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The goal of the study is to suggest an algorithm for optimizing honeycomb vacuum panels geometry to be used 
for the bodies of railroad passenger cars and insulated railroad cars, which would ensure the desired car strength, 
its minimum mass and improved heat-insulation properties. For the calculation of panel strength and heat transfer 
characteristics, the method of fi nite elements in the SolidWorks Simulation environment was used. An optimization 
criterion was suggested for the honeycomb structure of panels, which made it possible to select the panel geometry 
ensuring a minimal body mass for a passenger or refrigerated railroad car and the best thermal resistance for its 
enclosure. Static load strength tests of the models of passenger/insulated railroad car bodies made of solid plates 
identifi ed the minimum permissible panel plate thickness for different parts of the car body. Сomparative trials and 
examinations of solid plates and honeycomb panels revealed the optimum honeycomb panel structure variants for 
different parts of the car body based on the optimization criterion minimum. Having replaced solid plates in car body 
models with profi le-optimized honeycomb panels, we defi ned the mass and thermal resistance of the cars. For a 
passenger car, the mass of the body amounted to 11.14 t, the average thermal resistance was 3.187 m2K/W; for an 
insulated car, the mass of the body was 20.42 t and the average thermal resistance 6.211 m2K/W.
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INTRODUCTION

Background

Nowadays, for bodies of passenger and insulated rail-
road cars, in order to ensure thermal resistance, thermal 
insulation materials, such as polyurethane, are used [16] 
(p.538). The car bodies are made either with a frame, 
transverse ribs and plating of sheet metal [16] (p.527), or 
using long moulded honeycomb aluminium panels [15] 
(p.192). Honeycomb panels have found use not only in 
railroad passenger car structures but also in freight wag-
ons, for instance in gondola cars [11] (p.36). Besides al-
uminium alloys [06] (p.137), there have been attempts to 
use composite materials, e.g. fi bre-glass [17], for freight 
wagons structure. [19] (p.15) and [01] (p.107) proposed 
to use for thermal insulation, instead of urethane foam, 
cavity panels with ribbing made of polyamide that are 
hermetically welded at ends and pumped out to the re-
maining vacuum value of less than 1 kPa. Such panels 
are characterized by the property of vacuum thermal in-
sulation [07] (pp.2–4) that is being used today chiefl y in 
space engineering [08] (pp.1–3) due to its high cost. 
At the same time, the low cost of polyamide makes it 
possible to use this material in vacuum panels for pas-
senger and thermally insulated railroad cars.

Topicality of the issue

As was already suggested by [12] (p.79) and [20] (p.23), 
the reduction of energy cost of passenger and insulated 
railroad car operation can be achieved by lowering the 
heat transfer factor of the walls and bodies of the cars, 
which is an urgent issue of the day. [19] (p.20) analyse 
mechanical and heat insulation properties of the body of 
an insulated car made of long vacuum panels of honey-
comb polyamide; the honeycomb structure is comprised 
of regular hexagons. In [01] (p.113) similar calculations 
are proposed for the body of a freight wagon made of 
long vacuum honeycomb panels comprised of regu-
lar triangles. What is necessary for generalisation and 
summarising of the fi ndings, however, is an algorithm for 
optimization of the geometry of random structure pan-
els capable of ensuring — with the desired mechanical 
properties — the minimum mass of the car body (for pas-
senger or insulated cars) and better thermal insulation 
characteristics.

Goals and objectives of the study

The goal of the study is to suggest an algorithm for opti-
mizing honeycomb vacuum panels geometry to be used 
in the bodies of passenger cars and insulated railroad 
cars, which would ensure the desired car strength, its 
minimum mass and improved heat-insulation properties.
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METHOD

