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ECP BrAKE TESTS ON CONRAI L

UNT CoAL TRAI NS
by FG Grlson and AJ. Reters

Summary

A cooperative test wth Gonsolidated Rail Qrporation (Gnrail) has provid-
ed val uabl e data on equi pnent and systemdesign, as well as envi ronnen-
tal requirenents for electronicaly controled pneunatic (EP) hrake sys-
tens. However, due to equipnent and operational |intations encountered
dring this test, the orignal goal o quatifying the economc benefits of
BEP brakes was not as conclusive as expected. The test a so reinforced
the need for adequate training of both operati ons and nai nt enance person-
nel as anewand radical technology is being inplenented. In addition, the
findings supported the need to nove towards stand-al one EP brake sys-
tens, rather than overlay systens, as quickly as possib e

The test vas conducted on a dedicated pair of Gxrail coal trains ona
nmai nline route through Pennsyl vania between June 1996 and My 1997.
The nain participants in this cooperative project were: Qirail, Technica
Services and Mrketing Inc. (T3V, the Association of Anwrican Railroads,
and the Federa Railroad Adninistration (as partiad sponsor of the prgect).
The study conpared the service and nai nt enance experience of a unit coal
train equipped wth T9Ms latest eectronic air-brake overlay EP brake
systemwith an identica cowentionally braked train, operating in the sane
service. These trains operated a dedi cated service between the coal fields
of Southwestern RPennsyl vania and two power-generating stations in the
Fhi | adel phi a area.

A conpl ete record of conparative nai ntenance was kept over the test
period. In addition, neasurenents were nade of fuel consunption and cou-
per faces for mitipe trips o esch of the trams in an atenpt to quatify
any benefits intrain handing that nay resut fromthe use of B brakes.
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INTRODUCTION AND CONCLUSIONS

A conparative test perforned between June 1996
and Axil 1997 on a dedicated pair of Qnmral cod
trains has provided val uable data on equi pnent and
system design, as well as enviromnental require-
nents for electronicaly controled pneunatic (EBP)
brake systens. Ufortunately, due to equi pnent and
operational lintations encoutered during the test,
the orignd goal of quantifying the economc berefits
of EP brakes was not as concl usive as expected.
This Technd ogy D gest presents the resuts and find-
ins o thistest as fdloms.

The service experience on nrail has
cotinued to confirmthe viablity of EP
brake technd ogy in service.

The harsh operating envi ronnent experi -
enced by these particular cars, coupled
wth Gr Qntrol Device (QD nanufac-
turing problens during initia assenly,
I ed to a hi gher-than-expected EP brake-
fallue rae, and nay have tainted the
conpar ati ve conponent nai nt enance
data

In the BEP lrake overlay design (i.e.,
when brake technology is overlayed on
the existing ar-brake system), sticking
brakes can occur on cars near the back
of the train wen the EP brakes are cut
at.

The average coupl er force and the round
trip drawbar energy neasurenents indi -
cated that the energy requirenents for
the EPbraked trains were higher than
the covertiondly braked tran  Df fe -
ences in train nakeup and trai n-hand i ng
techniques nay have jeopardized the
integrity of the energy-conparison test
dta

The coupl er-force data indicated that the
B braked trains exhibited | ess dynam
ic-coupl er forces than their convertiond -
l'y braked courterparts.

The nunber of wheel -set change-outs on
the B> braked trains conpared wth the
convertional |y braked trains vas signifi -
catly lower, athough the brake-shoe
usage was hi gher.

BACKGROUND
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The focus of the industry cooperative BEP brake
research program has noved towards establishing
the econonmic benefits of this techndogy. Hwever,
the wdespread inplenentation of a technology as
radcdly df ferent as this requires strong economic
jificaion

In early 1995, the Association of American Rall -
roads (AR entered into a cooperative agreenent
wth Qxrail and Technical Services and Mrketing
Inc. (TSV nowa subsidiary of Fockwel | Internation-
al) to conduct an extended-service conparison test.
Pt o the fudng for this e fort was provided by the
G fice for Research and Devel opnent of the Federal
Railroad Administration (FRY, as part of the
AR FRAjoint research agreenent.  The obj ectives
o this test vere to evaluate the longterm service
reliability of the technoogy and quartify economc
berefits.

RECOMMENDATION
Based on test results, it is recoomended that:

Changes should be nmade to the EP
brake-overlay system design to ensure
that sticking brakes cannot occur when
the dectronic cotrd is cut ad.

