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DETERMINATION OF STOPPING DISTANCE OF UNPOWERED
ROLLING STOCK BY METHOD OF SEQUENTIAL BRAKING

Purpose. In the paper it is necessary to estimate the determination accuracy of a car stopping distance during the
test by the method of sequential braking. The method of sequential braking is applied for experimental evaluation of
the stopping distances. Unlike the abandonment method when a sample car is disconnected from the tractive con-
nection and they record the stopping distance of a single car from the moment of uncoupling to the moment of stop,
the method of sequential braking involves stopping distance measurement of the tractive connection, the integrity of
which in the course of the test is not affected, but its set (locomotive, locomotive with the track test car or with
a sample car) at the different stages of the test is changed. Direct measuring of the stopping distance of a sample car
is not possible using this way, it requires calculating of the stopping distance values of the tractive connection. This
adversely affects the accuracy of the result, but it can increase the safety level of the test. Methodology. To evaluate
the accuracy researches have conducted the numerical experiment, which simulated experimental processing of
stopping distance values. An error was found by giving disturbance of basic data (stopping distance of tractive con-
nection of different configuration) and analyzing the resulted scatter of readings (stopping distance of a single car).
Findings. The study proved: 1) the relative error of car stopping distances value, with relative error of basic data
1%, made 3.3-19.7% (depending on the tractive connection variant). 2) the proposed ways of error reduction (with-
out track test car, less-weighed-locomotive use) allowed declining the error to 2.15-5.1%. Originality. The method-
ology of error estimation of car stopping distances determination under tests by the method of sequential braking
was proposed. Practical value. Work results make it possible to replace the running brake tests by the abandonment
method, under which the integrity of tractive connections is broken, with safer testing by the method of sequential
braking, providing the level of result accuracy of 2-5%.

Keywords: stopping distance; abandonment method; method of sequential braking; sample tractive connection;
error

Introduction complete stop. This method of determining the
stopping distance was called the «abandonmenty
method. In cases when the integrity of the tractive
connection must not be broken, the method of se-
quential braking is used. One conducts a series of
braking with a sample tractive connection, consist-
ing of a locomotive, a track test car, and, if neces-
sary, a sample car, with recording of braking dis-
tance. The values of the tractive connection stop-
ping distance with a sample car and without it are
used to calculate the stopping distance of a single
car [2, 10]. The literature focuses on the method of
sequential braking during unpowered rolling stock
testing [3, 6]. According to the requirements of
regulatory documents [8] the value of target brake
application speed is selected from a range of
60 km/h and further at intervals of 20 km/h till the

doi: 10.15802/stp2015/57097 © A. G. Reidemeister, V. Yu. Shaposhnyk, 2015

In the current regulatory documents [8] one of
the effectiveness criteria of the car automatic brake
is considered stopping distance. Stopping distance
is the distance traveled by train from the moment
of shift of brake valve handle or emergency valve
into the braking position to the full stop of train
[5, 12]. The stopping distance is determined by
means of field experiment [14, 1]. For the test
there is formed a sample traction unit of a locomo-
tive, a track test car and a single car. It is allowed
conducting the test without a track test car if its
functions are performed by the lead locomotive.
The value of the stopping distance is assumed the
track traveled by car from the moment of uncou-
pling from a sample tractive connection to the
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design speed. The tools for speed and stopping dis-
tance measurement should meet the following re-
quirements listed in Table 1.
Table 1
Permissible absolute error of measuring
equipment while determining
the stopping distance [8]

Type of measurement Error, not more

+0.2 km/h
+0.5%

Running speed

Stopping distance

Purpose

To estimate the determination accuracy of a car
stopping distances during the test by the method of
sequential braking.

Methodology

Determination of the stopping distance of the
sample car by method of sequential braking can be
carried out according to the presented method.
When there are set speeds one calculates the brak-
ing force of the locomotive or the tractive connec-
tion locomotive-track-test-car (L) and the tractive
connection with a sample car (L-SC). Having pro-
cessed the stopping distance results we determine
the braking force L and L-SC by the formula:

B =—-W (1)

where E; — kinetic energy; S; — braking length; WW; —
resistance to movement; i — index indicating the set
of tractive connection.

