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A Study on the Pressure Variation of Pneumatic Brake Pipe-line for Freight Train 
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We have performed experimental studies for the improvements of pneumatic brake systems of freight 

trains. Currently, most of the freight trains operated by the Korean National 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. 

Also, we have performed running tests using a 30 car -train set in order to design optimum capacity of a 
quick release valve. The test results show that the quick release valve is considerably effective in 
shortening the release time of the diaphragm type brake system. In the case of a normal brake application, 

the diaphragm type brake system with the quick release valve 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 a train set is 

expected to prevent wheel flats and to reduce maintenance costs. 
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1. Introduction 

In case of a freight train set co函 edof various kinds of crus, there is 

曲畑mmyof pressure variations in brake cylindeis between freigl1t 

cars in front and the ones in rear. The discord of air pressures in the brake 

呻曲r.,between front cars and rear cars results in difference of idle 

running time among如ightcars. The troubles related to tl1e brake 

system, for example, wheel flat or bad release application, ca匹the

delay of train operation as well as llllfl=ry maintenances. 

Because each country around lKR(Trans-Korean Railway), 

衣Railway)and TSR(Trans-Siberian Railway) has its 

own brake systems for如ightcrus, some rountry may experience these 

phenomena when, what is called, the iron silk如叫betweenF.urope and 

Asia is opened to traffic. 

C.omputalional studies llllYe been conducted to solve the 

characteristics of pneumatic brake system for the brake pipe and the 

simple rrodel[l;l.). But, there is no study to anal~ the entire pneuniatic 

brake system with v&ious control valve, brake pipe, and brake cylinder 

due to the complexity of rrodelling. 1lie running test using伽ightcars 

and a loco叩tive如 LSconducted to measure the p=ue characteristics 

of brake pipe and brake cy!inder{3). 

In this study, experimental studies using the IUMing tests with伽ight

= have been conducted for the improvements of pneumatic brake 
systems of如ighttrains. Also, we modulate the pneumatic 

characteristics of brake and reはapplicationsusing a qui改rel函

valve incorporated in diaphragm valve to attain coincident pressure 

variation of each brake system and to shorten the release time of the 

gradual release brake system 

2. Pneumatic br咄e~stem of freight train 

Figure 1 sl10硲theschematic sketch of a pneumatic brake system 

for freight血ns.The brake valve ru卯liesthe compressed air in the 

main reservoir of a looomotive to the auxiliary reservoir of四freight

car via brake pipes. To岬thetrain set, driver needs to control the brake 

valve to exhaust ti記compressedair in the brake pipe. Thooe movements 

of compressed air result in the frictional force between a brake shoe and 

awl匹 1To release the brake shoe liom the wheel, driver needs to 

control the brake valve to ~ the oompressed air to the auxiliary 

reservoir and the brake pipe. Pressure虹inthese匹 makesthe 

control valve to exhaust the oompressed air in the brake cylinder to tl1e 

atn心phere.The pneumatic brake添 offreight can; are oontrolled 

by the brake valve to血北蕊andelem容 ethe brake pipe pressure that 

plays the signal ofbrake-release applications[4). 

LocomoUvt Fr<IかIC... 

Fig. 1 Schematic Sketch ofBrake System for Freight Train 
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3. The details of experiment 

F喫re2 shows M experimental freight train set thal is composed of a 

diesel畑 motive,twenty-nine freight cais, and a test car equipped with 

various mea=ing instruments. Through the experiment using freight 

cars in.stalled with the empty-load brake systems and the diaphragm 

ones, respectively, the pressure variation and release characteristics of the 

brake cyfu心rliave been investigated To attain the similar braking 

behavior between the systems, the quick reほ氾valvewas additionally 

incorporated in the diaphragm brake浮北m

As shown in the Fi記whenthe locomotive is located in the left side, 

the test如ighlcais, A(lf2A頂B(匈andC(籾）arein the rear condition. 

