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THREE-ELEMENT BOGIE SIDE FRAME STRENGTH

Purpose. To evaluate the effect of different loads on the stress-strain state of the freight car bogie side frame, as
well as to evaluate the distribution of the stress fields in the design of the freight car bogie side frame supported
through the horizontal surface and through the horizontal and inclined surfaces of the pedestal opening. Methodol-
ogy. A volumetric finite element model of the side frame of ZK-1 bogie of the freight car was designed. The forces
under the current regulatory documentation for theoretical research were applied to the model, the stress arising in
the model elements were determined. The static tests of ZK-1 bogie side frame were conducted; they allowed de-
termining the stresses in the key points of the frame under the action of forces in accordance with the existing pro-
cedure of static tests of the freight car bogie side frame. To check the quality of the finite element model we deter-
mined the stress in the model under the action of forces corresponding to the static requirements. The corresponding
coefficients were determined to match the stress obtained through theoretical studies and static tests. The results
of theoretical and experimental studies of stress for dangerous sections of the side frame design were compared.
Findings. The regulatory documentation for carrying out experimental research of the side frame strength does not
fully take into account the load acting on the frame during its operation and that provided while assessing the side
frame strength theoretically. The strength evaluation of the side frame by the results of field tests only does not give
a complete picture of the distribution of stress fields, as the provided sensor installation points do not cover most of
the design elements with possible stress concentration. Originality. The loads applied to the side frame during theo-
retical and experimental studies were compared to the loads acting during operation. The impact of use of inclined
surfaces in the pedestal box opening was evaluated. Practical value. The obtained results allow the more accurate
assessment of the three-piece bogie side frame strength, as well as allow you to choose the more preferred method of
side frame support in the axle box.
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Introduction between the values of the existing loads can be
compensated by appropriate co-coefficients, it is
much more complicated to compensate the differ-
ence in places of load application, which leads to
difficulties in comparing the results of experimen-
tal and theoretical studies.

Development of Ukrzaliznytsia rolling stock
and that of the CIS countries in recent years is
aimed at increasing the efficiency of cars, not only
due to speeding up [6], but also due to their higher
carrying capacity by increasing the axle load from
23.5 ton/axle to 25 tons/axle [ 4, 5, 13, 18].

Increased weight of transported cargo results in
the need to strengthen the construction of the car
body and undercarriage [1]. At the same time, the
increase in car gross mass, along with the constant
influence of static load, constantly acting on the
bogie from the side of body and cargo, results in

The strength of new and upgraded designs of
car elements is assessed using the experimental
and theoretical studies. Each car element must pass
these two stages, and for each of them there are
developed regulations governing the load to be
applied to the object during theoretical and ex-
perimental studies [3, 7, 8, 10].

For freight car three-piece bogie side frame
such documents are «Regulations for calculation
and design of cars of 1520mm gauge railways of
Ministry of Railways (non-self-propelled)» [8] for
theoretical studies and «Bolsters and cast side
frames of four-wheel bogie of freight cars for 1520
mm track. Methods of static strength tests» [7] for
the experimental ones.

However, the loads under which the stress-
strain state of the side frame is studied during theo-

retical and experimental studies differ in both val-
ue and place of application. And if the difference

increased dynamic component, which occurs dur-
ing car movement on the main tracks. That leads to
the need for additional structural reinforcement of
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the bogie and its side frame as one of the elements
[11].

An alternative to increased strength of bogie
components is reduced dynamic effects on the bogie
during movement. This effect is achieved in various
ways, such as: the use of a bilinear spring suspen-
sion at the central core stage, the improvement of
friction pairs in the friction wedge-type shock ab-
sorber, installation of additional connections be-
tween the bogie side frames, etc. [2, 12, 15, 16, 17].

One of the ways to reduce the dynamic compo-
nent of the load acting on the side frame is to in-
stall the second suspension stage between bogie
side frame and the wheelset axle box. This assem-
bly is set with an elastic spring element, polyure-
thane, rubber or rubber-metal gasket. This element
can receive and transmit further both exclusively
vertical forces and vertical and horizontal forces.