Kinetic energy is determined by the formula [4]

P AGaA

2g

, 2

where Q;— weight; V), — velocity at the beginning
of braking; g — gravitation acceleration, g = 9.81
m/s*; y — coefficient taking into account the steady-
ing effect.

The coefficient y assume as [9]

—  Locomotive — 0.25;

— Passenger car 0.5;

—  Freight car:

— Loaded — 0.08;

—  Empty —0.04.

For coupled unit the coefficient y is determined
by formula:

_ZQ,V, 3
TN 3)

where O, — weight of tractive connection.

Resistance to movement is determined by the
formula

VV, = ZW,Q, s (4)
where w; — specific resistance to movement

w, 0.4wV” + 0.6WVA , (5)
where wy;, wy. —basic specific resistance to move-
ment at speeds at the beginning and at the end of
braking, respectively [5, 12].

The braking force of a sample car is determined
by the formula

Bs( = BL—.Y( - BL > (6)

The braking length of the test car is calculated
by the formula:
E

S, =———, (7
(BSF + WY(')

To verify the proposed method there were con-
ducted the calculations of stopping distance of the
tractive connection with the sample car and with-
out it, and of the sample car separately by the typi-
cal method [11]. Then the obtained values for the
tractive connections were used as input data to de-
termine the stopping distance of sample car by the
expressions (1-7). The results are shown in Table
2. The parameters of locomotives and cars are giv-
en in Table 3.

The values of stopping distance for different
configurations of sample tractive connection
shown in Table 4 were obtained at the initial brak-
ing speed of 120 km/h.

Table 2

The stopping distance of tractive connection
by the method [11]

Tractive connection * Stopping distance, m
1 2
VL80
VL80(ci) 1 060.35
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End of table 2

Table 4

Tractive connection * Stopping distance, m Stopping distance of a sample car by the method
) ) of «sequential braking»
VL80(ciph) 963.19 Stop- Discrep-
ping Calcu- ancy of
VL80-SC: distance lated the stop-
VL80(ci)-SC(ci, 1): 1 205.78 , _ ofa | stopping | ping dis-
. . Tractive connection sample | distance tance
VL80(c1)-SC(ci, e): 1 035.25 car by ofa value by
VL80(ciph)-SC(c, 1): 865.28 the sample the
. thod car, m thod,
VL80(ciph)-SC(c, e): 820.24 “[186], o o
VL80-TC 1 2 3 4
VL80-TC-SC: VL80(ci)-SC(ci,l): | 1806.9 | 1804.8 0.12
VL80(ci)-TC(ci)- SC(ci, 1): 1115.61 VL80(ci)-SC(ci,e): | 839.5 | 839.69 0.02
VL80(c1)-TC(ci)- SC(ci, e): 976.69 VL80(ciph)- 689.5 694.4 0.705
chsi SC(c,)): 327.7 | 329.84 0.6
ChSI (ci) 975.97 VL80(ciph)-
. SC(c,e):
ChS1 (ciph) 885.9
ChSL-SC: VL80-TC-SC
ChS1(ci.SC B N 1 248.8 VL80(ci)-TC(ci)- 1806.9 | 1809.9 0.16
(ci)-SC(ci, D) ' SC(ci, e) 839.5 | 832.85 | 0.79
ChSI(Cl)-SC(Cl, 6): 948.09 VLSO(CI)-TC(CI)-
ChS1(ciph)-SC(c, I): 783.835 SC(ci, 1)
ChS1(ciph)-SC(c, e): 680.51 ChS1-SC
Note: *VL80, ChS1 is the locomotive model (the ChS1(ci)-SC(ci, 1) | 1806.9 | 1806.9 0
letters in brackets indicate the type of brake shoes — ChS1(ci)-SC(ci, €) 839.5 839.6 0.01
cillst—iron «'Ci};) §r ;ést—itronkvx;itht a hizgél co(;ltent of phos- ChS1(ciph)-SC(c,]) 6895 695.35 0.84
phorus, «ciph»); — track test car (based on passenger .
car with composite brake shoes); SC — sample freight ChS1(ciph)-SC(e.e) | 3277 330.0 0.81

car (gondola car, letters in brackets indicate the type of
brake shoes — cast-iron «ci» or composite «c» and car

loading — laden «I» or empty «e»).