Reversely in the right side, A(#7),B(#4)and C(#2)are in the front 

condition. Therefore, various ronditions can be ronducted with only 

changjngthe畑 motive's西lion.The brake pipe pressure and brake 

cyiinder pressure are siinultaneously measured in the case of minimum, 

nonnal, eme如cy,and repeat brake applications, respectively. If the 

overall length of each如ighlcar is taken as 15匹杞ISand the 

血叩．モぉ20血`t.li.el唸 hofL切血of珈祁如四470

meteis.和芯皿sensoisare郎叫ledin the brake cylinder of each car 

and the signal of pressure variation are皿涎erredto the test car 

equipped with the mea=ing instruments. The nominal呵tyand 

nominal output of the pressure sensor are 1 MPa and l.OmV, 

呵心ively.The 16 bils data四lionand anal~ 匹皿四which

聡 aperfonnance oflOO料samplingrate is咄

／ 
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4. ~ and review 

Fほ皿 3shows the ~ variation of the brake pipe and the 

cylinder in case of a normal brake applicatiorL Brake pipe pressure 

varies如mSOOkPa to 350kPa 

The sections A and B rorrespo曲tobrake rommand and re畑 cone,

呵 ely.In graph, lines with 0，▽and△symbols represent the 

pressure variances in the brake呻¥!erof the empty-函typebrake, 

diap匹,ntype brake without the quick release valve and diapl叩

type brake with the quick release valve, n:spedively. 

The nonnal brake application would be frequently叫inoperation to 

stop a train Because the pressure variation of the brake pipe is larger 

than that of the minimun brake application, the fiiction force奴叫

play a role to stop the piston of the triple valve. 
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(a) Front Side 

N叩n:tlBrake Application (Roar) 
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(b)RearSide 

Fig.3 Pre函 reVariation ofBrake Pipe and Cylinder in case of Normal 

Brake 

Therefore, the brake cylinder p心sureins叫yromestobe(X)nstant

level The rel硲 etinie of revised diaphragm brake添 emin(X)IJ)Orated

with the quick relea<ie valve is sho血nedby 45 sec. in case of front 

rondition and 37 sec. in rear(X)ndition. The disrord of the brake cylinder 

p=ire between freight cars results in various troubles like wheel flat, 

poor release action, and etc. 

l3ccause pressure differei心becomessevere in proportion to the 

length of a freight train, it is necessary to remove the p=ire loss 

eleolCllts in the brake pipe line. These improvements may result in the 

叩血加nof brake perfo四 neein the train set細rdingto the kind 

of brake(X)ntrol valves, it is re(立nmendedto arrange for the freiglrt cars 

installed with diaphragm brake叫atfront side of the freight train, 

and for the cars with empty-load brake val心atrear side in order to 

呻 cep=ire difference and wear. When the aa:idents happen or 

哩entstop is needed during train operation, emergency brake 

application is operated. In the emergency brake application, brake pipe 

p心:sureis decre<&:d from 500kPa to OkPa and a rut-0ff valve in 
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(b)RearSide 

F屯4Pn芯 皿 VarialionofBrakePipeandCylinder in case of 

Emeigency Brake 

a loooimtive prevents air flow fiom main reservoir. In oodition, 

emergency pans help the oontrol valve to quickly flow from the 

auxiliary reservoir to brake cylinder. 

The pressure variation of brake pipe and cylinder in呻 of

eme雰四brakeare shown in Fi屯4．凶tothe c,q迎函nwave 

indua:d by sudden pressure deaease, there is a disrontinuous part on the 

line of the variation of the brake pipe pressure. These pheoonx:na can¥ 

be found in the加曲ausin rear side. It is ~ that the brake 

pipe pressure of the freight car in rear side varies relatively slowly due to 

the various pressure loss elermils sud! as t心valve,roupling and bend 

in the brake pipe line.氏C3l&the exhaust air velocity is proportio函to

the pressure reduction for the brake appli曲n,the pressure呻ation

amo咽carsalso differ greatly. 

F嬰匹 5shows the p=re variation in <= of a repeal brake 

appli呻 JLThe repe.at brake is used for位 eleratingrailroad vehicles 

when they are being operated on the lines placed in sharply inclined 

ITlOWltainous areas. This needs quick release of brake with the supply of 

constant air pressure to the brake cy匹runder the condition of repeal 

brake and release applications. 

