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IIposedeno Oocaidicenns n06300834CHLO-OUHAMIMHOT HABAH-
masiceHocmi 3aN3HUMHO20 CKAA0Y NPU B6CMAHOBIEHOMY PYCi NO
Kol 00HOPioH020 npogino. Busnaveno 3nauenns no63006icHb020
Hasanmasicenus, axe i€ na saniznuunuii cxaad. Ipu yvomy pos-
paxynxu nposedeni 045 noizoa, wo ckraoacmoca 3 40 oonomun-
HUX Hanieeazownie. Beaunuuna no63006icHb020 HABAHMANCEHH NPU
uvomy npuinama pienoro 1,2 MH. Basxcaueo 3aznauumu, wo npu
30invuenti weuodKocmi pyxy, a maxoxic eazu noizoa, 3HAUEeHHS
n063006CHLO20 HABAHMANCEHHS MONCE Nepesuuyeamu 3a3Haqe-
ny eenuuuny. Ile cnpuse dodamrxosili Haeanmax’ceHoCmi HeCy1ux
KOHCMPYKUill 6a20Hi8 Y CKA0L N0i30a i MOIHCE CIMAMU NPUMUHOIO iX
nowxoocens. Kpim mozo, snauni no63006icivo-ounamiuni nasamn-
MANCEHHS CRPUAIOM NOPYULEHHIO CIMITKOCMI PYXY 8A20HI8 Y CKA0T
noizoa.

3 Memoto 3meHWEeHH N063008HCHLO-OUHAMIMHUX 3YCULL 6
noi30i npu exCnAYamayilinux peicumax, 6 momy HUcii npu 2ao-
MYBanHi, 3anponoHo6ano GUKOPUCMAHH 3AMICIb MUNOE020 AGMO-
34enH020 NPUCMPOIO KoHuenmy ynpsaicnozo npucmporo. Ipu yoomy
2acinns Kinemuunoi enepeii yoapy 6i00yeacmvcs 3a paxyHox nepe-
meopenns i y podomy cun 6’13020 onopy. Ileii onip cmeoproemvcs
30 PAxXyHOK nepemiujennst uepe3 OpoCeibHi 0meopu NOPUHSL 8 I3K0i
piounu 3a npunuunom pobomu z2iopaseninmnozo demndepa.

s o0Tpynmyeanns 6UKOPUCMANHA KOHUEnmy YnpsajicHozo
npuUCmMpoIo nposedeHo PoPAXYHOK 3a MEMOOOM GUSHAMEHHS CUTU
30 3UINHUM NPUCMPOEM WILAXOM YABHO20 PO30ileHHS noizda Ha 06i
wacmunu.

3 ypaxyeanuam Koediyicumy 6’13K020 0nopy, w0 CMEOPHOEMs-
€L KOHUENMOM YNPANCHOZ0 NPUCMPOI0 NPUCKOPEHHSA, sKe Oi€ Ha
3aniznuunuii cxaad, cxaano 6ausvio 0,8 m/c. Toémo euxopucman-
HS KOHUEeNMY YnpsajcHoz0 NPUCporo 003601€ 3HUSUMU NOB3006IHC-
H10 Haganmaicenicmo noizoa matixce na 30 % y nopieHanHi 3 muno-
8010 CXEMO10 63AEMO0T IOKOMOMUBA 3 6AZOHAMU.

IIposedeno po3paxynox Ha MiyHICH WMOKY KOHUENMY YNPSHC-
H020 npucmporo. Becmanogneno, wo maxcumanvhi exeiganenmmi
HanpyxceHHs He nepesuuyons 0onyCcmumi.

3anpononosani 3ax00u cnpusmMUMYMo 3IMEHUEHHIO OUHAMIY-
HOi HABAHMACEHOCI 3AJI3HUMHOZ0 CKAA0Y NPU eKCNIYAMAUTIHUX
pescumax nasanwmacenns. Taxooc enposaodicenns 0anozo Konyen-
my cnpusmume 3MEHUWEHHIO NOWKOOHCEHb OOUHUUD 3ATIZHUUHOZ0
cknaoy 6 excnayamauii

Kmouoei cnoea: 3anisnuunuii cxknad, noé3006cusa ounamixa,
OUHAMIMHA HABAHMANCEHICMb, KOHUENM YNPANCHOZ0 NPUCMPOIO,
MOOent08anns OUHaAMIKU
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Ensuring the efficient operation of railroads as a leading
sector of the transportation network requires the commis-
sioning of modern rolling stock. In this case, making it
more competitive predetermines the stricter requirements
not only to the technical and economic indicators of rolling
stock but also to the possibility of adapting the structures to
the appropriate operating conditions.

