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A Study on the Improvement of Release Application
Characteristics of Pneumatic Brakes for Freight Train

Seong-Won Nam™, Hyeong-Jin Kim
Koreg Railroad Reséarch Institute, 3741, Woulam, Ulwang,
Kyunggi-do 437050, Korea

We have performed experimental studies Tor the improvements of pneumatic brake systems of
freight wains. Currently, most of the fréight trains operated by the Korean Natonal Railroad
have either empty-load or diaphragm type brake systems. In this study, appropriate methods
that the air pressure characteristics in both type of brake systems are in accordance with each
other have been investigated. We have also performed running tests using « 30 car-train set o
design optimuam capuacity of a quick reléase vilve: The test results show that the guick release
valve is consideérably effective in shorteding the release time of the diaphragm type brake systen.
In the case of a normul brake application, the diaphragm type brake system with the guick
reledse vilve reduces the release time to 34% of that of the system without the quick. release
valve. This release time is almost equivalent to that of the empty-load type brake system.
Accordance of braking performance in different types of brake systems in .z tram set is expected
to prevent wheel flaw #nd o reduce maintenance costi

Key Words : Pneumatics, Atr Brake System, Freight Train, Empty-Load Brake, Diaphragm
Valve, Triple Valve, Pressure Loss

kinds of cars, there is disharmony ol pressure
1. Introduction variations in brake ceylinders between freight
cars in front and the ones 11 rear. The discord
The road traffic has induced some problems.  of air pressures in the brake cylinders between
for example, traffic jam and environment po-  front curs and rear cars results in difference
Hution due to emission gas-and a large number of  of jdle running time among freight cars. The
automobiles. In contrast to the road traffic, the  {roubles related to the brake system, for example,
railroad system is reassessed as an alternative  wheel flat or bad release application, cause the
meuns to solve the problems mentioned above. It délay of wain operation as well as untecessary
s well known that the vailroad systen has miany dinienEnces.
advantages of safety, low-pollution, scheduled Because each country around TKR{Trans-
operation, and mass transportation. In case of the  Koréan Railway), TCR (Trans-China Railway)
railroad system, it is very restricted for a. rapid and TSR{Trans*Siberian Railway] has its own
train. to pass a train started in advance. This birike systems for {reight cirs, some COUNEY fmay
restriction results in the low efficiency of total line experience these phenomena when, what is called,
the iron silk-road between Europe and Asia is
In case of a freight train set consisted of various opened o traffic:

* Corresponding Author, Computational studies have been conducted to
E-mail : swoam @krrire.kr - solve the characteristics of pueumatio brake sys-
TEL : 48§2-31-461-8531; FAX : +82-31-461-8561 oot for fhe brake piee. and the shmule model
Korea Ridlroad Resedrch Institute, 374-1. Woulam, tf"‘m or the f)!\i & pipe and ihe simpie mO)t"
Uiwang, Kyungei-do 437-050, Korea. (Manus¢ript {(Bharath, 1990 ¢ Muraza, 1989 ¢ Abdol-hamid,
Reveived June 18, 2001; Revised Match 6, 2002) 1088, However, there is no study to analyze the
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entire pneumatic brake system with various con-
trol walve, brakeé pipe, and brake cylinder due to
the complexity of modelling. The running test

using freight cars and a locomotive was con-

ducted (o measure the pressure characteristics of

brake pipe and brake cylinder (Nam, ef al. 1999},

In this study, experimental studies using the
running tests with freight cars have been con-
ducted to improve the pnedmatic brake sy

fretght trains, We also modulate the preumatic
characteristics of brake and release applications
using a-quick release valve incorporated -in dia-

phragr valve to attain coincident pressure varia-

tion of each brake system and to shorten the
release time of the gradugl release brake system.