Description of the study method

To achieve the goal, we applied the method of CAD-en-
gineering of 3D models of passenger/insulated rail-
road cars made of uniform thickness plates, using the 
SolidWorks environment. After that, the models were 
analysed for static strength in the SolidWorks Simula-
tion software package, by the fi nite element method [04] 
(p.13) with loads applied in compliance with Russian 
national standards [13] (p.11–26), in order to defi ne the 
minimum allowable thickness of the plates. In the follow-
ing step, comparative analyses of standard plate sample 
models having minimum permissible thickness and of 
honeycomb panels having different geometry were car-
ried out in the SolidWorks Simulation environment [01] 
(p.113). Having ensured equal mechanical strength, by a 
sequential search of variants [02] (p.113) and [10] (p.84), 
the optimum geometry of the honeycomb structure with 
the minimum mass was defi ned. In the SolidWorks Sim-
ulation software package, a thermal analysis of the stan-
dard sample model with the optimum geometry honey-
comb structure was carried out in order to defi ne the net 
heat fl ux [19] (22). What these methods lack is gener-
alization to optimize the honeycomb random geometry 
structure by two parameters: the mass and the average 
thermal resistance.

Generalized method’s algorithm

The proposed algorithm is based on that of optimizing 
the structure of railroad car bodies made from honey-
comb vacuum panels, by the criterion of mass with a giv-
en mechanical strength [01] (p.114); the algorithm can 
be summarized as follows:

1. Development (in SolidWorks) and subsequent ex-
amination (in SolidWorks Simulation) of 3D models 
of car bodies made from solid plates of a given ma-
terial, with the same thickness for each part of the 
body (fl oor, sidewalls, end walls, roof), of three types 
(fl at plate, bent plate, hollow ball segment), mechan-
ical strength testing and choosing the minimum per-
missible thickness for each part of the body;

2. Optimization, by a sequential selection of all vacu-
um panel structure parameters (the number of comb 
rows, outer walls thickness, inner ribs thickness), 
using the minimum value of a generalized criterion, 
provided that the mechanical strength was equal to 
that of a standard solid plate sample of the minimum 
permissible thickness that was defi ned at the fi rst 
step of the algorithm for each car body part;

3. Calculation of the mass and thermal resistance of 
each body part (fl oor, sidewalls, end walls, roof) 
made of honeycomb panels of the optimal structure 
that was defi ned at the second step of the algorithm 
for each body part.
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Generalized optimization criterion

For a generalized optimization criterion, the following ex-
pression was suggested:

where Mcp is the mass of a standard honeycomb pan-
el with preset structure parameters and strength equal 
to that of a standard solid plate, kg; Msp — mass of a 
standard solid plate of the minimum permissible thick-
ness defi ned by static strength analysis of a car body 3D 
model, kg; Rtsp — thermal resistance of a standard solid 
plate of a thickness equal to that of a standard honey-
comb panel, m2K/W; Rtcp — average thermal resistance 
of a standard honeycomb panel with preset structure pa-
rameters, m2K/W; a — weighting factor with the values 
chosen from the range of 0.1 to 10.
Thermal resistance of a standard solid plate depends 
solely on its thickness and heat conductivity of the ma-
terial of which the plate is made. The value of heat re-
sistance Rtsp is defi ned by the Equation (2) [09] (p.132):

where δsp is thickness of the plate, m; 
λsp - thermal conductivity of the plate’s material, W/(m K).
For each car/wagon type, it is recommended to defi ne 
an optimal honeycomb panel structure by the minimum 
value of the generalized criterion (1) with several differ-
ent values of the weighting factor. Thus, for a passen-
ger railroad car, the crucial optimization factor is minimal 
mass, hence it is recommended to set the values of the 
mass factor as a = 1.5; 2. For an insulated car, the most 
important factor is the maximum of thermal resistance, 
therefore it is recommended to set the weighting factor 
values as a = 0.5; 0.75.