Ahigh priority shou d cotinue to be given
to the devel opnent of pure EXP brake
syst ens.

The shock and vibration environnental
requirenents for electronic equi prent
nounted on freight cars should be
increased (already inpl enented, see TD
97-022).

A nore robust intercar connector design
wth positive nechanical |atching shoul d
be adopted, particuarly when frequent
coupling and uncoupling operations are
involved. (A new AMR standard intercar
connect or desi gn neeting these require-
nents has been adopted by the i ndustry)

TEST OPERATION OVERVIEW

The operation noves coal fromtwo mines |ocated
ner @rail s Shire Gks yard, which is south of
Httsburgh, to tw pover plants in the greater
Fhiladd phia area.  Three train sets, each consisting
d 115 cars, are used to service this operation. Dur -
ing the spring of 1996 one of these train sets was
equi pped with BP brakes, the nain obj ective being
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to quantify the economc benefits of this technd ogy
conpared wth conventional ly braked equipnent in
ideticd service

Ater atranisloaded @ ore o the two nires, it
isnovedto Shire Gks yardin preparation for thetrip
tothe pover stations. Theloaded trainis routed over
Qnrail nainine trackage on its vay to Fhiladd phia
Ater being unl caded, the enpty trainis then returned
to Sire Gks for loading a one of the two nines.
The round-trip sequence, including loading and
unloading, is acconplished in approxinatey five
days. The distance coveredinaround tripis aporox-
inately 750 nil es.

The section of the service route vest of Atoona
is classified as nountainous, reaching a peak of
2180 ft a Gllitzin(see Ehibit 1). The eastern sec-
tion of the route, which descends to approxinately
sea levd at HEddystone, is classified as undu aing
taritay. Sncethe braking-dity cycde onthis rakeis
rdaivdy high it ves cosidered to be ided for the
B brake- conpari son test.

Tw dternative routes vere uwilized a the vest
end of the operation during this test. The |oaded
trains vere genera ly routed through Httshurgh over
the Gnenaugh line, which is a longer route wth
mlder grades. The enpty trains were generaly
operated over the nore direct route, which has nore
severe grades, but were less significat for the enpty
tran.  Hlper service vas provided for the | caded
trains fromJohnstom or Htcairn to Atoomna

TEST PREPARATIONS

The preparation of the 240 cars (120 conventional
and 120 BP brake-equipped) was carried out at
Grral s Bnola Gar and Loconoti ve Shops near Har -
risburg. The BP brake equi pnent was installed on
the cars selected for that purpose. Al cars were then
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sugected to a singe-car preunatic air-brake test
and a thorough wheel inspection. Ay weel set that,
froma vear point of view, woddna last the legh o
the study was replaced, and al known defects were
corrected

Tranirecaddingadpoisionfa theinstdlaion
of the Head Bnd Uhit and the pover supply for el ec-
tronic brake cotro was incorporated into four
SBOM | oconat i ves, of which three were utilized at
any onetine to operate the EP brake train. Inadd -
tion, two S0-2 loconotives were equipped wth
special hardware to provide power knock-down in
response to an electronic energency brake signal .
These units were used as the rear-of-train hel pers
for noving the | caded B braked train fromHtcairn
o Johnstown to Gl litzen

IN-TRAIN TEST DATA

@mral s Instrunentation Gr, (R19, was inserted
directly behind the | oconatives for severa round trips
of bothtrains. Theinstrunentation car was equi pped
wth an instrunented coupler to neasure the |oco-
notive drawbar force and a Sonat 2100 program
nabl e data-cadl | ection systemto cd |l ect the data. The
instrunentation systemalso nonitored train speed,
brake-pipe pressure, and tine, together wth track
curvature and over-/under-bal ance condition. AGS
systemal so provi ded track location and altitude data
to the datacdlection system The test daa was
processed en route to provide a neasure of drawbar
energy and coupl er-force standard devi ati on.

