHOL
MOJIEJi PO3IMOAIIBHOTO Baly 3 METOIO 30UIbILIEHHST MPOIYK-
TUBHOCTI 'PM ABUTYHA BHYTPIllIHBOTO 3rOPSIHHS.

HaykoBa HoBu3Ha. Hagana opuriHajibHa MeTOAMKA BU-
3HAUEHHS 3HAUEeHb LUIBUAKOCTEN i MPUCKOPEHb PYXiB IITOB-
Xaya Ta30pO3MOAIIbHOTO MEXaHi3My IBUTYHA BHYTPIlIHBOTO
3rOPsIHHS, 1110 3aCHOBaHa Ha MOOYIOBi cMYrM AudepeHili-
AJIbHUX MPOEKLIN MepIIMX i APYTUX PO3AUICHUX Pi3HULIb 3HA-
YeHb KOOPJAMHAT oro nepeminieHHs. JJlaHa MeToauka 103B0-
JIsle 3a0€3MeYNTH BiICYTHICTh OCHMIISIIIT OTpUMaHuX Trpadi-
KiB LIBUIKOCTEH i MPUCKOPEHb PyXy IITOBXaya 32 paxyHOK
MOXUIMBOCTI 3HAUTU JaHi y MOYaTKOBMX 1 KiHLIEBUX TOYKAX
rpadika, 1o He 0yJ10 MOXJIMBUM TTPU BUKOPUCTAHHI Tpaau-
LiI{HOT METOAMKM.

IIpakTiyna 3naunmicTb. Po3pobiieHa MeTonMKa aBTOMA-
THU30BAaHOTO MPOEKTYBAHHS POOOYMX TTOBEPXOHb PO3IMONLTb-
YUX BaJIiB YCiX THUIIIB i3 3a0€3MeYeHHSIM HaAiifHOCTi i1 TOBro-
BIYHOCTI iX poOOTH.

KiniouoBi cioBa: deucyn enympiuinboeo 320psaHHA, po3no-
JinvHUll 6an, wmosxau, Kyaa4ox, OucKkpemue oughepeHyit8am-
Hs1, po30ineHi pizHuyi
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