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DETERMINATION OF CONDITIONS FOR SEARCH OF OPTIMAL
PARAMETERS OF RAILWAY CHASSIS SUSPENSIONS

Summary. The efficiency of resilient suspension is usuabpressed through various
combinations of resilient and viscous elements,indéf by dynamic and viscosity
coefficients and other parameters. The aim ofdhigle is to identify the components of
the objective function, establish their weighteduea and parameter regimes, and to
determine fluctuation limits, initial values, angegds of optimization parameters, which
cannot be established a priori in advance. Calougt aimed at optimization of
parameters show that the stability coefficient $thdae¢ considered the main indicator of
the objective function, as this is the first parganéo limit the running speed. Given the
increasing speeds of trains, the presented methodely important in calculating
suspensions.

OIIPEJEJIEHME YCJIOBUM JIJIA [TOMCKA OITHMAJIbHbIX ITAPAMETPOB
[MTOABECKMU XEJIE3HOAOPOXHDBIX SKHUITAXKEN

Pe3rome. D heKTHBHOCTD YIPYToi MOJBECKH OOBIYHO BBIPa)KAeTCsl Yepe3 passinuHbIe
KOMOWHAIMKM yOPYIHX W BA3KUX JJIEMEHTOB, C 3aJaHHBIMH KO3(QQHIHEHTAMU
JUHAMHUYECKUM U K03 GHUIMEHTHI BI3KOCTU U Apyrue napaMeTpsl. Llens ctatbu cocTouT
B TOM, 4YTOOBl HAalTH KOMIIOHEHTHI 1€J€BOM (YHKIMM, YCTAaHOBUTb HX BECOBBIE
KOd(QQHULMEHTH U ONPEACIUTh NpeAesbl U3MEHEHUs], HayaJbHbIC 3HAYCHHUSI U CKOPOCTH
[apaMeTpoB ONTUMM3ALMM, KOTOpPblE HE MOIYT OBITh YCTaHOBJIEHBI 3apaHee.
Bbluucnenus, HamnpaBlieHHblE Ha ONTHUMM3ALMIO [ApaMETPOB, IIOKA3bIBAIOT, 4TO
KO3 PHULIHEHT YyCTOMYMBOCTH HYKHO CUUTATh TJIABHBIM KpPHUTEpUEM IeNieBOH (DyHKLIWH,
MOCKOJNBKY 3TO - TEPBBIH MapaMeTp, KOTOPHIH OTpaHUYMBaeT PabdOUyI0 CKOpPOCTH.
YuuThIBas YBEIMYHMBAIOLIMECS CKOPOCTH IIO€310B, NPEACTAaBICHHAs METOAMKA OUYCHb
BayKHA JUIS pacyeTa MOABECOK.
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1. INTRODUCTION

Effective (efficient) suspension of railway rollirggjock not only improves comfort in passenger
trains but also increases reliability and durapitif chassis and all rolling-stock elements, andesa
positive impact of railway safety. When making c#dtion models, efficiency of suspensions is
expressed through various combinations of resikrt viscous elements, it is assessed by means of
dynamic viscosity coefficients and other parametBrorder to solve the tasks of determination of
optimal suspension parameter values, it is firstalbfnecessary to clear out the issues related to
technology for solving these tasks. In order toaobfictual results, it is necessary to determiee th
components of goal function, clarify if priority @hld be given to some of them or if all the
components must have the same influence while fagnthe goal function. Furthermore, it is
necessary to determine calculation conditions, tbeselect excitation (inequalities) functions and
chassis rolling conditions.

When, due to the abovementioned factors, we caiod phoose certain assumptions, which can
be specified in the course of calculations, butrdhare no possibilities to select rolling-stock
movement speed and initial values for optimisatbsuspension parameters a priori.

The task of this article is to determine componerfithe goal function, their weighted values, to
select parameter modes where calculations will adenlimits of values of the optimised parameters,
their initial values and speeds.

2. COMPONENTS OF GOAL FUNCTION

Into the goal function it is necessary to entecdrd) the regulated dynamic indices of the stages
of axle-boxes and the central suspension [1, 2]: 3,

K - vertical dynamic coefficient of axle-box suspensio

dva

K32 — horizontal dynamic coefficient of axle-box suspens
K;“i“ — stability coefficient before crawling-up (climbingp) of wheel edge onto ralil,

K% — vertical dynamic coefficient of central suspension

dvc

AV ™, g — vertical acceleration of bodywork,

kv !

