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' (optional)
™

Figure 8.40: Data flow in ETCS Level 1
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Number of cities worldwide that offer bike-sharing systems (as of December 31, 2014)

Biggest Bike-Sharing Fleets
B Number of bicycles
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BBC.com. (2012 November 17, June 4). Egypt bus crash kills 50 children near Manfalut, [\]

P.P.a. Y. Kulikov. (2010 Cct 12, June 4). Train and bus collide in Ukraine, 43 killed. [¥]
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8- Resuliz for sinpping distanres

Change n the tain stoppns distance and stopping tine for different bralke delay trve and tran vwelocties are
shoarnin Fiz. 19, 45 canbe seen, the effect of brake delay tire on stoppine distances incresses as frain forwrand

velooty Incieases,

700

il
misen

33 3

Fig. 19 Bffect of hraking dday time onsiopping distan e () and stopping time (b)

10 Concheinn

Effects of brakime delay time
on tran longitidinal dymanae
wer computdionally stdied
precisaly m tlis paper using
sinulabon techrique. The tran
contared one locomobve and
fifty taro waragoms equipped with
atomahe couplers nowung ona
strajzlt track at fhiee different
forarard welocthes.  The tran
vwas miodeled as a malty hinped
mxs. The locomohve dymanue
brke and airbilke of the cars
wer thecretically modeled in
the sinmlaton The brake delayr
tmes of 002 008 and 01
seconds were corsidered. The
sitmlabon resalts suggest that
for all tleee differmst delay
tres  comsidered, the
magmiide of the mamrmm
compression force decreases as
tram foraran velooty incwease.

Feferennes:

[1]. Fan, I i,
Fagharacharmh, E., Enmar,
M, “Mathematical modeling to
sinulate the bamsient dynanac
longitodinal force drawer bars of
a tancomwist’,  Joamal of
Sourd amd Vibrahon 3, 385
379198

19 Rahesevom Journal

(... 00F e, --- 0006 sed amd 01 sex)

For all cases comsidered, the
locaon of the maaonum
copress on fowe seemed tobe
at the last thod porbon of the
tain length The smmlation
wnlts  mzgested  that the
AT in-hain aongressiomn
forwes are the lighest for the
brake delay fdme of 0.1
secords.  For thos lomgest delay
e the maanmmeongession
fowewas calmlated tobe dout
295 EN for the case of fran
forarard welomty of &0 Jowhr
Bezarding the in-bran temsils
fores, the conputed results
shoared that the magutide of
the maarmam  tensile  foames
mrwsel a5 bain  foverard
velootty incressed for all brake
delay trmes comsidered .

It wx alo moed that the
mmber of the cas which

[2]. Inpe a1 B and WRebb P &,
“The Longindinsl Behawir of
Heannr Haul Traine Uane Pervote
Locoahotine 7, Fnmth
Trdemriatictal He swrpr Hanl
Covdererce, Brictare , pp. 587 -
500, 19849,

[3]. oltr, B. T and Sy B. 5,
“Dionthling fhe Lergth of Cok
Trake o fhe Homder Walky®',

experkmnces  temsile force
mrwased as the tram forarand
velooity meweased and only the
cars located mn the fist thid
part of the tam lemcth
expererced  mn-tran  tensile
forres.  This type of in-tran
fotres ocour atthe final stage of
the braling penod. It was
nrterwstne to chserm that the
mnber of the cars whech
experkrnces  temsile force
decteased as bothbmlans delay
tirte and tain forerad welocity
increased.

The mazmitade of the macmnm
tersile foace wlahvely
inrweased a5 brale delay tene
decieased . With the mmerease of
the trainbrake delay tine there
wa 1o chanee on the lorationms
of the maarmm commpression
and tersile foares.

Fonmth Bdemational Heawer Hanal
Corderere e, Brkbahe, pp. 579 —
583, 1080,

[4]. K. PFakamra “Coupler
forres of 10004 class taro-axde
fieight tam’, Cuatedy
Feport of ETEL 33, 166-168
19a,

[5]. E}Shaie, M, “Recert
Sdemre evrerde b Buff and Dmaft



higher delay times, it is
observed that the number of the
cars which experience tensile
forces is increased
considerably. The magnitudes
of the maxium tensile forces are
nearly constant. These
maximum  magnitudes  are
calculated to be 125.1, 1306

and 100.2 kN for train forward
velocities of 33, 25 and 17 m/sec

respectively.
The time when the maximum
intrain  tensile forces of

individual couplers occur is
shown in Fig. 17-(b). It is seen
that the maximum tensile force
occurs at a considerably longer

INTERNATIONAL 4

time during the train braking
period and seem to be relatively
constant. Unlike to the previous
case periodic change
(oscillations) in the in-train
tensile force does not clearly
occur for this case of short
braking delay time.