If to take up the first ones, the horizontal sup-
port surfaces in the pedestal opening of the bogie
side frame are enough, then to transmit the hori-
zontal forces, it is necessary to provide for the
presence of the elastic element between the vertical
support surfaces. Realizing such a support way it is
necessary to prevent from elastic element falling
out of the space between the vertical support sur-
faces, by means of its additional fastening, which
leads to complicated construction in the place of
interaction of side frame and axle box. An alterna-
tive is to set the elastic elements on inclined sur-
faces for taking up the vertical and horizontal loads
by one and the same elastic element. For this pur-
pose, it is necessary to provide for appropriate
support surfaces both of the axle box housing and
in the pedestal opening or to use adapters. The sec-
ond way is not effective, although it leads to in-
creased side frame unification, but the presence of
additional elements results in reduced work space
in the pedestal opening and sizes of the elastic gas-
ket.

The transition from boxes to the cassette type
bearings and the axle box adapters allows aban-
doning the unified box housing and applying axle
box adapters with different surfaces for side frame
supporting.

The need for inclined support surfaces in the
pedestal opening also involves changes in the bo-
gie side frame, and transfer of the horizontal loads
or most of them through the upper member of the
pedestal opening leads to the redistribution of

stresses in the side frame and the need of strength-
ening in the places not critical for frames with sep-
arate load transfer.

Purpose

The purpose of the work is to evaluate the ef-
fect of different loads on the stress-strain state of
the freight car bogie side frame, as well as to eval-
uate the distribution of the stress fields in the de-
sign of the freight car bogie side frame supported
through the horizontal surface and through the hor-
izontal and inclined surfaces of the pedestal open-
ing.

Methodology

The study was conducted for the side frame of
the three-piece bogie of ZK-1 model made in Chi-
na.

ZK-1 bogie side frame has the construction typ-
ical for three-piece bogie side frames — it consists
of upper, lower, diagonal members and 2 columns.
Support on wheelsets is through pedestal openings,
the upper surface of which is 2-pitch with a hori-
zontal platform in the middle. The central opening
of the side frame houses a set of 9 2-row suspen-
sion springs. The friction shock absorber plates are
mounted on the inner surface.

To evaluate the stress-strain state of the side
frame the finite element model is developed. There
are applied solid 10-unit elements with a character-
istic edge size of 10 mm. Dimensions of the ele-
ments vary in model volume and decrease in the
places of openings, radius transitions and other
potential stress raisers. The element size is chosen
so that its further change would have no effect on
the calculation results. The modelling process first
created the three-dimensional geometrical model
(Fig. 1), which was automatically divided into
three-dimensional finite elements (Fig. 2). The re-
sulting finite element model of the bogie has
664,705 elements, 1,789,864 units and 5,369,592
degrees of freedom.

For model material, the following values of the
elastic constants of the material are assumed:
Young’s modulus £ = 210 GPa, Poisson’s ratio
v=0.27.

The calculation was performed in accordance
with the «Regulations...» [8], which state that the
bogie side frame is subjected to the combination of
vertical, side and longitudinal loads.
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Fig. 1. Geometric model of ZK-1 bogie side frame

Fig. 2. Detail of the finite element model
of ZK-1 bogie side frame

Vertical loads are as follows:

— Vertical static load,

— Vertical dynamic load,

— Vertical contribution of longitudinal inertia
force of the car,

— Vertical contribution of braking force,

— Vertical contribution of forces of inertia in
the curve and wind pressure strength.

Side loads are as follows:

— Wind pressure forces and centrifugal force
during the passage curved track sections,

— Transverse component of longitudinal quasi-
static force,

— Frame force.

Longitudinal loads are as follows:

— Bogie mass inertia force,

— Brake force,

— Thrust force of friction wedges.

