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TECHNO-ECONOMIC EVALUATION OF THE EFFICIENCY OF
IMPROVEMENT OF TECHNIQUES RATIONING FIXING ROLLING
STOCK ON THE STATION TRACKS

Meta. Crarts npucBsiueHa OLiHII €(pEeKTHBHOCTI BIOCKOHAJIICHOT METOJUKH HOPMYBaHHS KUJIBKOCTI TaJbMOBHX
OarMaKiB JJIsl 3aKPIIUIEHHST PYXOMOT'O CKJIa/ly Ha CTaHLIMHUX KOJIsIX, sika Oyiia 3alpONOHOBaHa B Pe3yIbTaTi More-
penHix nocnipkeHb. MeToan AoCTiIKeHHs. Y JTOCTIKEHHI BUKOPUCTOBYETHCS IMiTalliiHE MOJICIIIOBaHHS pOoOOTH
CTaHMIi UII PO3paxyHKy MPOCTOIB PyXOMOTO CKJIaAy Ha KONIAX CTaHIii. MeTomuka TeXHIKO-€KOHOMIYHOTO TOpiB-
HSHHS BapiaHTIB BUKOPHCTOBYETHCS IJISI OIIHKH €(PEKTHBHOCTI BIOCKOHAJIICHHS METOJUKH HOPMYBAaHHS KiJBKOCTI
raJbMOBHX OaIIMakiB Il 3aKPIIICHHS PyXoMoro ckiany. Pe3yabraTn. BusHaueHO eKOHOMIUHMI eeKT BiJl 3ampo-
Ba/DKEHHSI HOBOT METOIMKH HOPMYBAHHS 3aKpIIUIEHHSA PYXOMOTO CKiany. byio BusABIEHO, 10 BIPOBAHKCHHS OLIBII
JTOCKOHAJIO1 METOIUKN HOPMYBAaHHS 3aKpIIDICHHS PyXOMOTO CKJIaay MpH3BeIe 0 iICTOTHOI €KOHOMIi eKCILTyaTaliii-
HUX BUTpar 3aiizHuni. HaykoBa HOBH3HA. YI0CKOHAJICHa METOMKA HOPMYBAHHS KUIBKOCTI IaJbMOBHX OalllMakiB
JUTS 3aKPIMJICHHS PYXOMOTO CKJIaAy Ha CTaHLIHHUX KOJISX 3alpOIIOHOBAHA BIIEPIIE, TOMY TEXHIKO-CKOHOMIYHA OIli-
HKa 11 e()EeKTUBHOCTI TaKO’K BUKOHaHA BIIEpLIe JUIsl 3aii3HUIb YKpainu. [lpakTuyna 3HaumMicTb. PesynbraTu 1po-
TO JOCHI/DKEHHS MOKa3ylTh, 10 BHKOPHCTAHHS YIOCKOHAJIEHOI METOAMKH PO3PaxyHKy KiJIbKOCTI OalIMakiB JUist
3aKpIIUIEHHs] PyXOMOTO CKJIaay NpU3Bele 10 eKOHOMIi eKCIUTyaTalliiHUX BUTpAT 3aJli3HHUIB 38 PaXyHOK 3MEHILIECHHS
MPOCTOIB PyXOMOTO CKJIaJly Ha CTaHIIisX.

Knrouosi cnosa: 3akpilIieHHST pyXOMOTO CKJIay, TaIbMOBI OamMaku, Oe3meka pyxy, €eKOHOMidHa e€(eKTHBHICTB,
eKCIUTyaTaliiHi BUTpATH