. 25
20}
2 Y
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: 1]
: 1
N : {137 i
i sedq i
: ] i
b, 10 i
y !
£ - 1 .
%, 1 :
1 :
et 5 i :
(a) '. (b),
1 :
]4 " L ‘j 17 0 i 1 -4
0 02 04 06 08 1 0 02 04 06 08 1

Normalized distance of the cars

Nommalized distance of the cars

Figure. 17 Maximum longitudinal tensile coupler forces along the train (a) and its occurrence (b)
for short brake delay time of 0. 02 (... 33 m/sec, --- 25 m/sec and-17 m/sec)

The computed averaged in-train compression forces
along the train for brake delay time of 0.06 sec and
for different velocities are plotted in Fig 18-(a). The
maximum values of these compression forces are
calculated to be 28.13, 39.46 and 60.29 kN for train
forward wvelocities of 33, 25 and 17 m/sec
respectively. It is seen that the position of the
maximum averaged compression force is nearly at
the middle of the train and, similar to the previous

x 10°

cases, shifts towards the end of the train as train
forward velocity increases.

The averaged in train tensile forces along the train
length for short braking delay time are presented in
Figs. 18-(b). The maximum values of these tensile
forces are calculated to be 26.59, 19.89 and 15.77
kN for train forward velocities of 33, 25 and 17
m/sec respectively.

0 0.2 04 0.6 0.8
Normalized distance of the cars

1

-3
0 0.2

0.4 06 0.8 1

Normalized distance of the cars

Fig. 18 Averaged longitudinal compression force (a) and averaged longitudinal tensile force (b)
short brake delay time of 0.02 ( ... 33 m/sec, --- 25 m/sec and __ 17 m/sec)
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8-3 Resuliz for short hraling delay time

The sinalation results for short
bralans delay timme of 002 sec
under tlwee differat tran
forarard velocities of 35, 25 and
17 mfsec  showed  simular
phenomena disoussed dove for
long ard medium tzin braling
delay tmes of 01 and 008
secords were also chserved
here. Hewre ,the coresponding
thiee dirrensiomal maps are not
preserted  for the sake of
bevity. It shoald be mertioned
that for this case, the lewe] of
the maonum caleulated
longibadinal imtrain
COMpIEss1on formes are
copparatvely less than the
previols cases [A0G and S0P
contpared  wih  long and

PRl

=

wednin bralang delay tmes
wspaechvely)  Mowower, it 1s
seen that lnzher roamber of cars
dong the train expenence in-
tain tersile conpler foames in
thus case.

The calmlaed results of in-
hain  maimnm  compmession
forre of mdividual cas for
short brakine delay tinme aw
preserted in Fiz, 16-(a). As can
be seen the same tend
dismussed for previons cases
(Fizs. 10 ard 13) are 1derhified .
However for this cme the
maearm - vahe of the
compress on foroe 15 deceased
corsiderably  whereas its
locahon 15 ot changed much
The maarmm vahes of these

10

COREEess10H foroes are
calulated to be 12882, 2189
and 2766 kN for tain forerand
wlocibes of 33, 25 and 17
misec wspachvely, Azaim it is
ntershine  to see that the
magmtide of the meinmm
compression foroe dectases @
tram forarand velocity vl es.
The irstart when the in-tain
MaMirmm  compression  foroe
for mdivwmdual coupless oomrs 1s
presented 1 Fiz. 164%]. It can
also be seen that the hain
forarard welociby has hittle effect
on the coourrence tme of the
MaOm I n-tran compressiomn
foare for tlos shoet bralang
delay e
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The maammm in tran termsile
forces along the train ength for
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Conpared with the previous
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The 1mstart whn the ntram  maanum wst of the cars the comirenre trme of maamm
comtpression forces for md readual coupless comir aw compres sion fowce 15 neady the same at aboat 8 sec.
prserted in Fiz. 13-(b) for different tain forarad Lzain, it 1s seen that the tram forerard vwebatr has
veloomtes cors dered. Simular to the previons cases, Little effect on the oconrrence tire of the masamm
it can be seen that the fist taro couples soon Itfram conpression fowces for differnt tran
experience commpression fomes. However, for the velocites corsidered .
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The maarmum in bain fensile forces alone the aim xespectvell_.r The mstat of the comumrerce of e
length for the 5 cases of mednim delay are preserted tain macrmnm tesile fore for mdividual couplers
m Fiz. 144a) Conpared writh the previous case, 1t fordfferent tran forerard velocities has been shoam
15 chserved that the muwber of the cars wluch n Fiz 144b7 it 15 seen that the maomm temsile
experlence a tewile fowe iDrwase and the fore ooous at the very last stage of the tran
magritide of the mannm force wmans rearly the brakine penod. Thos imstart 15 calmlated tobe 2053
satne. The maimum vahies of these tersile fowres to24.13, 1944 0 1975, and 14 A6 1o 15 18 for tain
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Fig. 14 Maarmon longobadina tensile coupler foroe along theetr am () and tive whendt ofours (bjfor
Tivedimn b ke delay timue of 0,06 (... 33 Twisec, - 25 auisedr and 17 mued).