These loads are grouped in six variants of load-
ing that correspond to:

a)the forces acting on the car during its colli-
sion with the train when breaking-up from a hump;

b)the forces acting on the car in the middle of
the train with braked front cars and not braked,
approaching from the rear cars;

c) the forces acting on the last car moving with
the design speed in the train during adjusting brak-
ing at the beginning of the curved section;

d)the forces acting on the last car moving with
the design speed in the train during adjusting brak-
ing at the straight track section;

e) the forces acting on the car moving with the
design speed in the train during adjusting braking
in a curve, with braked front cars and not braked,
approaching from the rear cars;

f) the forces acting on the car moving with the
design speed in the train during adjusting braking
in a curve.

The I design mode corresponds to the variants
of loading ¢ and b, Il — ¢ ... f.

Table 1 shows the values and points of origin
of the maximum stress in the bogie side frame.

Table 1
The maximum stresses in the bogie side frame, MPa
Variant .
of load- Point of origin Limit | Calculated
. values value
ing

Lower angles of the

a central spring open- 250 240
ing
Vertical support

b surface of the pedes- 250 235
tal opening
Lower angles of the

c central spring open- 140 132
ing
Vertical support

d surface of the pedes- 140 137
tal opening
Vertical support

e surface of the pedes- 140 139
tal opening
Lower angles of the

f central spring open- 140 131
ing

This side frame also underwent the complex of
static strength tests according to [7]. Tests were
carried out on the territory of Qiqihar Railway
Rolling Stock Co. Ltd. (PRC) on the testing ma-
chine ZDM 200Pu.

During the tests, the stresses occurring at the
control points of the side frame due to five loading
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schemes were registered. For the side frames of the
cars with 245 kN axle load there are the following
values of the test loads and the places of their ap-
plication:

1 — vertical load of 490 kN uniformly applied
to support places of the central group springs;

2 — horizontal load of 147 kN applied on the
outer side of the frame to one of the columns of the
central spring opening;

3 — horizontal loads of 73.5 kN each applied on
the outer side of the frame to both columns of the
central spring opening;

4 — horizontal loads of 122 kN each applied to
the friction plates of the central spring opening;

5 — horizontal loads of 66 kN each applied to
the vertical surfaces of the pedestal opening.

To check the adequacy of the finite element
model of the real side frame, the calculations were
conducted, in which the finite element model was
subjected to the loads similar to the experimental
ones, and the calculation resulting stresses were
compared with those obtained during the tests [14].
Figure 3 shows the control sections and the sensor
installation location during the test.
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Fig. 3. Layout of strain sensors for static tests

Comparison of calculation and test results for
some check points is given in Table 2.

As can be seen from Table 2 the results of theo-
retical studies are in good agreement with the test
results, indicating the adequacy of the finite ele-
ment model and the real side frame.

To compare the results of theoretical studies
according to the «Regulations...» [8] and the ex-
periment according to the method [7], there were
calculated the correlation coefficients of the loads
applied during testing and load combinations
that act on the side frame according to the «Regu-
lations...». These coefficients are presented in
Table 3.

Table 2

Stresses in check points during testing
and theoretical modelling

Stresses during loading by scheme, MPa
Section-point
1 2

-54.23 -42.73
0-2

-47.73 -44.46

-48.10 44.83
0-02

-49.80 40.66

-81.83 -99.67
I-2

-86.59 -125.93

-73.80 -43.03
r-2

-97.82 -59.88

94.23 -0.57
III-2

108.34 23.34

68.43 -15.47
-2

109.69 16.40

93.00 8.23
1r-02

115.24 -16.99

-72.30 -10.70
VIIP-1

-70.25 -14.47

31.50 -164.40
IX-1

44.59 -112.94

22.23 103.60
I1X-01

67.82 165.31

100.10 17.87
X-02

105.53 15.69
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End of table 2

Section- Stresses during loading by scheme, MPa
point 3 4 5
-41.13 -22.17 -0.30
0-2
-26.13 -21.26 -0.60
38.7 21.83 -0.70
0-02
23.82 19.79 -0.53
2 -57.50 24.83 -3.23
-53.00 30.29 -2.61
- -67.77 21.90 0.60
-61.66 35.38 0.74
-8.50 -3.37 23.40
II1-2
11.85 -4.50 24 .81
-11.43 -2.47 0.07
1r-2
11.94 -4.63 0.01
3.73 -3.23 0.10
1r-02
-12.52 -4.46 0.01
-20.67 -30.00 0.03
VIIT-1
-18.41 -29.97 0.06
-132.20 9.23 -0.73
IX-1
-54.39 11.05 -0.87
84.83 11.53 -0.97
1X-01
84.93 11.07 -1.00
17.10 -0.70 -0.13
X-02
9.42 -1.33 0.14