2. Pueéumatic Brake System of
Freight Train

Figure 1 shows the schematie diapram of @
pnetmatic ‘brake system for freight trains. The
brake valve supplies the compressed air i the
min reservorr of o locomotive to the auxiliary
reservoir of each freight car via brake pipes. To
stop ‘the train set- it is necessdry to control the
brake valve to exhaust the compressed air 1y the
brake pipe. The control valve of each freight car
passes the compréssed air y the auxiliary reser-
voir to the brake cylinder
compressed ar result dn the Trictional force bes
tween a brake shoe and a wheel. To release the
brake shoe from the wheel, driver needs to control
the brake valve 1o pass the compressed air 1o the
auxiliary reservoir and the brake pipe. Pressure
ificredse in these parts makes the control valve to
exhaust the compressed air in the brake cylinder
to the atmosphere. The prneumatic brake systems
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Fig. 1 Schematic diagram of brake system for freight

train

stems of

Those movements of

of freight carg are controlled by the brake valve to
mcredse and decrease the brake pipe progaure that
plays the signal of brake-release applications
(Kyvoyusya, 1993),

The brake and release functions of a triple
valve for freight cars dre shown in Figo 2, The

name of triple wvalve ¢ derived from three

funictions {brake, reledase and lap functions). It
has been used in the ampw—load brake system as
a control valve. Tn case of the brake application,

th‘;) piston in the contral valve 1§ moved 1o the el

&uxxhz:u*y reservorr am;{ the brake cylinder ig
opened, high pressure afr i the awdliary resers
voir flows into the brake covlinder. The lever
connected o the piston of the brake oylinder
torces the brake shoe to stick to the wheel tread.
These mechanism produces the frictional force to
stop the train. I case of the veledse applivation,
the piston in the control valve is moved to the
right side 11 Fig. 2{b). The compressed a in the
migin  reservoir of a locomotive fows into the
aukiliary reservoir of a freight car. At the same

time, the compressed air in the brake evlinder is
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Fig. 2 The function of wiple valve
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exhiausted to the atmosphere and the piston of the
brake cylinder is reéturried to 18 former position
by w release spring. Conseguently, if the brake
pipe is broken at any pomt and pressure {8 com-
pletely lost, the brake 15 auwtomatically applied
without driver’s control

While the triple valve s easy o maintain valve
becanse of ity simple strocture, it is difficult o
regulaie precisely.

The schematie sketch of o diaphragm valve
is shown in Fige 3. The valve contains a main
diaphragm and & smaller upper diaphragm, -In
the release position, the brake cylinder is con-
nected o exhaust through the Timiting valve and
the mlet-exhaust valve. Thiy dction makes the
brake released. T the brake pipe is charged, high
pressure ait enters not only the chamber above the
i diaphragm bur wlse the control ¢hamber
and the auxiliary reservour through non-return

vitlve Ay B, When all of these parts are churged 1o
the normal brake pipe pressure of S00kPa, no
movement occurs because the pressure across the
min digphragm are almost sames o cuse of the
brake application, the pressure in the chamber

above the main diaphragm s reduced. The non~
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Fig. 3 - Diaphragm contral valve
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return, vilves A and B shut out any back flow
trom the control chamber and the auxiliary reser-
vair, respectively. The pressure differenie between
above and below the main diaphragm causes the
diaphragm 1o move up and open the inlet-exhaust
valve, It allows air to flow from the auxiliary
reservoll to the chamber above the upper dia-
phragri and to the brake eylinder.

As shown in Figo 3, the main stém moves. up
ar-down due to the differences between pressures
applied to the main diaphragm and the upper
diaphragm 16 the digphragm type brake system,
Singe the forcey applied to these diaphragms are
caleulated by multiplying pressures by areas, the

cifective Crogs-section area” of the digphragm ©
relited to the opening and closing of the valve In
other words, the amount of A flows into the
auxihiary reservoir ola freight train depends upon
the Tevel of vilve opening. Since the release time
- proportonal to the amount of air Tlows into
the wuxiliary reservoir, the effective aréa of the
diaphragm altects the relense time.