It is known that one of the most loaded nodes in the
design of rolling stock is automatic coupling equipment.
During operation, this node experiences significant longi-
tudinal-dynamic loads whose numerical values can be up to
3.5 MN - collision at shunting. In addition, significant loads
emerge when operating the rolling stock on main tracks —
braking, pulling off, etc.

To ensure that wagons are coupled to each other and to
a locomotive, that they are kept at a certain distance from
each other, and that the longitudinal efforts are transferred,
the trains that include cars with a gauge of 1520 mm use the
standard automatic coupling device SA-3 (Fig. 1). At pres-
ent, there are the modernized variants of a given automatic
coupler as well.

It is important to note that one of the main shortcomings
of a given design is a significant cost, due to the use of a
large number of components, specifically a coupler with the
absorbing device.

This necessitates the implementation of new variants
of automatic coupling devices. In this case, they should
ensure the possibility to perceive and damp impact loads
while meeting the conditions of strength for the rolling
stock bearing structures. This would improve the operating



efficiency of rolling stock and reduce the cost of unsched-
uled repairs.

b

Fig. 1. Automatic coupling device SA-3:
a — automatic coupling design; b — car coupling

2. Literature review and problem statement

Paper [1] reports the results of mathematical modeling
of train longitudinal dynamics. The authors gave the main
theoretical positions, on the basis of which they developed an
apparatus for determining the longitudinal efforts in a train.
However, they failed to pay attention to devising measures
to reduce the longitudinal efforts in a train.

The measures to improve the efficiency of rolling stock
brakes operation were addressed in [2]. The author tested a
graphic-analytical algorithm for the dual wear of the pads,
which makes it possible to determine the magnitude and
direction of the action of force factors. However, the author
did not conduct research on the influence of these factors on
the longitudinal dynamics of a train.

Work [3] studied the longitudinal-dynamic forces in a
cargo train using different types of absorbing devices (Sh-1-T,
Sh-2-T, and Sh-2-V). The longitudinal dynamics were simu-
lated employing the software Universal Mechanism UMS.1.
The authors analyzed the values of the longitudinal efforts in
a train and defined the type of absorbing device that is the
most optimal one to use.

The issue of improvement of the design of an automatic
coupling device in order to reduce the longitudinal loading
on cars in a train was not considered in the cited work.

The influence of the length of a train on the longitudinal
forces at braking is examined in [4]. The study was conducted
in the programming environment MATLAB. Based on their
calculations, the authors found the longitudinal loads that act
on the train composed of a different number of cars. However,
no measures to reduce the longitudinal loads were proposed.

Paper [5] determined the longitudinal dynamics in the
coupled trains. Wireless measuring equipment was devel-
oped, which allowed the authors to find indicators for the
longitudinal dynamics of a train. However, they did not
consider the task of determining the longitudinal loads in a
train by mathematical modeling.

The distribution of the longitudinal-dynamic forces for
various characteristics of the hysteretic buffer was reported
in [6]. The paper takes into consideration that the time of

filling the brake cylinders with compressed air and the pa-
rameters of the car buffers in a passenger train are the same.
That is, the cars have the same braking force.

The development of the longitudinal-dynamic forces in
a passenger train at braking is examined in [7]. The authors
considered the influence of the number of cars in a train,
the gross weight, and a deviation of £20 % for length on the
braking force.

However, the authors of [6, 7] did not consider the issue
of distribution and reduction of the longitudinal-dynamic
forces in cargo trains.

Work [8] analyzed the longitudinal dynamics of a train
under operating modes. In this case, the longitudinal dy-
namics and the coupling force were modeled according to the
results of experimental research. The model was solved in the
MATLAB software suite. The cited work did not consider the
improvement of the design of devices that couple cars and a lo-
comotive to reduce the longitudinal-dynamic load on a train.