A, g — horizontal acceleration of bodywork.

Tab. 1
Allowable Values of Principal Dynamic Indices
S B e S kg |4 | 4
0.8 0.38 1* 0.6 0.6 0.25

* When calculated according to forces of relati@tveen rail and axle-wheel

Upper values of all the dynamic indices are limjtexlcept for the value of stability coefficient
KQ“”. For this index, minimum allowable value is chas@norder to be able to bring the change of
dynamic indices into a single range from 0 to Eytlmust be regulated. For this purpose, all the
dynamic indices except faK' must be divide from their maximum allowable valugsd K value
must be changed in such a way that the regulat@eximlecreases when increasing tHe and

increases when decreasing it. After assessmeimeo$did changes (modifications), parameter vector
of the goal function will look as follows:
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T

Kdva tha (Kgnax _ Ks_) Kdvc Akv Akh
K max Kdl'T]aaX K;T'Ia)( — Ksmln K‘ max Alzl:lla)( Alzrr]]ax

dva dvc

¢' = (1)

3. WEIGHTED COEFFICIENTS OF COMPONENTS OF GOAL FUNC TION

Evidently, the influence of dynamic indices is diént. This way, it iS necessary to have a
possibility to change the value of one componenthef goal function or another. For this purpose,
each component of goal function must have a weiglfteportance) coefficient, which allows
strengthening impact on its value made by one compis of goal function and, and at the same time,
to reduce that of others. For the value of goatfion to also fluctuate in the range from 0 toHg t
sum of the weighted (importance) coefficients maesequal to one. The final goal function will look
as follows:

F@)=3 A @

When calculating dynamic indices of semi-wagontfptan) while increasing the driving speed,
all of them approximate the allowable limits. Expace shows that the first of all the dynamic irdic
to transcend the allowable limits is the stabilitynning up of wheel edge on rail) coefficient, and

therefore the values of all the weighted coeffits'.erh , except for coefficientk'y, are chosen as 0.1,
and theK as 0.5.

4. PARAMETERS OF CALCULATED STRETCH

In order to perform the calculations, it is necegsa select (install) excitation function in chisss
For such excitations there are geometrical railwagk inequalities on vertical plane and on thengla
transverse to movement. The inequalities must bk that chassis is acted by excitation forceslto al
directions and, if possible, by vibrations of alpés. For calculations we have selected asymmetric
random-type processes, supplemented by asymmeirits jon vertical plane, resulting in lateral
swinging. It is expedient to select for the caltiolas a straight-line stretch, since in curvesdheing
speed is limited not only by values of dynamic aadi, but also by unsuppressed accelerations, which
would make selection of parameters difficult.

5.LIMITATIONS OF OPTIMISED PARAMETERS

The main requirement for selection of one or otvedues of spring sets rigidity must be the
possibility to implement these suspension parareetanrthermore, vertical rigidities of suspensions
are additionally limited by differences of allowabheights of automatic clutches of neighbouring
chassis.

These limitations will be significant when finalgelecting the values of suspension parameters.
So far, for determination of conditions, under whibe optimisation calculations must be made, we
select a relatively wide range of parameters:

Rigidity (K) 0 + 60000 kN/m
Viscosity (V) 0 + 100 kNs/m
Friction coefficient ) 0.01 +0.25
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6. INITIAL VALUES OF OPTIMISATION PARAMETERS

The goal function as described in expression (2pedds on numerous parameters, therefore it
should be expected that the surface described ibyfuhction will be of quite complex form. In
general case, the surface will have numerous lodaimums. It means that in order to determine
optimal parameters we first must find the areasrevtige local minimums are located. When such an
area has more than one local minimum, then thdtreSoptimal parameters search will depend on
initial values. In this stage for determinationnabvement speeds in presence of which it is negessar
to search for optimal parameters pf chassis sugpeatages, we will take standard values of caeriag
CNII-Ch3, Table 2.

Tab. 2
CNII-Ch3 Chassis Parameters
Lor)gltu_dlnal Tr_ansv_erse Vertical direction
direction direction
Axle-box suspension Ko = 0 kN/m Ka = 0 kKN/m K., = 20000 kKN/m
F..=0.25 Fa = 0.25 V,; = 100 kKNs/m
Central suspension K., = 6000 kN/m K, = 6000 kKN/m K., = 4000 kKN/m
F.=0.25 F,=0.1 F,=0.1
Sliders Ks = 0 kN/m Kgy =0 kN/m Ks, = 800 kN/m
Fs =0.125 Fs, = 0.125 Ve, = 0 KNs/m

7. SELECTION OF MOVEMENT SPEED WHEN OPTIMISING CHAS SIS PARAMETERS

In the beginning we must answer the question agceh of speed for calculations when solving
the tasks of search of chassis optimal paramefenrsthat we will perform the search of optimal
parameters under different driving speeds, whdrairparameters are the same as selected above. We
will calculate the optimal parameters when drivipged/=60 km/h.