When the brake cevlinder and the chamber are
NHed with the air from the auiiliary reservolr,
the upper diaphragm moves down and contacts
with the main diaphragm. As the brake eyvlinder
pressure hag visen sufficiently, the ‘main -dia-
phrugm moves down and the inlet-exhaust valve
returns o s Tormer poSition. Die to the rela-
tionship of effective areas between the upper
diaphragm and the main ode; the pressure in the
brake eylinder is approximately 2.8 tmes the
reduction of brake pipe pressure. 1 the brake pipe
préssure 18 steadily maintained af any intermedi-
ate - level, the control walve helds the brake
eylinder - pressure at thecorresponding level.
When the brake pipe pressure iy increased, the
pressure difference across the main diaphragm s

veduced and the man diaphragm - moves down
(Robert, 1982),

This acvon allows atr o How from the brake
eylinder to exhaust. Since the brake oylinder
pressure acting onthe upper diaphrigm 15 de-
creased, the muin diaphragm moves up and closes
the inlet~exhaust valve. Therefore, the control
salve holds the brake cylinder pressure at the new
intermediate level, With the diaphragm control
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valve, it is possible to eontrel the brake cylinder
pressure according to the brake pipe pressure.
The valve also has some merits sach as low=
maintenance efforts and low leakage. Recently,
KNR adopts the diaphragm valve as the control
valve of a4 poneumatic brake system for a freighi

Car.
3. The Details of Experiment

An experimental freight train set in Fig 4 is
composed of a diesel locomotive, twenty-nineg
freight cars, and a test car equipped with various
measuring instruments. Through the experiment
using freight cars installed with the empty-load
brake systems and the diaphragm ones, the
pressure variation and release characteristics of
the brake cylinder have been investigated. In
order to attain the similar braking behavior be-
tween the systems, the quick relgase valve wus
additionally incorpordted in the diaphragm brake
SLEIT.

When the locomotive 15 located in the

side 10 Fig. 4, the test freight cars, A(#24), B
and Cl#29) are in the rear condition. Reversely
i the right side, A7), Bl4) and CU2) are in
the front condition. Therefore, various conditions

can be conducted by changing the locomotive
position. The brake pipe pressure and brake
eylinder pressure are simulianeously meastred
in the ¢ase of minimum, normal, emergency, and
repeat brake applications. If the overall length of
gach freight car 4s taken as 15 meters and the
locomutive as 20 meters, the length of the train of
30 cars becomes 470 meters. Pressure sensors are
mstalled o the brake eylinder of each car, and the
nominal capacity and nominal output of the
pressure sensor are 1 MPa and 1L.0mV, respec-
tively, The 16 bit dats acguisition and analysis

i .
/o Laco- e s B 9 4G font car
wotive E o S ey | PR g i

Hensor

cable

Fig. 4 Experimental freight train

instruiment Raving a performance of 100kHz sam-
pling rate is used.

Figure 3 shows the schemdiic sketeh of the
quick release valve incorporated in the diapliragm
valve to reduce release time. As gxplained above,
because the digphragm valve 15 controlled by the
pressure balance between the upper diaphragm
and the muin diaphragm, release time i longer
than the direct release valve! In the case of a long
train set composed of various brake systems, high
friction force will be applied in the freight car
installed withthe-diaphragm valve and may result
it wheel flat or the breakdown of shoes. There-
fore, it is necessary that the release time of the
diaphragm valve should be shortened Tor using
together with the triple valve. To shorten the
release time invcase of the release application, 4
few methods can be considered as follows: to
supply much more air to the freight car installed
with the digphragm valve and to decrease the
pressure of the control chamber. The former
method 18 impractical because supplying much
higher pressure air to the relevant car is very
difficult, The latter one 18 chiosen in thiz study, In
the release application, the disphragm of the
quick telease valve moves up and open the
chamber A because the brake pipe pressure is
wnereased.

The gir i the control reservoir flows into
the additional alr reservoir of the quick release
valve via chamber A Therefore, the pressure of
the control veservolr decreases dnd the mam
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diaphragm moves down. These movements help
to exhaust the airin brake cylinder.

4, Results and Discussion

Figure 6 shows the pressure variation of the
brake cylinder and pipe in case of minimum
brake apphication. To the minimuom brake appli-
cation, the brake pipe pressure is varied from
500kPa to 430kPa. The sectons A and B corre-
spund to brake command dnd release one, re-
spectively.

In graph, lines with O

Voand A gymbols
represent the pressure variances in the brake
cylinder of the empty-load type brake, diaphragm
type brake without and with the quick release
valve, respectively.