Table 4 shows the stresses obtained at the check
points during the theoretical study of stress-strain
state of the side frame according to the «Regula-
tions...» (denominator) and the ones resulting from
conversion of the test results, taking into account the

coefficients of Table 3 (numerator).
Table 3

Load ratio during theoretical
and experimental studies of the side frame

Total force
Variant Vertical Trans- .
ofload- | gtregs on verse fThrust LOI.lgltu_
in orce of dinal
g lower force on
wedges stress
member columns
a 091 0 0.36 1.24
b 0.46 1.44 0.21 0.89
c 0.89 0.23 0.35 0.35
d 0.77 0.81 0.31 0.74
e 0.80 0.81 0.32 0.74
f 0.80 0.81 0.32 0
Table 4

Stresses in check points during
theoretical modelling and test result conversion

Note: The numerator shows the values obtained from
the tests, the denominator — those from theoretical studies.

The use of the coefficients shown in Table 3 al-
lows converting the stresses obtained during the static
test to compare them with the results of theoretical
studies by the formula:

o, =D ko,

where o, — stresses obtained during the static tests
by the j-th loading scheme, MPa; k; — coefficient
taking into account the ratio of the forces applied by
the j -th loading scheme of the static tests and the i -

th variant of loading of the theoretical studies; i —
variant of loading during theoretical studies, i =1, 2,
... ,0; j — loading scheme for static tests, /=1, 3, 4, 5.

Section- Stresses during loading by scheme, MPa
point a b ¢
1 2 3 4
-42.00 -80.01 -50.19
0-2
-31.04 -53.26 -40.06
-37.02 37.47 -26.49
0-02
-33.53 20.26 -30.40
2 -69.88 -118.44 -78.66
-69.82 -114.42 -80.50
- -58.84 -126.75 -73.56
-62.40 -120.37 -86.33
113.84 51.46 89.01
II1-2
59.87 18.25 83.99
61.67 14.80 57.41
1r-2
96.42 42.74 95.40
83.87 47.91 82.54
111’-02
101.50 60.87 102.22
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Continuation table 4

Section- Stresses during loading by scheme, MPa
point a b ¢
1 2 3 4
-76.62 -69.63 -79.56
VIII’-1
-65.16 -57.51 -68.07
31.13 -174.64 0.33
IX-1
45.69 -78.17 -33.83
23.18 134.16 43.12
1X-01
68.29 161.82 85.80
55.45 10.85 51.24
X-02
90.45 30.18 86.21
End of table 4
Section- Stresses during loading by scheme, MPa
point d e f
1 5 6 7
02 -68.25 -69.66 -69.43
-49.19 -50.80 -53.78
0.73 -0.63 -0.11
0-02
-9.32 -11.05 -13.98
2 -104.01 -106.25 -103.85
-103.14 -106.17 -105.69
- -104.24 -106.24 -106.68
) -108.12 -111.52 -120.42
81.60 84.65 67.29
111-2
57.22 61.55 84.53
42.44 44.66 44.61
11’-2
79.68 84.08 85.56
73.32 76.31 76.24
111’-02
90.36 94.96 96.52
-81.34 -84.05 -84.08
VIII’-1
-68.11 -71.04 -73.77
-80.70 -79.30 -78.76
I1X-1
-42.58 -42.47 -41.59
88.60 89.31 90.03
1X-01
127.45 130.21 129.57
36.77 38.78 38.76
X-02
67.41 71.53 71.88

Note: The numerator shows the values obtained
from conversion of the test results, the denominator —
the results of theoretical studies.