The simulation of vehicle dynamics under loading op-
erating regimes is reported in [9]. The calculations were
conducted in the Universal Mechanism programming envi-
ronment. The authors took into consideration the different
microgeometry of the track. The maximal values of the
longitudinal efforts in a train were derived. However, no
measures to reduce the longitudinal forces in a train during
operating modes were proposed in the cited work.

The evolution of the simulation of longitudinal train dy-
namics was considered in [10]. The authors defined a series of
potential research topics regarding the longitudinal dynam-
ics of trains, which should be solved at the present stage of
the development of the railroad industry in order to ensure
the safety of motion. However, the issues of improving the
coupling devices in order to reduce the longitudinal efforts
in a train were not considered.

Our analysis of literary sources makes it possible to
conclude that it is expedient to conduct research aimed at
determining the longitudinal dynamics of a railroad train. A
feature of this research is that the units of rolling stock inter-
act between themselves through the new conceptual coupler.
This would reduce the longitudinal loading on a train during
operating modes.

3. The aim and objectives of the study

The aim of this study is to determine patterns in the lon-
gitudinal loading on the rolling stock taking into consider-
ation the application of the new conceptual couplers instead
of the automatic coupling of the SA-3 type.

To accomplish the aim, the following tasks have been set:

—to simulate the longitudinal load on a railroad train
equipped with the new conceptual couplers;

— to estimate the strength of the rod of the conceptual
coupler.

4. Methods for determining the longitudinal load on
a train at steady motion

It is known that the maximal longitudinal effort at
steady motion along a track of a uniform profile emerges in
an automatic coupling device between a locomotive and the
train’s cars (Fig. 2). The features of determining the longitu-
dinal efforts in a train are described in [11].



1) at emergency braking by a pneu-
matic brake from any speed and at any

condition of gaps in automatic coupling
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Fig. 2. Estimated scheme of a train: M;w, M,,
of the left and right parts of the train

In addition, the longitudinal effort in a train can be de-
rived using the procedure given in [12]:

N=[ EQ—MW—@}Q+§XQfm+BJ, 1)

Q,+

where T} is the tangent traction force of a locomotive, kN;
Q; is the weight of a unit of a train with serial number ¢, for-
ward direction (at i=0 — the main locomotive, i=1, 2, 3,..., n —
cars), kN; w.p, by are, respectively, the average resistance
and average braking force per unit weight of the train, kN;
n is the number of cars in the train; w; is the specific motion
resistance of a rolling stock unit, taking into consideration
the track profile; By; is the braking tangent forces of a loco-
motive and cars, kN.
The tangent traction force of a locomotive is determined
from formula [13]:
=)
22+0)

where P, is the maximum traction force of a locomotive,
permitted by the conditions of adhesion between the wheels
and rails, kN; ¢; is the estimated coefficient of adhesion
between the wheels and rails; L is the load from the driving
wheelset on rails, kN; m is the number of drive wheelsets of a
locomotive equal to the number of traction engines; v is the
estimated motion speed, km/h.

The resistance of locomotive motion is determined
from [14]:

Tk=})max.q)k=(l‘lm)‘(0’18+ (2)

0,=1.9+0.01-0+0.0003- 0. 3)
The resistance of four-axle cars can be found from:

2
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where ¢ is the axial load, kN/axle.

The average braking force per unit weight of the train is
determined from:

by =1000-9,-¢,, ®)
where 9, is the estimated brake coefficient of a train; ¢ is
the estimated coefficient of friction of brake pads.
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According to [15], the cargo car frame strength is calcu-
lated as follows:

2 " are, respectively, the gross weight

—in a non-uniform train — 2.5 MN;

—in a uniform train — 2.0 MN;

2) at complete service braking to
stopping from any motion speed, as well
as at controlled braking from a motion
speed of 15 km/h and less:

—in a non-uniform train — 2.0 MN;

—in a uniform train — 1.5 MN;

3) at controlled braking from a motion speed over 15 km /h:

— in a non-uniform train — 1.5 MN;

—in a uniform train — 1.2 MN.

To ensure the strength of load-bearing structures in the
rolling stock, it is important to study the longitudinal load-
ing and devise measures to ensure traffic safety.