The computed averaged mtrain conpression fowces nuddke of the train Ths locabon seems o slowly
along the train for brake delay time of 006 sec and shift toarards the riglt as tram forerard welocity
for differert welorihes ave plotted in Fiz 154a). The ncwases. The averaged in train tersile forces along
maimn vahes of these conpression fores amw the train for these cases are preserted m Figs. 15
calmlaed to be A53], 0058 and 13059 kN for (b). The marinum vahes of these ersile foroes are
tram forerard welocity of 35, 25 and 17 mis camilated to 2447, 1765 ad 123 kN for tan
respechively. It can be seen that the macarmm forarard velocity of 33, 25 and 17 ms respechvely.

averszed commpeession fomwe ocoiwrs ready at the
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The calculated averaged in-train compression and

tensile forces along the train for individual cars are

plotted in Fig. 12-(a) and (b) respectively.

Here, the averaged compression and averaged
- tenst

f(t)] + le
IIEOREO)

Average compression force = 2 5
t
b

f(tw-

Average tensile force = 2

i) Mt

2%,

es are averaged values of these forces during the
brake application time (ty) using formula 11 and 12
below.

(1)

(12)

In the above formula () and t, are aoutocoupler force and brake application time.

From Fig.12-(a) it can be seen that, irrespective of
train velocity, the maximum average force occurs at
nearly the middle of the train indicating that the in-
train compression forces occur in the nearly middle
of the train during the whole train braking period.
The maximum values of the averaged compression
forces are calculated to be 1349, 172.4 and 224.3
kN for train forward velocities of 33, 25 and 17 m/s
respectively.

D E Il 1 i I
0 0.2 04 06 08
Normalized distance of the cars

05¢

From Fig.12-(b) it can be seen that the averaged in-
train tensile force increases with the increase of
forward velocity. The maximum values of these
averaged tensile forces are calculated to be 19.7,
14.6 and 9.1 kI for for train forward velocities of
33, 25 and 17 m/s respectively. It should be noted
that magnitude of the averaged tensile force is quite
lower than the averaged in-train averaged
compression force for all cases.

x10°

(b)

0 02 0.4 06 08 I

Normalized distance of the cars

Figure. 12 Averaged longitudinal compression force (a) and averaged longitudinal tensile force (b) for
long brake delay time of 0.1 ( ... 33 m/sec, -— 25 m/sec and ___ 17 m/sec).

8-2 Results for medium braking delay time

For the case of medium braking delay time of 0.06
sec, the simulations for three different train forward
velocities of 33, 25 and 17 m/sec were carried out.
Similar phenomena discussed above for long
braking delay time (discussed regarding Fig. 9) were
observed here. The corresponding three dimensional
maps are not presented here for the sake of brevity.
The calculated results of in- train maximum
compression force of individual cars for this
medium braking delay time are presented in Fig 13-

15 Rahesevom Journal

{a). As can been seen the same trend discussed for
Fig. 10-(a) are identified. For this case, however,
the maximum values of compression forces are
decreased about 40 percent whereas its location 1s
remained nearly constant. The maximum values of
compression forces are calculated to be 581.8, 491 .4
and 426.6 kN for train forward velocities of 17, 25
and 33 m/s respectively. Similar to the previous
case, the magnitude of the maximum compression
force decreases as train forward velocity increases.



The maximum in-train compression forces for
individual cars along the train length are presented
in Fig. 10- (a) below for three different velocities
considered. Here, the vertical axis represents force
(N) and horizontal axis represents the non-
dimensional distance of the wagon location from the
train leading head. As can be seen, the location of
the maximum compression force is to be at the last
third part of the train length at the end of the train.
The maximum value of compression forces is
calculated to be 754.8, 848.2 and 993.1 kN for train
forward velocities of 33, 25 and 17 m/s respectively. It
18 interesting to see that the magnitude of the

INTERNATIONAL 4

maximum compression force decreases as train
forward velocity increases.

The instant when the in-train  maximum
compression forces for individual couplers occur are
presented in Fig. 10-(b) for different train forward
velocities considered. It can be seen that except for
the first two couplers, the occurrence time of the
maximum compression force is nearly the same at
about 10 sec. It can also be seen here that the train
forward velocity has little effect on the occurrence
time of the maximum in-train compression forces
for the cases under investigation.

6

(b)

E:

D L L L
0 02 04 06 08
Normalized distance of the cars

0 02
Normalized distance of the cars

04 06 08 1

Figure. 10 Maximum longitudinal compression coupler forces (a) and the time when it occurs (b) for
brake delay time of 0.1 (... 33 m/sec, — 25 m/sec and __ 17 m/sec).

The simulation results for the maximum in-train
tensile forces along the train are presented in Fig.
11-(a). It can be seen that through the braking
period, only the wagons located very close to the
locomotive experience tensile forces. It is also
interesting to see that occurrence of the tensile
forces 1s in the last few seconds at the final stage of
the braking period. It 1s identified that the number of
cars which experiences tensile force increases as the
train forward velocity increases. The maximum
values of these tensile forces are calculated to be
129.6, 164.9 and 77.8 kNN for train forward velocities

x 10°

30

of 33, 25 and 17 m/s respectively. These values are
considerably less than that of yielding values of the
coupler material.