Working out the study algorithm in detail

At the fi rst stage of the study, 3D models of passenger 
and insulated railroad car bodies made of equal thick-
ness solid plates of three types (fl at plate, bent plant, 
hollow ball segment) were built in the SolidWorks. An 
explosive view of a passenger car body model is shown 
on Figure 1.
An explosive view of a model of an insulated car body is 
shown on Fig. 2.
Figure 3 illustrates solid plate types: a fl at plate, a bent 
plate, a hollow ball segment.
When studying a passenger car model for static strength 
in the SolidWorks Simulation, the loads recommended 
by the “Russian national standards for calculation me-
chanical strength of railroad cars” were applied to it [13] 
(pp.11–26).
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Figure 1: Explosive view of a model of passenger 
car body

Figure 2: Explosive view of a model of an insulated 
car body

Figure 3: Solid plate types

The body of a passenger car, in compliance with [13] 
(p.11), is to be calculated for static strength in the follow-
ing modes: I (emergency collision when manoeuvring) 
and III (motion at a design speed of V = 160 m/s).
The mode I, the most dangerous one, was chosen as the 
design conditions.
For a passenger car, load calculation in mode I as per 
[13] (pp.11–26) has shown the following values of co-act-
ing forces:

• total vertical load РVDL + Рz = 1.319 MN;
• axial inertia of the car body РLFI = 1.577 MN;
• projections of the load of a water tank, 1 000 kg: 

Pmx = 0.049 MN, Pmz = 0.0049 MN,
• projections of the load of a water tank, 800 kg: 

Pmx = 0.0392 MN, Pmz = 0.0039 MN,
where the following subscript indices are used: РVDL is 
projection of the vertical dynamic load, Рz - projection of 
a load due to the mass of interior equipment, cargo and 
passengers onto the axis Z, РLFI - projection of the longi-
tudinal force inertia, Pmx - projection of the load onto the 
axis X, Pmz - projection of the load onto the axis Z.

The described loads were applied to a 3D model of a 
passenger car body made of solid plates as remote force 
loads.
The body of an insulated car, as per [13] (p.11), is to be 
calculated for static strength in mode I (a relatively rare 
co-action of extreme loads) and for endurance in mode 
III (a relatively frequent co-action of moderate loads that 
are characteristic of a normal car operation within a train 
moving with the design speed of V=140 m/s). 
As design conditions, mode I (static strength) was cho-
sen, in which, as per [13] (p.11), co-acting inertia forces 
of axial and vertical acceleration of the masses of differ-
ent parts of the car body, cargo and equipment are to be 
considered [13] (clause 2.4.2 (p.17)). Projections of the 
inertia forces are found by the formulas:

where PMiX is projection of inertial force due to the mass of 
the i-th object onto the axis X running along the movement, 
PMiY — projection of inertial force due to the mass of the 
i-th object onto the axis Y running across the movement, 
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PMiZ - projection of inertial force due to the mass of the 
i-th object onto the vertical axis Z, i - current order of 
the object, and ах = 6.5 g (g is downward acceleration); 
ay = 0; az = 0.8 g [13] (Table. 2.6 (p.26)).
In an insulated car, for calculation of loads in mode I, the 
following values of co-acting forces were defi ned:

• projections of the load of electrical equipment, 800 
kg, on the roof: PMaX = 51 000 N, PMaZ = 14 112 N;

• projections of the load of the roof and electrical 
equipment with a total mass of 12 317 kg on the 
body walls: PMbX = 784 593 N, PMbZ = 217 272 N;

• projections of the load of the walls, roof and electri-
cal equipment with a total mass of 36 175 kg upon 
the bearing surface of the car body fl oor under the 
walls: PMcX = 2 304 348 N, PMcZ = 638 127 N;

• projections of the load of cargo and two refrigerators 
with a total mass of 43 187 kg on the bottom of the 
car body: PMdX = 2 751 000 N, PMdZ = 761 815 N,

