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This paper deals with the research of common and the proposed wedge type shock absorbers for bogie used by 12-

7019 KRVZ open box type cargo wagon. Results of elements stress-deformation state caused by static load analysis 

performed by computer simulation are presented. Diagram of elements displacements, spring group compression 

dependence on vertical load, equivalent stresses of suspension system elements, proportional load distribution di-

agram and diagram of energy absorption by friction damper were obtained. The influence of spring group con-

struction to the cargo wagon dynamics when running at speeds up 10 to 200 km/h was investigated. Advisability 

of the proposed wedge type shock absorbers construction improvements was confirmed. 
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 Introduction 

Success of high-speed transportation management de-
pends on the technical specifications of the rolling stock, 
which is largely determined by construction schemes and 
parameters of the bogies [1]. The main and urgent objecti-
ves are improvement of the outdated rolling stock and 
creation of a new rolling stock that meets modern requi-
rements for performance and reliability parameters [5]. 
Сomputational simulations are now an integral part of the 
development process of rolling stock. They allow a more 
detailed analysis of the behaviour of the vehicle as a 
whole or its individual parts [2]. Improving cargo wagons 
construction, especially wagons with increased axle load, 
improving their dynamic parameters, damping and absor-
bing systems, reducing the force impact on the elements 
of the track structure is one of the most important issues 
that is constantly being researched [7]. A promising way 
to create running gear for freight cars of the new genera-
tion is to create multifunctional load-bearing elastic-dis-
sipative modules providing improved technical and eco-
nomic indicators [3]. 

Current cargo wagon bogies spring suspension sys-
tems do not meet modern requirements of operation and, 
even more promising, make it impossible to increase the 
train speed [6]. Theoretical analysis of the research pro-
blem, as well as operating experience, has showed that 
one of the conditions limiting increase in the running 
speed and improvement of dynamic parameters of the ve-
hicle’s spring suspension and, first of all, wedge-type 
friction dampers are power frictional bonds of the rail ve-
hicle bogies providing speed performance of the rolling 
stock [7]. 

The solution of this problem directly affects the tech-
nical and economic performance of the rail transport and 
determines its competitiveness in the transport market 
[10]. Literature sources and patent documentation analy-

sis, as well as the developed classification of friction wed-
ges construction features made it possible to determine 
the directions in the wedge-type shock absorber con-
struction changes and the choice of parameters for the 
cargo wagon bogie spring suspension aimed at improving 
the friction wedge working area construction and using 
the improved spring system. 

 Research aims and objectives 

Aim of the performed research focused to improved 
wedge-type friction damper for cargo wagon is determi-
nation of stress and deformation states when the static 
load is acting (empty and loaded state) by computer mo-
delling; search of rational suspension characteristics ta-
king into account the construction modifications. 

Tasks of the research are spring group stiffness cha-
racteristics definition, individual load distribution to su-
spension elements and their stress and deformation state 
determination, as well as energy consumption by friction 
damper and dynamic behaviour evaluating after applying 
construction changes. 

 Research materials and methods of the impro-

ved cargo wagon friction shock absorber 

function 

3.1 Research objects and software 

The research object is the elastic-friction shock absor-
ber suspension of 18-100 cargo wagon bogie analogue 
model. Taking into account the geometric dimensions in 
accordance with the improvement project (Fig. 1), a 
spring suspension computer model has been developed 
using SolidWorks software and hardware (Dassault Sys-
tèmes) [11]. According to the completed improvement 
project, the elastic-friction shock absorber has a number 
of specific construction features, where 1 is a wedge, 2 is 
an external pressure spring, 3 is an internal pressure 
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spring, 4 is a metal ring gasket, 5 is a disc spring. So, un-
like the “common” version [14, pp. 167 – 168, fig. 
VII.27], the improved suspension consists of shortened 
external pressure spring 2 supported by metal washer 4 
on disc springs group 5. The working surface of the 
friction wedge has a hemispherical shape that allows per-
ceiving the load from the top of the bogie and distributing 
it over the improved contact plane.  

 
Fig. 1 Spring suspension model according to the impro-

vement project 
 
Research of suspension elements stress-deformation 

state of the cargo wagon bogie spring-friction shock ab-
sorber has also been carried out in the SolidWorks envi-
ronment. 

3.2 Technique for stress state determining  

Evaluation of the critical construction elements stren-
gth involves usage of modern methods for determining 
the stress state, among which the most common one is the 
finite element method (hereinafter – FEM). 

Calculation of the individual suspension elements 
stress-deformation state is reduced to determining the 
nodes displacement in the created model grid. To obtain 
the solution, the global stiffness matrix of finite elements 
is supplemented by boundary conditions that ensure 
immobility of the finite element model in space and pre-
vent the stiffness matrix degeneration due to insufficient 
number of bonds. A prerequisite for determining the su-
spension elements parameters is availability of initial 
data: the researched construction elements geometry, the 
construction material mechanical characteristics; infor-
mation about the existing loads and conditions for secu-
ring the individual points of the researched element.  