Figure 11-(b) shows that the in-train maximum
tensile force for individual couplers oceurs at a short
duration of time at very last stage of train braking
period. This duration is calculated to be 21.39 to
26.4, 21.51 to 21.94 and 17.01 to 17.46 seconds for
train forward velocities of 33, 25 and 17 m/s
respectively. It 1s interesting to see that a clear
periodic (oscillation) change in the in-train tensile
force occurs for high velocity of 33 m/sec.
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Figure. 11 Maximum longitudinal tensile coupler forces (a) and the time when it occurs (b) for
long brake delay time of 0.1 (... 33 m/sec, -— 23 m/sec and __ 17 m/sec)
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Fig. 8 Braking effort versushraldng time (a) airhraking effort and (h)d ynamic braking effort

The resultz for long brake delay time of 0.1 sec a
three different train forward weloaties of 33, 25 and
17 mizec are presented, both in three dimensions
and counter plots in Figs 9-(a) to (c) respectively. It
1z showm in these figures that in the imtial stage of
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g_r'onmamm

SEC

SEC

x10

SEC

e .,_.n

braking, while the brale sonal pressure reaches end
of the train, the intrain forces hetween the couplers
are practically low  This iz because the cylinder
pressure and hence the bralang effort 15 low dunng
the individud cylinder pressure build up time.
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Figure. 9 In-train coupler comp ression forces for delay time of L1 sex  firain forward velocity (a) 17 nuis, (b)25 ms and (c) 33 m's.
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(10)

Here K and K» are empirical constants, mpa is mass supported per axle in tone and me represents total mass of the

train.

7- Simulation condition

The train consisted of one locomotive and 52 freight
cars. The locomotive and cars were those in use by
Iramian Railways. The dynamic brake and traction
characteristics of the locomotive and the rolling
resistance of the train (locomotive and wagons)
were discussed in the previous sections above. The
Locomotive 1s located at the front of the train

working in a pull mode. The braking was
considered to be a full braking effort. In this mode
of brake application it is assumed that the engine is
cut-off and the dynamic braking initiates
simultaneously with air braking. Other train
specifications are given in Tablel.

Table 1 Train specifications

Effective mass of each wagon

Rigging ratio for locomotive 13.61
Rigging ratio for wagon 11.76
Number of brake shoes for each wagon 16
Brake shoe effective area 0.009 mm?
Maximum brake cylinder air pressure 4 bars
Effective area of brake cylinder 1295 mm?
Length of car body 15.8 m
Draft gear course 0.11 m
Coupler Slack 0.02 m
Time needed for reaching maximum brake force 20 seconds
Limiting Stiffness or Locked Stiffness 17 mN/m
 Dynamic braking force in extended region | 300 KN
Extended region in dynamic brake characteristics curve 30 to60 km/h

In this study, the freight cars are equipped with
knorr air brake system and the locomotives are
equipped with Sab Wabco air brake system and
improved GT26 locomotive's dynamic brake system
as are in [ranian railways. In the modeling of the
train, the characteristics of these systems were used.
Here, the maximum air braking effort for individual
cars are about 206 kN and the maximum pneumatic
and dynamic braking efforts are 240 and 40 kN
respectively. It is necessary to mention that the
maximum braking effort 1s usually about 30 to 35
percent of the vehicles (locomotives and carsiin
railways.

8- Simulation results

8-1 Results for long brake delay time

The wagon braking effort versus time for car 1, car
26 and car 52 are shown in Fig. 8(a){or delay time
of 0.1 and train mtial velocity of 33 m/sec. Similar
behavior was observed for delay time of 0.06 and
0.02 sec at different velocities.

Computer simulations have been performed using
MATLAB commercial computational software
version 7.0.4. The method used to solve the
equations of motion is fourth-order variable step
size ode23t (Modstift/Trapezoidal) with the
minimum step size less than 0.00001 sec with the
initial step size of 0.001. The maximum step size of
auto mode is selected.

Simulations are conducted for three different cases
of long, medium and short braking delay times of
0.1, 0.06 and 0.02 seconds between successive cars
respectively. For each case, three different train
forward velocities are also considered for
investigating the effect of train forward velocity on
longitudinal train dynamic.

The dynamic brake effort curve which 1s used in
longitudinal train dynamic modeling of this paper 1s
shown n Fig 8 (b). It should be noted that in this
study the dynamic brake system is applied to the
locomotive only

Rahesevom Journal 12



> INTERNATIONAL

speed of the brake signal which is 10 to 25% under
the speed of the sound in open air [18]. Additionally
for long trains, as a result of decrease of the rate of
change of air pressure along the air brake pipe, the
distributor valve reaction time for wagons at the rear
end of train can be longer than that of cars at the

F(t) = P(t).f,.Aim,,

Here F(t) and P(t) are time dependent car brake
force and cylinder pressure respectively. A is
effective area of the brake cylinder and i is rigging
ratio whereas fi, and 14y, are friction coefficient and

The function P(t) is given by:

A
-t
P(t) = [tdelay] u(ti tdelay )pmax ift< tmax g tdclay

max

510 o S

In this relation:
Pmax = maximum cylinder air pressure

front end [19]. The late start of the brake cylinder
built up pressure at the rear end of the train and the
eventual longer brake application time leads to the
rear cars running in to the front cars and produce
large in train forces. With this knowledge brake
force can be formulated in such a form as:

(6)

dynamic efficiency of the rigging ratio respectively.
These are parameters which depend on the train
brake system.