where the following subscript indices are used: MaX, 
MaZ - values of MiX, MiZ when i = a; MbX, MbZ - values 
of MiX, MiZ when i = b; McX, McZ — values of MiX, MiZ 
when i = c; MdX, MdZ - values of MiX, MiZ when i = d.
When analysing railroad car models for static strength in 
the SolidWorks Simulation, the thickness of solid plates 
was initially taken as the same for all parts of the body 
and, alternatively, as a priori large, for instance, 100 mm. 
The plates’ material was chosen arbitrarily, for instance, 
aluminium alloy 6063-T83. Later, the thickness of the 
plates was reduced to a lowest permissible value with 
which the pre-given value 2 of the minimal factor of safe-
ty was assured (i.e. the ratio of material yield strength to 
the maximum stress). The part of the car was identifi ed 
where the maximal stress occurred. Normally, it is the 
bottom of the railroad car. The plate thickness for it was 
fi xed, while for other parts it was reduced with the incre-
ment of 5 mm to minimal values with which the minimum 
factor of safety remained unchanged. As a result of the 
analysis, the plate thickness for different parts of the car 
body was found out, for which the value of the minimum 
factor of safety was 2, i.e. the one that was permissible 
for the car body.
In car model calculation for static strength in the Solid-
Works Simulation, the spacing of the fi nite element 
method’s mesh in all studies was taken as equal (a cur-
vature-based mesh with 6.3 mm spacing).
At the second stage of the study, mechanical strength 
properties of fl at solid plate models and fl at honeycomb 
panel models were compared. For this, a standard ge-
ometry similar for all studied models was chosen: width 
500 mm, length 100 mm. Figure 4 shows the load con-
fi guration of a solid plate, thickness 40 mm, of aluminium 
alloy 6063-Т83. The upper face of the plate, secured at 
its sides, was loaded by force F whose value was cho-
sen under the condition that the minimal factor of safety 
permissible for car body was equal to 2. As a result of the 
calculations, the force intensity was found out.

Figure 4 shows similar loading schematics of a honey-
comb panel made of polyamide PA-6 with cells of reg-
ular triangles arranged in one row, with the thickness of 
126 mm.

Figure 4: The diagram of solid plate 
mounting and loading

The panel was also secured at its sides and loaded along 
its upper face with a force whose intensity was deter-
mined in the studies of a solid plate. Besides, the outer 
surface of the honeycomb panel was loaded by 100 000 
Pa pressure, imitating the ambient air pressure affecting 
a vacuum-sealed hollow body.

Figure 5: The diagram of honeycomb 
panel mounting and loading

In solid plate/honeycomb panel model calculations for 
static strength in the SolidWorks Simulation, the spacing 
of the fi nite element method’s mesh in all studies was 
taken the same (a curvature-based mesh with a 6.3 mm 
spacing). Mesh parameters for the honeycomb pan-
el model with a regular triangle structure is shown on 
Figure 6.



Journal of Applied Engineering Science  Vol. 16, No. 1, 2018
ISSN  1451-4117 

54

Anatoly Balalaev - Mass and heat-insulation properties of the bodies of passenger and insulated railway cars 
made of vacuum honeycomb panels

In addition to studying standard honeycomb panels 
for strength, they were also analysed for thermal prop-
erties in the SolidWorks Simulation by the fi nite ele-
ments method. In accordance with [21] (p.7), boundary 
conditions of type I were the following: for the upper 
face of the panel, a maximum temperature was set as 
Tmax = 293 K, whereas for the bottom face, a minimum 
temperature was set as Tmin = 233 К. The fi nite element 
mesh had the same parameters as in static strength stud-
ies. As a result of the calculation, the net heat fl ux mean 
over the upper face surface per unit area was found out. 
In this calculation scheme, heat is transferred only due to 
thermal conductivity, because assumptions were made 
that heat convection is negligible due to a very small re-
sidual pressure in the intra-cavities of honeycomb panels 
(absolute pressure is less than 1 kPa), while heat radi-
ation is also small because of combs acting as shields.
The pattern of temperature values defi nition on honey-
comb panel faces and the diagram of resultant heat fl ux 
calculation results are shown on Figure 7.

Figure 6: Mesh parameters for calculation of panels’ 
static strength

Figure 7: Diagram of temperature setting 
on honeycomb panel faces

Based on the optimizing honeycomb panel parameters 
in the SolidWorks, models with different number of cell 
rows and cells in one row were constructed. Figure 8 
shows basic types of honeycomb panel models.