As you can see in the徊themain diffe四叫血血empty-load

brakes and diaphragm brake叫心isthe叩四ofco叩邸cdair 

exhaust. As the brake is rele..叫thepressure in the brake cy恥おofthe

empty-load system岬toOPal-lo匹 ver,the pn芯皿inthe brake 

cylindet of the original diaphragm system under the same condition 

applied to the empty-load system maintains 180kPa Therefore, in the 

年 ofa train set that uses both brake ~如mらm～迅efiictionaJ forces 

are applied to the contact areas of wheeぷ叫brake年 ofthe叫西

with diaphragm浮G uent1y，証sall匹Smm匹 of
hindrances SU中as雌叫血S叫迪如fradures.For the虚of

the repeal brake application wilh the empty畑沢the-

generated from 2nd to 5th braking decrease compared wilh the pressure 

generated from the fust braking. 
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F炉 PressureVariation of珈kePipe and Cylinder in case of Rq,eat 

Brake 
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However, Wldet the same conditions, the pn芯皿ofthe diapluagm 

system remain5 constant In tllis system, the comp心函airof500kPain 

a control chamber shifts main diaph.ragn1 to open the畑喀liomthe 

auxiliary air reseivoir to the brake cylinder. Therefore, constant braking 

pressure can be obtained if the auxiliary air reservoir contains 

comp函air.On the contrary, in the empty-load braking system that 

is direct releasing type, most of the comp心函airin the brake cylinder 

is exhausted to the air in short time. This makes the empty畑braking

system have quick releasing time. In order to compensate relatively 

longer releasing time of diap唸mbrake system, quick release valve is 

additionally岬edto the diapluagm system 

The quick release valve makes the air in the brake cylinder be 

exhausted to the air at relatively low brake pipe pressure by delivering 

compl=I air in the control diarnber to the auxiliary reservoir, and 

co心ヰ畑yby rec比咄theair pressure in the control chamber. Once 

we have improved the diaplm勁 brakesystem like the one mentioned 

above, the releasing time for the brake system has been叫uoed

亨ca.叫y.

R必timeis only 34% and(JJDloof those for the system with no 

improvement for the cases of vehicles in the front and in the rear of a 

train set, respectively. 

瑶 6shows the effedS of the quick re]ea<;e valve incorporated in the 

diaphragm valve. In case of lion! side, the relea<ie time of the normal 

brake application of tl1e improved diaphr咤mvalve is a1Jrost the same 

with tllllt of the triple valve. And, in conm心tothe origjnal diaphragm 

valve that畑SCOJ¥S畑11brake cylinder pressure in the repeal brake 

application, the patterns of pressure reduction rate rese曲letotl皿ofthe 

triple valve. For the improved diaphragm brake system, the nieasured 

values of releasing細inthe case of minimwn, normal and emergency 

breaking have been shortened up to 48%, 34% and 46% for a car 

m函 nedin fiont and 83%,fJJD/o and 59% for a car匹函nedin rear, 
m平:ctively.In addition, pressure reduction after the阿 br血 1ginthe 

repeat brake test has been由medEspecially, grea1四uctionof 

releasing虹涵beenobtained for a car plaa:d in front 
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(b)Comparison of Pressure Reduction Rate 

Fig.6 The Effects of Qi血kReleaseValve 

5. C.ondusions 

如rimentalstudy has been oonducted to clarify pressure 

d匹actemticsof various pneumatic brake system for freight car.;. TI血y

freight car.;函叫edwith empty-load brake system and diaphragm one 

are函 lo 心心sll1~ pre,匹variationin寧 ofminimwn, nonnal, 

eme房~cyand repeat brake applications. And, to叫justre血time,the 

quick release valve is inoorpora!ed in the diaphragm valve. The pressure ―of the brake pipe and cylinder are clari.fied in 
quantitatively and qualitatively and the 9.lllll11ali7.o results areぉ

foUows 

(1) With the help of the quick rel函 valve,the relel匹timeof the 

diaphragm valve is shortened to the level of the empty-load valve. 

(2) In nonnal brake application, re畑 etime of revised diaphragm 

system are reduced to 34% of old one in front case and 00% in rear case, 

m沖:c:tively

(3) The pressure clifierence between freight car.; is small when the freight 

car inoorpora!ed with the diaphragm valve is localed in fiont side. 
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