5. Modeling the longitudinal loading on a train equipped
with new conceptual couplers

In order to reduce the longitudinal-dynamic efforts in
a train under operating modes, including braking, it is pro-
posed to use, instead of a standard automatic coupling de-
vice, a conceptual coupler (Fig. 3). In this case, the impact’s
kinetic energy is damped by transforming it into the work of
viscous resistance forces. This resistance is created by mov-
ing a viscous liquid through the throttle holes of the piston
based on the principle of hydraulic damper operation. The
system returns to its original state by using a release spring,
which is mounted inside a telescopic element [16].

It is important to note that such a conceptual coupler can
be implemented in the rolling stock whose girder beams have
a closed cross-section. For example, such a technical solution
could be used on cars whose load-bearing elements are made
from round pipes.

ﬂ\\s\\

b

Fig. 3. A conceptual coupler for the automatic coupling:
a — structural components; b — in the interaction between
cars; 1 — automatic coupling body; 2 — adapter;
3 — wedge; 4 — girder beam, made from round-section pipe;
5 — bottom; 6 — spring; 7 — telescopic element

To substantiate the use of a conceptual coupler, we
performed the calculation using a method for determining



the strength of the coupling device through the imaginary
separation of a train into two parts. The calculation scheme
is shown in Fig. 2.

Suppose that it is required, for the train consisting of
40 cars of model 12-7023, to determine the magnitude and a
sign of the reaction between a locomotive and the cars. The
locomotive’s accepted model is 2TE10V. The speed of the
train is 60 km/h.

On the basis of Newton’s Law III, the reaction N can be
represented in the form of two forces with different signs.

Then the motion equation for the left side of the train
takes the form:

M, -i=3K-9,-N-YB i (7
for the right part:
M, -i=3 K, ¢, +N-Y B4, ®)

where £Ki, K, are, accordingly, the sum of the forces of
pressing the brake pads in the left and right parts of the
train, kN; B is the coefficient of viscous resistance, which is
created by the conceptual coupler, kN-s/m.

The sum of forces of pressing the brake pads can be found
from formula [11]:

YK=M,, g3, )

where & is the normative value for a coefficient of brake
pressing force.

The differential equations (7), (8) were solved by
the Runge-Kutta method in the Mathcad programming
suite [17-20].

For the left part of the train:

x
Q= 2K1'(P/;-_N_2B'5C )

(10)
M,,
X, =rkfixed (YO, tn, tk, n’, Q1)
For the right part of the train:
x
Q,= 2K2'(P/e+N_ZB'jC ' an
M:,

X, = thfixed (Y0, tn, th, ', Q,).

The transition from the systems of second-order differ-
ential equations to the first-order differential equations was
performed in order to apply the standard algorithms for sys-
tem solving using the Mathcad rkfixed function.

To solve equations (7) and (8), we used the standard
function 7kfixed(YO0, tn, tk, n’, Q). The Y0 vector contains
the initial conditions (12). The magnitudes ¢n and tk deter-
mine the starting and final variable of the integration, n’ is
the fixed number of steps, Q is a symbol vector [21-25]. The
models (7) and (8) do not take into consideration the rigid-
ity of release springs, which would also resist the movement
of the pistons (Fig. 3).

(12)

vo- [O)
0
That is, the initial displacement and speed are equal
to zero.
The sum of the forces of pressing the brake pads can be
found from formula [11]:

YK=M, g3, 13)

where § is the normative value for a coefficient of brake
pressing force.

Under a standard scheme of interaction between a loco-
motive and the cars, the acceleration operating on the cars
was about 1.2 m/s? (Fig. 4). Taking into consideration the
coefficient of viscous resistance, created by the conceptual
coupler, the acceleration was about 0.8 m/s?. The results
were derived for the estimated scheme shown in Fig. 2 and
under the input parameters specified above.
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Acceleration, m/s?

60 55 50 45 40 35 30 25 20 15 10 5
Motion speed, m/s
—e—standard coupling --#- using a conceptual coupler

Fig. 4. Accelerations acting on a moving train

In other words, the use of a conceptual coupler makes
it possible to reduce the longitudinal loading on a train by
almost 30 % compared to the interaction scheme involving
the automatic coupling devices SA-3.

6. Calculation of the coupling rod strength

Given that the rod under operating modes perceives sig-
nificant loads, we calculate its strength.