(7)

i 0 A P

tmax = time needed for reaching maximum cylinder air pressure

taa = car application delay time

u = unit step function

A = constant which depends on the distributor valve of the cars
t = time, starting from the initiation of the train braking

There are different formulas for different types of
brake shoes. In the present study, the cars were

1+0.01V 1+0.0056Ps
f =06 pe
1+0.05V  1+0.280Ps

b

equipped with cast iron brake shoes. For this type of
shoes the most known formula is as follows [17]:

8)

Where P, is pressure [N/mm?| exerted on the brake shoe and V [m/sec] is linear velocity of the wheel.
The dynamic braking effort curve for the locomotive employed in the train has three separate regions as follows

[17].
F,
fFb V}’m v Ve ¥,
ml
Fb = Fbm le < V= sz
BN
LFb = me m2 V> sz

®)

Here, Fum is the maximum braking force and Vi and Vg are the limiting speeds where the brake force is constant

at its maximum value.

6- Rolling resistance modeling

Propulsion resistance of the rail vehicles is usually
defined as the sum of rolling and air resistances.
These are very much dependent on the shape and
design of the wehicles and the complexity of
aerodynamic drag. The calculation of rolling
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resistant is still dependent on the empirical
formulas. In this study a relation similar to that of
Davis relation is used for predicting propulsion
resistant. That is:



Where L and . are static and dynamic friction
coefficients respectively whereas X represents
change of draft gear position and 3 represents the
friction curve gradient around the point where the
friction polarity changes. In the present research B3,

M

KN
900

700

200
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Ls and Ly are considered to be 0.20, 0.35 and 0.30
respectively.

The dynamic characteristics of draft gear are shown
in Fig 6. Here, the enclosed area corresponds to the
energy absorbed during longitudinal oscillation
processes of the cars.

>
e 0.11
Spring compression (m)

Fig. 6 Characteristics curve of friction type draft gears.

4- Brake modeling

The freight cars under investigation are equipped
with an automatic air brake system shown in Fig. 7.
In this system, braking of the train starts by reducing
the air pressure in the train air brake pipe. This is
applied by the brake control valve located in the
locomotive by reducing the air pressure in the train
air brake pipe. The distributor valve of each car
operates which causes flow of the air from the car

Drivers Brake Valve

Main Reservoir

Control Valve

Brake Pipe

=
Axiliary Reservoir
Brake Shoe

auxihary air reservoir to the brake cylinder. The
cylinder thrust then is transmitted to the rotating
wheels of the cars. The transmission ratio is
dependent on parameters such as cylinder size,
rigging ratio, dynamic efficiency of ngging and
cylinder, brake shoe friction coefficient and the
operating conditions.

Compressor

o

Distributure
Valve Conection Pipe

\ Brake Cylinder

Fig. 7 Schematic of automatic air brake system.

In train operation, it is a good practice that the brake
force 1s applied consistently to all wagons.
However, in trains having a length of a couple of

hundred meters, pressure wave (brake signal) in air
brake pipe reaches the end of the train in a few
seconds later than the front of the train based on the

Rahesevom Journal 10



Combined

Draft Gear Model

Limiting Stiffness or
‘Locked Stiffness’

=]

Coupler Slack

Fig. 4 Simplified wagon connection model.

Determination of the mathematical model for the
draft gear has received considerable attention n
technical papers [13]. In this research, the draft gear
1s considered as a single wedge spring as shown n
Fig. 5. The rollers provided on one side of the

compression rod can be justified in that the multiple
wedges are arranged symmetrically around the
outside of the rod in the actual umt. It will be
realized that different equilibrium states are possible
depending on the direction of motion of the cars.

Fig. 5 Free body diagram of a simplified draft gear rod — wedge — spring sy stem.

In Fig. 5, Fg and F¢ represents, respectively,
compression spring and cars impact forces whereas
prepresents friction coefficient. N; and N, are
vertical components of reaction forces and ¢ is
slope of the fricion wedge. When there 1s no

F, = tang F
tanp

In this formula tangp = 0.54 and F, is defined as:

impending motion on the sloping surface due to the
seating of the rod and wedge, the relation between
coupler force and polymer spring force for loading
and unloading positions can be developed as follows
[13]:

4

Fs(x) = (0.93x+1.162(x-0.02) u(x-0.02) +.883 u(x-0.1).u(x-0.1).)1000

Here, u is the unit step function and x represents change in the draft gear position.

The friction coefficient is usually modeled [14] as:

I e .4 i
n {H(u I)Exp[z‘ dt‘]}anh(ﬁ s

K
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For the leading vehicle (locomotive) in the train:
m X, +HE (X, %X,,X,X,) = 7fB,1 . fR,l —f,
For the 1 th wagon in the train:

myK; e (R X X X )+ (R X,
For the last wagon ( n th wagon) of the train:

man +fwc (Xn’xn—l’xn’xn—l) - _fB,n _fR

N

INTERNATIONAL 4

M

X, X)) = _fB,i - fR,i (2)

3)

In the above equations fw. is a nonlinear function describing the characteristics of the couplers.