To model the construction behavior, the state equation 

can be written in the following form: 

 ( )C x F U⋅ =   (1) 

Where:  
( )C x  – the global stiffness matrix of the construction 

finite elements;  
F  – the dimensionality vector of n state variables;  

U – the reduced loads vector at the finite element mo-
del nodes. 

The restrictions are as follows: 
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Where: 
[ ]ig , ( , )x Fiξ

 – respectively, standard and actual va-

lues of the state parameters in the i-th element of the su-
spension construction (stress, deflection, deformation); 

ia , 
ib  – restrictions on the research node parameters 

values;  

1j , 
2j  – restrictions on the state parameters and the ob-

ject size. 
The procedure for determining the stress state accor-

ding to the FEM provides creation of a prototype compu-
ter model, setting the research preliminary boundary con-
ditions, grid generation on a solid body with the help of 
the FEM, elastic suspension elements sequential study 
under the vertical load, depending on the wagon load 
(“empty” and “loaded” states). According to this tech-
nique, under the established load conditions, for the 
common and the proposed cargo wagon bogie spring su-
spension system, the initial parameters are determined, 
namely stress, deformation, displacement of its elements. 

 Research results 

While carrying out the research of the stress-deforma-
tion state of the spring-friction shock absorber suspension 
of the cargo wagon bogie common spring suspension sys-
tem, it is determined that when the vertical load that 
corresponds to the “loaded” state is applied, the standard 
system displacement equals to [ ]mmst 99.43=∆ , the 

proposed system displacement is [ ]mmm 8.32=∆ , the 

proposed system displacement with the “common” 
wedge equals to [ ]mmstm 4.36=∆ +

 (Fig. 2). 

 
Fig. 2 Diagram of the spring system displacement, a – a common system; b – the proposed one; c – the proposed one 

with the standard wedge 
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The maximum vertical load according to [15] and [8] 
which is transferred from the top of the wagon to the bo-
gies spring system is determined by the formula: 

 ( ) [ ],,1max. tKPP dstvert +⋅=    (3) 

Where: 

stP  – the static load acting upon the spring systems;  

dK  – the vertical dynamics coefficient, 388.0=dK  

[8]. 
The static load is calculated in accordance with the 

technical specifications of 12-7019 open box cargo 
wagon is [ ]tPst 66.85701912 =−

 in the “loaded” state, then the 

vertical load will be: 
( ) [ ].9.118388.0166.85max. tPloaded

vert =+⋅=  

The vertical load acting upon one system is determi-
ned by the formula: 

 [ ].,max.
1max. t

k

Р
P

loaded
vertloaded

vert =   (4) 

Where: 

k – the number of the open box cargo wagon spring 
systems. 

[ ].246.4
28

9.118
1max. tP loaded

vert ==  

For the “empty” state, the vertical load, which is trans-
ferred to one system, is [ ].8464.01max. tPempty

vert =  In this mode, 

the displacement value of the standard spring system is 
[ ]mmst 77.8=∆ , displacement of the improved spring sys-

tem is [ ]mmm 55.6=∆ , displacement of the improved 

spring system with the “common” wedge is 
[ ]mmstm 28.7=∆ +

. Equivalent stresses that occur in the 

suspension spring system are given in Table 1.

Tab. 1 Equivalent stresses that occur in the suspension spring system 

Common system, 
МPа 

Improved system, 
МPа 

Improved with the common wedge, 
МPа 

Permissible stress 
тσ , 

МPа 
Empty state 

750 
81.2 58.7 60.1 

Loaded state 
572.5 504.1 510.3 

 
The prerequisite for calculating the research object 

spring characteristics is availability of the initial data 
technical specifications of the twisted cylindrical springs 
of the improved suspension and the disc spring. 

Stiffness of the system elements is determined in ac-
cordance with [8] and makes up 






=
mm

N
C 3001

for the ex-

ternal spring of the common suspension construction and 






=
mm

N
C 35,3661

 for the improved one.  

Stiffness of the disc spring is calculated [4], which 
corresponds to value 






=
mm

N
C tarel 5,5084

. Total stiffness 

of the three serially connected disc springs is determined 
by the formula (5): 
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As a result of the calculation, we have 






=
mm

N
C tarel 83,16943

. 

Then, in case of connecting the external shortened 
twisted cylindrical spring with the disc springs group, 
stiffness is: 
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=
mm

N
C P 3.301

83.169435.366

83.169435.366
1

 

To determine the distribution of loads among the in-
dividual elements of the spring system, a method is 
suggested, according to which the relationship of forces 
among the elements is determined by introducing the for-
ces redistribution coefficient. Its calculation is carried out 

by solving the system of equations (7): 

   (7) 

Where: 
 – the force transferred to the internal spring, [N]; 

 – the internal spring stiffness of the spring system, 

[N/mm];  
 – spring deflection under the external load, [mm]. 

Distribution of forces of the spring suspension system 
individual elements, according to the calculation results, 
is shown in Fig. 3. 

