CKOIf MozeNu ¢ (?) Ha cIy4allHOe BXOIHOE
BO3MYILIEHUE 1| (7) ONpeessiich, KaK U B [1],
T10 CPETHUM 3HaUEHUSIM a0COTIOTHBIX MaKCH -
MYMOB.

AJITOPUTM CITEKTPaJIbHOTO aHaIN3a MpU
ncnonb3oBaHum BIT® (ObicTpoe Tpeodbpa3o-
BaHue Mypbe) ¢ ydeToM (QIIBTPALIMKU UCXOM -
HOM CilydailHOW peanu3aluu g (1) U CTIaxu-
BaHus ¢uasrpoM FO. XaHHa mosrydyeHHO pu
9TOM OLIEHKU Gq (®) CreKTpalbHOM IJIOTHO-
CTU MOAPOOHO paccMOTpeH B [3]. Anroputm
orpeaeneHus: Koa(puimeHTa MmiaBHOCTH
xoma — B [4].

PesynbraThl pacuyeToB B BUje rpaukoB
3aBUCUMOCTEH C, , (V), Zpamax (V) K, ()M K

(v) mpuBeAeHbl Ha puc. 2—4. AHalu3 3THUX
rpacuKOB MOKA3bIBAET, UTO AJII THEBMATHUYE-
ckoro noaBewBaHusg 3HayeHus [TJK
JIO CKOpOCTH V,,. = 100 KM/4 MEHBIIIE TeX Ke

roKasaTeJieil IPYKMHHOTO TOABEITNBAHNS:
Ha9,3—15,6% s ko3 uimeHTa IJIaBHOCTH
xona C, u na 13,3—14,5% nna C,. Ha 40,4—
37,7% MeHbllIe U1 MAKCUMAaJILHOTO 3HAYEHUS
YCKOPEHUM Zy o > @ I oy , — HA 40,5—

33,8%. Mna koobdunuenta nunamnku K |
menbuie Ha 31,8—34,9% u K, — na 32,6—
30,5%. KoadduLreHTsl IMHAMUKA B OYKCO-

BO CTYIIEH! PECCOPHOTO ToBeIIMBaHuUs K
IUTS TIPY>KUHHOTO Y ITHEBMAaTHYECKOTO TTOIBE-
IIMBAaHUS B pacCMaTpUBacMOM JHAITa30HE
CKOPOCTEU OTJIMYAIOTCSI HE3HAYUTEJIbHO
M He TIPEeBBIIIAIOT JOITYCTUMOIO 3HAYCHUS
[K ]=0,35.
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OCHOBBIBasICh Ha TIPUBEICHHBIX PE3yJIbTa-
Tax, MOXHO 3aKJIOYUTb, YTO TIPpUMEHEHUE
TMTHEBMOPECCOP B LIEHTPAJIbHOI CTYIIEHU pec-
COPHOTO MOJBEIIMBAHUS MOJEIU BaroHa
METPOIOJIUTEHA MPEATOYTUTEbHEE UCTIOJb-
30BaHMSI C TOM XKe 11eJIbI0 MPYXXWUH U THapaB-
JINYECKUX TACUTENICH.
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ABSTRACT

The government of the Republic of Myanmar
cooperates with Russian experts in implementation
of the project of metro construction in the
biggest city of Yangon. Shaping out of technical
specification for manufacturing of rolling stock,
well adapted to local conditions, includes the task
of selection of design and parameters of springs.
At the project phase that task is fulfilled through
comparison of dynamic features of metro coach
models. The use of pneumatic springs as elastic
and dissipative element of body part of spring
suspension is one of the variants which are now
studied. The article contains results of comparative
analysis of dynamic features of pneumatic and
classical springs.

ENGLISH SUMMARY

Background. The previously published article [1]
examined possible use of pneumatic springs as an
element of central stage of spring suspension of
metro coach, designed for use in metro system
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of the city of Yangon of Republic of Myanmar.
Previous study was accomplished with the help of
reduced model. It proved advantages of pneumatic
spring suspension as compared to classical spring
and hydraulic spring systems. It was noted that
the definite selection of parameters of spring
suspension of metro coach could be done after
study based on spatial model simulation, taking
into account bouncing and lateral rolling of the
body, bogie and wheelsets, as well as rocking of
the body and bogies.