Results of optimal parameters search:

Tab. 3
Principal Dynamic Indices
Kava Kina K Kave Goal function
Under initial parameter values 0.327 0.218 2.399 330. | 0.27943
Under optimal parameter values 0.287  0.183 3.21 860.2 0.10732
% -12 -16 34 -13 -62

Optimal parameter values:
Axle-box suspension:

In longitudinal direction: K. =0, F..=0.25

In transverse direction: Ky =0, Fs =0.19

In vertical direction: K., = 15530, V., =100
Central suspension:

In longitudinal direction: K. = 5750, F.. = 0.165

In transverse direction: K, = 10700, F, =0.016

In vertical direction: K= 2620, F.,=0.116
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Sliders:
In longitudinal direction: Ky, =0,
In transverse direction: Ky =0,
In vertical direction: Ky, = 290,

Graphic change d{y andKsis shown in Fig. 1, 2 and 3.
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Fig 1. Rigidity in axle-box suspensioKs, for speed/=60 km/h
Puc. 1.XKectkocts GykcoBoro moasemmBanus Kq, s ckopocta V=60 xu/uac
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Fig. 2. Rigidity in axle-box suspensiolg, for speed/=60 km/h
Puc. 2.Kectkocts 6ykcoBoro moasemniuBanus Ky it ckopoctu V=60 km/uac
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Fig. 3. Stability coefficienKs for speed/=60 km/h
Puc. 3.Koadduuuent ycroitunsoctu Kg miist ckopoctu V=60 km/uac

From the presented results it is visible that far $elected carriage, both in case of standard and
optimised parameters, the limit driving speed i€ kn/h, as limited by coefficieriks. Let's see
calculation results when speed140 km/h

Tab. 4
Principal Dynamic Indices
Goal

Kdva tha Ks Kavc fU n Cti on

Under initial parameter values 0.54§ 0.254 1.213 536. 0.897

Under optimal parameter values 0.349 0.223 2.289 37. 0.418

% -36 -12 89 -30 -53
Optimal parameter values:
Axle-Box Suspension:

Longitudinal direction: Kax=0, Fax=0.23

Transverse direction:
Vertical direction:
Central suspension:
Longitudinal direction:
Transverse direction:

Kay =0, Fay=0.23
Kaz = 18200, Vaz = 93

Kex =5470Fcx = 0.23
Kcy = 5490,cy E 0.09

Vertical direction: Kcz = 3490, Z=0.09
Sliders:

Longitudinal direction: K8x =0, ¥£0.12

Transverse direction: K3y =0, yEs0.12

Vertical direction: KSz=748, VSz=0

Graphic change df4 andKs is shown in Fig. 4, 5 and 6.
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Fig 4.Rigidity in axle-box suspensiofig,, for speed/=140 km/h
Puc. 4.Kectkocts 6ykcoBoro moaseniuBanus Kqy, st ckopoctu V=140 kmluac
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Fig. 5. Rigidity in axle-box suspensiolg,, for speed/=140 km/h
Puc. 5.Kectkocts 6ykcoBoro moasemuBanust Kqn, s ckopoctu V=140 kuluac
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Fig. 6. Stability CoefficienKs for speed/=140 km/h
Puc. 6. Koaddurment ycroiunsoctu Ks s ckopoctu V=140 kmluac

Under this speed, the allowable value&Kgf,andKs could not be reached. Such calculations were
made for speeds of 60, 80, 110, 120 and 140 km/h.

8. CONCLUSION

Analysis of the results of performed calculatioras lshown that when determining optimal
parameters for chassis suspensions, stability icaaff must be taken as the main index in goal
function, since this parameter is the first to tithie driving speed. The calculations should beenad
with the lowest speed, under which the values ofadyic indices exceed the allowable limits. Further
one should search for solutions with other valuemitial parameters and each time determine the
minimum speed, under which the values of dynamidices exceed allowable limits. This
methodology is very important for calculation obskis due to constant growth of train speeds.
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