Figure 8: Basic types of honeycomb panel models: 
a) triangles arranged in one row; b) triangles arranged 

in two rows; c) triangles arranged in three rows

By changing global variables in the models, the number 
of combs was altered from 3 to 16, and the thickness of 
the panels’ outer walls/inner ribs from 2 to 20 mm.
Optimization of honeycomb panel parameters, as part of 
the study of static strength and thermal properties in the 
SolidWorks Simulation, was carried out by a sequential 
search [02] (p.177) of variants for the following parame-
ters:

• the thickness of panels’ outer walls S was taken 
equal to the thickness of inner ribs Sr, which was 
gradually increased by 1 mm in the study for static 
strength in the SolidWorks Simulation starting from 2 
mm up to the value that ensured the minimal factor 
of safety overshoot by a value of 2;

• the thickness of inner ribs Sr was sequentially re-
duced by 0.1 mm to the value which, with tolerance 
not exceeding 0.5%, assured the equality of the min-
imal factor of safety to the value of 2, which is per-
missible in the railroad car body;

• the number of cells N was changed in a row from 2 
to 8;

• the number of cell rows Nr was changed from 1 to 3.

RESULTS

Railroad car models: study results

Static strength studies in the SolidWorks Simulation of a 
3D model of a passenger railroad car body (made of sol-
id plates of the same thickness for each part of the body), 
allow us to defi ne the minimum permissible thickness of 
plates used for the fl oor, sidewalls, end walls and roof of 
the car, provided that the minimum factor of safety value 
2 ± 0.01 remained the same for the whole model.
Similar studies of a 3D model of an insulated car made 
of solid plates allowed us to defi ne the minimum permis-
sible thickness of the plates for the fl oor, side and end 
walls and roof of the car.
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For each part of the cars, their mass characteristics were 
defi ned in the SolidWorks Simulation for the material 
used — aluminium alloy 6063-Т83, along with the areas 
of the car’s outer surface exclusive of doors and win-
dows. The results of the studies of car models made of 
solid plates of different thickness are shown in Table 1. 

Standard solid plate models: study results

In the SolidWorks Simulation studies for static strength 
on standard solid plate models (aluminium alloy 6063-
Т83, width 500 mm, length 100 mm, different thickness), 
the following parameters were defi ned for each plate: its 
mass Msp and the maximum permissible force F whose 
value was determined provided that the minimum factor 
of safety remained equal to 2 ± 0.01 for the plate fi xation 
and loading pattern that is showed on Figure 4. Results 
of studies on solid plate models with the thickness of 
20 mm, 25 mm, 30 mm, 40 mm, 54 mm are shown in 
Table 2.

Results of studies on standard honeycomb panel 
models

SolidWorks Simulation studies for static strength on 
standard honeycomb panel models (polyamide PA-6, 
width 500 mm, length 100 mm) with different numbers of 
triangle cells in each row N, number of cell rows Nr, outer 
panel wall thickness S and inner rib thickness Sr, pro-
ceeded as a sequential selection of values of S and Sr for 
each combination of parameters N and Nr. The values 
were selected so that to ensure the minimum factor of 
safety of 2 ± 0.01 for the panel fi xing and loading scheme 
(see Figure 5), when loaded by pressure 100 000 Ps at 
all six outer faces and by force F (values are given in 
Table 2). After fi nding values S and Sr, for each honey-
comb panel, its mass Mcp and the net heat fl ux W, per 
unit area, were determined. The W value was found as 
mean over the area of the upper panel face upon which, 
as it is shown on Figure 7, the maximum temperature 
Tmax was set. From the value of W and the difference of 
temperatures given on the upper and bottom faces of 
the panel, the average heat resistance was found by the 
Equation (4):

From the values of mass and heat resistance of standard 
solid plates and honeycomb panels, by Equation (1) the 
optimality criterion for each panel structure type was de-
termined.
Results of optimality criterion Copt calculation for hon-
eycomb panels at weighting factor values a = 0.5; 0.75 
(recommended for insulated railroad car body) are pre-
sented on Figure 9.

