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1. Introduction

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 
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Проведено дослiдження повздовжньо-динамiчної наван-
таженостi залiзничного складу при встановленому русi по 
колiї однорiдного профiлю. Визначено значення повздовжнього 
навантаження, яке дiє на залiзничний склад. При цьому роз-
рахунки проведенi для поїзда, що складається з 40 однотип-
них напiввагонiв. Величина повздовжнього навантаження при 
цьому прийнята рiвною 1,2 МН. Важливо зазначити, що при 
збiльшеннi швидкостi руху, а також ваги поїзда, значення 
повздовжнього навантаження може перевищувати зазначе-
ну величину. Це сприяє додатковiй навантаженостi несучих 
конструкцiй вагонiв у складi поїзда i може стати причиною їх 
пошкоджень. Крiм того, значнi повздовжньо-динамiчнi наван-
таження сприяють порушенню стiйкостi руху вагонiв у складi 
поїзда.

З метою зменшення повздовжньо-динамiчних зусиль в 
поїздi при експлуатацiйних режимах, в тому числi при галь-
муваннi, запропоновано використання замiсть типового авто-
зчепного пристрою концепту упряжного пристрою. При цьому 
гасiння кiнетичної енергiї удару вiдбувається за рахунок пере-
творення її у роботу сил в’язкого опору. Цей опiр створюється 
за рахунок перемiщення через дросельнi отвори поршня в’язкої 
рiдини за принципом роботи гiдравлiчного демпфера. 

Для обґрунтування використання концепту упряжного 
пристрою проведено розрахунок за методом визначення сили 
за зчiпним пристроєм шляхом уявного роздiлення поїзда на двi 
частини.

З урахуванням коефiцiєнту в’язкого опору, що створюєть-
ся концептом упряжного пристрою прискорення, яке дiє на 
залiзничний склад, склало близько 0,8 м/с2. Тобто використан-
ня концепту упряжного пристрою дозволяє знизити повздовж-
ню навантаженiсть поїзда майже на 30 % у порiвняннi з типо-
вою схемою взаємодiї локомотива з вагонами. 

Проведено розрахунок на мiцнiсть штоку концепту упряж-
ного пристрою. Встановлено, що максимальнi еквiвалентнi 
напруження не перевищують допустимi.

Запропонованi заходи сприятимуть зменшенню динамiч-
ної навантаженостi залiзничного складу при експлуатацiйних 
режимах навантаження. Також впровадження даного концеп-
ту сприятиме зменшенню пошкоджень одиниць залiзничного 
складу в експлуатацiї

Ключовi слова: залiзничний склад, повздовжня динамiка, 
динамiчна навантаженiсть, концепт упряжного пристрою, 
моделювання динамiки
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efficiency of rolling stock and reduce the cost of unsched-
uled repairs.

 
a  
 
 
 
 
 
 
 

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 UM8.1. 
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].
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In addition, the longitudinal effort in a train can be de-
rived using the procedure given in [12]:

( )
10

,
i

n
k

ср T i i T
i

T
N w b Q Q w B

Q Q =

 
= − − ⋅ + ⋅ + + 

∑   (1)

where Tk is the tangent traction force of a locomotive, kN; 
Qi is the weight of a unit of a train with serial number i, for-
ward direction (at i=0 ‒ the main locomotive, i=1, 2, 3,…, n ‒  
cars), kN; wср, bT 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; wi is the specific motion 
resistance of a rolling stock unit, taking into consideration 
the track profile; BTi is the braking tangent forces of a loco-
motive and cars, kN. 

The tangent traction force of a locomotive is determined 
from formula [13]:

( )max

4
0,18 ,

22k kТ P L m
v

 = ⋅ϕ = ⋅ ⋅ +  +
  (2)

where Рmax is the maximum traction force of a locomotive, 
permitted by the conditions of adhesion between the wheels 
and rails, kN; φk 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]:

21.9 0.01 0.0003 .lw v v= + ⋅ + ⋅   (3)

The resistance of four-axle cars can be found from:

23 0.1 0.0025
0.7 ,с

v v
w

q
+ ⋅ + ⋅

= +   (4)

where q is the axial load, kN/axle. 
The average braking force per unit weight of the train is 

determined from:

1000 ,B p frb = ⋅ϑ ⋅ϕ   (5)

where ϑр is the estimated brake coefficient of a train; φfr is 
the estimated coefficient of friction of brake pads.

150
0.36 .

2.6 150fr

v
v
+

ϕ = ⋅
⋅ +

  (6)

According to [15], the cargo car frame strength is calcu-
lated as follows:

1) at emergency braking by a pneu-
matic brake from any speed and at any 
condition of gaps in automatic coupling 
devices: 

– 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.

a  

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 
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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 2ТE10V. 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:

1
1 ,gw frМ x K N x⋅ = ⋅ϕ − − β⋅∑ ∑       (7)

for the right part:

2
2 ,gw frМ x K N x⋅ = ⋅ϕ + − β⋅∑ ∑       (8)

where ƩK1, ƩK2 are, accordingly, the sum of the forces of 
pressing the brake pads in the left and right parts of the 
train, kN; β 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]:

= ⋅ ⋅δ∑ ,gwK M g  (9)

where δ 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:

11
1

,fr

gw

x

K N xQ

М

 
 ⋅ϕ − − β⋅=  
 
 

∑ ∑


   (10)

( )1 10, , , , .X rkfixed Y tn tk n Q= ′

For the right part of the train:
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K N xQ
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 ⋅ϕ + − β⋅=  
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   (11)

( )2 20, , , , .X rkfixed Y tn tk n 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 rkfixed(Y0, tn, tk, n’, Q). The Y0 vector contains 
the initial conditions (12). The magnitudes tn 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).