As can be seen from Table 4 between the re-
sults of theoretical studies and the converted re-
sults of the experiment there is the large enough,
sometimes more than 100%, discrepancy. For ex-
ample, at III-2 section for the variants of loading a
and b the experimental-converted stresses exceed
the theoretical ones by 1.9 and 2.8 times, while for
the variant of loading ¢ they are almost equal. For
the section III’-2, located symmetrically in relation
to the vertical transverse plane, under the same
variants of loading the experimental-converted
stresses are 1.5 and 2.9 times below the theoretical
ones. At the same time there are no significant dif-
ferences between the sections under the action of
individual components of the test load (see Table
2). This is due to the fact that the variants of load-
ing a and b correspond to the I-calculation mode
and the longitudinal load, taken into account in
theoretical studies, is high enough for these vari-
ants. Simulation of action of bogie mass inertia
force and brake force is not provided by the tests.
When these forces are applied to one of the friction
plate surfaces, the side frame thrusts against one
pedestal opening with its inner vertical surface,
while with its external surface in the other opening
[9]. This causes not symmetrical loading of the
side frame and leads to redistribution of stresses in
the structure. It is not correct to replace the action
of these forces with the test results when subjected
to thrust loads in the central and the pedestal open-
ing, since during such loadings the side frame sec-
tion between the column and the pedestal opening
practically does not work because there is no ten-
sile or compressive load on it.

Also, the stress field distribution analysis revealed
that the sensor location points on the bogie side frame
given in [7] even though located in the most loaded
sections, however, they often do not provide a com-
plete picture of the maximum stress values arising in
these sections. The stresses occurring in the check
section or near it may exceed two or more times the
value at the sensor location point (Fig. 4).

To compare the stress distribution in the side
frames with different support in axle box openings,
we modelled also the side frame supported in axle
box only through the horizontal surfaces similar to
the bogie 18-100.
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Fig. 4. Stress distribution in the cross section 0
on the side frame upper member:

A — sensor installation location (~34.4 MPa);
B — areas with high stress (64.4 MPa)

Besides, the volume model was created for this
side frame; it is shown in Figure 4, as well as the
finite element model (Fig. 5). The solid 10-unit
elements with a characteristic edge size of 10 mm
were used. The resulting finite element model of
the bogie has 812,400 elements 1,290,310 units
and 3,870,930 degrees of freedom.

Fig. 5. Geometrical model of the bogie side frame
with horizontal support surfaces

Fig. 6. Detail of finite element model of the bogie
side frame with support surfaces

Comparison of stress distribution in the side
frames was carried out under the action of vertical
load only, which corresponded to the first variant
of loading during the test — 490 kN load, applied
evenly to the spring support places of the central
spring group, as this load contributes the major
component into the stress-strain state of the side
frame.

Comparison of stresses in the side frames is
shown in Table 5.

Table 5

Stresses in the side frame elements
during the action of vertical load of 490 kN

) Stresses in side frame, MPa
Section
ZK-1 analogue 18-100
Interior angle
of pedestal 121 173
opening
Process 139 156
window
Lower angle
of central 245 225
spring opening
Lower member 139 191

The presence of ramps in the section of
transition from the inclined member to the upper
member of the pedestal opening increased the
cross-sectional area near the interior angle of the
axle box opening, thus reducing the stress on this
section. Also, it reduced stress in the area of
process window and lower member, but increased
their value in the lower angle of the central spring
opening.

Findings

The strength evaluation of the three-piece bogie
side frame when modelling loads during the field
tests according to [7] does not consider in full the
total load acting on the frame during its operation
and provided for theoretical evaluation of the side
frame strength [8].

The strength evaluation of the side frame by the
results of field tests only does not give a complete
picture of the distribution of stress fields, as the
provided sensor installation points according to [7]
do not cover most of the design elements with pos-
sible stress concentration.
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Application of the inclined support surfaces in
axle box opening reduces stress in its interior an-
gle.

Originality and practical value

The loads applied to the side frame during theo-
retical and experimental studies were compared to
the loads acting during operation.

For the first time the impact of use of inclined
surfaces in the pedestal box opening was evalu-
ated.