4)

a) b)

Figure 9: Dependence of optimality criterion Copt for 
honeycomb panels (polyamide PA-6) that are equivalent 
in strength to a solid plate (aluminium alloy 6063-Т83, 
thickness 54 mm), on the number of cells in one row N 
and the number of rows Nr at: а) а = 0.5; b) а = 0.75

As can be seen from the graphs on Figure 9, minimal val-
ues of the optimality criterion Copt are observed for hon-
eycomb panels with cell number N = 5 and row number 
Nr = 3.
This type of honeycomb panel structure can be recom-
mended for insulated cars. Results of optimality criteri-
on Copt calculation for honeycomb panels at weighting 
factor values a = 1.5; 2 (recommended for passenger 
railroad car body) are presented on Figure 10.

a) b)

Figure 10: Dependence of optimality criterion Copt for 
honeycomb panels (polyamide PA-6) that are equivalent 
in strength to a solid plate (aluminium alloy 6063-Т83, 
thickness 40 mm), on the number of cells in one row N 

and the number of rows Nr at: а) а = 1.5; b) а = 2

As can be seen from the graphs on Figure 10, minimal 
values of the optimality criterion Copt are observed for 
honeycomb panels with cell number N = 7 and row num-
ber Nr = 2. This type of honeycomb panel structure can 
be recommended for passenger cars.
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Car type,
part of the car

Plate thick-
ness, mm Mass, kg Outer surface 

area, m2
Models of cars and their parts made of 

solid plates

Passenger car

Bottom 40 9 093.6 84.2

Sidewall 25 3 658.5 54.2

End wall 25 281.5 4.17

Roof 20 4 176 77.3

Car body — 21 149.6 278.24

Insulated car

Bottom 54 10 862.1 74.5

Sidewall 30 4 981.5 61.5

End wall 30 756 9.3

Roof 20 3 699 68.5

Car body — 26 036.1 284.6

Table 1: Results of studies on railroad car models made of solid plates
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  Plate 
parameters

Plate thickness, mm
20 25 30 40 54

Mass Msp, 
kg 2.70 3.37 4.05 5.40 7.29

Maximum 
permissible 
force F, N

19 200 28 125 37 300 58 000 91 200

Table 2: Results of the calculations of maximum forces 
for the models of solid plates of different thickness

Calculations of mass and heat resistance of railroad 
car bodies

Optimal honeycomb panel structure types were deter-
mined in section Results of studies on standard hon-
eycomb panel models for passenger and insulated 
cars, at maximum forces defi ned in section Standard 
solid plate models: study results for the bottom of each 
car type: for a passenger car, F = 58 000 N, for a ther-
mally insulated car, F = 91 200 N. In order to make hon-
eycomb panels more or less of the same thickness in 
different parts of the car body, it seems reasonable to 
retain the panel structure that was chosen for the bottom 
(number of cells in one row, number of rows) in all other 
parts of the car body (side and end walls, roof). On the 
other hand, since the maximum permissible forces F for 
these parts of the car body are less than those for the 
bottom (see Table 1), for each part of the body, individual 
thickness values for the panels’ outer walls S and the 
inner ribs Sr were chosen, which provides the minimal 
factor of safety of 2 ± 0.01.
Results of mass and heat resistance analysis for differ-
ent parts of passenger and insulated car models made 
of honeycomb panels with optimally chosen parameters 
for the used material (polyamide PA-6) are shown in 
Table 3.

DISCUSSION

The studies by the authors elaborate the ideas of [19], 
where it was suggested to use in the car body structure 
honeycomb panels whose inner cavities are pumped out 
to the value of residual pressure 1 kPa.
The innovation compared to the previous works is an al-
gorithm proposed by the authors for optimizing the struc-
ture of railroad car body made of vacuum honeycomb 
panels, by the criterion of minimal mass with a preset 
strength and criterion of maximum thermal resistance.
Calculations along the proposed algorithm have demon-
strated that optimization by the two criteria leads to 
opposing results; considering this, a generalized op-
timization criterion for honeycomb panel structure 
was put forward (see Equation (1)) that allows us to 
set weighting factors (impact factors) for the criteri-
on of a minimal mass of the car body and criterion of 
maximum heat resistance of the car body’s enclosure. 