Solution to the above set of equations is further
complicated by the need to calculate the forcing
inputs to the system, i.e., fs, fr, and fz. Approaches

3- Coupler modeling

The most important part in longitudinal train
dynamic modeling is the wagon connection
(coupler) element. In this research autocouplers with

Wagon Body

to the nonlinear modeling of the wagon connections
and of each of the forcing inputs are included and
discussed in the following sections.

friction type draft gears for wagon connections have
been considered. A conventional autocoupler and
draft gear package is illustrated in Figure 2.

Coupler Shank

Draft Gear Unit

Knuckle

Fig. 2 Conventional autocoupler assembly.

In modeling a wagon connection, two autocoupler
assemblies must be considered along with gap
elements and also stiffness elements describing

flexure in the wagon body. A wagon connection
model will therefore appear as something similar to
the schematic shown in  Figure 3.

Stiffness: Coupler
Shank Knuckle Yoke

Draft Gear
Model

Stiffness: Wagon Body and

Draft Gear Mounthing Coupler Slack

Draft Gear W
Model

Fig. 3 Components in a wagon connection model.

The model of wagon connection can be simplified to
a combined draft gear package model equivalent to
two draft gear units and one spring element
representing locked stiffness as shown in Figure 4.

In this figure, the locked stiffness 1s the sum of all
the stiffness of elements such as the coupler shank,
knuckle, yoke, locked draft gear, and wagon body
added in series.
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large intrain  compression
forces[4].

In 1993, El-Siabie reported that
lateral and vertical components
of forces resulting from coupler
angles on horizontal and
vertical curves are also quite
large [5]. These components
will adversely affect wagon
stability with the possibility of
train derailment at some points.
In 1995, Zobory et al. made an
attempt to simulate longitudinal
train dynamic, focusing on the
track geometry [6]. In 1996
Barbosa et al. in Brazil studied
the longitudinal train dynamic
m long trains [7]. The
longitudinal dynamic of a
typical subway train was
studied by Oyan in China in
1998 [8]. He found that sudden
failure of couplers would not
happen for a train at speeds up
to 5 km/h.

Similar results were reported
for a monorail car by
Verbitskiy et. al. in 2000 [9].
They looked at the relationship
between lateral in-train coupler
force components and wheel
unloading. Different modes of
dynamic  inferaction  were
reported by McClanachan et al.
in 1999 [10].

In 2008, Ansari et al
investigated the  sensitivity
analysis in longitudinal freight
trains dynamic [11]. In this
research effects of different
parameters (such as stiffness
and damping of automatic
couplers, train forward speed,
coupler clearance and train
acceleration  and  braking
processes) on longitudinal train
dynamic  were  investigated
parametrically. Effects of load
distribution patterns on the
longitudinal train dynamic were

also investigated by the same
investigators in 2009 [12].

In the present paper,
longitudinal train dynamic is
investigated using a simulation
technique. The effect of brake
application delay time between
the cars for different train
forward velocities on
longitudinal dynamic behavior
of the trains are investigated in
this paper. The results are
compared together in order to
give some new insight to the
problem of train longitudinal
dynamic  interaction  when
applying full braking. The
model considered is a time
domain one and is nonlinear.
The freight train consists one
locomotive and 52 wagons. All
the simulation input parameters
are in full accordance with
those currently used in Iranian

railways.

2- TRAIN LONGITUDINAL DYNAMIC MODELLING
Physical model for determination of the longitudinal
forces in a train is shown in Figure 1. Here, a
system of coordinate is attached to each of the cars
{wagons and locomotive). In this system x is

differential equations. For the purpose of setting up
the relevant equations, it is usually assumed that
there is no lateral or vertical movement of the cars.
The required governing differential equations can be
developed by considering the generalized n mass
dynamic system. During train application of brake,
relative movements occur between individual

displacement length in the direction of movement X

is velocity and X denotes acceleration of the
individual cars. The longitudinal dynamic behavior

. . masses.
of a train can be described by a system of
otwe
coopler
Xo X Xa Xo Xo Xa X X X Ko Xo Xy XXX,

Fig. 1 Longitudinal forces in train consist of n wagons each having a mass of m.

On each wagon act a brake force Fg, two coupler
(buffer) forces Fwc and a resistance force Fg. On
each locomotive one might add a traction force as
well. The cars are connected with buffers equipped
with springs for push-pull modes. Depending on the

7 Rahesevom Journal

compression or tensile of the springs of the buffers a
push or pull force results. Considering each car as a
rigid mass, the train can be described as a n point
mass dynamic system. The equations of motion for
individual masses are as follow:
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Abstract

In long trains the braking signal from locomotive
control valve takes a few second to reach the end
cars. As a result of this, there is a time delay in the
braking of the neighboring cars (locomotives and
wagons). This causes the running of rear cars to
front cars and hence producing large forces in the
buffers and couplers. The induced compression and
tensile forces are mainly of longitudinal nature and
considered to be responsible for large amount of
expenses regarding rolling stock and track repairs as
well as deterioration of safety operation of the
trains. The effects of the train brake delay time on
longitudinal dynamic behavior of the freight trains
are investigated in this paper using simulation

method. The fright trains considered are those
currently operating in Iramian railways.  The
simulations are carried out for three different cases
of long, medium and short brake application delay
times. For each case, three different train forward
velocities are considered. The computed results
presented here include in-train compression and
tensile forces. Different modes of longitudinal
dynamic interactions along the train length are also
observed by simulations. The results are compared
in order to give some new insight into the effect of
train braking delay time on train longitudinal
dynamic during braking.