Ater the test vas copleted, the data for dl o
the runs of each train type was consdidated to pro-
vide an average for each train type.  The resuits of
this conpari son showed that the energy required to
operate the ERbraked train vas consistently high-
er than that required for the covertiond train. Hw
ever, post-test analysis showed that basing energy
consunption conclusions on an instrunented cou-
pl er neasurenent behind the | ead | oconoti ves al one
nay not be practical, since this neasurenent does
not take into accout the ef fect of the hdpars o o
the df ferences in trainbraking techniques wth the
two systens. It was noted that the | oconative eng -
neers were nore inclined to use train braking on the
BEP braked trains and dynanmic brakes on the con-
ventional trans. Awnther njor df ference o fecting
the dravbar force data was that the B trains were
operated wth three | ead | oconotives, while the con-
vertional trains were only d spatched wth tvo.
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The loaded train-coupler force data vas ana-
lyzed for variation on the heawy grade sections
before and after Gllitzin. The data showed the cou-
pler-force variations were reduced by approxinately
40 percent under heavy draft conditions, and by
approxinately 60 percent under heavy buf f cod -
tions. Homever, the caveats appied to the dravbar

energy results apply equally to these.

MAINTENANCE DATA

The conparative naintenance data records, which
are sumarized in Exhibit 3, were diligently nain-
tained by the Gnrail engineers. The na ntenance
shows sonme promising trends in wheel change-outs,
although the brake-shoe replacenent rate on the
EP train was higher than that observed on the ot her
uit trans nonitored Severa of the shoes fromboth
car types vere replaced due to the keys faling out in
the rotary dunper. Aso the increased shoe usage
on the BP brake trains nay have been due to the
agor essi ve braki ng techni ques enpl oyed by the train
crevs, as noted earlier.

The ECP brake-conponent repl acenents were
theresut of aseies of @Dfalues earlyinthe test
and of a general deterioration of the tenporary inter -
car connector design used for this test. The connec-
tor problemwas exacerbated by the frequent cou-
pling and uncoupling required for the coal -dunpi ng
operation. Inthe neantine, a nore robust design of
intercar connector, wth a positive nechanica |atch-
ing system has been adopted by the industry as an
AR standard This is expected to aleviate the con-
nector probl em

The @D failures occurred early in the test and

Conventional | ECP
CCDs n/a 9
Other ECP Components n/a 7
Control Valve Portions 4 n.a.
Wheel-set Change-outs 11 2
Brake Shoes Renewed 19 57
Other Brake Components 33 29

Exhibit 3. Summary of Maintenance Data
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vwere attributed to a faulty procedure used to nount
thedectroniccircut boards dringintiad assenhly at
the nanufacturing plant. The faulty nanufacture,
together wth the high shock |oads sustained during
the coal unl cading operation, led to an unacceptady
highintid falue rate The nanufacturing probl ens
were corrected and the problemsolved. The shock
and vibration issue was addressed in a specia test,
conducted by TSM and the AR As a result, the
shock and vibration requirenents for electronic
equi pnent nounted on freight cars contained in the
AR E®P brake specification have been strength-
ened (see TD 97-022).

Dring the period of the @Dfalwes, it vas ds-
covered that a sticking brake situation coud resut
fromcutting out a singe ERbraked car, wen the
rest of the systemrenained operationa. This vas
found to be a problemof using an overlay arrange-
nent. It was found that the snall pressure variati ons
in brake-pipe pressure, caused by the ad acent cars
operating in the EP brake node, could cause the
nowactive service portion of the cut-out EP car to
set up. However, the pressure recovery vas not suf -
ficient to cause the sane portion to fuly reesse
This problemwvas particuarly noticedde a the rear
d thetran Ths e fect was confirned by a specia
test conducted at the Gxrail Ehda Sops. Inretro-
spect, it is nowthougt thet this ef fect nay have
tainted the energy neasurenents nade early in the
test program It certainy provides ancther incertive
to nove toward a stand-al one BECP system

Note: Contact Fred Carlson at (719) 584-0718 with
questions or comments about this document.

E-mail: fred_carlson@ttci.aar.com

Web site: www.ttci.aar.com

Disclaimer: Preliminary results in this document are disseminated by the AAR/TTCI for information purposes only and are given to, and are accept-
ed by, the recipient at the recipient’s sole risk. The AAR/TTCI makes no representations or warranties, either express or implied, with respect to this
document or its contents. The AAR/TTCI assumes no liability to anyone for special, collateral, exemplary, indirect, incidental, consequential or any
other kind of damage resulting from the use or application of this document or its content. Any attempt to apply the information contained in this doc-

ument is done at the recipient's own risk.

A MORE DETAILED REPORT, WHICH MAY CONTAIN REVISED INFORMATION, MAY BE AVAILABLE AT A LATER DATE THROUGH THE AAR,
PUBLICATION ORDER PROCESSING, 50 F STREET, NW, 5TH FLOOR, COG, WASHINGTON D.C., 20001