It should be noted that a given conceptual coupler is
proposed instead of the automatic coupling SA-3, whose
main component is the absorbing device placed in a traction
clamp. It is known that the absorbing device is designed to
perceive and mitigate the impacts and jerks in the trans-
mission of compressing and stretching efforts through a car
frame (the longitudinal loads) [26]. Therefore, when cal-
culating the rod of the proposed device, we considered the
longitudinal loading that occurs under operational modes.

The estimated scheme of a rod will be considered in the
form of a pivot system, as a beam with a cantilever clamping
(Fig. 5). It is taken into account that the rod receives the
load from the piston. A second piston is considered in the
form of a rigid clamping. That is, the limitation of a given
problem is the absence of piston movement when the rod is
loaded. Such a scheme may occur in the case when the rigid-
ity of the release spring of the device exceeds the magnitude
of the longitudinal load acting on the rod. In addition, this



scheme is valid for the case when the adapter is in an extreme
position (in the region of the bottom).

In this case, the maximum stress that operates on the
rod would be determined as the sum of stresses arising from
effort Py (the compression deformation) and P (the bending
deformation) [27-29].

The diagram of the transverse force at compression de-
formation is shown in Fig. 6, a); and the diagram of the bend-
ing momentum at bending deformation is shown in Fig. 6, b).

P,_P-sin o P

g ;
j P;_P-cos a

Fig. 5. The rod estimation scheme under the action of angular
loads on it

Then, the maximum stresses operating on the rod will be
determined from:

Y

max_A W’

(14)

where A is the cross-sectional area of the rod, m?%; / is the
rod length, m; W is the resistance momentum of the rod
cross-section, m>.
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Fig. 6. Results of calculating the rod of a conceptual coupler:
a — diagram of transverse force;
b — diagram of bending momentum

Since the component Py determines resistance against
the longitudinal bending, we checked the following:

P o
1<%
GP1_A_n’

Yy

(15)

where o, is the critical load, MPa; ny is the resistance re-
serve.

The piston with the rod was made from steel of brand
09G2S. The value of the yield strength is 6,~345 MPa and
durability limit is 6,=490 MPa.

It was established that at value Pi=1.2 MH, the rod
diameter of 80 mm, the value 6,=345 MPa and n.=1, the
condition (15) is met.

The rod strength condition in this case takes the
form [30, 31]:

Gmax S [G]’ (16)
where [o] are the permissible stresses, M Pa.

The following formula is used to determine the trans-
verse angle of the inclination of the automatic coupling axis
from the car axle.

o=P+y, a7
where
l+c,+a
B= arcth, 18)
, U'+c +a
B :arctgiR ) 19)
Y= arcsin%, (20)
1

where [, I” are the semi-bases of the coupled cars, m; ¢,, ¢ is
the length of the consoles of the coupled cars from the axis of
the hoop to the hinge axis of the automatic coupling shank, m;
ayis the length of the automatic coupling body from the cen-
ter of the hinge shank to the coupling axis, m.

. _ 2_ 2
b: (2£+Ca)26;% zc al , (21)
b,:(2£’+c;)-c;—(£’c)2—afy 22)

2R

where 2/, 20/ are the bases of bogies of the coupled cars, m;
€ is the additional reciprocal deviation of the automatic
coupling hinges in the transverse direction, mm, determined
according to [30, 31]; R is the estimated curve radius, m.

It is taken into consideration that a car fits the curve
with a radius of R=60 m. In this case, we derived the value
of B=6.9 degrees and y=12.7 degrees. Hence, a=19.6 degrees.

Taking into consideration the above calculations, we
obtained 6,,,,=308.1 MPa (a rod diameter of 80 mm and its
length is 360 mm), that is the resulting stresses are smaller
than those acceptable by 10 %, which are indicated for the
operating conditions of cars on various railroad networks
for cars’ metallic structures [30-32]. Consequently, the
strength of the rod is ensured.

We also determined the strength of the rod of our con-
ceptual coupler using a finite element method. The spatial
model of the adapter was constructed, whose part is the
rod (Fig. 7, a). The graphical study was carried out in the
SolidWorks software package. The calculation was imple-
mented in the CosmosWorks programming environment.
The finite element model of the adapter is shown in Fig. 7, b.

The isoparametric tetrahedrons were used as finite ele-
ments. The number of nodes of the finite element model was
3,792, elements — 15,554. The maximum size of the element
in the model is 30.8 mm, the minimum is 6.16 mm. The per-
centage of elements with a side ratio of less than three is 96.9,
exceeding ten — 0.03.

