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Abstract. This article discusses the developed technology for manufacturing a gearbox mounting bracket used on roll-
ing stock in domestic metro systems. The article also analyses the design of this bracket and the malfunctions that may
occur during operation. The specific nature of metro rolling stock operation, characterised by high traffic intensity, fre-
quent acceleration and braking cycles, and significant dynamic loads, places increased demands on the reliability of
each structural element of its running gear. Since a significant part of the bogie parts are manufactured using metal
pressure processing methods, the issue of improving the quality of stamped forgings becomes a relevant technical task
that affects the safety of passenger transport and the accident-free operation of vehicles. This article analyses other
works related to improving the mechanical characteristics of products and increasing their quality, which depend on the
parameters and methods of their production. The traditional forging technology discussed above usually involves a mul-
ti-stage process that includes the use of rolling grooves for preliminary distribution of metal along the axis of the blank.
However, this approach increases the size of the stamping equipment and requires more passes, which leads to higher
energy costs and production costs. The authors proposed abandoning the use of a rolling groove, since it is possible to
manufacture this forging without changing the geometry of the blank before bending.The results of this work can be
used by technologists and engineers in the machine-building industry as one of the promising ways to improve and ra-
tionalise the stamping of forgings with similar geometry, since by reducing the number of stamping passes, it is possible
to reduce the cost of production and manufacture of dies without significantly affecting the stress-strain state of the re-
sulting forging. The expediency of using computer modelling in the design of production technology is also indicated, as
it allows all stages of production to be investigated without significant financial costs and ways to improve and rational-
ise technological operations to be identified, which will have an impact on improving the quality of manufactured prod-
ucts in the future.

Keywords: production technology, stamping, forging, stamping groove, underground railway, gearbox mounting brack-
et.

AHomayis. B danili cmammi po3ansiHymo po3pobrieHy mexHOJI0z2it0 8U20mO8IeHHsT KpOHWMEUHY KpirneHHs1 pedyk-
mopa, Wo ekcrayamyembcsi Ha PyXoMoMy cknadi 8im4u3HsIHUX MemporonimeHie. Takox 8 pobomi 6yna npoaHariso-
8aHa KOHCMPYKUisl Ub020 KpOHWMeUHY ma HecripagHoCcmi, siKi MOXymb 8UHUKamu rnpu exkcrilyamauii. Adxe crieyudika
pobomu pyxomMoeo ckiiady MemporosimeHy, Wo xapakmepusyembCsl 8UCOKOK iHMEHCUBHICMIO pyXy, Yacmumu UYUK-
1laMu po320Hy ma 2arnbMy8aHHsl, a MaKoX 3Ha4YHUMU OUHaMIYHUMU HagaHMaXeHHsIMU, sucysae nidsuueHi sumoau 00
HadilIHoCcmi KOXHO20 KOHCMPYKUYiliHO20 enlemeHma (020 xo0080i YyacmuHu. OCKiflbKu 3Ha4yHa YacmuHa Oemarnel giska
8a20Hy 8U20MO8JIIEMbCS Memodamu 06pobKU Memariie MUCKOM, NUMaHHS MOKPaW,eHHs1 IKOCmi WmamrnoeaHux rMoko-
80K CmMae akmyasnbHUM MeXHIYHUM 3ag0aHHsIM, WO 8riueae Ha 3abesnedyeHHs1 6e3reku nacaxupcbKux rnepese3eHb
ma be3asapiliHy ekcrislyamauito mpaHcrnopmHux 3acobig. Y daHili cmammi 3pobsieHo aHari3 iHwux pobim, wo cmocy-
oMbCS MONIMNWEeHHsT MexaHiYHUX Xxapakmepucmuk eupobige ma nidsuweHHs1 ix SsKkocmi, wo 3anexamsp 8i0 napamempie
ma memodis ix supobHuymea. TpaduuiliHa mexHo02is 8U20MOBNEHHS MOKOBKU, W0 byna po3ansHyma, 3assuyall rne-
pedbayae bazamocmadiliHuli IPOYEC, WO BKIIHOYAE BUKOPUCMaHHS MidkamyearbHUX pigyakie Onsi nonepedHb020 po3-
nodiny memarly 83008x oci 3azomosku. O0Hak, makuli ridxio 36inbwye 2abapumu WMamMno8oeo OCHaUWeHHs ma eu-
Mmaeae binbLwoi kinbkocmi nepexodis, wo sede 00 3pocmaHHs1 eHepeosumpam ma cobisapmocmi. Aemopamu 6yno 3a-
MPONoOHOBaHO 8iOMOBUMUCS 8i0 8UKOPUCMAaHHS NMidkamyeasibHO20 pigdaka, OCKIilbKU Ol 8U20MOBsIeHHsT 0aHOI MOKOBKU
MOX/IUBO He 3MiHr8amu 2eoMempiro 3a2omoeku neped ii 3zuHaHHsIM. Pe3ynsmamu daHoi pobomu mMoxyms 6ymu eu-
KopucmaHi mexHosiozamu ma iHxeHepamu MawuHobydieHoI eary3i, ik 0OUH i3 MepcrneKkmueHUX Wisixie MNoninWeHHss ma
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pauioHanizauii wmamrygaHHs1 MOKOBOK CXOXOI 2eoMempil, OCKIfIbKU 3a paxyHOK 3MEHWEHHS Kiflbkocmi wmamilysarib-
HUX nepexodig MOXI/IU80 3MEHWUMU sumpamu Ha 8UpobHUUMBO ma 8ueomoesieHHs1 wmamriie, 6e3 cymmegozo eriu-
8y Ha HarpyxeHo-0eghopmosaHuli cmaH OmpuMaHOi MOKOBKU. TakoxX eKka3aHO Ha OOUiNbHICMb 3acmocyeaHHs
KOMIT’tomepHO20 MoOesto8aHHsI 8 poeKkmysaHHi mexHornoeaii aupobHuumea, adxe ye 0o3eornse docnidumu eci emanu
supobHuuymea 6e3 3Ha4HuUX (hiHaHCO8UX KriadeHb ma 8usi8UMU WIISIXU MOKPaWeHHsI ma pauyjioHanizauii mexHonoaidHux
onepayil, Wo Mamume 8r/ue Ha MoKpaweHHs SKocmi eu2omoensaemoi npodyKuyii 8 Nodanbuwomy.