Heanb. Crares mocBAmIeHa oneHKEe d(PPEKTHBHOCTH YCOBEPIICHCTBOBAHHOW METOAMKN HOPMHPOBAHMS KOJIHUE-
CTBa TOPMO3HBIX OAIIMaKoB IS 3aKPEIUICHHS ITOJBIDKHOTO COCTaBa HAa CTAaHIMOHHBIX ITyTSX, KOTOpas OblIa mpen-
JIOXKEHA B XOZ€ MPeAbIAYINNX HCcClenoBaHuid. MeToabl uccaeqoBaHus. B uccaeq0BaHUM HCIONB3YeTCS UMHUTALH-
OHHOE MOJICTMPOBaHNE pabOTHI CTAaHIIMK ISl pacdeTa MPOCTOEB MOABMKHOTO COCTaBa Ha ITyTsX cTaHnuil. Meroanka
TEXHHKO-DKOHOMHUYECKOTO CPAaBHEHHS BapUAHTOB HCIIOJB3YETCS Ul OLEHKH 3(PPEKTHBHOCTH COBEPIICHCTBOBAHUS
METOAMKH HOPMHUPOBaHMA KOIMYECTBAa TOPMO3HBIX OAIlIMAKOB JIIsl 3aKPEIUICHUs OJBIDKHOTO cocTaBa. Pe3yabTarsl.
OnpeneneHbl SKOHOMHYECKHH 3 dekT OT BHEAPEHHsT HOBOM METOIVKH HOPMUPOBAHUS 3aKPEIUICHUS ITOJBHKHOTO
cocrtaa. bp11o 06HapykeHO, UTO BHeAPEHHUE Ooiee COBEPIIEHHON METOJUKH HOPMUPOBAHUS 3aKpPEIUICHHS TOIBH K-
HOTO COCTaBa MpPUBEAET K CYIICCTBEHHOW 3KOHOMHHM 3KCIUTyaTallHOHHBIX PAacXofoB XkeJe3Hoi noporu. Hayunas
HOBH3HA. YCOBEPIICHCTBOBaHHAs METO/MKAa HOPMHMPOBAHMUS KOJIMYECTBA TOPMO3HBIX OAIlIMAaKOB JUIS 3aKPEIUICHHS
MOJBHMKHOTO COCTAaBa HAa CTAHIMOHHBIX IyTSIX MPEUIOKEHA BIEPBBIE, OITOMY TEXHHKO-DKOHOMHUYECKAs OLIEHKA €€
3¢ PEKTUBHOCTH TaK)Xe BBIIIOJIHEHA BIIEPBBIE JUIS JKEJE3HBIX JAopor YkpauHbl. IlpakTHyeckas 3Ha4YMMOCTh. Pe-
3yAbTaThl 3TOrO HCCIIEAOBAHMS MOKA3bIBAIOT, YTO HCIOJIB30BAHHE YCOBEPIICHCTBOBAHHON METOAMKH pacueTa KOIHU-
yecTBa OalIMakoB JUIs 3aKPEIUICHHs MOABM)KHOTO COCTaBa NPHBENET K SKOHOMHHM SKCIUTYyaTallMOHHBIX PacXoioB
JKEJIE3HBIX JOPOT 32 CUET YMEHBIIEHUS IPOCTOEB MOJBUKHOIO COCTaBa HA CTAHIMSX.

Kniouesvie cnosa: 3aKkperuieHHe MOJBIKHOTO COCTaBa, TOPMO3HbIE OallIMaky, 6€30IMaCHOCTb ABHKEHHS, SKOHO-
Mu4eckas 3 PEeKTUBHOCTD, KCIUTyaTaI[IOHHBIE PACXO/IbI

Purpose. This is dedicated to evaluation of the efficiency of improvement of the advanced method of normaliza-
tion of quantity of wheel chocks for fixing rolling stock on station tracks, which was proposed as a result of former
study. Methodology. In this study the simulation modeling of station work is used for calculation of rolling stock
downtime. The method of techno-economic comparison is used to evaluate the efficiency of improvement of the
new method of rationing number of wheel chocks for fixing rolling stock. Findings. The effect of the proposed
method to the conditions of work of the railway stations had been analyzed. It was revealed that the introduction of
improved methods of rationing fixing rolling stock will lead to substantial savings in operating costs of the railway.
Originality. The advanced method of normalization of quantity of wheel chocks for fixing rolling stock on station
tracks is proposed at first, that’s why the techno-economic evaluation of its efficiency has also been made for the
first time. Practical value. The result of this study shows that use of the advanced method of evaluation of wheel
chocks number for fixing rolling stock will lead to savings in railway’s operating costs because of decreasing rolling
stock downtime.

Keywords: fixing the rolling stock, wheel chock, traffic safety, economic efficiency, operating costs
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Introduction

Improved method of valuation of wheel chocks
for fixing of rolling stock, as shown by studies per-
formed [1], may reduce the duration of downtime
rolling stock on the tracks of the station. That’s
why the question of technical and economic evalu-
ation of effectiveness of the improved method of
valuation of fixing rolling stock is topical.

Purpose

The purpose of this article is the economic
evaluation of the efficiency of improvement of the
advanced method of normalization of quantity of
wheel chocks for fixing rolling stock on station
tracks.

Main

From the technological processes of marshal-
ling yards [2, 3] it is known that during fixing roll-
ing stock and removing wheel chocks cars, trains
and locomotives with crews idle. Thus, reducing
the number of wheel chocks (A) for fixing rolling
stock in arrival area is saving downtime of train
locomotives with wagons and locomotive crews:

A-tC-Nd-(e]thm-ewh) (1)

Fiay = 60 ’

where 7, is the average duration of laying of wheel
chock, minutes;

en, eywn are expenditure rates for 1 hour, respec-
tively, a locomotive with a crew and wagon down-
time;

Ny is the number of trains entering the dis-
bandment per day;

m is the average number of cars in train.

Overall savings from reducing the number of
wheel chocks during their removing is:

o =365 A e N et M) o

where M, is total number of cars processed through
sorting hump, including angular car transfers and
cars that are collected from the sidings.

The total cost savings in the admission park
through reducing the number of wheel chocks for
fixing the rolling stock may be calculated using the
following expression:

E,=365.| 2 Naen
60 3)
+(A'(tc+tcr)'Nd'm+tw 'Mh)'ewh}
60

The economic effect of reducing the number of
wheel chocks for fixing transit trains may be calcu-
lated as

A-t. - Ny '(elh +mewh)
60

where N, is the quantity of transit trains per day.