0
0 .

0
Y

 
=   

 (12)

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]:

= ⋅ ⋅δ∑ ,gwK M g   (13)

where δ 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/s2 (Fig. 4). Taking into consideration the 
coefficient of viscous resistance, created by the conceptual 
coupler, the acceleration was about 0.8 m/s2. The results 
were derived for the estimated scheme shown in Fig. 2 and 
under the input parameters specified above.

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 
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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 P1 (the compression deformation) and P2 (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).

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:

1 2
max ,

P P l
A W

⋅
σ = +  (14)

where A is the cross-sectional area of the rod, m2; l is the 
rod length, m; W is the resistance momentum of the rod 
cross-section, m3.

                             a                                              b

Fig. 6. Results of calculating the rod of a conceptual coupler: 
a – diagram of transverse force;  

b – diagram of bending momentum

Since the component Р1 determines resistance against 
the longitudinal bending, we checked the following:

1

1 ,cr
Р

у

P
A n

σ
σ = ≤   (15)

where σcr is the critical load, MPa; nу is the resistance re-
serve.

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

It was established that at value P1=1.2 MH, the rod 
diameter of 80 mm, the value σv=345 MPa and nc=1, the 
condition (15) is met. 

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

[ ]max ,σ ≤ σ  (16)

where [σ] are the permissible stresses, MPa. 
The following formula is used to determine the trans-

verse angle of the inclination of the automatic coupling axis 
from the car axle.

α=β+γ, (17)

where 

arctg ,а lс a
R

+ +
β =



  (18)

arctg ,a lс a
R

+ +′ ′
β =′



  (19)

arcsin ,
2 l

b b
a

+ + ξ′γ =   (20)

where l, l′ are the semi-bases of the coupled cars, m; са, aс′  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;  
аl is the length of the automatic coupling body from the cen-
ter of the hinge shank to the coupling axis, m.

 
( ) 2 2

а а2
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2
с lс с a
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( ) ( )2 2
а а2
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2
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R

+ ⋅ − −′ ′ ′ ′
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  (22)

where 2lc, 2 c′  are the bases of bogies of the coupled cars, m;  
ξ 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 β=6.9 degrees and γ=12.7 degrees. Hence, α=19.6 degrees.

Taking into consideration the above calculations, we 
obtained σmax=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.
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a 

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.

 

    
  

  

N 
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Fig. 7. Adapter of a conceptual coupler: a – spatial model; b – finite-element model; c – estimation scheme
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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 α=19.6 de-
grees, we obtained σmax=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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Розроблена нова форма тандемної лопатi з вдосконаленим 
розташуванням профiлiв по вiдношенню до вiдомих гвинтiв, в яких 
профiлi розташовуються подiбно до тандемного крила лiтака. 
Запропоновано нове розташування профiлiв по висотi лопатi. За 
основу для проектування було взяте розташування профiлiв подiб-
не до тандемних лопаткових вiнцiв компресорiв та вентиляторiв. 
Такий пiдхiд дозволив лiквiдувати аеродинамiчне затiнення лопа-
тей та пiдвищити їхню аеродинамiчну навантаженнiсть. Для 
об’єднання лопатей в кiнцевiй частинi застосована спiралеподiбна 
перетинка, яка дозволила значно знизити кiнцевi вториннi втрати 
за рахунок запобiгання утворення кiнцевого вихору. 

Для дослiдження характеристик тандемних гвинтiв та 
структури газодинамiчної течiї навколо них розроблена розра-
хункова модель гвинта в перiодичнiй постановцi, що дозволи-
ло значно скоротити час розрахунку. Моделювання здiйснюва-
лось в програмному комплексi ANSYS CFX, в якому реалiзований 
алгоритм вирiшення нестацiонарних осереднених по Рейнольдсу 
рiвнянь Нав'є-Стокса замкнутих моделлю турбулентностi SST 
Ментера. В результатi моделювання отриманi характеристики 
тандемного гвинта, якi пiдтвердили правильнiсть вибраного пiдхо-
ду щодо проектування тандемної лопатi. ККД розробленого гвинта 
досягає рiвня 75 % на розрахунковому режимi, що є дуже хорошим 
показником для малорозмiрних гвинтiв, якi працюють при низь-
ких значеннях числа Рейнольдса. Для порiвняння, ККД класичних, 
подiбних по геометричним характеристикам гвинтiв, знаходиться 
в межах 50–60 %. При використаннi тандемного гвинта з об’єдна-
ними лопатями як штовхаючого рушiя вiдзначено зниження його 
тяги на рiвнi 3–4 %, що обумовлено утворенням зони розрiдження 
у втулковiй частинi та в областi кока

Ключовi слова: повiтряний гвинт, кiнцевий вихор, стрiчка 
Мьобiуса, коробчатий гвинт, тандемний гвинт
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