Table 3

Weight and total braking effort of locomotives
and cars [7, 13]

. Estimated Total braking
Type of rolling stock weight, t effort, tF

Locomotive:

- VL80 184 112

- ChS1 84 56

Track test car 56 40
Sample car:

empty 22 14

loaded 88 28

The discrepancy between the stopping distance
of a sample car by the method of «sequential brak-
ing» and the stopping distance value by the typical
method does not exceed 0.84%, so I think the
method accuracy is sufficient.

Every testing implies the measurement error.
Evaluation of the error impact on the final results
is shown in Table 5. The error was introduced into
the original data and then increased. The evalua-
tion was conducted during the simulation of 100
braking operations.

The error reduction at the input from 1% to
0.5% will result in double decreased error at the
output (stopping distance of the car).
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Table 5

Effect of tractive connection stopping distance
measurement error on the car stopping distance

Tractive connection Error ratio of stopping
distance of a single car
with a relative error of
tractive connection 1%

VL80-SC:
VL80(c1)-SC(ci, 1): 7
VL80(ci)-SC(ci, e): 10
VL80(ciph)-SC(c, 1): 33
VL80(ciph)-SC(c, e): 5.8
VL80-TC-SC
VL80(ci)-TC(ci)-SC(ci, e) 7.9
VL80(ci)-TC(ci)-SC(ci, 1) 19.7
ChS1-sC
ChS1(ci)-SC(ci, 1): 5.7
ChS1(ci)-SC(ci, e): 3.9
ChS1(ciph)-SC(c, 1): 3.27
ChS1(ciph)-SC(c, e): 2.15

Findings

1) The relative error of car stopping distances
value, with relative error of basic data 1%, made
3.3-19.7% (depending on the tractive connection
variant);

2) The proposed ways of error reduction
(without track test car, less-weighed-locomotive
use) allowed declining the error to 2.15-5.7%.

Originality and practical value

The methodology of error estimation of car
stopping distances determination under tests by the
method of sequential braking was proposed. Work
results make it possible to replace the running
brake tests by the abandonment method, under
which the integrity of tractive connections is bro-
ken, with safer testing by the method of sequential
braking, providing the level of result accuracy of
2-5%.

Conclusions

The conducted research allows making the fol-
lowing conclusions:

1) An alternative to the method of «aban-
donment» in determining the effectiveness of the

car brakes empirically during the train testing
should become the method of «sequential brak-
ingy.

2) Further work should be focused on deter-
mining the ways to reduce the impact of cumula-
tive error on the stopping distance of a sample car.

3) The proposed test method requires experi-
mental confirmation.
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BU3HAYEHHS I'AJIBMOBOT'O IIVIAXY HECAMOXIZAHOT'O
PYXOMOTI'O CKJIAAY METOJAOM INOCHIAOBHUX I'AJIBMYBAHD