A mass factor value for passenger cars was recommend-
ed in the range of 1.5-2, for insulated cars - in the range 
of 0.5-0.75.
Signifi cance of the results obtained in the study consists 
in the fact that the optimum honeycomb panel structure 
variants for the bottom of the car body were revealed 
based on the optimization criterion minimum. The result-
ing optimum structures showed a much better perfor-
mance than the currently used honeycomb structure [14] 
(p. 7) with one row of triangle cells. For the models of 
the car bodies formed with honeycomb panels of the op-
timal structure, mass and surface-averaged thermal re-
sistance were calculated. The found thermal resistance 
value of passenger car body’s enclosure is in full compli-
ance with the Russian National Standard [05] (p.2). The 
mass of the body of an insulated wagon made of poly-
amide PA-6 is considerably smaller (1.5 times) than that 
of a passenger car [03] (p. 5) and the insulated railroad 
car suggested in [18], which proves the applicability of 
the tested material in the supporting structure of railroad 
car bodies.

CONCLUSION

In this paper, it was suggested to use in the car body 
frame honeycomb panels whose inner cavities are 
pumped out to the value of 1 kPa residual pressure, 
whereas panels’ structure is chosen so that to ensure a 
minimal wagon mass and its maximum heat resistance.
An algorithm is suggested for optimizing the structure of 
railroad car body made of vacuum honeycomb panels, 
by the criterion of a minimal mass with preset strength 
and by the criterion of maximum thermal resistance.
An optimization criterion was suggested for the honey-
comb structure of panels, which made it possible to se-
lect the panel geometry ensuring a minimal body mass 
for a passenger or insulated railroad car and the best 
thermal resistance for its enclosure, with different levels 
of signifi cance for these factors.
Tests of the models of passenger/insulated railroad car 
bodies made of solid plates for static load strength identi-
fi ed the minimum permissible plate thickness for different 
parts of the car body.
Comparative trials and examinations of solid plates and 
honeycomb panels revealed the optimum honeycomb 
panel structures for different parts of the car body based 
on the minimum of the optimization criterion.
When solid plates were replaced with profi le-optimized 
honeycomb panels in car body models, the mass and 
thermal resistance of the cars were determined. For a 
passenger car, the mass of the body amounted to 11.14 
t, the average thermal resistance — 3.187 m2K/W; for an 
insulated car the mass of the body was 20.42 t and the 
average thermal resistance — 6.211 m2K/W.
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Car type, part 
of the car

Panels’ outer wall 
thickness S, mm

Inner ribs 
thickness Sr, mm

Panel 
thickness, mm Mass, kg

Average 
thermal resistance, 

(m2K)/W
Passenger car

Bottom 8.5 5.9 114.6 4 327.9 2.231
Sidewall 4.2 3.8 109.9 1 671.8 3.518
End wall 4.2 3.8 109.9 128.6 3.518

Roof 3.7 3.6 109.4 2 211.7 3.730
Car body — — — 10 140.4 3.187

Insulated car
Bottom 12.3 7.8 230.7 7 390.4 4.093

Sidewall 6.6 5.8 226.5 4 206.6 6.071
End wall 6.6 5.8 226.5 638.4 6.071

Roof 5.3 3.8 227.0 3 342.8 8.802
Car body — — — 20 423.2 6.211

Table 3: Mass and heat resistance of railroad car models made of honeycomb panels (polyamde PA-6)
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The calculations have proved that the tested material, 
polyamide PA-6, can be used in the supporting structure 
of a railroad car body.
The goal of further studies on the use of vacuum hon-
eycomb panels in railroad car bodies is to be optimiza-
tion of honeycomb panels with a rhomboid or hexagonal 
structure.
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