Knroyoei cnoea: mexHosnozis eupobHuymea, wmamMryeaHHsl, MOKoeKa, wmamrysanbHul pig4yak, MemporonimeH,

KpoHwmeUH KpirieHHs: pedykmopa.

Introduction. The modern transport engineering
industry requires new approaches to production, as
scientific and technological progress moves forward,
production processes are automated, and equipment
is improved. The development and optimisation of
production is also facilitated by the use of computer
technology, which allows production processes to be
simulated before they are implemented in the enter-
prise, making it possible to identify ‘weak’ points in the
technological chain of operations. These studies,
conducted using specialised software such as
QForm, Abaqus, SolidWorks, and ANSYS Mechani-
cal, help specialists improve production efficiency,
because the earlier an error is detected in the product
life cycle, the cheaper it will be to correct it.

When manufacturing running gear components for
transport, they undergo many technological opera-
tions to get from a blank to a finished part that meets
all the specified requirements, standards and toler-
ances. The running gear of rail transport, namely bo-
gies, consists of parts, most of which are manufac-
tured using metal pressure processing. Accordingly,
by pre-modelling these processes, it is possible to
predict ways to improve the technology for manufac-
turing these parts. In particular, the modelling of
stamping processes has broad prospects in modern
industry, allowing the analysis of product manufactur-
ing in the early stages of its life cycle.

Analysis of literature data and problem state-
ment. The running gear of railway and metro rolling
stock consists of many components, the details of
which are manufactured using pressure processing
technology, in particular, volumetric hot stamping.
Since the transportation of passengers and cargo by
rail accounts for a significant share of Ukraine's total
passenger and freight traffic [1], it is appropriate to
improve the quality of manufactured parts, as they af-
fect not only the reliability and strength of the entire
structure, but also traffic safety. Specialists in the field
of production offer various ways to improve and opti-
mise production processes in order to improve the
characteristics of products, including their quality.

In [2], the authors conducted a study aimed at as-
sessing the quality of forgings depending on the forg-
ing parameters. It was found that after manufacturing
and heat treatment, surface cracks appeared in the
forgings, which subsequently affected their reliability
and mechanical properties. One of the causes of
cracking is the wear of dies and damage during the
forging process, which contributes to the formation of
non-metallic oxide inclusions and the transfer of sur-
face defects to forgings.

Work is also underway to optimise production pro-
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cesses. In particular, in [3], the hot forging process
was modelled in the QFORM software package,
which allowed the authors to reduce material and en-
ergy costs for forming by using the minimum number
of forming passes and a low-power forging hammer.
Modelling showed that by combining the blanking and
upsetting passes, it is possible to achieve a more fa-
vourable blank profile, which improves the metal
forming conditions for the selected stamping dies
used to produce the forging under study.

In modern research on metal pressure treatment,
the creation of new approaches to forging and the ra-
tionalisation of its modes are relevant. One of the
ways to improve this process is the work [4-7] related
to predicting the quality of forgings depending on the
deformation mode during forging. This approach in
the forging process allows not only to analyse the un-
evenness of metal deformation during pressure
treatment, but also to establish more rational modes
of this treatment in order to obtain a uniform distribu-
tion of mechanical properties in the product, which will
undoubtedly improve its quality and reliability.

Also, in [4], a method was proposed for predicting
the unevenness of metal deformation during forging,
which allows for a more uniform stress-strain state of
the forging, affecting the uniformity of the distribution
of mechanical properties in the metal.