The obtained results allow the more accurate
assessment of the three-piece bogie side frame
strength, as well as allow you to choose the more
preferred method of side frame support in the axle
box.

Conclusions

The documentation regulating the loads, which
must be withstood by the side frames of freight car
bogies, does not fully take into account the loads
occurring during the car operation.

It is necessary to define more precisely the
forces, acting in accordance with applicable regu-
latory documents, applied to the three-piece bogie
side frame during the strength tests.

The strength evaluation of the side frame by the
results of field tests only does not give a complete
picture of the distribution of stress fields in the
structure.

Inclined surfaces in axle box opening in the ar-
ea of interior angle are more preferable than the
horizontal ones.
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0. A. LIMKYHOB""

"Kag. «Baronu ta Baronue rocrogapctsoy, JIHiIponeTpoBChKiil HAiOHATBHIN YHIBEPCHTET 3a/Ii3HIYHOTO
TpaHcHopTy imMeHi akagemika B. Jlazapsina, Byn. Jlazapsina, 2, {uinpo, Ykpaiuna, 49010, ten. +38 (056) 373 15 04,
el morra tri_s@ua.fm, ORCID 0000-0002-8256-2634

MIIHICTh BIYHOI PAMU TPHLOXEJEMEHTHOTI'O BI3KA

Mera. Y HayKkoBii poOoTi mependavaeThCst OLIHUTH BILIMB PI3HUX HaBaHTAXXEHb HA HANPYKeHO-Ae(OopMOBaHUI
cTaH 061YHOT paMy Bi3Ka BAaHTQ)KHOTO BaroHa, a TaK0XX PO3MOLN IT0JIiB HAIIPY>KEHb y KOHCTPYKIIi 614HOi paMu Bi3Ka
BaHTAXXHOT'O BaroHa, IO CITUPAETHCS Yepe3 rOPU30HTANIBHI TIOBEPXHI, Ta Yepe3 FOPU30HTANIBHI i MOXMII NOBEpXHi
mienermHoro otopy. Meronuka. Po3pobnena 06’ eMHa CKiHICHHO-EIEMEHTHA MOJIeNb Oi14HOT pamu Bizka ZK-1 Ban-
Ta)XHOTO BaroHa. J{o Mopesi MpUKIaJeHi CHIH BiJIOBITHO A0 YHHHOI HOPMATHBHOI TOKYMEHTAIii Ha TEOPETHYHI
JIOCTI/KeHHS, BU3HAUCH] HAIPY>KEHHSI, [II0 BHHUKAIOTh B elleMeHTax Mojeini. [IpoBeneHo craTiudHi BUNPOOYBaHHS
6iunoi pamu Bizka Mozeni ZK-1, mpu SKuX BU3HAYEHI HAIPY>KEHHS, [0 BUHUKAIOTH y KIIOYOBHX TOYKAX PaMH IPH
JT CHIT 3T1THO 3 ICHYIOYOI0 METOAMKOIO CTATUYHHMX BUITPOOYBaHb OIYHUX paM Bi3KiB BaHTaXXHUX BaroHis. [lyis nepe-
BIpKH SKOCTiI CKIHYCHHO-CJICMEHTHOI MOJIeJIi BU3HAUCHA HAmpyra B Hii MpH Jii CHJI, BIIIOBITHUX CTATUYHUM BU-
npoOyBaHHAM. J{JIs1 y3rO/PKEHHS HaNpy)XeHb, OTPUMaHHX NPU TEOPETHYHUX JIOCITI/PKEHHSX, 1 CTATUYHUX BHIIPOOY-
BaHb BH3HAUCHI BiqNOBiAHI KoediuieHTH. [IpoBe/ieHO MOPIBHIHHS Pe3yJIbTaTiB TEOPETHYHHUX Ta EKCIIEPUMEHTAb-
HUX JIOCII/PKEHb HaNpy>KeHb y KOHCTPYKIii 014HOT paMu Juis 11 HeOe3neuHux nepetuHiB. PesyabraTn. HopmarueHa
JIOKyMEHTAIlisl Ha IPOBEAEHHS eKCIEPUMEHTAIBHUX JIOCIIPKEHb MIITHOCTI OIYHNX paM HE BPaXxOBYE IIOBHOIO MipOIO
HaBaHTaXCHHS, IO JIFOTH Ha paMy Mif 9ac i eKcITyaTalii, Ta mependadeHy TCOPESTHYHIM IIITXOM MIIHICTh Oid-
HUX paM. OmiHKa MIITHOCTI OIYHHUX paM 3a pe3yinbTaTaMH TiIbKH HATYPHHUX BUIPOOYBaHB HE A€ MOBHOI KapTHHH
PO3TOiTy OB HANIPY>KeHB, 00 TIepeadadeHi MiCIIsl BCTAHOBIICHHSI TaTYMKIB HE OXOIUTIOIOTH OLNTBIIIOCTI €JIEMEHTIB
KOHCTPYKIIii, 1 MOXKJIMBa KOHIIEHTpAIlis HarpyxeHb. HaykoBa HOBM3HA. ABTOPOM IIPOBEICHO MTOPIBHIHHS HaBaH-
TaXCHb, 10 MPHUKJIAAAIOTHCSA 10 OIYHOT paMH IIPH TEOPETUYHHX Ta SKCIEPHUMEHTAIBHUX JOCIIKEHHX, 13 HaBaH-
Ta)KeHHSIMH, 110 AIIOTH B eKCILTyaTalil. Bu3HaueHa omiHKa BIUIMBY 3aCTOCYBaHHS IOXHMIHMX ITOBEPXOHb y OYKCOBHX
otrBopax. [IpakTuyHa 3HaYMMicTh. OTpUMaHi pe3yIbTaTH J03BOJIAIOTH OLIbII TOYHO OILIIHIOBATH MIIHICTH OIYHOT
paMu TpbOXEJIEMEHTHOTO Bi3Ka, a TAKOK BHOpATH Kpaliuii crocid cnimpaHHs 014HOT paMu B OYKCOBHUX BY3J1aX.