After the brake application, the brake pipe
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pressure which is represented by line with square
cylinder

symbols are decreased. The brake
pressures which ate represented by the lines with
delta, circle and inverse triangle symbols, is

increased. The difference -of the brake cylinder

pressure of each car is diue to the weight difference
of cargos because a variable load valve controls
the pressure according w the weight. Compared
with the brake evlinder pressure of the triple valve
swhich varies interinittently, the pressure of the
diaphragny valve varies continuously. From the
structure of the triple valve, the balance piston in
the control valve moves when the pressure differ-
efice. overcomes the friction force between the
housing and piston. In the front condition like
Fio. 6(u), there is no difference of the brake
eylinder pressure of each car because of rapid
pressure variation of the brake pipe. In the reuy
condition, the release time of the diaphragm valve
is longer than that of the triple valve. There are
about 20 and 30 seconds of release time delay
between equipmetits in the case of front and rear
condition, respectively.

Figure 7 illustrates the pressure variation of the
brake pipe and the cylinder in the case of &
normal brake application. Brake pipe pressure
varies from 500kPa to 330kPa. The normal brake
application would be frequently used in vperation
to stop a train. Because the pressure varation of
the brake pipe is larger than that of the minimuom
brake application; the friction force does not play
a role 1o stop the piston of the triple valve,
Therefore, the brake oylinder pressure instantly
comes to- be constant level. The release time of
vévised diaphragm brake system incorporated
with the quick release vialve is shortened by 45

seconds. in the case of front condition and 37
seconds. in rear conditien:. The discord of the
brake cylinder pressure between freight cuars
results in various troubles such as wheel flat, poor
release dction.

In the pneumatic brike systems of freight
trains, braking or releasing applications can be
controlled by compressed air supply or exhaust
theough brake pipes frony & main reservoir of 4
lovomotive. While the cars which are lovated near
the locomotive reply quickly to compressed air
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pressure variation from the locomotive, the brake
systems of the cars in rear react slowly due to the
delay of signal transmission from the locomotive
and aiy pressure loss during transmission. There-
fore, the release time of the brake system in rear
cars iy relatively longer than that of the brake
system in front cars.

Since pressure difference becomes severe. in
proportion 1o the length of a freight train, it i3
necessary 1o remove the préssure loss elements
in the brake pipe line. These improvements may
result in the equalization of brake performance
in the train set. According fo the kind of brake
control valves, it is recommended to arrange for
the fréight cars installed with diaphragm brake
vilves at front side of the freight train, and for
the cars with empty-load brake valves at vear
side in order 1o reduce pressure difference and
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wear, When the accidents ocour or urgent stop is
needed during rain operation, emergency brake
application is operated. In the emergency brake
application, brake pipe pressure is decreased
from -500kPa to OkPa and a cut-oft valve in a
locomotive prevents alr flow from mait reservoir.
In addition, emergency parts help the control
valve to flow quickly from the auxiliary reservorr
to brake cylinder. The pressure variations of the
brake pipe and cylinder in the case of emergency
are shown in Fig, 8. Due o the expansion wave
induced by sudden pressure: decrease, there is a
discontinuous part on the ling of the varmtion of
the brake pipe pressure. These phenomena cannot
be found in the freight cars in vear side. It 18
considered that the brake pipe pressure of the
freight car in rear side varies relatively slowly due
to the various pressure foss elements such as tee,
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valve, coupling and bend in the brake pipe line.
Because the exhaust air velocity is proportioned
to the pressure reduction for the brake wpplica-
tion, the pressure variations among cars also dif-
fer greatly.

In general, the minor losses in pipe flow are
proportional to the sgquare of velocity, it s
considered that flow loss is increased with- the
exhaust velocity of the brake pipe:

Figure 9 shows the pressure variation in vase
of & repeat brake application. The repeat brake
is used for -decelerating railroad vehicles when
they dre being operated in sharply inclined
mountatnouy aredas. This needs guick release of
brake with the supply of constant air pressure to
the brake cylinder under the condition of repeat
brake and release applications,