Objectives. The study, described in the article,
was aimed at selection of parameters of spring
suspension of a metro coach. Calculated spatial
kinematic scheme of the coach is shown in Pic. 1.
Methods. The study used mechanical and
mathematical model of pneumatic spring with one
additional tank, the same asin [1]. The researchers
used the system of nonlinear differential equations
to describe oscillations of mass m, resting on
a pneumatic spring. To engineer spatial kinematic
model of metro coach the authors adopted a set
of assumptions described in the article (e. g. that



body of the coach, bogie frame, wheelsets are
considered to be absolutely solid bodies as their
rigidity is considerably higher than the rigidity of
joining resilient elements; gravity centers of those
solid bodies coincide with their geometric centers,
et cetera).

The suggested kinematic scheme gives reason to
suppose that oscillations of the model, adopted
for the study, can be described by generalized
coordinates, which are bouncing, lateral rolling
and rocking of the body, bogie frames, wheelsets,
mass of tunnel track at right and left wheels of the
bogies. Providing for assumptions, the calculated
kinematic scheme will have 17 levels of freedom.
Parameters of the model of metro coach, of pneumatic
spring with rubber-cord casing (model H-6), of rail
track of the tunnel, which are necessary to solve the
problem, are listed in table 1. As the authors suppose
to use nonlinear model of pneumatic spring, the study
is accomplished in temporary realm on the basis
of solution of a system of differential equations by
Runge-Kutta method of order 4.

Results. The authors describe the system of
equations for the case when pneumatic spring is
used in the central stage of spring suspension.
Using [1,2] where the algorithm of generation of
random process of disturbance is described, the
authors produced generation ofn_andn, — which
are equivalent geometric irregularities of left and
right rails of tunnel metro track in conformity
with supposed spectral density. Dispersions n,
andmn, are assumed to be the same and equal
to 13,01 mm2. So the impact of lateral rolling on
the oscillation results are not considerable and
deformation of right and left elements of spring
suspension are similar (itis shown in the Pic. 2-4).
The rates of dynamic features during comparison
of the use in central stage of spring suspension
of springs with hydraulic dampers and pneumatic
springs were accepted as:

— rates of dynamics in the elements of central and
box-axle stages of spring suspension K, ,, K, .
K . K K K _ K ,K_,K_ K ;

aud’ " Cau4’ T a61° " Cp62° " a63’ " "a64’ " a65’ " n66’ " n67’ " n6s’

Are maximum values of vertical accelerations on
the floor of the body over first and second pivot
pOintS le, 2max ¢

— rate of smoothness of motion on the floor of the
body over first and second pivot points C, .

The rates of dynamics in that case reflected the
ratio of maximum value of dynamic effort E;,Ziax in

above mentioned stages of spring suspension to
its static value F_, . Maximum values of realization
of random processes of reaction of dynamic model
q (t) to random entry disturbance n (t) were
defined (as in [1]) by average values of absolute
maximums.

Algorithm of spectral analysis during application
of fast Fourier transform (with consideration
for filtering of exit random realization q (t)) and
process of smoothing with Hann filter of evaluation
Gl7 (w) of spectral density are described in details
in [3]. Algorithm of determining of smoothness of
motion is described in [4].

The results of calculations in the form of flow-
charts of dependencies C, , (v), Zxiamax (V). K,

(v)n K, (v) are shown in the Pic. 2-4. Analysis of
those charts proves that for pneumatic springs, as
compared with classical spring suspension: values
of dynamic features at velocity less than 100 km/h
are less by 9,3-15,6% for smoothness of motion
C,and by 13,3-14,5% for C,.; by 40,4-37,7% for
maximum values of acceleration %, ,; by 40,5-

33,8% for Zimax , by 31,8-34,9% for dynamics

rate K, ,and by 32,6-30,5% for K, .. Rates of
dynamics in axle-box stage of spring suspension
K/th for both spring and pneumatic suspension in
considered spectrum of velocity don’t have
considerable differences and don’t exceed
allowable value [K, ;] =0,35.

Conclusions.

Use of pneumatic springs in studied conditions in
central stage of spring suspension of metro coach
is more advantageous than use of springs and
hydraulic dampers.

Key words: metro, Myanmar, Yangon, rolling stock, spring suspension, pneumatic spring, quality indices,

mathematical model, comparative analysis.
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