Knrouosi crosa: 6iuna pama; TppOXEIEMEHTHHN Bi30K; MIIHICTh; BUNPOOYBAaHHS; PO3PaXyHOK; COIMPAHHS

A. A. IIIUKYHOB'"

1*Kaq), «BaroHs! 1 BarOHHOE X035CTBOY, JIHENPONETPOBCKUI HAITHOHATIBHBIM YHUBEPCHTET KEIC3HOTOPOIKHOTO
TpaHCIIOpTa UMeHHU akaznemuka B. Jlasapsna, yn. Jlazapsna, 2, [aunpo, Ykpauna, 49010, Ten. +38 (056) 373 15 04,
a1 moyra tri_s@ua.fm, ORCID 0000-0002-8256-2634
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Heab. B HayuHO#l pabore mpeanoyiaraeTcsi OLIEHUTH BIMSHUE pPa3MYHBIX HAarpy30K Ha HaIlpsHKEHHO-
JeOpMUPOBAHHOE COCTOSIHUE OOKOBOIT pambl TEJIEKKH IPy30BOr0 BaroHa, a TaKKe paclpesiesieHue MoJieid Harps-
KEHUH B KOHCTPYKIMH OOKOBOI paMbl TEJISKKH TPy30BOr0 BaroHa ¢ OMMPaHHEM Yepe3 TOPU30HTAIbHBIC TIOBEPXHO-
CTH, U Yepe3 FOPU30HTANILHBIE M HAKJIOHHBIE TIOBEPXHOCTH YENIOCTHOrO npoema. Meroauka. Paspaborana o6beM-
Hasi KOHEYHO-DJIEMEHTHAsI MOJIeNIb OOKOBOI pamsbl Tenexkn ZK-1 rpy3oBoro Barona. K Moneny npuitosxeHsl CHIIBI
COIIACHO JIEHCTBYIOIIEH HOPMATHBHOHM JOKYMEHTAllUM Ha TEOPETHUYECKHE HCCIEJOBAHUS, ONpPEIENIECHbl HaIpshKe-
HUS, BOSHUKAIOIIHE B dJIEMEHTaX Mojaenn. [IpoBeIeHBI cTaTHYecKue UCTIHITAHNS OOKOBOW PaMBl TEIEKKH MOICITH
ZK-1, npu KOTOPBIX OINpEAETEHbl HAPSDKEHUS, BOZHUKAIOIINE B KJIFOUEBBIX TOUYKAX paMbl NMPU ASHCTBUU CHUJI CO-
TJIACHO CYIIECTBYIOMICH METOAMKE CTATHUCCKUX HCIBITAHUH OOKOBBIX paM Telle)KeK Tpy30BOro BaroHa. J[is mpo-
BEPKHU KAauecTBa KOHEYHO-3JIEMEHTHOM MOJIENM ONPEIEIICHbl HANpSIKEHUS B HEMl MpU ACHCTBUM CUJ, COOTBETCT-