Merta. B po6oTi HEOOXiZHO OWIHWUTH TOYHICTh BH3HAYEHHS TallbMOBOTO MUIAXY BaroHa MNpPH TPOBEICHHI
BUIPOOYBaHb METOJOM NOCIHIIOBHHX TallbMyBaHb. MeTON TOCTIIOBHUX TajlbMyBaHb 3aCTOCOBYETBCS IS
SKCIIePUMEHTAJIBHOI OLIIHKH TaIbMOBOTO LIUISIXY BaroHa. Ha BiMiHY BiJ METO/Y «KWIAHHS», KOJH JOCHIIIHUN BaroH
BIN'€IHY€ThCS Bil 34eIly Ta PEECTPYEThCS TaJbMOBHH HUISX OJMHOYHOTO BaroHa 3 MOMEHTY BINYEIUICHHS MO
3YIHHKH, METOJI TIOCIIIZIOBHUX TalbMyBaHb Nepeadadac BUMIPIOBAHHS TaIbMOBOTO IUIIXY 39€Ily, IIUTICHICTD SKOTO
B IIPOIIeCi EKCIIEPUMEHTY HE TIOPYIIYETHCS, ajle Ha PI3HUX CTaisfAX eKCIIEPUMEHTY 3MIHIOEThCS HOT0 CKItaz (JIOKOMO-
THUB, JIOKOMOTHB 13 BarOHOM-J1a00paTopi€ro abo 3 JOCTITHUM BaroHoM). besnocepeiHb0 BUMIPSTH TaIbMOBHH IIIISIX
JIOCJIIZTHOTO BaroHa TakMM CIIOCOOOM HE BJAETHCS, JTOBOAUTHCS OOYMCIIIOBATH HOro 3a 3HAYEHHSIMH TaJIbMOBOTO
HUIsIXy 3uemny. Lle HeraTMBHO MO3HAYa€THCS HAa TOYHOCTI pe3ysbTary, 3aTe J03BOJISIE MiJBUIIMTH PiBEHb Oe3lexu
npoBeJeHHs BUIIpoOyBaHb. MeToanka. [[J11 OLiHKM TOYHOCTI JOCIIIHUKY ITPOBEIIH YUCEILHUN €KCIIEPUMEHT, SIKUH
MOJIETIIOE 00pOOKY EKCIEpUMEHTAIbHUX 3HA4YeHb rajJbMOBOro HUIAXY. [loxuOKy 3HaWIuIM, 3amarouu oOypeHHsS
BUXIMHUX JaHWX (TaTbMOBI MUIIXM 34YEHiB pi3HOI KOHQIryparii) Ta aHami3yloul BUKIMKAHUH UM DPO3KAL
pe3ynbTaTiB (rajJbMOBOTO MUISXY OJMHOYHOTO BaroHy). PesdyiabTatu. JlocnmiyukeHHAM NOBeneHO: 1) 3HAYCHHS
BiTHOCHOI IMOXMUOKH TaJIbMOBOTO MIISAXY BaroHa IpH BiTHOCHIN MoxuOLi BUXinHUX manux B 1 % cxmano 3,3-19,7 %
(3anexxHO Bin BapiaHTy (opMyBaHHS 3uemy); 2) 3ampONOHOBaHI 3acO0M 3MEHIICHHS NOXHUOKH (BUKJIFOUCHHS
BaroHa-na0oparopii, BUKOPUCTAaHHS JIOKOMOTHBA 3 MEHIIOK Barorw) AO3BONWIM 3HM3UTH 11 1o 2,15-5,1 %.
HaykoBa HoBM3HA. ABTOpaMH 3aIIpOIIOHOBaHA METOAMKA OLIHKH IOXHUOKH BU3HAYEHHS TaJbMOBOTO IIUIXY BaroHa
npu  BUIIPOOYBaHHSIX METOJOM TMOCHIZOBHUX TrajbpMyBaHb. I[IpakTnyna 3HaumMmicTb. Pesynbrat pobotn
JIO3BOJISIIOTH 3aMIHUTH XOJIOBI TajIbMOBI BUIIPOOYBaHHS METOZOM «KHAAHHS», IPH SKUX MOPYIIYEThCS LLTICHICTH
34eny, Ha OUIbIl Oe3meyHi BHUMPOOYBAHHS METOAOM IIOCHIJOBHUX TaJibMyBaHb, 3a0C3MCUUBINN PIBEHb TOYHOCTI
pesynbrariB 2-5 %.

Kniouosi crosa: TanbMOBUI NUISIX; METOJ «KHIOAHHS»; METOJ IMOCTIJOBHHX TallbMyBaHb; JOCTITHUN 34el;
MoXuoOKa
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OIIPEJAEJIEHHUE TOPMO3HOI'O IIYTH
HECAMOXOIHOTI'O IOABUXKXHOI'O COCTABA METOAOM
MOCJIEJOBATEJIbHBIX TOPMOKEHUM