The load applied to the adapter was taken equal to
N=1.2 MN (Fig. 7, b). The structure’s material is steel, grade
09G2S. The calculation results are shown in Fig. 8.



Fig. 7. Adapter of a conceptual coupler: a — spatial model; b — finite-element model; ¢ — estimation scheme

von Mieses
(N/m?)

l 2.692e+008

- 2.468e+008

- 2.244e+008

- 2.019e+008

~ 1.795e+008

1.571e+008

1.346e+008

1.122e+008

_8.977e+007

6.734e+007

4.491e+007
2.248e+007

269.2 MPa

148.5 MPa

134.6 MPa

URES (mm)
5.521e-001
l 5.061e-001
-4.601e-001
-4.141e-001
-3.680e-001
-3.220e-001
2.760e—-001
2.300e-001
- 1.840e-001
- 1.380e-001
9.201e-002
4.601e-002
1.000e-030

0.1 mm

0.5 mm

b

Fig. 8. Results of calculating the strength of
the adapter in a conceptual coupler:
a — stressed state; b — displacements in nodes

The maximum equivalent stresses in the adapter are
269.2 MPa, the displacement is 0.5 mm. The maximum de-
formations amounted to 1.16:10-3. Thus, the strength of the
adapter is ensured.

7. Discussion of results of modeling the longitudinal load on
rolling stock equipped with the new conceptual couplers

To reduce the longitudinal-dynamic load on a train un-
der operational loads, it is proposed to use a new conceptual
coupler instead of the coupling, which is part of the automat-
ic coupling SA-3. A feature of the concept is that the impact’s
kinetic energy is damped by transforming it into the work of
viscous resistance forces (Fig. 3). We have modeled the lon-
gitudinal dynamics of the train equipped with the proposed
conceptual coupler. It is assumed that the train is uniform,
that is, it consists of similar cars.

It was established that the use of the conceptual coupler
makes it possible to reduce the longitudinal loading on a
train by almost 30 % compared to the interaction scheme
involving the automatic coupling devices SA-3 (Fig. 4).
This is explained by the fact that the proposed concept
generates a viscous resistance to the movement, rather
than the elastic-friction as is the case with the automatic
coupling SA-3.

The proposed technical solutions would reduce the
dynamic loading of cars under load operating modes. This
could decrease the amount of damage to cars in operation.
In addition, our research results would contribute to the
construction of modern rolling stock structures.

To ensure the rod strength of the coupling, we per-
formed the calculation described in the main part of this
paper. This takes into consideration the longitudinal load,
which acts on the rod (Fig. 5), as the principal one. It was
determined that given the accepted geometric dimensions
and numerical values of loads, the rod strength is provi-
ded (Fig. 8).

It is important to note that modeling the longitudinal
dynamics and rod strength of the coupling device was
carried out for the case of steady train motion and taking
into consideration that the components of the coupling
device were made from steel of grade 09G2S. It was tak-
en into consideration that the longitudinal load that a
coupling is exposed to is 1.2 MN, which is valid for a uni-
form train.

In the future, it is necessary to take into consideration
the case when a train moves along a broken profile, as well
as the transient processes in a train that pulls off and under
the action of impact loads. As regards further studies, it also
important to determine the influence of the longitudinal
dynamics of tank cars with bulk cargo on the operation of a
coupling device.

9. Conclusions

1. A mathematical model has been constructed to deter-
mine the longitudinal load on a railroad train equipped with
the new conceptual couplers. We have determined the max-
imum loads operating on a train under operational modes. A
given model could be used to model the longitudinal dynam-
ics of non-uniform freight trains.

It was established that the proposed device makes it
possible to reduce the longitudinal load on a train by almost
30 % compared to the interaction scheme involving the au-
tomatic coupling devices SA-3.

2. The rod strength of the coupler has been estimated.
The rod estimation scheme was adopted in the form of a pivot
system. In this case, the maximum stress, which acts on the
rod, was determined by taking into consideration the effect
exerted on it by the longitudinal load of 1.2 MN.



Taking into consideration our calculations, at the
angle of the lateral deviation of the longitudinal axis of
the automatic coupling from the axel of the car a=19.6 de-
grees, we obtained o,,,,=308.1 MPa. That is, the resulting
stresses are smaller than the permissible ones by 10 %. It
was taken into consideration that the structure’s material
was the steel of grade 09G2S.