BYIOLMX CTAaTMUECKUM UCHBITAaHUAM. /(151 cornmacoBaHMs HaNpsDKEHUH, IOJYYEHHBIX IIPU TEOPETUUECKUX HCCIEN0-
BaHMSX U CTATHYECKUX HCIBITAHUSIX, OMPENEeNIeHbl COOTBETCTBYOIME Kod(duiuenTsl. [IpoBeneHo cpaBHeHUE pe-
3yJIBTATOB TEOPETUUECKHX U IKCIIEPUMEHTAJIBHBIX UCCICAOBAHNI HAIIPSHKEHUH B KOHCTPYKIUH OOKOBOW pambl JUIs
ee omacHbIX ceueHUd. PedyabTaThl. HopMaTuBHAsS TOKyMEHTalMs Ha NMPOBEACHUE 3KCIIEPUMEHTAIIBHBIX UCCIIEN0-
BaHUl MPOYHOCTH OOKOBBIX paM HE YUUTHIBACT B MOJHON MEpe 3arpy3KH, JCUCTBYIOIINE HA paMy BO BpPEeMs €€ JKC-
TUTyaTaluy, ¥ IpeyCMOTPEHHYIO TEOPETHIECKUM MyTeM IPOYHOCTh OOKOBOH pambl. OneHKa MpOYHOCTH OOKOBOM
paMmbl IO pe3yabTaTaM TOJIBKO HATYpHBIX MCHBITAHMM HE AaeT MOJHOM KapTHHBI paclpeAeieHus NoJael Hampske-
HUMH, TaK KaK MPeIyCMOTPEHHBIC MEeCTa YCTAHOBKH JATYMKOB HE OXBATHIBAIOT OOJBIIMHCTBA JIEMEHTOB KOHCTPYK-
LMY C BO3MOXKHOH KOHIEHTpanue Hanpspkenuid. Hayunast HOBU3HA. ABTOPOM NPOBENECHO CPaBHEHUE HArpys3o0K,
MIPUKIIAIBIBAEMBIX K OOKOBOH pame NP TEOPETHYCCKUX M AKCHEPUMEHTANBHBIX HCCICIOBAHUAX, C HArpy3KaMH,
JICHCTBYIOINMHE B 3KCIUTyaTanuy. J[aHa olleHKa BIMSHUS IPUMECHEHHUS HAKIIOHHBIX TIOBEPXHOCTEH B OyKCOBOM IIPO-
eme. [IpakTnyeckasi 3HaYUMOCTb. [loyyeHHBIE pPe3yNbTaThl MO3BOJISAIOT 00Jiee TOYHO OIEHWBATH MPOYHOCTH 0O-
KOBOW paMbl TPEX3IEMEHTHOH TEIEeKKH, a TAKKe BO3MOXKHOCTH BEIOpaTh 0oJiee MPEAIOYTHTEIBHBIN CII0CO0 omupa-
HUsI OOKOBOI pamMbl B OYKCOBOM Yy3JI€.

Knioueswvie cnosa: 60xoBas pama; TpeXdIEMEHTHAS TENEXKKa; MPOYHOCTH; UCTIBITAHNS; PacUeT; ONUpaHue
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