Key words: Train dynamics, Train longitudinal forces, Train brake application, Brake delay time

1- Introduction

conditions [1]. In 1989
measurements and simulation

Longitudinal train dynamic, as specifications, train forward
an important problem in velocity, and train brake
railway system, 1s commonly delay time. Hence,
considered as the motions of nvestigation on train
the cars and locomotives of a longitudinal ~ dynamic  and

moving train and the relevant
in-train forces between the cars
along the track Train motion
includes the motion of the train
as a whole and the relative
motion between vehicles due to
the looseness of the couplers in
between the vehicles.
Longitudinal  train  dynamic
depends on a number of
parameters such as operational
parameters, load distribution of
wagons, coupler’s  dynamic

specifying the optimal design
parameters is very much
complicated. However, in the
last two decades, longitudinal
train dynamic studies have been
of much interest to lessen
longitudinal in-train forces and
to enhance dynamic behavior of
the trains. In 1984, Rao et al
investigated  the  transient
response and coupler (draw-
bar) forces of a train-consist
subjected to different handling

results of in-train forces in the
Queensland coal haulage were
reported by Duncan and Webb
[2] and at the same time by

Jolly and Sismey similar
investigations were carried out
regarding trains of double

existing length in New South
Wales railways [3]. In 1984
Fukazawa  calculated  the
coupler forces of trains made of
two-axle f{reight cars during
braking and concluded that at
speed lower than 30 Km/h
emergency braking should not
be applied in order to prevent

Rahesevom Journal 6
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Tehran's Main Metro Lines

Tehran metro is 175 km with 170 train sets are recording 3 million trips every day.
Iranian State»s Railways main lines with about 12000 km is to be extended to 20000 km in next 5 years.

« Contact Information:

Cell: + 4057705 912 98

Tel: 30-77491029 21 98+

Fax: 77451568 21 98+

Email: a_nasr@iust.ac.ir

Web: http://www.iust.ac.ir/

Address: Narmak, Tehran,1684613114, Islamic Republic of Iran.

« Research interests:

- Rail brake systems (performance analysis, professional courses, rail brake refurbishment & modernization).
- Longitudinal dynamics of train subjected to braking/traction torques.

-Safety, accident analysis, energy saving and environmental research in rail systems.

- Quality control tests on wheels, discs and brake friction materials.

- Laboratory and simulation tests on brake systems.

« Some research projects carried out:

- Field measurements and analysis of wheel wear for rail passenger vehicles.

- Novel optimization method for designing wheel profiles.

- Effects of cylinder build-up pressure, delay time and train length on in-train longitudinal forces.
- The analysis and economical evaluation of the Iranian rail fleet renovation alternatives.

- Design and manufacturing of test stand for Iranian Alstom locomotive brake panel.

- Optimization of train «break-in-two « protection system for Iranian GE locomotives.

- Design and manufacturing a fully developed train brake test car.

- Optimization of energy consumption for a passenger train.
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5 Objectives

The train brake reference laboratory
conducts basic research to develop
technologies and improve safety,
comfort, reliability and economics
of rail brake systems. On the bases
of extensive technical, research and
teaching experiences obtained,
TBRL>s team is capable of providing
following research and technical
services for the rail transportation
systems. The services extend to
trucks, buses, trams, light rails, metros
and commuter lines as well as D/
EMUs and high speed rail systems.

3 Rahesevom Journal

6 TBRL's research interests

and capabilities

- Refurbishment and modernization

of current brake systems.

- providing professional training

courses in rail brake systems.

- Standardization, quality control on

maintenance and repair of rail brakes.

- Design and manufacturing fully

automatic electronic brake test

stands.

-Thermal and mechanical phenomena

of friction elements (discs, pads and

shoes) during brake applications.

- Train longitudinal dynamics in

braking/traction stages.

- Undertaking innovative research

works in rail brake system.

- Research on safety, comfort,

energy consumption and

environmental aspects of rail
systems.

- High standard scientific
research on friction
materials of rail brake
systems (material selection,
none-destructive tests,
metallography, wear and

friction analysis, ...).

TBRL's Future plans
The Train Brake Reference
Laboratory>s main attempts

is to focus and ensure its efforts
on rail brake research in line with

immediate and future needs of rail
brake industry. This is why TBRL is
going to extend its test facilities to a
much more reliable and sophisticated
ones. Hence any proposal, idea and
suggestions for the following topics
from private and public organizations
and individuals, are greatly welcomed
by TBRL> research team.

- full train brake simulation stands
and programmes.

- testing characteristics and
performances of brake friction
materials.

- wheel/rail adhesion and wheel
slide control.

- online brake performance
condition monitoring.

- field measurements of
longitudinal train dynamic forces in
braking and cancelation.