As geen in the fgure, the main difference be-
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tween empty-load brakes and diaphragm brake
valves is the amount of compressed air exhaust
A the brake is released; the pressure in the brake
evlinder of the empty-load system drops to 0 Pa
However, the pressure in the brake evlinder of the
original diaphragm system under the same condi-
tion applied to the empty-load system maintains
[BOkPa. Therefore, in the case of a train set using
both brake systems, excessive frictional forees are
applied to the contact areas of wheels and brake
shoes of the vehicles with diaphragm systems.
Consequently, this causes some kinds ol hin-
drances such as wheel flats and brake shoe
fractures. For the case of the repeat brake applh-
catton with the empty~load system, the pressures
generated from Znd to Sth braking decrease
compared with that generated from the first
braking,
However, conditions, fthe

under the: same

pressure of the diaphragn system remains con-
stant. The vompressed air of S500kPa in a control
chamber shifts miain diaphragm {6 open the pas-
sage from the auxiliarvy ailr reservoirto the brake
¢ylinder. Therefore, constant braking pressure can
be obtained if the auxiliary air reservoir containg
comipressed air: On the contrary, in the empty-
load braking svstem which iy the divect releasing
type, most of the compressed wir in the brake
cylinder s exhausted to the air in short tme,
which results in shorter releasing time. In order to
compensate relatively longer releasing timie of
diaphragm brake system, the quick release valve
is addinonally adopted to the diaphragm system.

The quick release valve exhausts the air in the
brake cylinder to the air at relatively low brake
pipe pressure by delivering compressed air in the
control chamber to the auxiliary reservoir, and
consequently by reducing the air pressureg in the
¢ontrol chamber. Once we have improved the
diaphragm brake systera like the one mentioned
above, the releasing time of the brake system has
been reduced significanty.

Releasing tvinde is only 34% and 60% of those
for the system with no improvement for the cases
of vehicles in the front and in the rear of & train
set, respectively.

Figure 10 shows the effects of the quick release
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Fig. 10 The effects of quick release valve

valve incorporated with the diaphragm valve. In
case of {ront side, the release time of the normal
brake appliciton of the improved diaphragm
valve is almost the same as that of the triple
valve, In contrast to the original diaphragm valve
that has constant brake cylinder pressure in the
repeat brake dapplication, the patterns of pressure
reduction rate are similar o that of the iriple
vilve.

Table | lists the types of breaking, releasing
timie-and ratio of pressure reduction whén repeat
brake 15 applied. The percentages in the table
indicate the ratios of pressure réductions for the
2nd to Sth braking compare with the pressure for
the first braking. For the improved diaphragm
brake system, the measured values of releasing
time in the case of minimum, normal and eémer-
gency breaking have been shortened up to 48%,
345 and 469 for a car positioned in front and

Release time & reduction rate
Lanit: sec)

Table 1

Brake application, | Triple . Original - Improved
Lco position valve | diaphragm  diaphragm
Mintmuom front 8 29 i4
brake rear 18 49 41
Mormial fromt 15 68 23
brike rear 22 g7 58
E;‘n@rg@ng}; fromt 54 54 25
brake redr 70 %4 50
46% 94% 849
fromt 35% 94%
(534 N .
32% 4%
Repeat 34% 949 45%
brake 1% 94% 93%
| S1% | 94% 7%
rea g e o
© 8% | 94% 53%
51% 949% 50%

§3%, 60% and 59% for a car positioned in rear.
Pressure reduction after the first braking in the
repeat brake test has been observed, and great

reduction of reledsing time has been obiained for
a car placed in fromt

5. Conclusions

Experimental study hag been conducted to
clarify pressure characteristics of various pné-
umatic brake systems for freight ‘cars. Thirty
freight cars installed with the empty-load brake
system and diaphragm one wre Used 1o assess the
prassure variations in the cases of minimuny, nor-
mal, emergency and répeat brake applications, In
order to adjust release time, the quick release
valve 18 incorporated with the diaphragm valve.
The pressure characteristics of the brake pipe and
evlinder are clarified, and the summarized results
are as follows:

{1y With the quick release valve, the release
time of the diaphragm valve is shortened to the
level of the empty-load valve,

(2) In normal brake application, the release
time of the revised diaphragm system is reduced
to 34% in front case and 60% in rear case.

(3] The pressure difference between Treight
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cars becomes small when the freight car incor-
porated with the diaphragm valve is located in the
front side:
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