We have also determined the strength of the cou-
pling device’s rod using the method of finite elements. It
was taken into account that the adapter, whose part is
the rod, is made of steel of grade 09G2S. The maximum
equivalent stresses in the adapter were 269.2 MPa, the

displacement is 0.5 mm. The maximum deformations
are 1.16-10°3.
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Pospobnena nosa opma mamndemnoi nonami 3 600CKOHATICHUM
Po3mauyeanm npodinie no 6ioHoueHH10 00 6I0OMUX 26UHMIB, 8 AKUX
npoini pozmawosyiomoca nodiono 00 MaHdemMH020 Kpuia Jimaxa.
3anpononosaio noee pozmawysanns npoinie no eucomi nonami. 3a
0CHOBY 013 NPOEKMYBAHHA GY0 835Me POIMAWYBAHHA NPOPinie nodi6-
He 00 MaH0eMHUX JIONAMKOBUX 6IHUIE KOMNPECOPI6 Ma 6eHMULAMOPIE.
Taxuii nioxio 003601u6 AiK6i0yeamu aepoouHamiuHe 3amiHeHHs T0Na-
meii ma nidsuwumu ixHw0 aepoounamiuny nasawmaxycenwicmo. Jns
00’e0nanns nonameii 6 Kinyesiii vacmuni 3acmocosana cnipaienodiona
nepemunxa, AKa 00360UNA 3HAMHO HUIUMU KIHUE6] 6MOPUHHI 6Mpamu
3a paxynox 3anodizanns Yymeopenns Kinyeeo20 6Uxopy.

Jna 0ocnioncenns xapakmepucmux manoeMHUX 26UHMI6 ma
cmpykmypu 2a300uHaMiMHOT meuii HABKONI0 HUX PO3PodJeHa po3pa-
XynKoea modesv 26unma 6 NepioduuHili. nOCManoeui, wo 00360.JU-
10 3HAMHO CKopomumu uac po3paxyuxy. Modemosanns 30iicH08a-
J0cy 6 npoepamuomy xomnaexci ANSYS CFX, 6 axomy peanizosanuii
anzopumm eupimenns wecmauionapnux ocepeonenux no Peiinonvocy
pienano Hae'e-Cmoxca 3amxnymux modeamo mypoynrenwmuocmi SST
Menmepa. B pesynvmami modentioganis ompumani xapaxmepucmuxu
mandemiozo 26umMa, AKi NiOMeepOUNU NPAGUNLHICHL GUOPAI020 NI0X0-
0y w000 npoexmyeanns mandemnoi ronami. KK/ pospoénenoezo z6unma
docsizae pieHs 75 % Ha PO3PAXYHKOBOMY PEHCUMI, WO € OYdice XOPOUUM
NOKA3HUKOM 011 MAJIOPOIMIPHUX 26UHMIG, AKI NPAUIOIONT NPU HU3L-
Kux 3nauennsax wucaa Peiinonvoca. /{nsa nopisuanuns, KK/ xnacuunux,
NOOIGHUX N0 2C0MEMPUHHUM XAPAKMEPUCTIUKAM 26UHMIE, 3HAXOOUNTLCA
6 mevcax 50-60 %. IIpu euxopucmanni mandemnozo seunma 3 06°cona-
HUMU IONAMAMU K WMOBXAI0H020 PYUlis 6i03HAUEHO 3HUNCCHHS U020
mseu na pieni 3—4 %, w0 06YM06IEHO YMEOPEHHAM 30HU POIPIONCEHNHS
Y 6myK08it vacmuni ma 6 00aacHi KoKa

Kniouosi caosa: nogimpsanuii 26unm, Kinueeuii euxop, cmpiuka
Muwobiyca, xopobuamuii 26unm, manoemHuii 26unm
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1. Introduction

The propeller, as a thruster, has been known for a very
long time and has been the only possible mover in aviation
for many years. The increase in flight speed, the emergence
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of jet, and then turbofan gas turbine engines significantly
reduced the use of propellers. However, it should be noted
that today the propeller has no competitors in terms of prof-
itability at moderate flight speeds (M<0.6, and in the case
of coaxial counter-rotating fans, M<0.8). Also, propellers