Thus, modern research in the field of mechanical
engineering mainly concerns the optimisation and ra-
tionalisation of production processes, increasing their
efficiency, as well as improving the mechanical char-
acteristics and quality of parts manufactured, in par-
ticular by stamping. The solution to these problems is
greatly facilitated by the use of specialised computer
programs, such as QForm [8], which allow the pa-
rameters of the manufacturing process to be re-
searched, analysed and improved at the technology
development stage. However, the problem lies in find-
ing ways to improve production, as technologies are
being modernised and technical progress is not
standing still. Accordingly, the ‘classic’ production
schemes that existed earlier are now being supple-
mented or revised in the context of modern ap-
proaches and production equipment.

Purpose and objectives of the research. The
purpose of this work is to develop a technology for
manufacturing a gearbox mounting bracket used on
rolling stock of domestic metros. The authors set
themselves the task of investigating the possibility of
simplifying the manufacture of this bracket by apply-
ing a technology that differs slightly from the classic
technology for manufacturing forgings with a curved
axis.



Materials and research methods. One of the
main components of a rail transport trolley is its trac-
tion transmission, which is usually attached to the trol-
ley frame using brackets and suspension. According-
ly, the design of the mounting brackets must meet all
the reliability and strength criteria established for them
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under operating conditions.

For example, the rolling stock of the Kharkiv Metro
uses a gearbox mounting bracket consisting of a cy-
lindrical part and an eyelet. This bracket is welded in-
to the crossbeam of the trolley frame [9], as shown in
Figure 1.

Fig. 1 — Bracket for mounting the gearbox of a 81-717 series carriage bogie.

The eye of this bracket is tilted towards the hori-
zon at an angle of 18°, and the axle of the gearbox
suspension is deflected at the same angle to ensure
the smallest vertical deflection between the shafts of
the traction motor and the gearbox gear when the ax-
le springs are loaded.

This bracket is a very important element of the
car's running gear and, accordingly, has high reliabil-

ity requirements, since its failure, as shown in Fig-
ure 2, will significantly affect traffic safety and is unac-
ceptable during operation [10, 11]. To prevent such
cases, the bogie is equipped with a comprehensive
safety device [12] that prevents the reduction gear
suspension elements from falling onto the rail track in
the event of their breakage or breakage of the mount-
ing bracket.

Fig. 2 — Breakage of the gearbox mounting bracket on an E-type carriage.
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Many elements of a railway carriage bogie are
manufactured using metal pressure processing meth-
ods. The gearbox mounting bracket is no exception.
The production technology for this bracket involves
hot volumetric stamping [13]. A cylindrical blank is

used to manufacture the forging for this part.

Research results. The model of the bracket and
its forging are shown in Figure 3. This forging belongs
to the group of forgings with a curved axis [14].

a)

b)

Fig. 3 — Model of bracket a) and its forging b).

Such forgings are stamped using an appropriate
combination of die grooves [15]. The classic technol-
ogy for manufacturing this forging, which has a
curved axis, involves the following sequence of
stamping passes: rolling groove — bending groove —
preliminary groove — final groove.

The authors propose simplifying the production
technology for such a forging, namely, not using a

|
1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Bt
-

roll-up groove, but deforming the cylindrical blank first
in a bending groove, and then in the preliminary and
final grooves. This decision was made in accordance
with the calculated blank (diameter diagram) and its
cross-section diagram. These diagrams, shown in
Figure 4, were constructed after the forging was un-
folded, since its axis has an 18° bend in the area of
the lug.

unfolding the forging

d sr
average esfimate
workpiece

diameter chart

‘—--—“—’—“-'.’_-(-‘-—l---?’-—

medium cross section diagram
S¢/100=100.66 mm?

cross-section diagram

Spz/M;
Spz/100

D

Fig. 4 — Calculated blank and its cross-section diagram.

Since the diameter profile is close to rectangular in
shape, it was proposed to abandon the rolling groove
for the production of this bracket.
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Discussion of results. The development of pro-
duction technology for any part involves a combina-
tion of die grooves that must be used to obtain the re-



quired shape of the forging. The use of modern ap-
proaches to the development of forging manufactur-
ing technology, in particular computer modelling, al-
lows for a broader analysis of hot volumetric stamping
processes and the identification of ways to improve
production, which can have a positive impact on its
cost-effectiveness, efficiency and quality. It is this
analysis that is promising in the context of this work,
which requires a more thorough consideration of the
proposed production technology.

This work proposes a way to rationalise stamping
processes by minimising the number of passes,
which reduces production costs while maintaining the
required characteristics of the forging. The authors
justify the feasibility of introducing digital modelling
systems for virtual testing of technologies. This ap-
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proach allows identifying the potential for improving
operations without additional financial investments,
ensuring high quality of products in the future.

Conclusions. A technology has been developed
for the production of a gearbox mounting bracket,
which is manufactured by metal pressure treatment,
namely hot volumetric stamping. Based on the ob-
tained calculated blank and its cross-section diagram,
it is proposed to abandon the rolling groove, which is
usually used, in particular, for the production of forg-
ings with a curved axis.

Based on the developed technology, it is neces-
sary to conduct a more detailed analysis and model-
ling to study its impact on the quality characteristics of
forgings.
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