*working together
with others

**TBRL»s main mission is to become a
more reliable place for brake research.
This requires knowledgeable people,
specialized equipments and state-
of-the art techniques. Here, is where
the TBRL is seeking proposals and
plans from distinguished individual
professionals and expert companies
for conducting mutual research
programs working together with
others.



Train Brake Reference
La b O r ato rY(TBRL) Directed by: Assist. Prof A. Nasr

School of Railway Engineering, Iran University of Science and Technology
Narmak, Tehran,1684613114, Islamic Republic of Iran

A scientific place dealing with teaching and research in rail brake systems.
Some aspects of this laboratory is described in short below.

1 Introduction

Due to the rapid
development of Iranian
rail systems and the
public interests, School
of Railway Engineering
(SRE) was foundedd in
1997 at Iran University of
Science and Technology
(IUST) to fulfill research
and teaching needs

of this industry sector.
The school has 6 major
departments; Rolling
Stock Eng., Rail Track
and Structure Eng., Rail
Transportation Eng., and
Rail Safety Eng. Msc.,
Bsc. and ph.D disciplines
are currently running in
the majors mentioned.
One of the main goals
of the SRE has been to
establish standard and
qualified laboratories
and workshops to more
enhance its scientific
goals. Currently, there
exist several well
equipped running
laboratories such as:
Railway Superstructure
Laboratory, Railway
Substructure Laboratory,
Hybrid Train Laboratory,
Train Brake Laboratory
... and Control and
Signaling Laboratory

at SRE. Due to its
importance, in regard
to train safety and
reliability, the school

is now establishing a
well-defined state-of-
the art laboratory titled:
Train Brake Reference
Laboratory(TBRL).

2 Some facts and
figures

Iranian State»s Railways
is going to be improved
dramatically in early
future. Some new 5000
Km main lines are under
construction and one
major high speed track
of about 300 km/hr
(Tehran- Isfahan high
speed project) of about
450 km is already under
construction. Moreover,
the existing Tehran-
Mashad line of about 900
km is being upgraded
for higher speed of
about 200 km/hr and
large number of Iranian
towns are going to have
some sort of urban and
commuter rail systems
such as tramway, LRT

or Metro. For example
Tehran, Esfahan,
Mashhad metros are
already operating and
provinces such as Shiraz,
Karaj and Tabriz are
going to finish the civil
work of their rail systems.
To add to these figures,
Tehran metro of about
175 km is currently under
operation with 3 million
trips every day. There are
also another three lines
of about 70 km under
construction.

These facts and figures
all indicate that there

is a booming industry

in regard to the rail
systems specially in
rolling stock. And, one
of the most important

manufacturing and
research field regarding
rolling stock (in the view
point of safety, cost,
comfort, control, ... and
energy consumption and
environmental issues)

is braking systems.

Here, is the place that
potential domestic and
overseas well established
manufacturing
companies, universities
and research centers
might find some
opportunities for fruitful
cooperation with Iranian
rail operators.

This is why, School of
Railway Engineering is
taking the opportunity
to upgrade and enhance
the capabilities of its
running train brake
laboratory to a high
level research oriented
scientific laboratory;
Train Brake Reference
Laboratory (TBRL)

to respond well to
Iranian and overseas

rail research needs and
requirements in brake
systems. TBRL is looking
forward to hearing
proposals from well-
steamed firm for mutual
research cooperation.

3 Missions

TBRL is established

to strengthen its ties
between Iranian rail
industry and academia.
It performs technology
scanning to identify
emerging rail brake

technology for the
railroad industry and
brings together
researchers and experts
to coordinate applied
and high qualified
research in rail brake
systems. TBRL works
closely with Iranian rail
industries in freight,
passenger and metro
sectors. The laboratory
is also going to maintain
reliable cooperation
with overseas
universities and research
centers. Graduate and
undergraduate students
actively participate in,
and make significant
contributions to,

the TBRL's goals and
program.

4 Core values of
TBRL

TBRL has defined its
efforts to maintain and
improve some basic
values and measures
through a team of
well-qualified and long-
experienced researchers.
By keeping it>s well
established believes,
shown in the figure
below, TBRL stays on a
right track to become a
responsible partner to
the rail society nationally
and internationally.
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International

Section

Editor note

“More than any other technical design or social institution, the railway
stands for modernity.”’
Tony Judt*

Welcome to this winter issue,

We have a range of amusing pieces in this issue, starting with an article about
Train Brake Reference Laboratory which was prepared by our esteemed Professor
A. Nasr of the School of Railway Engineering, IUST specifically for InnoTrans 2016.
The article describes the university’s very own Brake Lab which deals with research
and teaching in rail brake systems. Furthermore we have one of Professors A. Nasr’s
published articles about the effects of train brake delay time on in-train forces
which explains what delay time is and gives an insight into the effects of train
braking delay time on train longitudinal dynamics during braking.

| am extremely honoured to be the international editor of this issue, and would
like to invite all experts, students, professors, and alumni to help us improve this
section to the highest standards and to contribute to future issues.

S M Kheradmand

Warm Regards, . .
J ! International Editor
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