As for trains that are formed on particular sta-
tion, the operation of fixing cars on the tracks leads
to increasing of time of their rearrangement from
sorting area to the departure area, and operation of
removal of wheel chocks leads to increasing of
train locomotives, carriages and locomotive crews
downtime. In addition, the operation of removal of
wheel chocks is an element of technological cycle
of the work of train formation locomotive. Con-
sequently, this affects the cars downtime during
awaiting of completion of the formation and rea-
rrangement. The economic effect of reducing the
number of wheel chocks for fixing trains its own
formation may be evaluated using the following
expression:

E, =365-A-N, - , (4)

A'tcr'Nf'elh N

Eq., =365-
dep 60 (5)
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60

where N;is the number of trains formed per day.

To determine the additional downtime of cars
in anticipation of dissolution and end of shunting
operations, there was used a time-dependence of
shunting operations [4], which is listed below (Ta-
ble 1).

As a result, the approximation of waiting time
before disbandment depending on the load of loc-
omotive polynomial of the second degree the fol-
lowing expression was obtained:

ty =160,61-y> —139,85-y+31,409  (6)

where v is the level of locomotive loading.

The load of locomotive after reducing of wheel
chocks quantity (using the new method [1]) will
be:

H=t—A-t.-Ny (7)

As a result, the approximation of waiting time
of the end of train formation depending on the load
of locomotive polynomial of the second degree the
following expression was obtained:

to = 566,67y —700,71-y +228,98. (8)

99



Table 1

Dependence of downtime of cars in anticipation of technological operations of loading shunting locomotives

Level of shunting Duration of anticipation of dissolution Duration of anticipation of ending formation
locomotive loading ty> minutes fwf? minutes

0,50 2 8

0,55 3 10
0,60 5 12
0,65 8 14
0,70 12 16
0,75 17 22
0,80 23 30
0,85 29 44
0,90 35 57

Analysis of the structure of train flows at
Nizhnedneprovsk-Uzel station shows that only
16,7 % of transit trains consist of both loaded and
empty wagons. Other 83,3 % of trains consist only
of loaded or only of empty cars or have wagons
with axle loaded more than 15 tons per axis in the
fixing zone (where wheel chocks are set up on the
rails). The average decreasing of wheel chock
number in this case is about 1.1 wheel chock (from
7,1 to 6,0) and the economic effect is about 111,6
thousand UAH per year (included 53,7 thousand
UAH of savings only for railway). As for trains
that arrive for disbandment, 78,5 % of them have
axle load less than 15 tons per axle, so that they
need more wheel chocks to be fixed on track. The
average needed quantity of wheel chocks for their
fixing is about 8,8 (using the existing method) and
can be reduced up to 6,2 (using the improved
method). Thus, the total cost savings by changing
the method of valuation of wheel chocks in the
park “Z” is 358,3 thousand UAH per year,
including cost savings of the railway — 104,5
thousand UAH. This effect is mostly from
increasing the number of cases of using 5-7 wheel
chocks instead of 11-13 wheel chocks due to the
existing method. Changing the method of valuation
of wheel chocks for fixing trains, formed at the
station, reduces the average number of wheel
chocks from 11,8 to 9,5 ones in the park “E”. If
there are 23-25 trains formed per day, the effect
will be about 333.6 thousand UAH, including 63,8
thousand UAH saved for railway. In the park “L”
the effect will be about 153,2 thousand UAH
(when the average number of formed and transit
trains is 33-35 per day).

Thus, the total savings of operating costs at
Nizhnedneprovsk-Uzel station will be about 956,7
thousand UAH, including 267,3 thousand UAH of
cost savings of the railway. At Pyatihatki-Stykova
station the new method provides average A =2.,8
wheel chocks (from 10,2 to 7,4), and savings of
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operating costs reach 325 thousand UAH per year
(158,3 thousand UAH for railway).

As for Krivoy Rog-Sorting, Zaporozhie-Levoe
and Dzhankoy stations, their tracks have the
coerced slope from 0.1 up to 0.7 %o, that's why the
maximum quantity of wheel chocks for fixing
rolling stock is not more than 5 (both due to
existing and improved methods of calculation). In
such case the change of method for calculation of
the quantity of wheel chocks practically doesn't
change the operating conditions at the stations.

Results

Completed feasibility calculations show that
changing the method of valuation of fixing trains
can get substantial savings of operating costs. For
example, for the Pridneprovskaya railway for the
year, it will be approximately 1281.7 thousand
UAH. At the same time, savings of the railway will
be 425.9 thousand UAH per year.

Conclusion

Thus, when introduced improved methods of
evaluation of wheel chocks quantity, railways of
Ukraine can achieve economic benefits from
reduced downtime wagons, locomotives and
locomotive crews. This effect can reach several
million UAH per year.
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