 
Fig. 3 Diagram of proportional load distribution in the 

“loaded” state 
 
The energy that is absorbed by the friction damper un-

der the action of the vertical load is equal to the hysteresis 
loop area. According to the preliminary calculation, the 
triangle area determines the amount of the absorbed 
energy on the wagon static load action under the extre-
mely loaded state (F = 42460 [N]) for various types of 
suspension systems (Fig. 4). 

2F
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Fig. 4 Graph of the friction damper energy absorption 

 
Analytically, energy absorption can be represented as 

follows [13]: 

 ( ) ( )( )dxxfxfS
b

a

energyabs ∫ −= 21.   (8) 

The calculation results using formula (8) are presen-
ted in Table 2. 

Tab. 2 The amount of absorbed energy by the researched 
spring systems 

Suspension type Amount of absorbed energy, J 

Common set 588 
Improved set 507 

Improved with the 
common wedge 

545 

 
To study the dynamic behavior of the wagon, taking 

into account the construction changes in the spring group 
in the “Universal Mechanism” software package [12], 
using the method of subsystems, a computer model of the 
wagon dynamics has been developed, the analogue of 
which is 12-7019 open box type wagon. 

To evaluate the cargo wagon dynamics in the propo-
sed model, the groups of output values are formed: derail-
ment stability margin kst coefficients; frame forces acting 
from the bogie frame upon the wheel set; verticaldyna-
mics coefficients; horizontal transverse and vertical acce-
lerations of the bogie body and frames; lateral and vertical 
forces acting from the wheels upon the rails. 

 
Fig. 5 The minimum values of the derailment stability 

margin coefficient. 
 

Evaluation of the impact of construction changes in 
the spring group on the cargo wagon dynamics parame-
ters has been carried out at speeds up 10 to 200 km/h with 

pitch of 10 km/h. Modelling is performed with unworn 
wheel profiles and a satisfactory track condition in the 
“empty” state as the most unfavorable one. 

The dynamic parameters analysis is performed accor-
ding to the statistical estimation computed for each im-
plementation, depending on the adopted displacement 
mode. The extreme values of the initial data have been 
determined for each calculation experiment. The obtained 
results of the open box cargo wagon dynamics research 
using computer modelling are shown in Fig. 5 – 8. 

 
Fig. 6 The maximum values of vertical dynamics coeffi-

cients of the wagon bogie first stage suspension. 

 
Fig. 7 The maximum values of the body vertical accele-

rations. 

 
Fig. 8 The maximum values of the body horizontal acce-

lerations. 
 
A dangerous minimum level of the wheel sets derail-

ment stability margin during displacement of the open 
box cargo wagon in the “empty” state is 1.26, provided 
the wagon speed is v = 150 km/h (according to [9] kst > 
1.3). 

The obtained values of the vertical dynamics coeffi-
cients of the bogie first stage suspension of the “empty” 
open box cargo wagon indicate an excess of the ma-
ximum permissible margin at the speed of v = 180 km/h 
(according to [9] kdv1 < 0.8) and are in the range from 0.82 
to 0.93. 



April 2019, Vol. 19, No. 2 MANUFACTURING TECHNOLOGY ISSN 1213–2489 

 

indexed on: http://www.scopus.com 307  

The maximum values of the wagon body vertical and 
horizontal longitudinal accelerations are within the nor-
mative values (according to the requirements [9] az = 
0.7g, ax = 0.3g), and horizontal transverse accelerations 
are v = 140 km/h (according to the requirements [9] ay = 
0.3g). 

 Research results 

1. Based on the results of the conducted research, it 
has been established that the proposed construction im-
provement of the cargo wagon bogie spring suspension 
elements leads to decrease in stresses arising in the 
spring-friction shock absorber under the influence of ex-
ternal loads by approximately 28% in the “empty” state, 
and by almost 12% in the “loaded” state, in comparison 
with the existing construction. 

2. The proposed loads redistribution method for 
spring elements of the spring suspension allows determi-
ning forces acting upon its individual elements. At the 
same time, the forces redistribution coefficient is variable 
and allows establishing proportionality of the change in 
the forces among the elements, depending on the acting 
load. 

3. The obtained power characteristics of the work, the 
main parameter of energy efficiency of the cargo wagon 
friction damper for various constructions under the extre-
mely loaded state allowed determining the value of me-
chanical energy consumption in one complete cycle under 
the nod loading. 

4. Based on the research results of the open box cargo 
wagon in the “empty” state by means of computer mo-
delling, when comparing the characteristics of the 
“common” and the improved construction of the spring 
suspension system, it has been established that the given 
construction changes ensure a stable level of dynamic pa-
rameters within the permissible standard values up to the 
speed of v = 140 km/h. 

5. The obtained improved construction with a reduced 
concentration of stresses makes it possible to improve the 
loads transfer arising in the spring suspension, to increase 
the bogie dynamic characteristics, durability of the 
friction damper nod and to increase the lifetime between 
overhauls. 
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