Heab. B pabore HEOOXOAMMO OLEHUTH TOYHOCTH ONPEAEICHUS TOPMO3HOTO IyTH BaroHa NPH IPOBEICHUH
UCTIBITaHU METOZIOM TIOCIIE0BATENbHBIX TOPMOKEHUI. MeTo ] mocaeJ0BaTeNbHBIX TOPMOKEHNH IPUMEHSACTCS IS
9KCTIEPUMEHTAILHOM OIIEHKH TOPMO3HOTO ITyTH BaroHa. B otnn4dune ot merona «OpocaHus», KOT/ia ONBITHBIN BaroH
OTCOCAMHACTCA OT CHEINla U PETUCTPUPYETCA TOpMOSHOﬁ MyTb OAWHOYHOTO BaroHa € MOMCHTa OTHCIKH O0
OCTaHOBKM, METOJ IIOCJIEI0BATEIIbHBIX TOPMOXECHUM INpEeAyCMaTpUBAeT M3MEPEHUE TOPMO3HOIO IIyTU CLEIa,
LEJIOCTHOCTh KOTOPOTO B IIPOLIECCE IKCIIEPUMEHTA HE HapylIaeTcsl, HO Ha Pa3HBIX CTaHiIX SKCIEPHMEHTA MEHSETCS
€ro cocrtaB (JJOKOMOTHB, JIOKOMOTHB C BaroHOM-1abopaTropHel, WM C ONBITHBIM BaroHoM). HemocpencTBeHHO
M3MEPUTH TOPMO3HOW MYTh ONBITHOI'O BaroHa TaKUM CHOCOOOM HE YAaeTcs, NMPHUXOAUTCS BBIYHMCIATH €ro IO
3HAQUEHHMSAM TOPMO3HOTO IIyTH CIena. JTO OTPHUIATEIFHO CKa3bIBAeTCs HAa TOYHOCTH PE3yJbTaTa, 3aTO MO3BOJISET
MIOBBICUTh yPOBEHb OE€30MACHOCTH MPOBEICHUS HCHbITaHUH. MeToauka. [ OLEHKH TOYHOCTH HCCIICAOBATENN
MIPOBEJH YUCIICHHBIH YKCIIEPUMEHT, MOJICTTUPYIOMINI 00pabOTKy IKCIIEPUMEHTAIBHBIX 3HAYCHNI TOPMO3HOTO Iy TH.
ITorpemHocTs HamuIM, 3a4aBasl BO3MYILICHUS HCXOAHBIX JAHHBIX (TOPMO3HBIE IYTH CLENOB pPa3IHYHOMN
KOH(HUryparnun) U aHaIM3UPYS BBI3BAHHBIA 3THUM Pa30poc pe3yibTaToB (TOPMO3HOTO ITyTH OAMHOYHOTO BAaroHA).
PesyabTatsl. MccnenoBanneM qoka3zaHo: 1) 3HaUCHNE OTHOCUTEIBHON OTPELTHOCTH TOPMO3HOTO ITyTH BaroHa Ipu
OTHOCHUTENIBHOW IMOTPEHIHOCTH MCXOAHBIX JaHHBIX B 1 % coctaBuino 3,3-19,7 % (B 3aBHCHMOCTH OT BapHaHTa
dopMupoBanus  ciemna); 2)  [OPEUIOKCHHBIC  CIIOCOOBI  YMEHBIICHUS  TOTPEIIHOCTH  (MCKIIFOUCHHUE
BaroHa-1adopaTropyuy, MCHOJIb30BaHUE JIOKOMOTHBA C MEHBLIMM BECOM) MO3BOJMIM CHH3UTH ee 1o 2,15-5,1 %.
Hayuynasi HoBM3HA. ABTOpaMHu IpEIJIOKEHA METOJMKA OLEHKH IOTPEIIHOCTH ONPENENICHUS TOPMO3HOTO ITyTH
BaroHa IPH HCHBITAaHUSAX METOJIOM ITOCIIEN0BaTeNbHBIX TopMokeHHH. [IpakTHyeckast 3HaUNMOCTB. Pe3ynbraTsl
paboThI IO3BOJISIOT 3aMEHUTH XOJIOBBIE TOPMO3HBIE MCIIBITAHUSI METOOM «OpOCaHMs», TIPH KOTOPBIX HapylIaeTcs
LEJIOCTHOCTh CLETIOB, Ha Oosiee Ge30macHble WCIBITAHUS METOJOM II0CIECIOBATEIbHBIX TOPMOKCHUH, 00ecIeunB
YpOBEHb TOYHOCTH PE3yJbTaToB 2—5 %.

Kniouesvle cnosa: TOPMO3HOHM ITyTh; METOZ «OpOCaHMS»; METOJ IOCIIENIOBATENBHBIX TOPMOXKEHHH; OIBITHBIA
CIICII; TTOTPEIIHOCTD
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